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Foamed plastisol protects highly finished parts: Our new 
flame-resistant foamed plastisol is an ideal "wrapper" for plated 

and machined parts - partly because it is so easy to peel off, 

mostly because it costs less and protects better than a paper 

wrap. This vinyl material doesn't develop its economical, cellu

lar structure until heated. It is easily applied by spraying, which 

means less waste, with more accurate control of its thickness. 

Fast cure for bubbles in fine glass: Molten glass that includes 
M& T Sodium Antimonate is free from objectionable bubbles or 

"seeds." Sodium antimonate contributes an oxygen pressure, 

forming large scavenging bubbles that sweep small bubbles from 

How microscopic cracks retard corrosion of plated metal: 
Plate more than 20 millionths of an inch of ordinary chromium on 

auto brightwork and it soon develops relatively gross cracks, 
some extending right to base metal, inviting corrosive action [left}. 

A new M& T plating process can plate 50 millionths or more, 

controlling fissures to micro-cracks that reduce galvanic action, 

retard corrosion of the nickel undercoat and basis metal (right). 

the glass. This "fining" cuts rejects-in T.V. tubes, for example. 

An added advantage is that M& T Sodium Antimonate prevents 

glass from darkening due to ultra-violet light. The same M& T 
chemical works particularly well with photosensitive glasses. 

Uniting imagination in chemicals with 
know-how in metals ... M& T research 

and technical service engineers can 

help with problems in chemistry, ce

ramics, plating, organic coatings, min

erals and welding. Write M& T Chemi

cals Inc., General Offices, Rahway, N. J. 

M & T Chemicals Inc. 
FORMERLY METAL & THERMIT CORPORATION 
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ANNULAR - A New Motorola Breakthrough 

in Silicon Transistor Design 

The high-voltage barrier to passivated PNP transistors has finally been broken 

-but it took a new manufacturing process to overcome the obstacles. 

Some new words are being added 
to the dictionary of semiconductor 
terms - words like Annular" and Band
C uard t, words that relate to a new 
manufacturing process which will have 
a strong influence on transistor design 
and promises to open new areas for 
transistor applications; a manufactur
ing process that provides a new degree 
of freedom from surface effects for 
semiconductor devices. 

For years, the industry had been 
working to design high voltage silicon 
PNP transistors with the low leakage 
currents normally associated with NPN 
types, surface passivated by the planar 
process. For PNP devices, planar tech
niques proved inadequate since any 
attempt to increase voltage ratings be
yond approximately 20 volts (through 
increasing collector material resistivity) 
induced a phenomenon, called chan
neling, which actually increased leak
age current far beyond tolerable levels. 

Channeling is a condition whereby 
the surface portion of a transistor col
lector region actually changes polarity 
and becomes an extension of the base 
region. The base-collector junction, 
therefore, rather than coming to the 
top surface where it is protected from 
the environment by a silicon oxide coat
ing, extends to the unprotected edges 
of the transistor where it is subject to 
contamination and surface damage. 
This phenomenon circumvents the paS'
sivation advantages of planar designs 
and results in excessive leakage Cllr
rents. 

The formation of channels has been 
traced to effects of ionized or polarized 
particles on or within the passivating 
oxide coating which create an electrical 
environment that tends to alter the ap
parent polarity of the material directly 
beneath the oxide-an effect which is 
particularly pronounced in lightly 
doped P-type material. The channels 
are random in nature and erratic in 
characteristics, and can be highly sen
sitive to radiation bombardment. 

As a result of channeling, some man
ufacturers have reverted to earlier sili-

P-TVPE EPITAXIAL COLLECTOR REGION 
N-TVPE E REGION P + SUBSTRATE 

Cross Section of Annular Transistor 

con mesa structures or have deliber
ately circumvented the oxide passiva
tion in planar transistors in order to 
produce high -voltage devices. These 
methods have yielded high voltage rat
ings but other characteristics of the 
resulting transistors do not compare 
favorably with those of surface passi
vated devices. 

Cross Section of Planar Transistor 

Now, f.,,[otorola has overcome these 
ob:;tacles - but it has taken a new man
ufacturing process to do so. Rather 
than trying to eliminate the channel, 
Motorola, in a new series of "Band
Guard" transistors, has deliberately in
troduced a channel whose controlled 
characteristics completely overshadow 
the variable effects of any randomly 
induced channel, thus providing a high 
degree of performance stability. More
over the controlled channel is ter
minated close to the base region by a 
diffused annular band of the same 
polarity as the collector region but with 
a resistivity level impervious to chan
neling. The collector-base junction, 
therefore, is properly terminated un
derneath the oxide coating where it is 
protected against environmentally in
duced leakage currents. The resultant 
"Band-Cuard" PNP silicon devices, for 

the first time, combine the low-leakage 
characteristics of passivated junctioI}s 
with the high-voltage characteristics of 
non-passivated, or mesa structures. 

And, if theoretical analysis of this 
process is confirmed by tests now in 
progress, they will prove to be more 
resistant to radiation, thus heraiding 
improved performance and greater re
liability of space equipment. 

Though initially devised for the pro
duction of high voltage silicon PNP 
transistors, there are strong indications 
that the Annular process yields major 
benefits for NPN and field effect tran
sistors and other semiconductor devices 
as well. 

In view of these considerations, there 
is little doubt that the new, Motorola 
developed Annular process will take 
its place among the major milestones 
in the advancement of the semicon
ductor art. 

The new "Band-Guard" devices are 
in full-scale production and are avail
able through Motorola Semiconductor 
district offices and authorized distribu
tors. For further information write: 
Motorola Semiconductor Products Inc., 
Technical Information Center, Box 
955, Phoenix 1, Arizona. 

'Patent Pending trrademark of Motorola Inc. 

@������!;! 
"new leader In TOlal Silicon Technologv" 
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TIME IS SOMETHING YOU CAN PUSH' AROUND 

Until now, man has never believed 
he could win his war against the 
clock. You can hardly blame him. The 
moment he developed anything new 
or wonderful, time in its remorseless 
way began to destroy it. Da Vinci's 
rueful comment seemed right, "Oh 
Time, Thou that consumest all 
Things!" And yet, Da Vinci was 
wrong - refuted by his own Mona 
Lisa, still around nearly five cen
turies later. 

In those five centuries, man-stub
bornly determined to re-make his 
universe instead of re-making him
self to fit-has evolved a new view of 
our ancient foe. Far from being the 
eternal tyrant, time is actually some
thing you can push around. Only a 
little, so far. But camera, printing 
press and sound recording prove that 
time cannot wipe out the past. And 
the present lasts far longer than it 
used to. For we've made time slow 
down ... curbed the old despot's de
structive disposition by learning to 
postpone, almost indefinitely, the 
damage he can do. The things we use 
and enjoy most-cars, clothes, furni
ture, home-now change far less in a 
year than they used to change in 
a day. 

Many of our triumphs over time 
... and his tag-along troops of fungi, 
fumes, ozone, water and ultra-violet 
rays ... are being won by Cyanamid 
research. And being worn by you. 
Today, a fabric that's born beautiful 
stays that way, protected and pam
pered by one of Cyanamid's many 

textile finishes. Wear your new golf 
jacket long and hard; the efficient 
PER MEL PLUS@ finish lasts as long as 
the jacket, fights off rain, dirt and 
stains. Carry your clubs to the tropics, 
in a canvas or leather bag; resins and 
fungi-fighters ward off rot and mil
dew. And just relax when your wife 
walks in with a new print dress that 
looks gossamer-frail. Time will have 
little effect on it; only a shift in 
style can make it out of date. 

Cyanamid science is fighting time 
on a lot of fronts. Even money lasts 
longer; a buck may be hard to hang 
on to-but it's much harder to tear. 
The resins that reinforce our green
backs make other kinds of paper last 
longer, too. Paper napkins used to 
fall apart before the picnic started. 
When a paper towel got wet, you 
threw it away. Not any more-thanks 
to resins. 

Metal becomes practically imper
vious to time with CYMEL@ resins 
which put a mar-resistant finish on 
metal furniture strong enough to 
take a kick from a spike-heel shoe 
without showing a scratch. On an 
automobile it can deliver 100,000 
miles of roadwork and still stay fresh 
and glossy. And ultra-violet rays-
time's secret weapon to make plas
tics dark and brittle - get tamed by 
CYASORB@ light absorber now used to 
preserve - among other things - the 
plastic windows in convertibles. 

The same Cyanamid science that 
has slowed down time has managed 
to speed it up, as well. Instead of 

waiting for a cotton plant to lose its 
leaves when time and nature dictate, 
calcium cyanamide makes it possible 
to shed the leaves speedily and then 
harvest mechanically. In giving 
Americans their healthy, high pro
tein diet, AUREOMYCIN@ chlortetracy
cline has dramatically shortened the 
time it takes to put high grade 
meat on your table. The traditional 
"chicken every Sunday" has become 
chicken any time you want it; plump, 
tender broilers are readied for mar
ket in about half the time it once 
took. Some plants, too, are getting 
their internal clocks re-set. The red 
poinsettia is a case in point. The 
plant you get next Christmas will 
probably be a perfectly matured 
beauty, its size controlled quite in
dependent of normal growing time 
by a new Cyanamid plant growth 
regulant. 

In many big and little ways, time 
isn't pushing us around quite as 
much as he used to. We're giving the 
"bald old cheat" a pinch here, a pull 
there. We may never be able to turn 
time off and on like a water tap, but 
sure as spaceships, we can make him 
change his ways. 

A 24-MINUTE COMMERCIAL? Yes, 
we have one - and in color too. It's a 
brand-new film all about Cyanamid en
titled "What Can the Matter Be?" We 
think it cove1'S the ground in an enter
taining way, If you or your group are 
really interested to know that much 
about what we're up to, d1'op us a line. 
Print quantity is limited, but we'll do 
our best. 

c::::: C Y.A lV .A � ::c JJ =::> 
----����--------
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THE API 

OPTICAL METER-RELAY 

Q 

• • • 

Continuous indication 

and control 

-without contacts 

API's new optical meter-relay is a truly 
remarkable instrument ... the first to 
combine fiber optics, the d'Arsonval 
movement, and solid-state electronics 
in a sensitive and reliable indicating and 
control device. Operating without con
tacts, it requires no amplification and 
will respond to signal changes as small 
as 0.0125 ua or mv (or 0.750°F. as a 
pyrometer). 

Set-p01nts are fiber-optic light pipes; 
there are no other movable parts in the 
control phase. The measuring element 
is unrestricted at all times. 

The optical meter-relay can monitor 
and control any variable that is electric
ally measurable. Control action is pro
duced by the interruption of a beam of 
light (see below). Through a solid-state 
output module, the meter-relay can pro
vide on-off, time-proportioning, or modu
lating (SCR) control. All are fail-safe. 
Full-scale sensitivity is as low as 5 ua 
or mv in taut-band models. Seven sizes 
are available from 31,4" to 6" in API's 
new Stylist/Panelist line. 

For more information on the most 
talked about control instrument today. 
request Bulletin 33. 
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LIGHT 
SOURCE 

FISER 
OPTICS 

ASSEMBLY PRODUCTS, INC. 
Chesterland 5, Ohio 

/PHOTOCONDUCTOR 

Light passes through fiber· optic light pipes 
and is reflected by disc on signal coil to 
complete a normally·closed light circuit. As 
meter pointer reaches set· point, black seg
ment on reflector interrupts light circuit, 
changing photocell conductivity and actu
ating load relays through an isolated solid
state output module. Light source is operated 
at well below rated power to provide ex
tended service life. 

SA 2792 

THE COVER 

The photograph on the cover records a display of noctilucent, or "night
shining," clouds over Stockholm, Sweden, in July, 1959. The clouds appear 
in summer at high latitudes at an altitude of about 50 miles (see "Noctilu
cent Clouds," page 50 ) . They are the highest clouds known. The photo
graph was made near midnight from the roof of the Institute of Meteorology 
at the University of Stockholm. The reddish-orange glow outlines the so
called twilight arch. The clouds shine by reflecting light from the sun when 
it is six to 12 degrees below the horizon. Some travel at 400 miles per hour. 

Page 
4 1  
42 
43 
44 

45-47 
48 
49 
50 
52-54 

55 

56 

57 
58 
59 

60 
61 
62 
63 

64-68 
81-82 
83 

84 

THE ILLUSTRATIONS 

Cover photograph by Georg Witt 

Sourcc 
George M. Woodwell 
John Langley Howard 
George M. Woodwell 
John Langley Howard 
(top), Hatti Sauer (mid

dle and bottom) 
John Langley Howard 
George M. Woodwell 
John Langley Howard 
Georg Witt 
Allen Beecllel and Dan 
Todd 
U.S. Air Force Cambridge 
Research Laboratories 
C. L. Hemenway, Dudley 
Observatory (top); U.S. 
Air Force Cambridge Re
search Laboratories (bot
tom) 
Swedish Space Committee 
Allen Beechel 
U.S. Air Force Cambridge 
Research Laboratories 
Walter G . .\1ayer 
William Van divert 
James Egleson 
James Egleson (top) ; 
Klaus Dransfeld, Univer
sity of California (bot
tom) 
James Egleson 
Bunji Tagawa 
New York Academy of 
'\lcdicine and Roy De 
Cara va ( left); Allan E. 
Dumont, New York Uni
versitv School of Medi
cine (right) 
Bunji Tagawa (top), 
Bunji Tagawa and Joan 

Page 

85-86 
87 
88 
89 
90 

95 

96-97 
98 

99-100 
102 
110-111 
112-114 
115-120 
124-125 

126-127 

128-129 

130 
132 

134 
139 
140 
142 
145 
148-155 
156 
161-166 
169 

SOUI'CC 
Starwood (middle and 

bottom) 
Joan Starwood 
Johannes A. G. Rhodin 
Carl A. Smith 
George Schwenk 
Allan E. Dumont and 
John H. Mulholland, New 
York University School of 
Medicine, copyright An
Ilals of Surgery 

.\flount Wilson and Palo
mar Observatories 
Hatti Sauer 
YIount Wilson and Palo
mar Observatories 
Hatti Sauer 
Harvard Un i versi ty 
John Papadimitriou 
Thomas Prentiss 
John Papadimitriou 
International Business 
Machines Corporation 
Chen Chi and Fang-Yl_l 
Wang 
Chen Chi and Joan Star
wood 
Chen Chi 
Chen Chi and Joan Star
wood 
Joan Starwood 
Gordon Coster 
Sol Baruch 
Gordon Coster 
Sol Baruch 
Thomas Prentiss 
Joan Starwood 
Roger Hayward 
International Business 
Machines Corporation 

© 1963 SCIENTIFIC AMERICAN, INC



Westinghouse radar will guide the first orbital rendezvous 

Westinghouse is working on advanced radar systems for deep space missions 

When the Gemini two-man spacecraft first 
performs rendezvous and docking maneu
vers in earth orbit, a new Westinghouse 
radar system will help assure the success 
of the mission. 

The Gemini spacecraft itself, one impor
tant mission of which is the perfection of 
rendezvous techniques, is being built by 
McDonnell, prime contractor for the Gemini 
project, under the technical direction of 

NASA's Manned Spacecraft Center. 
Using a unique interferometer system 

developed by Westinghouse's Air Arm 
Division, the spacecraft interrogator will 
transmit a series of pulses to the target 
transponder. Reply pulses received by the 
spacecraft will. be used to measure range 
and azimuth and elevation angles. 

The first of its kind in space, the Westing
house radar system for Gemini is the be-

ginning of a new generation of advanced 
radars for deep space missions, lunar land
ings, planet exploration and space station 
logistic support. 

For more information on Westinghouse 
Air Arm Division space programs, write 
for new brochure, "Into Space," to West
inghouse Electric Corporation, P.O. Box 
868, Three Gateway Center, Pittsburgh 30, 
Pa. You can be sure ... if it's Westinghouse. 

We never forget how much you rely on Westinghouse 
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CLOSE THE GAP IN KEY 

DEFENSE COMMUNICATIONS! 
Today, with the security of the free world so heavily depend
ent on unbroken communications, the scientists and engi
neers of General Telephone & Electronics continually work 
to strengthen military communications. In so doing, they 
have developed a capability for providing a worldwide 
communications network that would be free of blind spots, 
blackout zones, or fading. 

Such a network would involve satellite and ground com
munications installations, and would require traffic control 
of such communications, tracking of satellites, data handling, 
switching, and a variety of display techniques. 

GT &E brings a wealth of experience to aU types of com
munications. For example, Lenkurt Electric, one of the 
subsidiaries, is a world leader in multichannel telecommuni
cations systems and in microwave communications at 
common-carrier frequencies. Sylvania has produced many 
secure and low vulnerability communications systems using 
ultra-reliable, solid-state techniques. GT&E Laboratories 
with Lenkurt produced the echo suppression equipment that 
makes space communications practical. 

Controlling communications traffic is an everyday func
tion at the General Telephone operating companies. Pro
viding near-instantaneous control for this traffic is a job 
performed by electronic switching systems of Automatic 
Electric. Space vehicle tracking, data handling and display 
systems, as well as the design and construction of the 
ADVENT antenna system, have been provided by Sylvania. 

Supporting so vital a system with so many techniques 
simultaneously is one of the many ways the scientists and 
engineers of the General Telephone & Electronics corporate 
family bolster the nation's defenses. The vast communica
tions and electronics capabilities of GT&E, directed through 
Sylvania Electronic SyS'tems, can research, design, produce, 
install and service complete electronic systems. These 
systems include detection and tracking, electronic warfare, 
intelligence and reconnaissance, communications, data 
processing and display. 

That is why we say the many worlds of defense electronics 
meet at Sylvania Electronic Systems, Division of Sylvania 
Electric Products Inc., 40 Sylvan Road, Waltham 54, Mass. 

GENERAL TElEPHONE 
IElECTRoNICS 

Total Communications from a single source through 

SYLVANIA ELECTRONIC SYSTEMS 
Including Automatic Electric ' General Telephone & Electronics 
International • General Telephone & Electronics Laboratories 

Lenkurt Electric • Sylvania Electric Products 
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We have probably reduced more 
olloys to ultra-thin foil than any other 
company in the world and are experts 
with ultro-thin wire. 

When we speak of "ultra-thin" 
metals, we're referring to our u nique 
ability at Hamilton to roll foil as thin as 
80-millionths of on inch. Experimentally, 
we've done it with just about every 
alloy imaginable. And some 30 different 
types are worked on a regular produc
tion basis, starting with ingots, bars or 
strip and proceeding through every 
operation necessary until we turn out 
the finished foil or strip, rod or wire. 

While we're potting ourselves on 
the bock, here's one more interesting 
fact our present customers appreciate: 
at Hamilton, our rejection rote for 
ultra-thin precision metals-rolled or 
drown to your particular specifications 
-is less than 2% of gross volume! 

Control at the basic stages is one key. 

T rained manpower is another. Men 
with precise watchmaker skills have 
spent the better ports of their working 
lives as members of the Hamilton family 
of fine craftsmen. We've hod companies 
come to us to do their precision work 

reduced to 

who have the some machinery we have, 
yet they couldn't attain the close toler
ance, the superior mechanical properties 
nor the faithful reproduction to speci
fications from lot-to-Iot our men accom
plish on a doily basis. 

How important are our unique melt
to-finished-product capabilities? As im
portant as the increasing demands for 
precision metal parts to be incorporated 
into today's sophisticated electronic 
and other equipment Idiaph ragms, bel
lows, vibration reeds, spacers, wear 
strips, delay lines, strain gages, et all. 
We're geared to deliver. Our facilities 
are such that we're perfectly willing to 
toke the total responsibility ... handling 
short-order prototypes or long pro
duction runs in any alloy. 

A brash statement? 

Frankly, a few years ago it would 
have been. We wouldn't have dared 
stick our necks out like this. Let's face it 
. .. unless you're sure you can handle 
costly ingots properly, a great deal of 
money can disappear into the melting 
furnace. Our days of doubt have been 
over for some time. 

We think we offer industry the world's 

PRECISION METALS DIVISION 

finest reducing plan for precious metals 
alloys. 

We'd be the first to admit that any 
company executive, design engineer or 
metallurgist in his right mind would insist 
that we prove what we soy here is true. 
We wont to do just that. The best way 
we can prove our point is to have you 
visit us in Lancaster and receive a per
sonal tour of our Precision Metals facili
ties . . .  without obligating yourself in 
any way. Consider this on open invita
tion. Meanwhile, the booklet you see 
below will give you a quick picture-tour 
and some pertinent facts. It's yours for 
the asking. 

Then again, why not challenge us to 
solve your immediate problem? 

-H-r-rAIL4/LTO/v VVATCr-r COIL4PA/V V 
DEPT. 3706. LANCASTER, PENNSYLVANIA. PRECISION METALS, COMPONENTS AND INSTRUMENTS FOR INDUSTRY 
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on target with liquid metal technology. Basic effort to increase our knowledge of critical technol

ogies is fundamental to our research. Liquid metal laboratory studies have now led to product appli

cations. Our liquid metal cell has produced electric power continuously for 24 hours. Liquid metal cools 

the Military Compact Reactor Allison IS developing for the AEC, and is the key to an Energy Depot 

concept. This new technology IS one more reason why our aerospace and nuclear programs are on target. 

AIliSOI1 • 
THE ENERGY CONVERSION DIVISION OF 
GENERAL MOTORS. INDIANAPOLIS. IND. 

Gt:N[RAL 
MOTOR" 
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NEW APPROACH 
TO 

SPECIAL ALLOY 
PRODUCTION 

Have you experienced the difficulty 
of getting small quantities of your 
research alloys produced with exact 
composition ... or of tailoring an 
alloy more precisely to your needs? 

Magnetic Metals Company's metal
lurgical facility can supply R&D 
quantities of specified alloys in a wide 
range of forms. Melting and alloying 
conditions are carefully selected to 
maintain close control of composition 
and to eliminate the usual residual 
and marginal impurities. Refractory 
and gaseous inclusions are reduced 
far below the normal commercial 
limits. 

In addition to producing alloys in 
pilot quantities, we offer expert assist
ance in modifying your alloys to pro
vide optimum performance in specific 
applications. We can also work with 
you in bridging the gap between 
laboratory and full-scale production 
-determine methods of converting 
the alloy into a finished component; 
establish procedures to grade pilot 
production items; arrange capable 
large-scale alloy production when 
you are ready. 

These services are now available for a 
broad range of special-purpose al
loys, including both magnetic and 
non-magnetic types. Our metallurgi
cal and engineering staffs are ready to 
discuss your specifications and rec
ommend appropriate procedures. 
Write or call Metallurgical Services 
Department, Magnetic Metals Com
pany, Hayes Avenue at 21st Street, 
Camden I, New Jersey. Phone: 
609-964-7842. 
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LETTERS 
Sirs: 

I was fortunate enough to have read 
the article "Problem-solving" before 
turning to the "Mathematical Games" 
section in the April issue of Scientific 
American. Hence I could not read anv 
of the problems proposed without fir�t 
examining my attitude to see what par
ticular psychological "set" I had as
sumed. Thus upon reading the problem 
of rearranging the letters of KEW DOOR 
to form one word I immediatelv hit on 
this unique "true" solution: DOOn�IE1\'! 

WILLIAM T. 'VALSH 

Brookhaven National Laboratory 
Upton, N.Y. 

Sirs: 
I was particularly interested in the 

excellent article "Ball Lightning," by 
Harold v\!. Lewis [SCIENTIFIC AMEHI
CAN, March], because I performed an 
interesting but negative experiment on 
the phenomenon last year after one 
of our neighbors saw a kugelblitz in a 
thunderstorm. 

Before describing my experiment I 
should like to make a correction to Dr. 
Lewis' argument that increases its force 
tenfold. It is stated that a cubic centi
meter of air at atmospheric pressure re
quires 100 joules to ionize it. That is 
true, except that the ionized gas would 
reach thermal equilibrium and a temper
ature of 20,000 degrees Kelvin in a few 
microseconds, so that the original cubic 
centimeter would expand 240 times-60 
times owing to heat and four times owing 
to dissociation and ionization of the air 
to ions and electrons. Thus the 100 joules 
would be distributed over 240 c.c. at at
mospheric pressure, giving .4 joule per 
c.c., and we should be even more sur
prised at the water-butt phenomenon. 

We regularly generate gases of this 
energy density at atmospheric pressure 
by using the induction-plasma torch at 
the Lincoln Laboratory of the Massa
chusetts Institute of Technology. Since 
a plasma is a good conductor, it can be 
heated inductively without any elec
trodes contacting the plasma. The plas
mas we generate are spheres a few centi
meters in diameter, contained in a fllJartz 
cylinder surrounded by the induction 
coil. After a neighbor down the street 
had seen a kugelblitz in a thunderstorm 

and I had finally convinced myself that 
they were seen not just by old wives, I 
wondered if it would be possible to make 
a plasma vortex in the same fashion that 
the smoke rings in Times Square are 
generated. These rings are created by 
suddenly forcing air from a large cham
ber through a small hole. The resulting 
ring travels at a few fcet per second, 
much as the kugelblitz is said to move. 
I put a piston upstream from the plasma 
in our induction-plasma torch and con
vinced myself that it was functioning 
properly by blowing smoke rings that 
traveled a�rOS5 the room. I started the 
plasma and pushed the piston many 
timcs, but I succeeded only in extin
guishing the plasma, never propelling 
it from the tube. I was not surprised 
since I realized the low-energy density 
of plasmas. 

This experiment only proves that 
kugelblitzes cannot be made in this 
manner under the�e conditions; how
ever, even negative experiments are 
often suggestive to others, and I hope 
this description will stimulate someone 
to run a positive experiment that will re
move the kugelblitz from the realm of 
witchcraft and place it securely in the 
domain of science. 

THOMAS B. REED 

Lincoln Laboratory 
Massachusetts Institute of Technology 
Lexington, Mass. 

Sirs: 
We should like to suggest possible 

identifications of some of the "organ
ized elements" in Brian Mason's article 
"Organic Matter from Space" [SCIEN
TIFIC AMERICAN, March]. The hexag
onal orang" particle on page 45 resem
bles ragweed pollen grains stained by 
the Gridley method (illustration on page 
49). It is perhaps significant that the 
original meteorite preparation of George 
Claus and Bartholomew S. Nagy, in 
which they found this particle, had also 
been stained by the Gridley method, 
The chromic acid used in the Gridley 
stain distorts the spheroidal pollen 
grains to a pseudo-hexagollal shape. 

During the hay-fever season literally 
thousands of ragweed pollen grains can 
be colle�ted on a single microscope slide 
in 24 hours. Unless the most stringent 
precautions are taken, a few pollen 
grains, mold spores and other air-borne 
contaminants are bound to find their 
way into meteorite preparations during 
the few minutes it takes to prepare a 
slide. Pnrticles occurring at levels of Jess 
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Aerospace planners find themselves with a number of poten

tial vehicle designs for any given mission. To avoid the 

multimillion dollar expenditures testing even a few of these 

would entail, industry has devised mathematical procedures 

that do the big job of weeding out the poorer designs. 0 

Douglas missile and space system mathematical simulation 

programs are among the most advanced and comprehensive 

in operation today. The company's researchers have 

developed a variety of procedures that "flight test" hyper-

MATHEMATICAL MISSILES 
... AND WHAT DOUGLAS IS DOING WITH THEM 

sonic vehicles in the labora

tory ... "expose" configura

tions to intense heating and 

loading environments ... even conduct "battles" between 

missiles. Another aid is a unique Douglas viewing system 

which allows relationships between various parameters 

(trajectories, et cetera) to be observed in three dimensions. 

Advanced mathematical short-cuts to better aerospace sys

tems are among the numerous research programs in 23 broad 

technological areas now under way at Douglas. 

Monica and Long Beach, California, 

Tulsa, Oklahoma, and Charlotte, North Carolina. 

II 
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Meet "Therma-$nap" switches for heated surfaces ... 

and aeroform environments. With a precise bimetallic disc 

and fast "snap" action. Therma-Snaps are light 

50g's vibration to 2,000 cps ambients -650 to +6000 F 

Need accurate thermal switches? Call 

a variety of liquids . . •  

� 
one 

bundrsd 
thousand 
Eyclss 

� 

for long life, low drift 

can withstand a 60g shock 

in small, smaller and smallest. 

United Control 

UNITED CONTROL CORPORATION 
Overlake Industrial Park, Redmond, Washington • Phone: 206-885·3711 • TWX: 206·999-1874 

United Oata Control, Inc. and Palomar Scientific Corporation-Subsidiaries 
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than 10 per slide are a priori suspect of 
being contaminants. 

The two "organized elements" at the 
top of page 48 have never been seen 
in our preparations from the Orgueil 
meteorite, and they definitely do not de
serve the adjective "typical." We think 
that the one on the left is an air-borne 
mold or fungus spore and the one on 
the right an artifact. We have not seen 
Frank L. Staplin's Clallsisphaera fossa 
and have no opinion on it. His Caelestites 
sexangulatus appears to be an iron sul
fide crystal partly oxidized to hydrated 
iron oxide, as suggested by Henry P. 
Schwarcz and George C. Mueller. 

We have pointed out previously that 
alI organized elements so far described 
faIl into two distinct categories: com
plex but rare particles and simple but 
abundant particles. The complex par
ticles look biological, but we think that 
most or all of them are earthly con
taminants. The simple particles general
ly look like mineral grains; they have the 
chemical composition of mineral grains, 
and apart from their rather featureless 
morphology there is no evidence that 
they are not in fact mineral grains of 
purely inorganic origin. It would seem 
that further, independent criteria must 
be developed before an extraterrestrial 
biological origin of any class of organ
ized elements can be safely postulated. 

FRANK W. FITCH 
EDW AHD ANDERS 

University of Chicago 
Chicago, Ill. 
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Your instrumentation 
tape supplier should be 
a complete source. 
Soundcraft is! 

With Soundcraft Instrumentation 
Tapes, you can meet every data re
cording need. Sixteen combinations 
of coatings and base materials are 
available to fulfill the recording time, 
resolution, wear-life and output char
acteristics required by your data re
cording equipment. 

Common to each instrumentation 
tape is Soundcraft's technical com
petency. This is demonstrated by the 
unique oxides and binder systems 
which are engineered to provide su-

peri or physical and magnetic quali
ties for all recording applications. The 
Soundcraft plant is one of the newest 
and best-equipped in the industry
where advanced manufacturing proc

esses and control methods produce 
superior instrumentation tapes. Reli
able data recording is assured. 

In military and space facilities ... 
among industry leaders ... Sound
craft Instrumentation Tapes are meet
ing the most exacting performance 
standards. They can meet yours, too. 

Soundcraft Instrumentation Tapes 
are available from stock for immedi
ate delivery. Write for literature. 

REEVES SOUNDCRAFT 
Division of Reeves Industries. Inc .. Danbury. Conn . •  New York· Chicago· Los Angeles · Foreign Division: 25 Warren St., N.Y.C . •  Canadian Reps: Vancouver · Toronto 
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How do you turn out loads of laundry without 
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loads of trouble? Borg-Warner knows how! 
Doing the laundry may be woman's work, but fixing a washer when it breaks down is a 
man'sjob. And automatic washers just weren't up to the grind of daily family use before 

the people at Norge Division of Borg-Warner decided to change things. 

First, they tackled the problem of making automatic washers easier to service. All parts 
that might ever need servicing were moved up front, behind two easily-removed panels. 
Next, they devised a unique motor mount that absorbs the shock of big laundry loads so 
that belts, pumps and motors now last far longer. 

Result: After a year's experience, the re-designed Norge automatic washer needed half 
as many service calls as the national average of all makes. And thanks to front service, 

-

m 
-

©1963, 8-W Corp. 

repairs took one-third the time needed to fix other automatics. 

From space-age marvels to the design and production of more trouble-free 
appliances, you'll find Borg-Warner research and engineering working for you. 
Borg-Warner Corporation, 200 South Michigan Avenue, Chicago 4, Illinois. 

BORG-WARNER 
where research and engineering 

work wonders for you 
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Who can deliver the most complete line of portable instrumentation recorders? AMPEX 

And what a line it is. There's a portable for medical, for 
industrial, for research applications, for rugged applica
tions -for almost every data acquisition need. And there's 
a price to fit almost every budget. Behind each recorder 

stands the name of Ampex -to assure you true instrumen
tation performance all the time. On the top, above: the low
cost SP-300. It has four speeds, four tracks, push-button 
selection for FM or Direct recording, plus built-in attenua
tion, monitoring, calibration and erase. In the middle is the 
FR-1300. It offers 14 tracks, 300 cps to 300 KC capa
bility on Direct, DC to 20 KC on FM and six speeds pre
cisely controlled by a unique servo-driven capstan. On the 

16 

bottom: the rugged CP-100. It records Direct, FM-Carrier 
and PDM. Has a closed loop drive, six standard speeds, 14 
tracks, a frequency response of up to 250 KC on Direct, 
down to DC on FM. And it operates on almost any source 
of power-including batteries. In other words, Ampex 
has a portable line so complete you can pick a recorder 
to fit your needs instead of having to modify your require
ments to fit the recorder. For more information write the 
only company providing recorders, tapes and core memory 

devices for every application: Ampex Corp., 934 Charter 

St., Redwood City, Calif. Term financing and ,0MPEXd 
leasing available. Worldwide sales and service_ 
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ASK US! 
If your question concerns prod

ucts or equipment for greater 

profit and productivity ... find 

out how ALLIS-CHALMERS 

is doing its share to help y'ou 

share in a better future! 
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HITCO solves a critical problem for Titan III 
The TIT AN III-C, one part of the Air Force's complete standard space launch 

system, will lift off from Cape Canaveral in mid-1965 with 2,000,000 pounds of 
thrust. The volcanic forces of United Technology Center's two first-stage, solid 
propellant boosters will be exhausted through 120-inch nozzles fabricated by H. I. 
Thompson Fiber Glass Company (HITCO), Gardena, California-with an assist 
from Liquid Carbonic. 

One stage of production for the mammoth rocket motors required construction 
of one of the nation's largest hydroclave-autoclave combinations to mold and cure 
ultra-high temperature resistant plastic linings for the nozzles, according to design 
requirements of 1000 psi (hydroclave) and 300 psi (autoclave). Liquid engineers 
installed the Liquiflow* system to provide a carbon dioxide inerting atmosphere 
during the curing process, at the exact pressure and to completely eliminate the 
danger of flash fires. 

The Liquiflow system, providing precisely controlled nonvolatile pressurizing 
gas for a most critical part of the HITCO process, has also opened the door to 
successful use of new, more efficient materials which had previously been consid-. 
ered impractical from the standpoint of volatility. 

HITCO has come to rely on the advantages of carbon dioxide applications by 
Liquid Carbonic. In the words of Program Manager Don Slocum, "HITCO's con
fidence is certainly demonstrated in this latest installation of the 132-inch hydro
clave-autoclave combination at Gardena. This unit, which will be used to cure some 
of the largest nozzles ever made, will utilize Liquid Carbonic CO2,'' 

Look to Liquid for professional assistance on any problem requiring controlled 
applications of carbon dioxide, oxygen, nitrogen, argon, helium. Your Liquid Dis
trict Sales Engineer is at your service. 

LIQUID CARBONIC 

.Registered trademark of L !quid Carbonic's 

low·pressure CO:! system 

OIVISION OF GENERAL DVNAMICS 
The World's Largest Producer of C02 

Dept. SeA, 135 South La Salle Street, Chicago 3, lillnols 
In Canada: Liquid Carbonic Canadian Corporation, Limited 
8375 Mayrand Street, Montreal 9, Quebec 
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#3 in a series by Ultek, a company 
to whom almost nothing is a challenge 

Who is the 

· ANSWER: OUR 

You can take that either of two ways, 
but we would prefer you interpret it in 
the way most favorable to Dr. X, our 
president, whose desire to disseminate 
knowledge about ion pumping tran
scends even the commercial instincts 
which impel him to visual ize Ultek ion 
pumps on every conceivable application 
of high vacuum - including thin· film 
deposition, space simulation, surface 
physics studies, and vacuum tube proc
essing. 
Anyway, Dr. X did invent the ion pump 
(to which fact the U.S. Patent Office will 
attest upon receipt of 25¢ and a request 
for a copy of patent # 2993638), but he 
modestly gives credit to an assist from 
F. M. Penning, who first made reference 
to the use of sputtered metal films in 
producing high vacuum. Penning devel
oped a gauge which measured high vac
uum, but because it had a pronounced 
tendency to trap gas particles, it made 
almost as good a pump as it did a gauge. 
Dr. X's ion pump, on the other hand, 
makes a very fine gauge! 
So that you, too, can become an author
ity - and on quite a bit more than al
most nothing - Dr. X has written a 52-
page compendium of vacuous informa
tion entitled "A little bit about almost 
nothing," and will mail it to you upon 
the slightest provocation. Ask for our 
booklet #73. 

BOX 10920, PALO ALTO, CALIFORNIA 
Offices in New York, Boston, Cleveland, Chicago, 
Philadelphia, Los Angeles, Seattle, Palo Alto; repre. 
sentatives in major cities overseas 
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50 AND tOO 

YEARS AGO 

JUi\TE, 1913: "It is a matter of par
ticular importance at the present junc
ture, in view of the recent crisis, that the 
people of America should take serious 
stock of Japanese naval development. 
The navy of the United States is still 
incomparably superior to that of Japan; 
but its superiority is very largely depen
dent upon ships built during what is 
known as the 'pre-dreadnought' era, and 
which are therefore in a state of ever
increasing obsolescence. The Panama 
Canal, while it will add to the mobility 
of the American fleet, increases its re
sponsibilities. Four years ago M. Sartori 
Kato, one of the best-informed of Japa
nese publicists, wrote in an English 
naval periodical: 'Whether allowed or 
disallowed, Japan's insistent aspiration is 
to be mistress of the Pacific.''' 

"Until recently leprosy had not been 
produced in animals for purposes of ex
perimental study, and it is barely four 
years since the germ was first isolated at 
the Louisiana Leper House. The work 
of Duval and Couret in the laboratories 
of pathology and bacteriology at Tulane 
University has given a new and sure 
foundation for future investigation of 
this disease. Duval says that 'to produce 
the disease experimentally it seems 
necessary to give the animal repeated 
injections of large numbers of leprosy 
bacilli at given intervals for a period of 
months.' His research shows that an in
jection of first four million and later of 
four billion bacilli were given before the 
disease 'took.' Even after the first injec
tion and for nearly two weeks after the 
injection of four billion 'there was no 
evidence of either localized or general 
infection.' The animal first infected with 
leprosy was a monkey (Macaca rheslls), 
the initial injection being given October, 
1910. It was not until the following 
March that he was recognized as afflicted 
with a disease having all the character
istics of 'human leprosy.' " 

"According to Prof. T. W. Edgeworth 
David of the University of Sydney, Aus
tralia, the deposits of coal discovered by 

the Shackleton and Scott expeditions in 
the Antarctic will perhaps prove to be 
one of the largest unworked coal fields in 
the world. Wild, of the Shackleton ex
pedition, discovered seven seams of coal 
outcropping in a great cliff face of sand
stone and shale. The thickness of these 
seams, inclusive of a few clay bands, was 
seven feet. Specimens chopped out by 
Wild with his ice ax have been analyzed 
at Sydney and show the coal to be 
of workable <luality. Scott's geologists 
traced this field for a distance of 650 
miles, extending northward from the 
head of the Beardmore Glacier." 

TUNE, 1863: "It is one of the anoma
lies of our condition of civil war that our 
foreign commerce is unusually prosper
ous, even with the draw-back of the 
depredations of the rebel steamers. The 
exports from New York to foreign ports, 
during 10 months of the current fiscal 
vear, amounted in value to $206,317,-
200, against about $126,000,000 in the 
corresponding period of the two preced
ing years. The imports thus far this year 
amount to $155,613,100, against $117,-
385,400 in 1862 and $196,795,200 in 
1861. The revenue from customs at New 
York has been $43,421,008, against 
$26,814,182 in 1862 and $26,358,740 
in 1861. In Philadelphia, Boston ancl 
other ports a corresponding improve
ment is noticed." 

"The magnetic needle is like a wind 
vane, as it serves to render visible the 
direction and intensity of that mysteri
ous force which operates through the 
earth. Observations upon the magnetic 
needle reveal the fact that it will some
times start and oscillate with great ac
tivity without any apparent cause, and it 
has been noticed that magnets in various 
parts of the world are always thus agi
tated at the same moment. It is believed 
that these phenomena have a connec
tion with movements in the sun. Prof. 
Schuabe of Dessau has been watching 
the disc of the sun for nearly 40 years, 
and he has recorded the groups of spots 
which have appeared upon it. He has 
fouHd that these occur in greater num
ber in periods of about 10 years. They 
were noticed in 1848 and 1859, and in 
these two years great disturbances of the 
magnetic needle were observed. Mag
netic storms are always accompanied by 
auror� and earth magnetic currents. It 
appears that magnetic disturbances oc-
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How can you make a telephone remem
ber numbers you often call and then dial 
them for you? 

Engineers at Bell Telephone Labora
tories are solving this problem in more 
than one way. One solution is the Card
Dialer telephone shown at the right. Here 
the required memory is in the form of 
economical plastic cards which fit into a 
slot in the telephone. 

Each card contains a complete tele
phone number punched out in a simple 
pattern (see upper right). When a card 
is inserted in a Card-Dialer telephone, the 
recorded number is automatically dialed. 
To do this, the telephone senses the code 
on the card and generates a corresponding 
train of dial pulses. T hese pulses are then 
detected by central office equipment in the 
same way as those generated by a regular 
telephone dial. Simply by punching out 
the necessary holes with a pencil, you 
can prepare as many cards as you wish 
for both local or Direct Distance Dialing. 

JONE.S, JOttN 
3 1J - 555- 2368 

VlWN- ..... .. -60)0'1" CDO'1N Z 
_ -a (,() Q:) --..J 0 (,() m w _? 
- •• 00�) . �)0 -
- •• �) O(;)O O . - > (.1,) 
- 000: . 000. - --
- 000. 000.- -
- 00. 000. (,..) - U1 
- 00. 000. 0 - <1\ 
- 00. 000. 0 - 01 
- 00 .• 0000 •• tI.l 
- 0 . ' 0. (,..)000 .-00 
- (,..) . 000(,..) . 0 - 0% 
- 00. 00. 00- 00 
-.0bQO�00-
- O O O o' O t:£) O O -
- 00 0 000 -

The new Card-Dialer telephone is now 
being manufactured for the Bell System 
by the Western Electric Company. 

As the card is pushed down, the square holes 
engage sprockets which wind a spring. Then, 
as the card emerges, it contacts plastic rollers 
which detect the round holes and appropri
ately actuate a pulse generator. The 2 -out
of-7 code is easy to use and does not reqttire 
a costly sensing mechanism. 

D� 

,�, .. ,,,� ;., 

\S� 
" , � Olld \ ;
,

. ' ,0, OlQ 
",.' " ,/ OIQ 

. . .  
�,.... ",,1 

Bell Telephone Laboratories 
World center 0/ communications research and development 

21 

© 1963 SCIENTIFIC AMERICAN, INC



FIRST CHOICE 
N for n r 

... and here 
are some of the reasons why 

AC null indicator bridge is balanced when eye 
is open. AC generator is on eye is 
green. 

rs 

multiplied by LRC 
of unknown. 

Switch chooses between 
terminals which 

balances the bridge. 12,005 dial 
of resolution for finding resist· 

ca[lacitance or inductance value. 
AC detector con nected 
galvanometer. It also ChClos,es/the 
or direct galvanometer con bridge null is read on galvanom-

The zero position of the galvanolmeter 
be set. Switch chooses between generator connected 

to external generator terminals and in· 
ternal AC and DC generators. 

Galvanometer can be locked when the bridge 
is moved. 
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MODEL 250DA UNIVERSAL IMPEDANCE BRIDeE 
Resistance to 0.1 %, eight ranges; Capacitance to 0.2%, seven ranges; 
Inductance to 0.3%, seven ranges. Simple in-line readout-12,005 
dial divisions of resolution. This is the bridge that has been the in
dustry pacesetter since its introduction-the $ ..... 9500 
bridge that dollar for dollar offers the most in .... 
bonus advantages. For detailed information, f.o.b. Portland, Oregon 
send for Catalog Sheet C-16 immediate delivery. 

7524 S.W. Macadam Avenue · Portland 19, Oregon. Area Code 503, 246-3331 

cur in the sun, in the earth's atmosphere 
and in the earth itself, at the same time 
and at regular periods. The mysterious 
force, 'magnetism,' seems to pervade the 
entire solar system, and perhaps the 
whole universe." 

"We lately noticed that during a bal
loon ascent in England Mr. Glaisher 
found that it required a much longer 
period of exposure to light to take photo
graphic pictures at high elevations than 
upon the ground. From this statement 
many persons have concluded that the 
actinism of the solar ray decreases with 
altitude above the surface of the earth. 
This is not the case, as Prof. Piazzi Smith 
of Edinburgh obtained results the very 
opposite of those of Mr. Glaisher when 
the former made his astronomical obser
vations at Teneriffi in 1857. At an eleva
tion of three miles the actinic intensity 
in Teneriffi was as seven to three at the 
level of the sea. Some other cause than 
mere elevation must have affected the 
photographic action during the balloon 
ascent of Mr. Glaisher." 

"Mr. William Bullock of Pittsburgh, 
Pa., has recently produced a press capa
ble of printing a newspaper complete 
before it issues hom it! Most persons 
are aware that a newspaper is ordinarily 
printed on but one side at a time, and 
that it has to be put through the press 
twice in order to finish it. This duplicat
ing is avoided in Bullock's press; the 
paper is fed from a large roll, and cut 
off at the proper time by a suitable ap
paratus, thus avoiding all unnecessary 
handling, both in the sheet and in trans
ferring the paper from one press to an
other, also doing away with feeding by 
hand. We saw this press in operation a 
short time since, and it then worked very 
well indeed, at the rate of 9,000 finished 
sheets per hour!" 

"An unique barometer for measuring 
small atmospheric disturbances has re
cently been devised by Dr. Joule of 
Manchester, England. It consists of a 
large glass carboy connected by a glass 
tube with a miniature gasometer, formed 
by inserting a small platinum crucible 
over a small vessel of water. The cru
cible is attached to the short end of a 
finely-suspended lever, multiplying its 
motion six times. When the apparatus 
was raised two feet, the index moved 
through one inch; hence he was able in 
serene weather to observe the effect cor
responding to the elevation of les� than 
one inch. The barometer is undoubtedly 
very sensitive and is highly spoken of 
amongst scientific circles in Manchester." 
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"Self-Tying TY _RApT"" is its name. 
We would like to send you a sample. 
Not a "sophisticated device" - but rather a practical, 
new concept for fastening. Wherever the bundling of 
wire, cable or tubing is made with string, tape or 
miscellaneous clamps, TY-RAP offers economies. Our 
customers have recorded cost reductions from 40% 
to 60%. An engineer on the West Coast reported 
$155,000.00 in cost reductions for a 12-month period. 

TY-RAP products provide a complete cabling system 
which enhances the appearance of all equipment wir
ing. It consists of color-coded ties, clamps and identi
fication plates. Hand and air tools are avaliable for 
high-speed production. The fabrication of harnesses 
and tying cable bundles can be put on a measurable 
basis. Appearance, workmanship, reliability and cost 
can now be evaluated in engineering terms. Training 
time is cut by 70%, 46 sizes of clamps eliminated from 
inventory and harnessing time improved 40% to 60%. 

SLiP ON 
TY·RAP 

PULL TIGHT IDENTIFYING 

IT'S TIED 

CLAMPING 

If your firm uses wiring or tubing, there are uses for 
TY-RAP cable ties and straps. The TY-RAP cable 
tie is a nylon strip, engineered to securely lock around 
anything from %6" to 4" in diameter - quickly, 
neatly and more economically than anything presently 
available. Remember it almost ties itself - and also 
meets MIL specs (no matter 
who does the tying). MIL-S-
23190 (WEP) specifically 
covers TY-RAP cable ties and 
identification ties. Other ap
p l i c abl e MILS s p e c s  a r e  
also met. 

Write to the Thomas & Betts 
Co., TV-RAP Section, Elizabeth, 
New Jersey for your sample and 
evaluate this new cost reduction 
method. 

PATENT PENDING 

SOLD COAST·TO·COAST THROUGH T&B AUTHORIZED DISTRIBUTORS 

THOMAS & BETTS 
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ACCUTRON is the only timepiece guaranteed 99.9977% 
accurate on your wrist. It makes the finest watches

even electric watches-obsolete. 

The ACCUTRON timepiece 
keeps time by a revolutionary 
new principle. This miniature 
tuning fork, driven by a tran
sistorized electronic circuit, 

. v ibrates at a constant 360 
times a second. Result? ACCUTRON is 
the only timepiece that's guaranteed 
99.9977% accurate on your wrist. 

The ACCUTRON timepiece already 
has become the new world standard of 
accuracy. It was purchased by the U.S. 
Air Force for every X-15 pilot. It's 
approved for use by all major railroads. 
And it's the timepiece of leaders in 
science, industry and government. 

See ACCUTRON-the most distinctive 
timepiece you can own, the most unique 
gift you can give. Your choice of many 
distinguished waterproof* and shock-re
sistant styles, from $125 to $2500*. 

For name of nearest ACCUTRON 
dealer and free booklet, write Bulova 
Watch Co., Inc., Dept.SA, 630 Fifth Ave
nue, New York 20, New York. Don't you 
owe it to yourself to wear ACCUTRON 
instead of a watch? 

Read the ACCUTRON guarantee of accuracy! 
ACCUTRON is guaranteed by Bulova not to gain or 
lose more than one minute a month in actual daily 
use on your wrist. For one full year from date of 
purchase, the authorized jeweler from whom you 
purchased your ACCUTRON timepiece will adjust 
it to this tolerance, if necessary, without charge. 

ACCUTRON "214" Brilliant stainless 

steel case, raised dial markers. $1251< 

Ace UTR 0 N A RESEARCH BREAKTHROUGH BY B U L 0 VA 
@1963 Bulova Watch Company, Inc .. New York. Toronto. Bienne, Milan . -All prices plus tax· waterproof when case. crystal and crown are intact. 
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Where no metal but Iridium 

will do the job as well ... 
Iridium crucibles play an important part in the growth 

of Laser crystals-at temperatures above 1700°C! 

Growing high-purity calcium tungstate Laser 
crystals involves intense heat and continued 
high temperature cycling. Temperatures often 
go far above 1700°C and contamination must 
be avoided. 

That's why the Solid State Materials Cor
poration-a leading producer of Laser crystals 
and a subsidiary of the Perkin-Elmer Corpo
ration-specifies iridium crucibles for grow
ing these crystals. They find that crucibles of 
iridium are the only containers which per
form satisfactorily under these severe high 
temperature conditions. 

Most experts consider iridium crucibles ab
solutely essential in growing refractory crys
tals at temperatures ranging to 2000°C. 
(Rhodium and platinum crucibles are consid
ered equally satisfactory for growing crystals 
at lower temperatures.) 

It could pay you to use a Platinum Metal 

Your problem might be readily and economi
cally solved with a Platinum Metal-where 
freedom from product contamination at high 
temperatures is required, such as in the grow
ing of Laser crystals ... where superior elec
trical properties are required, such as in grid 
wires ... where high temper�ture corrosion 
and spark erosion are involved, such as in air
craft sparkplugs ... where wear-resisting, non
tarnishing surfaces are required, such as for 
printed electrical circuits ... where a combina
tion of severe corrosion and erosion must be 
met, as in the case of spinnerettes for rayon 
production ... where peak catalytic efficiency is 
required, as in the refining of high octane gas-

oline ... or where product purity must be re
tained despite high temperatures, as in the 
case of lens glasses ... the Platinum Metals 
have proved to be the most economical for 
certain critical equipment. 

Industry is going to higher temperatures 
and .higher pressures. Perhaps your own 
progress has been blocked by the limitations 
of materials to withstand such severe condi
tions. The Platinum Metals have removed 
many barriers. Have you considered them for 
your problems? 

Platinum, palladium, rhodium, ruthenium 
and iridium have unique potentials, well 
worth your attention. Specialists are prepared 
to work closely with you in evaluating these 
metals for new commercial and scientific uses. 

As a first step, write us for additional data 
on the outstanding characteristics and suc
cessful applications of the six Platinum 
Metals and their alloys-indicating your field 
of interest or how we might be of assistance. 

CAN THESE PROPERTIES OF THE 
PLATINUM METALS HELP YOU? 

High Temperature Stability 
Exceptional Chemical Inertness 
Superior Wear Resistance 
Peak Catalytic Activity 
Low Vapor Pressure 

The six Platinum Metals are: 
PLATINUM· PALLADIUM· RHODIUM 
RUTHENIUM • IRIDIUM • OSMIUM 

A PLATINUM METALS DIVISION 
<�> The International Nickel Company, Inc., 67 Wall Street, New York 5, New York 

© 1963 SCIENTIFIC AMERICAN, INC



© 1963 SCIENTIFIC AMERICAN, INC



Put a flame to rigid Geon vinyl, then 
take it away-and no flame remains. 
Reason: the high halogen content acts 
as a flame inhibitor. Many products
building panels, for instance-are now 
greatly improved by this property and 
o t h e r s  i n h e r e n t  in G e o n  p o l y v i n y l  
chloride. 

Can you use such a material that is 
also low in cost, light in weight, struc
turally strong, corrosion resistant, im
pervious to moisture, has color clear 
through, won't warp or rust, is easy to 
fabricate and consistently uniform in 
quality? If so, write for data plus a set 
of color chips as illustr ated above:  
B.F.Goodrich Chemical Company, Dept. 
CA-6, 3135 Euclid Avenue, Cleveland 
15, Ohio. In Canada: Kitchener, Ontario. 

B.F.Goodrich Chemical 
a di .... ision 01 The B.f.Goodlich Comp .. n)' 

28 

THE AUTHORS 
GEORGE M. WOODWELL ("The 

Ecological Effects of Radiation") is as
sistant ecologist in the department of 
biology at the Brookhaven National 
Laboratory in Upton, N.Y. Wood well 
went to Brookhaven in 1961 to initiate 
and direct a research project on the 
effects of radiation on ecological sys
tems. He points out, however, that this 
project is the product of the efforts of a 
large number of colleagues and collab
orators at Brookhaven and elsewhere. 
Woodwell originally studied botany at 
Dartmouth College, receiving an A.B. 
in 19.50. After three years at sea with 
thc Navy (which included service on 
two oceanographic survey ships), vVood
well studied botany at Duke University, 
where he acquired an A.M. and a Ph.D. 
in 19.56 and 19.58. He became a member 
of the faculty at the Univcrsity of :--Iaine 
in 19.57 and formally joined the Brook
baven staff in his present post in 1962. 

ROBERT K. SOBER MAN ('"Noc
tilucent Clouds") is chief of the Meteor 
Pbysics Branch at the Air Force Cam
bridge Research Laboratories in Massa
chusetts and associate professor of phys
ics at Northeastern University. Sober
man obtained a B.S. from the College of 
the City of New York in 19.50. He then 
did graduate work at New York Uni
versity, receiving a Ph.D. in 19.56 with 
a doctoral thesis on cosmic rays. Sober
man spent a year at the General Electric 
Vallecitos Atomic Laboratory and three 
years with the Avco Research and Ad
vanced Development Division before 
joining the faculty of Northeastern Uni
versity. In 1960 Soberman went on in
definite leave from Northeastern to head 
a meteor-physics research program for 
the Air Force, part of which has involved 
the studies discussed in his article. 

KLAUS DRANSFELD ("Kilomega
cycle Ultrasonics") is associate professor 
of physics at the University of California 
at Berkeley. Dransfeld was born in Ger
many and studied philosophy and phys
ics at the University of Cologne. At first 
attracted by the philosophical implica
tions of quantum theory, he later dis
covered great enjoyment in preparing 
experimental demonstrations for the lec
tures of Clemens Schaefer, with whom 
he did his doctoral thesis on ultrasonics. 
After receiving a Ph.D. in 1952, Drans
feld remained at Cologne until 19.54, 

when he went tei the laboratory of the 

late Sir Francis Simon at the University 
of Oxford. His two years there, spent in 
doing research on several aspects of 
superfluid helium, introduced him to 
the general field of low-temperature 
physics. In 19.56 he joined the Bell Tele
phone Laboratories, where much of the 
work he describes in the present article 
originated. Dransfeld joined thc faculty 
at Berkeley in 1960. 

H. S. :--1AYERSON ("The Lymphatic 
System") is professor and chairman of 
the department of physiology at Tulane 
University. Mayerson obtained an A.B. 
from Brown University in 1922 and a 
Ph.D. in physiology from Yale University 
in 192.5. He went to Tulane in 1926, 
becoming professor of physiology and 
chairman of the department in 194.5. He 
\,'as president of the American Physiolog
ical Society in 1962 and served on the 
board of directors of the American Heart 
Association from 19.54 to 1960. Mayer
son's numerous other activities have in
cluded his association with tbe National 
Research Council in various capacities: 
as a representative of the Biology and 
Agriculture Review Committee on the 
International Exchange of Persons, from 
195.5 to 19.57; as a member of the Com
mittee on Shock, from 19.54 to 1961; 
and, since 1961, as a member of the 
National Committee for the Internation· 
al Union of Physiological Sciences. 

MORTON S. ROBERTS ("Hydrogen 
in Galaxies") is lecturer in astronomy 
and research associate at the Harvard 
College Observatory. Roberts received 
a B.A. in 1948 from Pomona College, 
where a job at the college observatory 
eventually led him to do graduate work 
in astronomy. From 1949 to 19.52 Rob
erts taught physics at Occidental College 
(acquiring an M .Sc. from the California 
Institute of Technology in 1950). He 
worked for a year as a physicist in under
water ordnance for the Navy Depart
ment and then went to the University of 
California, which awarded him a Ph.D. 
in 19.58. Roberts joined the Harvard Ob

serva tory in 1960. 

JOHN PAPADIMITRIOU ("The 
Sanctuary of Artemis at Brauron") was 
General Director of Antiquities and 
Historical Monuments of Greece. He 
died in April of this year, shortly after 
completing the present article. Papa
dimitriou's career as an archaeologist 
spanned a period of 37 years, beginning 
in 1926, when he was graduated from 
the faculty of philosophy at the Uni
versity of Athens. From 1930 to 1958 

Papadimitriou was successively curator 
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... GRAND SPORT VERSION! 

In the beginning, LAND-ROVERs were used by the world's armies 

(26 of them ) , police forces (37 of them ) , border patrols, big 

game hunters, archeologists, titled persons ( mostly for country 

use ) , oil companies, farmers, lumbermen, explorers, foresters, 

and so on. Now, lots of other people are buying them too: 

commuters, doctors, skiers, gentlemen farmers and members of 

hunt clubs, antiquers, rock hounds, dog trainers. Even racing 

drivers buy them ( all aluminum alloy body and eight speeds 

forward ) . The LAND-ROVER's a lot of fun--you're never frus

trated--you can do anything--go anywhere--see everything--in 

short, it's GRAND SPORT! 

You can virtually have a LAND-ROVER tailor-made--we will fit 

it with anything you want. Be the first on your block to own 

a compact fire engine, or to blow your own snow. Be the only 

one in town to have a Hover-Rover ( cushion-of-air sort of 

thing ) . Our line of accessories would fill a book--they mow 

the grass, dig post holes, plow snow, saw cordwood, run your 

own ski tow, trail your boat, pull a house trailer ( or you 

can dispense with the house trailer and camp in a commodious 

Land-Rover Dormobile ) . You name it, we have it! 

We meant to leave more room for a picture-but our enthusiasm got the better 
of us. So if you'd like a profusely illustrated pamphlet, please send us a postcard. 

This is the Heat-Shield Roof, 
�-!!IIII!!I!II.a one of a \ .... hole battalion <: 

of unique features. 

�� 
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CSor want of a nail ... 
. . . the kingdom 

Let's discuss RELIABILITY. 

was lost ... 

The problem is not a new one ... we can trace the source of 
our nursery rhyme to one John Gower, circa 1390 AD. Be that 

as it may, reliability is a problem today ... a very real one! 

How does one attain reliability, particularly in miniature 

components? 

Some depend on elaborate quality control procedures to support 

somewhat dubious assembly methods. Effective? . . .  possibly; 

expensive? ... unquestionably. 

Others turn to Kulicke and Soffa ... for in'process, pre· testing 

devices and precision assembly machines that have shown remark· 

able capabilities for producing consistently reliable products, in 

large volume, easily and less expensively. 

K & S has cleverly combined precision micromanipulative tech· 

niques with machine- rather than operator-control of the 

important process variables. If you're in transistors, integrated 

circuits, miniature servos, proximity fuzes or any of the other 

1001 sub-miniature devices that fill our world, K & Scan 

help you! 

If you're one of those who enjoy our whimsy but don't buy our products, be 
patient; we just didn't find anything funny in the loss of a multi-million dollar 
project because of the failure of a less-than-perfect miniature assembly. 

KULICKE and SOFFA 
MAN U F AC T U RIN G COM PA N Y 

135 COMMERCE DRIVE· INDUSTRIAL PARK· FORT WASHINGTON. PA . •  215-646-5800 

of antiquities and director of the mu
seum on the island of Corfu, ephor 
(superintendent) of antiquities at Ar
golid and ephor of antiquities in Attica. 
He became General Director of An
tiquities of Greece in 1961. Of his many 
excavations, the most important were 
at Mycenae and Brauron. 

GILBERT W. KING and HSIEN-WU 
CHANG ("Machine Translation of Chi
nese") are respectively vice-president 
and director of research of the Itek Cor
poration and manager of systems or
ganization and logic in the Experimental 
Systems Depattment of the International 
Business Machines Corporation. King re
ceived his B.S. and Ph.D. degrees in 
1933 and 1935 from the Massachusetts 
Institute of Technology and then was a 
National Research Fellow at the Cali
fornia Institute of Technology, Harvard 
University and Princeton University. He 
went to IBM as a senior scientist in 19.58, 

having previously been a research chem
ist for Arthur D. Little, Inc., and chief 
engineer for the International Telemeter
ing Corporation. Prior to his subsequent 
appointment as director of research for 
IBM, he was directly responsible for all 
programs concerning information re
trieval and the automatic translation of 
languages by computer. King, who joined 
Itek this year, is a member of the Presi
dent's Science Advisory Committee Pan
el on Problems of Scientific Informa
tion and head of the Library of Congress' 
study group for information retrieval. 
Chang holds B.S. degrees in electrical 
engineering and mathematics and an 
M.S. in elech'ical engineering from the 
University of Michigan. After obtainii1g 
the last in 1957, Chang joined IBM, 
where during the past several years he 
collaborated with King in the research 
they discuss in the present article. 

VICTOR H. DENENBERG ("Early 
Experience and Emotional Develop
ment") is professor of psychology at 
Purdue University. Denenberg acquired 
a B.A. at Bucknell University in 1949 

and an M.S. and a Ph.D. at Purdue in 
1951 and 1953. From 1952 to 1954 he 
did research at George vVashington Uni
versity on problems and methods of 
training military personnel. He joined 
the Purdue faculty in 1954. 

J. BRONOWSKI, who in this issue 
reviews Ivor B. Hart's The World of 
Leonm'do da Vinci: Man of Science, En
gineer, and Dreamer of Flight, is the 
author of books on mathematics, poetry, 
science and the history of ideas. 
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New brilliance for records ... 

Have you ever had trouble with dust clinging to your phonograph records-clogging the grooves, collect

ing on the needle, and spoiling the most carefully reproduced sound? That happens when a record builds 

up static electricity and becomes a magnet for dust every time it's played. � But Union Carbide scientists 

have found a way to end this nuisance. Into the vinyl plastic developed for records, they have built a 

special anti-static agent. Already more than 50 million stereo records have been produced from this 

improved plastic. � Ever since the creation of the first vinyl phonograph record, Union Carbide has 

worked closely with the leaders in the record industry to achieve the brilliant high-fidelity available to 

you today. Vinyl is one of the important family of BAKELITE brand plastics, which includes phenolics, 

styrenes, epoxies, polyethylenes, and polypropylenes. Pioneers in plastics for more than 50 years, the 

people of Union Carbide are continuing their research in these useful materials. 

A HAND IN THINGS TO COME 
LOOK for these famous Union Carbide consumer products-EvEREADY batteries, 

LINDE stars, PRESTONE anti-freeze and car care products, "6-12" insect repellent. 

Union Carbide Corporation, 270 Park Avenue, New York 17, N. Y. In Canada, Union Carbide Canada Limited, Toronto. 
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Frequency and time measurement demand continuing 
improvement in the operation, readability and reliability 
of electronic counters. These instruments are used in all 
scientific disciplines for making measurements involving 
time and frequency. The electronic counter is capable of 
measuring frequencies with extreme accuracy, measuring 
the period of unknown frequencies directly, making time 
interval measurements, counting random events, and de
termining the ratio of one frequency to another. This is 
accomplished by the use of a precision time base and high 
speed binary electronic circuits that perform mathematical 
functions. The measurement is displayed directly and accu
rately in an in-line display of numerals. 

Solid state electronic counters usually require complex 
circuitry to drive these numerals. This circuitry must take 
binary information and convert it to decimal data before 
it can be displayed and read. Many counters employ net
works of 10 high voltage transistors, 10 diodes and many 
resistors for each numeral. Some use space consuming relay 
networks. Hewlett-Packard has pioneered a totally new 
technique which simplifies circuitry and provides the 
needed amplification for readout signals while still retain
ing the rapid speed of operation. This technique incor
porates a photoconductor-a device that changes its elec
trical conductivity by a factor of several thousand under 
varying degrees of illumination. 

The high speed photoconductor developed by Hewlett
Packard and manufactured by its affiliate, HP Associates, 
translates the binary information to decimal data. Eight 
neon bulbs that are part of the binary counting circuits 
are lighted according to the count. These illuminate the 
photoconductor matrix, cause it to conduct, and light the 
correct readout numeral on the instrument's front panel. 
No other switching or amplification is required. 

In addition to translation and switching, the photoconduc
tor matrix allows the last reading of the counter to remain 
while the next count is being made. Because the display 
does not continually change, it is easier to read and faster 
measurements may be made. 

Photoconductor research is but one way that Hewlett
Packard seeks constantly to produce definable advances in 
the state of the art of measurement. Electronic counters 
are but one example of progress from the world's largest 
manufacturer of precision electronic test equipment. 

hp 5245L 50 MC Solid State Counter This counter employs the hp photo
conductor matrix for driving its 8-digit in-line display. The instrument measures 
directly to 50 mc and also measures period, period average of up to 105 periods, 
ratio between two frequencies, and, with the addition of plug-ins, will count 
frequencies, up to 512 me and will measure time interval of 1 Ilsec to 10. sec. 
$3,250. Frequency-extending and time interval plug-ins optional at extra cost. 

HEWLETT-PACKARD COMPANY 
1501 Page Mill Road, Palo Alto, California 

Hewlett-Packard S. A" Geneva; Hewlett-Packard (Canada) Ltd" Montreal; 

Boonton Radio Company, Dymec Division, Harrison Laboratories Division, HP 

Associates, F. L. Moseley Co., PAECO, Sanborn Company. Plants: California 

(4), Colorado (2), Massachusetts, New Jersey (2), England, Germany. 
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Life sciences explore the anatoDlY of space 

The life sciences group at The Garrett Corporation is 
concerned with the reaction of living organisms to their 
environment, and the development of environmental systems 
to support such organisms. Intensive investigation is now 
being conducted at Garrett in all major areas of the life 
sciences - microbiology, neurophysiology, psychology, bio· 
chemistry, biophysics and related areas-to study the rela· 
tionship of man to his environment in extended space travel. 

These studies vary in scope from determining the effects of 
near vacuum conditions on laboratory subjects over long 
periods of time, to definitively evaluating the effects of 
re·entry acceleration on human beings. 

The only product of this extensive life sciences program 
is knowledge - knowledge which will support the important 
contributions continually being made by The Garrett Corpo· 
ration to this nation's manned spaceflight programs. 

THE GARRETT CORPORATION . AiResearch Manufacturing Divisions . Los Angeles 9, 
C alifornia . Phoenix, Arizona. other divisions and subsidiaries: Airsupply-Aero Engineer

ing • AiResearch Aviation Service . G arrett Supply' Air C ruisers' AiResearch Industrial 

• G arrett Manufacturing Limited • G arrett International S. A . •  G arrett (Japan) Limited 
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FISSIO-CHEMISTRY FOR CHEMICAL MANUFACTURING 
A process that may represent a truly economical use of atomic power has recently been developed at Aerojet-General 

Nucleonics_ • We call it fissio-chemistry .• We think it has great potential for the manufacture of high-energy compounds that 

now can be produced only by relatively inefficient and expensive means-and for the production of entirely new compounds, 

too . •  Under Air Force sponsorship, AGN has already used fissio-chemistry to convert ammonia into hydrazine, the storable 

rocket fuel, at a rate projected to be just a fraction of the present cost. In the process, uranium fission fragments break up 

NH3 molecules, which then reform into N2H •.• For the Atomic Energy Commission, AGN has also demonstrated the feasibility 

of fissio-chemical synthesis of N02 from air, suggesting the economical production of nitric acid and nitrogen fertilizers. This 

application may be of particular interest to emerging nations having limited domestic raw material sources .• AGN's continuing 

research in the field of fissio-chemistry is aimed at development of a production reactor in which the fissionable material is 

suspended directly in the reactants. This will make it possible to take full advantage of the high linear energy transfer and 

rapid quench inherent in a process that utilizes the recoil energy of fission fragments . •  For additional information about 

fissio-chemical processing, write for AGN Active File No. 4_ 

AGN 
AEROJET-GENERAL NUCLEONICS/San Ramon, California 

T.M. 
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60,480 square feet of new warehouse in less than three months 

Last fall, CARGO CARRIERS, INC., trans
portation affiliate of CARGILL, INC., 
Minneapolis, Minnesota, wanted a bulk 
storage fertilizer warehouse fast. It had 
to be ready to receive river barge ship
ments that were being rushed to beat the 
winter closing of the Minnesota River. 
Add another complication: bulk ferti
lizer corrodes metal. 

They got their warehouse, and at low 
cost, with corrosion-proof laminated 
wood "A" frame construction. UNIT 
STRUCTURES, a department of Koppers 

Wood Preserving Division, worked with 
engineers of the T. E. lbberson Com
pany, Minneapolis, in the design of the 
28,000-ton capacity building. Engineer
ing plans for the 43 "A" frames were 
approved on August 28, 1962. Twenty 
days later, two truckloads of the lami
nated frames were delivered to the job 
site, and all frames were delivered by the 
20th of September. CARGILL started to fill 
the warehouse on November 10, less 
than three months from the day the lami
nated "A" frames were ordered. 

The bulk fertilizer can't corrode wood, 
and the beams are protected from rot, 
termites and decay because all exposed 
portions were pressure treated with 
WOLMAN® salts, a Koppers wood pre
servative. The building is strong; pound 
for pound the laminated wood beams are 
actually stronger than carbon steel. Per
manent, low cost construction with lami
nated arches and beams or WOLMANIZED@ 
lumber can answer many of your build
ing problems. Check the coupon for de
tails on laminated wood construction. 

Five years on the river and still 
no maintenance on HOLSET couplings 
When the Eastern and its sister ship, the 
Western, were built for the UNION 
BARGE LINE in 1956, the couplings link
ing each ship's two engines to the gear 
boxes required lubrication and mainte
nance every few months, which resulted 
in considerable downtime. In 1958, they 
were replaced with HOLSET resilient 
couplings made by Koppers. The new 
couplings have been on the go for five 
years now, with no lubrication, and no 
maintenance. Because of this excep
tional record (river towboat work is one 

of the most punishing jobs for couplings), 
UBL again selected HOLSET couplings 
when they made replacements on a simi
lar boat last year. 

Koppers produces HOLSET and FAST'S 
couplings for virtually all applications 
where mechanical power must be trans
mitted from a driving to a driven shaft. 
Their records for low maintenance and 
long life are a result of the simplified 
design of the couplings, and careful at
tention to the design and manufacture of 
each part. Check the coupon. 
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DVLlTE® foam plastic 
saves $1.37 per package 
The product is a seismic galvanometer, 
made by THE GEOTECHNICAL CORPORA
TION, Garland, Texas, for equipment that 
monitors earthquakes and explosions. It's 
a delicate instrument that must have the 
best possible protection during shipment. 
It has it: a two-piece container made of 
DYLITE expandable polystyrene, a Kop
pers foam plastic. 

The new pack weighs 21 ounces less 
than the wood box and filler it replaced. 
It costs $1.37 less than the old box, and 
a shipper can pack ten of them in the 
time it used to take to pack one. The in
strument is placed in a molded recess, 
then the top is strapped on. It's ready to 
ship with no additional labor. 

This rigid, impact-resistant foam plas
tic can be molded in virtually any size or 
shape to fit any product. DYLITE prob
ably can lower your packaging costs, too. 
Check the coupon. 
Package molded b)1 CROWN MACHINE AND TOOL 
COMPANY, Fori Worth, Texas. 

KOPPERS 
Pittsburgh 19, Pennsylvania 

Divisions: Chemicals & Dyestuffs 

Engineering & Construction 

Metal Products . Plastics 

Tar Products . Wood Preserving 

International 

This roof just survived its 33rd winter. 
with no maintenance 

. . 

Most roofs carry only a twenty-year 
bond. The Koppers bond is for twenty
five years of trouble-free service. We 
upped the bond when our records showed 
that so many of the roofs had outlived 
the twenty-year mark. For example, the 
33-year-old coal tar pitch roof on the 
Milwaukee County Court House has 
never needed contractual maintenance of 
any kind. Fred A. Melms, Building Main
tenance Superintendent, says this 65,900-
square-foot roof won't need any touch
ing up for at least another ten years. 

This Koppers roof isn't a rarity. There 

are others as old and older in every sec
tion of the country. They get their long 
life and watertightness from coal tar 
pitch, the most waterproof material 
known to construction. Alternate layers 
of coal tar pitch and tar-saturated felt, 
topped with slag or gravel, form a con
tinuous membrane that water can't pene
trate. And coal tar's remarkable "cold 
flow" characteristic actually heals hair
line cracks if they develop, and stops 
trouble before it starts. Check the coupon 
for complete information about Koppers 
built-up roofs. 
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b� 0 2lcf��LY���:��E 0 �8��.���ciri��� O WOLMANIZEO® LUMBER For sor b  and dampen heavy -light, shock·resistant -Guaranteedfortwenty· 

permanent protection of �ood torque fluctuations plastic for packaging five years 

Fred C. Foy 7-1 
Chairman of the Board 
Koppers Company, Inc. 
Room 1434A, Koppers Bid g. 
Pittsburgh 19, Pa. 

Please send me additional infor· 
mation about the Koppers prod· 
ucts or services that I have 
checked. 

Name __________________________________________ __ 

Company ________________________________________ __ 

1itle _________________________________________ _ 

Street _________________________________________ _ 

City & Zone _____ _ State ________ _ 

---------------------------------------------------------
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One 01 0 series briefly deseribillY Glt.l's rescore', in deptl. 

�ubricants affect fatigue 1 

Everyone knows what a lubricant does. Or do we? 

Besides reducing wear and friction, there is growing 

evidence that a lubricant profoundly affects the fatigue life 

of the component being lubricated. Members of our staff, 

for example, have observed 30-to-l differences in the 

fatigue life of bearing balls due to lubricant variation. The 

study covered some sixty base oils from eleven 

chemical classes. 

T rue, the evidence comes from bench tests. I ts exact 

prediction of service experience is open to question, since tests 

were run at greatly elevated loads to shorten fatigue 

times to minutes. 

But it offers :lome highly intriguing leads ... leads we're 

following up by evaluating the many possible lubricant 

properties that may control the fatigue process. Viscosity is 

one. Antiwear characteristics, reactivity, and polarity 

are others. More rings in the lubricant molecule, for instance, 

usually result in longer life. And apparently there's 

an optimum wear rate for maximum life. Additives and 

precoatings play significant roles. 

Research such as this is adding to our knowledge of 

the chemical and physical processes going on at contacting 

surfaces. I t may well lead to improved performance of 

tomorrow's mechanical systems through controlled friction, 

reduced wear and fatigue. It's another illustration 

of how General Motors research people are working 

to find a better way. 

General Motors Research Laboratories 
Warren, Michigan 

.. 0,..------..., 3.0 POlYPHENYL ET� 
2.0 � �APHTHENIC 
'.5 MINERAL OILS 

�:� � � MU'.J-iRA-L()llS 

! :: ......... � Effect of lubricant 
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• Here's the new line of Allen-Bradley Bulletin 1610 
dry reed relays that gives you a very high operating speed 
and complete freedom from contact failure. These relays 
are DC operated and are of small and uniform size. 

The modular-type steel enclosures have uniform height 
and depth -only the width varies with the number of 
poles. The enclosure serves also to shield the dry reed 
switches from external magnetic fields. Its rugged con
struction, as well as the ruggedness of the entire assembly, 
makes these Bulletin 1610 relays virtually shock and 
vibration proof. 

All wiring is from the front, although by inverting the 
enclosure, thus bringing the mounting feet to the front, 
the wiring can be made from the rear of the relay. Each 
terminal accepts two taper pins to simplify interconnec
tions. Numbered terminals show the contact arrangement. 

The Allen-Bradley dry reed switches used in the 
Bulletin 1610 relays are produced under "white room" 
conditions to eliminate contamination. Each switch is 
tested individually by radioactive methods to assure a 
perfect hermetic seal. The switches are provided with 
precisely controlled, metallurgically uniform, sintered 
gold contacts, to guarantee low and uniform contact 
resistance. The operating speed of the 12-pole relay is on 

the order of 5 milliseconds; less for relays having fewer 
poles. The power required-to- -o!'lex:ate the 12-pole relay 
is 1.9 watts; less for the relays of fewer poles. 

The Bulletin 1610 dry reed relay contacts carry a 
nominal overall rating for make-and-break service of 0.5 
amps. max., 150 v. max., AC or DC, and a continuous 
current of 2 amps. max. when closed. Bulletin 1610 
relays are available in 3, 6, 9, and 12-pole constructions 
and can be furnished with various combinations of N.O. 
and N.C. contacts. They can be supplied magnetically 
latched as 2, 4, 6, and 8-pole relays. For details, please 
writefor Bulletin 1610: Allen-Bradley Co., 1204 S. Third 
St., Milwaukee 4, Wis. In Canada: Allen-Bradley 
Canada Ltd., Galt, Ontario. 

3·Pole Relay 9·Pole Relay 12-Pole Relay 

ALLEN - BRADLEY 
QUALITY 

MOTOR CONTROL 
Member of NEMA 
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The Ecological Effects of Radiation 

Ecos'ystel11S, the basic biolo{1:ical units of lnan
' s en vir01l171ent, are 

aLtered significantl.Y by ioni::.ing radiation. Forests appear to be 

cunong the 1710St sensitive systems; weed fields arp m.ore resistant 

I
t is understandable that concern 

about the effects of radioactive fall
out and radioactive wastes should 

center on their direct hazard to man. The 
fallout from nuclear explosions and the 
wastes of nuclear reactors both emit ion
izing radiation, the term given to the en
t'rgetic photons (gamma rays) and vari
OlIS subatomic particles emitted when 
radioactive elements decay. Ionizing ra
diation is also produced by X-ray ma
chines and particle accelerators. The 
radiation is so named because it can 
knock electrons out of stable atomic or 
molecular structures, leaving behind a 
trail of electrically charged particles, or 
ions. 

Low levels of ionizing radiation have 
been part of the terrestrial environment 
during the entire period in which life 
has evolved. Since the first nuclear 
explosion at Alamogordo in 1945, 

however, man has had the capacity to 
greatly increase radiation levels, either 
gencrally by a nuclear war or locally 
by accident. It has generally been as
sumed that if man could be protected 
from the harmful effects of ionizing ra
diation, the other living things around 
him, particularly plants, would be safe 
by a wide margin. 

This comforting view has now been 
challenged by several recent studies. 
They show that ionizing radiation of suf
ficient intensity to harm the human or
ganism would also have direct and dam
aging effects on some of the large-scale 
biological units, called ecosystems, that 

40 

by George M. \�'ood\\ell 

are part and parcel of man's environment 
and essential to his well-being. 

Ecosystems are terrestrial or aquatic 
units of the biosphere that embrace one 
or several plant communities, animal 
communities and all the physical and 
biological factors that influence them. 
For purposes of this discussion I shall 
insert the <lualification "naturally oc
CUlTing," thcreby excluding cities, self
sufficient manned space capsules and 
such political units as national states. 

This article will describe changes that 
ionizing radiation has produced in sev
eral terrestrial ecosystems. It is based 
on recent experiments showing that typi
cal North American forests are damaged 
by exposurcs in the same range as those 
that approach lethal exposures in human 
beings. Pine trees are particularly sensi
tive. In irradiated forest ecosystems 
pines have been killed by six months' 
exposure to 20 or 30 roentgens per day, 
and deleterious effects were produced 
by exposures of only one or two roent
gens per day. (A roentgen is a unit of 
radiation dosage, an amount of energy 
deposited in a region through which 
ionizing radiation has passed. A typical 
dental X rav delivers a local dose of 
one to five roentgens; a whole-body dose 
of 500 to 1,000 roentgens is generally 
fatal to man.) In contrast to forests, 
fields of weeds are remarkably resistant, 
surviving exposures of 100 to 200 roent
gens per ebv without major short
term damage. It is becoming apparent 
that there are patterns of radiation 

sensitivity among major ecosystems, 
forests being among the most sensitive, 
tundra and grassland among the most 
resistant. 

Even one or two roentgens per day is 
a substantial dose of radiation. It is at 
least 4,000 to 8,000 times more radia
tion than N ew Yorkers received from 
nuclear-test fallout in 1958, the record 
high year to date. (According to present 
indications, 1963 levels will be sub
stantially higher.) More to the point was 
the experience during the 1954 tests at 
Bikini, where capricious winds exposed 
islands 100 miles away to radiation levels 
comparable to those we have found 
clearly harmful to forests. 

Naturally occurring ecosystems can be 
named from their most conspicuous 

component-the plants-and can be char
acterized by three distinct types of pat
tern. These are the geographical pattern, 
the temporal pattern and the pattern of 
internal structure. The illustration on 
page 42 shows the geographical pat
terns of the principal ecosystems of 
North America as they would appear if 
they were left undisturbed for 100 years 
or so and allowed to develop into sta
ble systems. Six systems, named after 
plant communities, are represented: 
Eastern deciduous forest, coniferous for
est (mainly in the western U.S. and 
Canada), grassland, desert, tundra and 
tropical forest. These geographical pat
terns are greatly influenced by climate, 
and the stable ecosvstems that develop 
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DEVASTATED REGION OF FOREST, produced by six months' 

exposure to gamma radiation, shows up as a circular bare patch 

CLOSE·UP OF RADIATION DAMAGE reveals that trees have 

been destroyed within a radius of 40 meters from the source of radio 

near the center of this aerial photograph. The forest is on the 

property of the Brookhaven National Laboratory on Long Island. 

ation. Such experiments have shown that radiation levels harmful 

to man would also damage vital components of his environment. 
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TUNDRA GRASSLAND 

• CONIFEROUS FOREST ��1:f DESERT 

i':'J-?'.I:· EASTERN DECIDUOUS 
;'"',�.'''' FOREST TROPICAL FOREST 

MAJOR ECOSYSTEMS OF NORTH AMERICA reflect patterns 

of climate and topography. Experiments indicate that coniferous 

forest is the most sensitive to radiation of the six ecosystems 
shown. Tundra, grassland and desert are probably most resistant. 
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have their counterparts in similar cli
mates throughout the world. Although 
similar in structure and function, the 
counterparts will often contain different 
species of plants and animals. 

Leading to the development of these 
"climax," or stable, ecosystems is a regu
lar succession of systems that constitute 
the temporal pattern. The sequence 
starts with simple systems of rock ledges, 
gravel banks and open fields. In large 
upland areas of eastern North America 
these simple systems include a stage 
characterized by a thick cover of broom 
sedge (A11dropog011), which is normally 
followed by pine forest and later by the 
climax deciduous forest. Such temporal 
patterns result in the accumulation of 
energy within the plant community until 
a high stable equilibrium is reached. 
The curve at the top of the next page, 
based on the work of several investi
gators, shows the approximate rate of 
accumulation of energy in abandoned 
fields in eastern North America. Both the 
time involved in such successions and 
the degree of stability achieved vary 
with geography and even with locale. 
An extreme example occurs in the arc
tic tundra, where frost action annu
ally churns the soil over large areas. 
These unstable tundra soils support 
plant communities that would be early 
successional stages elsewhere. Even 
here, however, clear long-term patterns 
exist; they are stable and therefore 
predictable. 

Energy flow also serves as a useful 
criterion for comparing ecosystems of 
diverse types [see bottom illustration 011 
11ext page]. Solar energy is trapped by 
growing plants and is stored in their 
chemical structure. In an ecosystem that 
is part of a successional sequence, en
ergy fixation by the plant community 
exceeds losses from the system and en
ergy accumulates. Most of the energy 
is stored in plants, but part of it ac
cumulates in the animal populations. 
The ecosystem loses energy in the form 
of heat carried off by the respiration of 
both plants and animals, and in death 
and decay. If such a system is disturbed 
by a devastating storm, for example, 
losses exceed energy fixation for a few 
years until the succession is restored 
and development toward climax con
tinues. 

The climax provides a most useful 
reference when one is considering eco
logical problems. As a system develops 
toward climax it provides an increasing 
diversity of microenvironments and a 
progressively milder total environment. 
As a result ecosystems approaching 

climax usually contain many different 
species and a complex internal structure. 
These changes are particularly well 
illustrated in eastern North America, 
where the simple weed-dominated eco
systems, typical of abandoned fields, are 
gradually converted into the complex 
deciduous-forest ecosystem, with its 
tempered internal environment. 

In general, disturbance of the climax 
tends initially to simplify the ecosys
tem, to reduce the diverSity of species 
and to introduce the possibility of large 
oscillations in populations of plants and 
animals. Usually within a year or so 
the disturbance is resolved into some 
stage of the normal succession, or a mod
ification of it. This stage may well in
vol ve a greater diversity of species than 
the climax stage because of an admix
ture of successional and climax species. 
Such a pattern characteristically follows 
many types of disturbance, whether 
caused by fire, ionizing radiation or 
some other factor. In making an analysis 
of such disturbances one usually finds 
that the direct effects are obvious 
enough; the secondary effects are often 
harder to discern because they involve 
the whole complex of biological inter
actions that are an integral part of the 
ecosystem environment. 

Both the direct and secondary effects 
of ionizing radiation on plant popu

lations have been observed at the sites 
of atomic bomb tests since 1945. For 
various reasons, however, it has usually 
been difficult to say that the observed 
changes were due entirely to ionizing 
radiation and not to some other un
known factor. 

For example, in 1956 F. Raymond 
Fosberg of the U.S. Geological Survey 
observed a range of damage to vegeta
tion on islands of Rongelap Atoll, which 
had been heavily exposed to radioactive 
fallout from atomic tests two years be
fore. On Gegen Islet, which had received 
some 3,360 roentgens of ionizing radia
tion, there was widespread death of the 
terminal shoots of several plant species. 
This is a characteristic effect of radia
tion, but for lack of controls Fosberg 
could not conclusively attribute the 
damage to radioactive fallout. 

The completion in 1958 of an un
shielded nuclear reactor in a forested 
valley outside Atlanta, Ga., has provided 
another and better opportunity to ob
serve the effects of radiation on complex 
ecosystems. Here it has been possible 
to measure radiation exposures and to 
revisit particular sites. A group under 
Robert B. Platt of Emory University has 

followed the changes in the surround in:; 
ecosystems since the reactor went into 
operation. The ionizing radiation, con
sisting of a mixture of gamma rays and 
neutrons, has devastated the surround
ing vegetation, selectively killing pine 
trees several hundred feet from the re
actor. Farther away the growth and re
productive capacity of pines have been 
inhibited, and the normal successional 
pattern of the forest has been distinctly 
altered. The experiment has c1ead\' 

"OLD FIELD" covered by a year's growth 

of weeds was exposed for six months to 

several hundred roentgens per day. Weeds 

were seriously affected but withstood ex· 

posure much better than forest plants did. 
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TEMPORAL PATTERN of terrestrial ecosystems involves a suc

('ession of plant and animal communities. The plant succession il-

lustrated here is typical of much of eastern North America. Energy 

accumulates in such developing systems until stability is reached. 
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ENERGY FLOW in an ecosystem varies with its stage of develop. 

ment. The input is solar energy fixed by photosynthesis; losses are 

by respiration, death and decay and "export." As long as input ex-
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\ 
� 
ceeds losses, the system develops through successional stages. In

pul is equal to ]osses in the "climax," or stable, stage. A disturb

ance sllch as a flood or a severe storm Inakes Josses exceed input. 
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shown how differences in radiation sen
sitivity can upset the normal patterns of 
a natural ecosystem. 

In a series of ingenious experiments 
at another site Platt and J. F. McCor
mick studied the effects of ionizing radia
tion on a community of annual plants 
characteristic of rock outcroppings in 
the southeastern U. S. They observed 
that the radiation quickly produced a 
simplification in the community and 
within two years led to large changes 
in the relative abundance of surviving 
species. They also found that in general 
the tolerance of plants to environmental 
stresses such as drought decreases with 
increasing exposure to ionizing radia
tion. This underscores the importance of 
physiological responses in determining 
radiation effects. 

In our own experiments at the Brook
haven National Laboratory on Long 
Island we have studied the effects of 
chronic exposure to ionizing radiation 
on two ecosystems at opposite extremes 
of the temporal sequence characteristic 
of Eastern deciduous forest. One system 
was a near-climax forest: a stand of 
white oak, scarlet oak and pitch pine 
[see top illustration on page 41]. The 
stand was characteristic of those found 
on glacial-outwash sands in many parts 
of northeastern North America. The sec
ond system chosen was a field of weeds, 
which we refer to as an old field. The field 
had been under cultivation until a year 
before the radiation experiment and was 
typical of abandoned agricultural land 
on Long Island. Within the year it had 
developed a dense stand of pigweed 
(Chenopodium), various grasses and 
other herbs. 

The two ecosystems were irradiated 
according to the same general plan. A 
source of gamma radiation was suspend
ed in a tower in such a way that it could 
be raised or lowered from a safe distance 
by a winch. When the source was low
ered into a lead container, it was com
pletely shielded and people could safely 
enter the area. The radioactive source 
used for the forest was cesium 137; for 
the old field it was cobalt 60. Both emit 
gamma rays and both produced expo
sure rates ranging from several thousand 
roentgens per day at a distance of a few 
meters to about two roentgens per day 
at 130 meters. 

The highest exposures, continued 
daily throughout the winter and spring 
of 196 1 and 1962, devastated both eco
systems [see bottom illustration on page 
41 and illustration on page 43]. There 
were, however, substantial differences 
in the resistance of the two systems to 
lower radiation exposures. These dif-

ferences are shown in the two illustra
tions on the next two pages. No higher 
plant of the forest survived exposure be
yond 360 roentgens per day, whereas in 
the old field the common groundsel (a 
hardy species of the genus Senecio) 
survived exposures up to several thou
sand roentgens per day. In the forest 
most trees of all species were killed by 
exposures above 60 roentgens per day. 
Comparable destruction of plants in the 
old field did not occur until the radia
tion reached 300 roentgens per day, al
though growth, form and reproductive 
capacity were markedly affected by ex
posures of 100 to 300 roentgens per day. 

Pine trees were the most sensitive 
plants. They were killed by exposures 
of between 20 and 30 roentgens per day 
and growth was inhibited by exposures 
of one or two roentgens per day. This 
was about half the exposure that caused 
comparable damage in the oak trees. 
The forest ecosystem, considered as a 
unit, suffered an important change in 
structure at 60 roentgens per day, an ex
posure rate that was about a fifth the 
amount needed to eliminate a single im
portant species from the old field. 

Rthough it is risky to generalize on 
the basis of only two experiments, 

the sharp difference in the response of 
the forest and the old field suggests that 
there may be a significant parallel be
tween radiation sensitivity and the struc
tural complexity of an ecosystem. The 
factors known to influence radiation sen
sitivity tend to support this generaliza
tion. 

At the organism level Arnold H. Spar
row and his colleagues at Brookhaven 
have shown that the severity of radiation 
damage to plants is closely correlated 
with the amount of energy absorbed by 
the chromosomes, the threadlike struc
tures in the cell that bear the genes of 
the organism. Plants that have many 
small chromosomes are in general more 
resistant to ionizing radiation than plants 
with a few large chromosomes. 

There are difficulties, however, in 
extending this apparently simple rule to 
predict the effects of ionizing radiation 
on ecosystems. First, chromosome size 
and number vary not only among or
ganisms but also within organisms and 
at various stages in their life cycles. 
Second, the total amount of energy ab
sorbed by an irradiated cell varies with 
the period of exposure. Therefore when 
a cell that is dividing slowly is irradiated 
over an extended period, it receives a 
greater total exposure before its next di
vision than a cell that is dividing rapidly. 
Furthermore, in a tissue that contains 

rapidly dividing cells, damaged cells 
may be replaced by undamaged cells 
nearby, thereby increasing the apparent 
resistance of the tissue. If we consider 
two extreme conditions, dOt·mancy and 
rapid growth, it is clear that with equal 
chronic exposure individual cells in the 
dormant bud would accumulate greater 
total damage per cell than rapidly di
viding cells in an expanding shoot. 

One would expect a seed to be even 
more vulnerable to radiation damage 
than a dormant bud, but this does not 
seem to be the case. Dormant seeds 
actually show a surprising resistance to 
radiation. For example, Fran90is Mer
gen of Yale University collected cones 
from Brookhaven pine trees that had 
been exposed to 27 roentgens per day 
and found that 95 per cent of the seeds 
within the cones were alive after a total 
exposure of 12,000 roentgens. Yet more 
than 90 per cent of the pine trees ex
posed to 27 roentgens per day were dead 
before they had received 12,000 roent-

RADIATION SOURCE for Brookhaven ex

periments is raised and lowered by a winch. 
Ele(·tromagnet drops source in emergency. 
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gens. The 11igh radiation resistance of 
pine seeds may be attributable to their 
dehydration, low oxygen content and 
small chromosome size. 

Before exposing the two Brookhaven 
ecosystems to ionizing radiation we tried 
to predict the outcome for the forest on 
the basis of Sparrow's finding that radia
tion damage is proportional to the en
ergy absorbed by the chromosomes. We 
predicted that the hardiest species 
would be able to endure about 30 times 
more exposure to radiation than the most 
sensitive species. Instead the experiment 
showed that the hardiest species were 
only about five times more resistant, and 
all species were more sensitive than pre
dicted. The greatest departure from the 
prediction was in the forest ground cov
er, which suffered a severe change of 
environment when the trees died, leav
ing the ground cover exposed. 

This observation suggests that in a 
complex ecosystem such as a forest the 
direct changes produced by ionizing 
radiation set in motion a chain of dele
terious secondary effects. It means fur
ther that the sensitivity of a complex 
system to short-term damage is deter
mined primarily by the sensitivity of 
a species that provides the primary 
ecological structure. In forests, where 
ecological structure is important, the 
number of species involved may range 
from one for pine forests to several score 
for tropical forests. Because of the im
portance of structure, complex systems 
are more vulnerable to disturbance than 
simpler systems such as the old field, 
which has little ecological structure and 
little dependence on it. There the elim
ination of one or several species causes 
a relatively minor change in the environ
ment of the surviving species. 

Several additional factors tend to in
crease the radiation sensitivity of forest 
ecosystems. The plant communities of 
the forest are made up of perennials, 
most of which have buds that are weIl 
above the ground and therefore directly 
exposed to radiation. Old-field plants are 
principally annuals, which survive the 
winter as comparatively radiation-resist
ant seeds. After germination, growth is 
fairly rapid until new seeds have been 
set. The grasses and other monocotyle
donous plants enjoy still a further ad
\'antage under chronic irradiation: the 
dividing cells that produce new tissues 
are at the bases of leaves and may be at 
ground level or slightly below it, there
by receiving a certain amount of shield
ing not enjoyed by the buds of woody 
perennials. 

Such characteristics as these, which 
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contribute to radiation resistance, con
tributc also to the abilitv to survive vari
ous types of environmental extreme. The 
seed, for instance, not only acts as a:1 
agent of dispersal but also enables the 
plant to survive severe environmental 
conditions that would be lethal to vege
tative structures. Desert annuals may 
survive years of drought as seeds, com
pleting their life cycle in a matter of 
davs after a sudden rain. Other organ
isms such as grasses and sedges, which 
have their perennating structures at 
ground level or below it, are particu
larly well adapted to certain types of 
harsh environment, such as the tundra. 

Still another adaptation that seems to 
confer resistance to radiation as well as 
to stresses encountered in the natural en
vironment is an increase in the number 
of chromosomes. Sparrow and his co
workers have shown conclusively, for in
stance, that polyploidy-the occurrence 
of extra sets of chromosomes in the 
nucleus-confers additional resistance to 
damage from radiation. Biologists have 
recognized for many years that the in
cidence of polyploidy among plants 
increases with latitude, rising from a 
low of about 30 per cent in the Tem
perate Zone to as high as 80 per cent 
in certain arctic regions. The incidence 
of polyploidy increases near the periph
ery of the range of the plant and is 
usually more frequent among organisms 
that are characteristic of harsh environ
ments. Among the genera of old fields, 
for example, polyploidy is common; 
the number of chromosomes in some 
species runs as high as 200. Most trees, 
on the other hand, have fewer than 40 

chromosomes. 

Such relations as these provide a rea
sonable basis for appraising the 

potential direct effects of various radi
ation exposures on the three types of 
ecosystem pattern discussed earlier. 
First, in the temporal sequence, the 
early successional stages appear to be 
substantially more re�stant than the 
more complex stages later in the succes
sion. The mosses and lichens, for in
stance, which are important components 
of the early successional plant communi
ties of bare rock surfaces, have survived 
total exposures of more than 200,000 

roentgens in the irradiated forest at 
Brookhaven. In Georgia, McCormick 
and Platt have found that an early suc
cessional plant community characteristic 
of rock outcrops suffered large changes 
in structure only at total chronic ex
posures in the range of 20,000 to 40,000 

roentgens, administered over nearly four 

19,000 

GAMMA SOURCE 

���--����� 
HIGHER PLANTS DEAD 

FOREST of pine and oak was severely af

fected by six months' exposure to gamma 

radiation. The exposure varies with dis· 

� ____________ �19�OO.0 

./ 

�.��:. r�· . . . . . _-. 

AMMA SOURCE 

WEED FIELD exposed to the same amount 

of radiation was about five times hardier. 

The basic plant population, primarily pig· 
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tible: their growth was inhibited by one or two roentgens and trees 

were killed by 20 to 30. All trees exposed to more than 60 roent· 

gens died. Only the mosses and lichens survived more than 360. 
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DIGITARIA PANICUM CHENOPODIUM 

weed (Chenopodium) and crabgrass (Digituriu), was essentially 

unaltered at exposures of less than 300 roentgens per day. although 

there were deleterious effects on growth above 100 roentgens. The 

common groundsel (genus Senecio) proved most resistant, surviv· 

ing exposures of more than 10,000 roentgens. Most weeds are an· 

nuals; their seeds are considerably hardier than perennials' buds. 
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LEAVES OF WHITE OAK (Quercus alba) are from trees subject

ed to the gamma-radiation exposures indieated (in roentgens per 

day) below each lea f. Even low exposures changed the form of tbe 

leaves, long before there was enough radiation to kill the trees. 

months at rates between 170 and 310 

roentgens per day. Charles Daniel, a col
league of Platt's, has shown that the 
species composition of old-field plant 
communities in the vicinity of the un
shielded nuclear reactor in Georgia was 
altered but that the community persisted 

after acute exposures of between 28,000 

and 44,000 roentgens. Such ecosystems, 
characterized by plant communities con
taining annual and perennial herbs
"weeds" when they are encountered in 
gardens, on roadsides and in wastelands 
-would survive months of exposure to 

between 100 and 300 roentgens per day 
and acute exposures in the range of 20,-

000 to 40,000 roentgens without signifi
cant and immediate direct effects. Such 
exposures, however, would have harmful 
effects on the growth rate, form and re
productive capacity of the plants ex-

IRRADIATED FOREST has a ghostly appearance in this infra

red photograph made looking down the path from the winchhouse 

to the gamma ray source (center). Green leaves and ground cover 

register white on infrared film. Placards give radiation exposures. 
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posed. These exposure rates are very 
high indeed and would be produced over 
large areas only by a nuclear war or oth
er catastrophe. 

Near the other end of the temporal 
sequence of ecosystems, at least in 
eastern North America, the forest eco
systems have quite a different range 
of sensitivity. Chronic exposures be
tween 20 and 60 roentgens per day, 
continued through a period of several 
weeks or longer, would cause major 
damage to trees, which are the chief 
structural units of forest ecosystems. 
Sparrow and his colleagues have shown 
that coniferous forests, for example, 
would probably suffer severe damage at 
20 to 30 roentgens per day continued 
over a six-month period. A total exposure 
of 1,000 to 2,000 roentgens in one day 
would cause equivalent damage. 

Deciduous-forest ecosystems are some
what more resistant but would suffer 
grave damage, including death of the 
principal trees, at exposures in excess 
of 30 to 60 roentgens per day or from 
acute exposures in excess of 5,000 to 
10,000 roentgens. To sum up, one would 
expect the coniferous-forest ecosystems 
to be among the most sensitive and the 
tundra, grassland and probably the 
desert ecosystems to be among the most 
resistant. 

In all these ecosystems, however, the 
radiation exposures necessary to cause 
direct effects of the magnitude I have 
been discussing are far greater than ex
posures from naturally occurring sources 
and present levels from fallout. None
theless, these high levels are well within 
the ranges possible over large areas 
following nuclear explosions, as was 
demonstrated by the fallout pattern from 
the "Bravo" test explosion in 1954 at 
Bikini [see illustration on this page J. 
Radiation exposures in the range of 
thousands of roentgens occurred as 
much as 100 miles from the bomb burst. 
It is now clear that such exposures would 
not only affect man, who succumbs 
to exposures in the range of 500 to 
1,000 roentgens, but would also have 
important deleterious direct effects on 
the dominant plant populations of natu
ral ecosystems. 

The lowest exposure necessary to 
- modify the internal structure and 

function of ecosystems is a vital but 
elusive question. Since there is no 
threshold for the production of muta
tions, one can assume that any increase 
in levels of radiation exposure will in
crease mutation rates, thereby increasing 
the probability of altering the genetic 
make-up of the plants and animals popu-

lating the ecosystem. The effects of mu
tations or new gene combinations would 
be important at the ecosystem level onlv 
after several generations and are quite 
unpredictable. 

It is still harder to measure the 
small, immediate somatic (nongenetic) 
changes that radiation produces in the 
exposed populations. As a result it is not 
known whether or not a certain thresh
old of exposure must be exceeded be
fore somatic changes occur. Our work 
shows that exposures of one or two 
roentgens per day continued during 
more than six months cause minor 
morphological changes in pines, one 
of the most radiation-sensitive plants 
known. Such exposures, however, are 
still well above general levels from fall
out. If exposure rates of one or two 
roentgens per day, or even less, prove 
to have important ecological effects, they 
will probably be the result of genetic or 
phYSiological mechanisms. Such effects 
become apparent only after months, pos
sibly years, and they may be totally 
obscured under natural field conditions 
by a host of secondary effects. 

It is these subtle, usually complex 
and always possible secondary effects 
that generate some of the large, difficult 
and frequently open-ended questions of 
ecology. The effects are attributable to 
alterations of the "normal" behavior 
of the various interacting components of 
the ecosystem and are frequently dif
fiClJit to verify except by experimenta
tion. \Vith present knowledge one cannot 
yet make detailed predictions; one can 
only generalize. \Ve know in general 
that the disturbance of complex eco
systems produces simplification of in
ternal structure, reduction of the number 
of species present and some form of in-

stability. Severe or long-continued dis
turbance favors vigorous organisms that 
reproduce rapidly and even asexually. 
Among animals, those whose food chains 
are short, such as the herbivores and 
especially the herbivorous insects, are 
particularly well adapted to survive any 
sort of widespread disturbance. But the 
very survival of these hardy groups can 
only accentuate the direct effects of 
radiation damage on the primary pro
ducers: the plants. The Brookhaven 
work has shown that populations of the 
insects known as leaf tiers and leaf roll
ers in the irradiated forest were more re
sistant than their hosts, the white oak 
trees, and, apparently without increasing 
in absolute numbers, the insects, ate much 
of the foliage remaining on radiation
damaged trees. A simultaneous increase 
was observed in populations of bark 
lice and pine wood borers. Other in
sect populations were depressed. Such 
changes in the relation between parasite 
and host can sharply amplify the dis
turbance caused by the direct effects of 
irradiation. 

Research at these ecological levels of 
organization is complex and slow be
cause the natural units are large and 
replication of an experiment is difficult. 
Large-scale field studies, such as those 
I have described, represent in vivo ex
periments of radiation effects on eco
systems. Supplementary laboratory and 
greenhouse studies with isolated com
ponents correspond to the in vitro ex
periments of the biochemist. Such stud
ies not only provide greater confidence 
in predicting the effects of various en
vironmental contaminants, including 
radioactive fallout and wastes, but will 
also clarify the principles governing the 
behavior of ecosystems. 
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magnitude of radiation exposures to be expected downwind from a hydrogen bomb burst. 

Contour lines indicate the total dose in roentgens per hour 96 hours after the explosion. 
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NOCTILUCENT CLOUDS were photographed near Ostersund, 

Sweden, on the night of August 10-11, 1958, by Georg Witt, who 

also made the photograph on the cover. The upper photograph was 

50 

made at 11 :45 p.m., the lower at 12 :10 a.m. The display moved high· 

er in the sky and the clouds changed considerably between ex· 

posures. The waves average about 15 miles from crest to crest. 

© 1963 SCIENTIFIC AMERICAN, INC



NOCTILUCENT CLOUDS 

These nlysterious "night-shining clouds" that occur 50 miles up 

are seen occasionally In summer at high latitudes. Last August 

rocket-borne collectors brought back saInples of their substance 

D
uring the summer months in far 

northern and southern latitudes 
an alert observer will occasion

ally see tenuous clouds glowing faintly 
in the sky at twilight. Tinged a silvery 
blue, the clouds usually form billows re
sembling the waves of a ghostly ocean. 
Such clouds have been given the name 
noctilucent clouds, meaning "luminous 
night clouds." Although they must have 
aroused the wonder of the inhabitants 
of high latitudes for centuries, it is only 
recently that the real mysteries they 
present have come to be appreciated. 

In 1896 the German astronomer O. 
Jesse measured the altitude of a display 
�f noctilucent clouds over northern Ger
many from the parallax apparent in 
simultaneous photographs made with 
cameras 22 miles apart. He arrived at 
the startling figure of 250,000 feet (50 
miles) . Measurements made since have 
invariably come within a few thousand 
feet of this altitude. This explains the 
luminosity of the clouds: it is the re
flection of sunlight reaching them from 
far below the horizon of the observer. 
The noctilucent clouds are the highest 
clouds of the planet. They ride in the 
sky above more than 99.9 per cent of 
the atmosphere and 40 miles higher 
than the realm of the weather. 

At such high altitude what substance 
and what process can form clouds? Vari
ous investigators have argued that nocti
lucent clouds consist of tiny crystals of 
pure ice; that they are clouds of dust 
of terrestrial or meteoritic origin; that 
they are clouds of dust particles covered 
with ice. The third hypothesis has at
tracted the most support, but the issue 
could be settled only by examination of 
an actual sample of a noctilucent cloud. 

Last August a rocket-borne collector 
trapped some of the substance of one of 
these clouds over Sweden and brought 

by Robert K. Soberman 

it safely back to earth. Analyses now be
ing conducted in several laboratories 
in Sweden and the U.S., including my 
own in the Air Force Cambridge Re
search Laboratories, seem to have set 
aside the first two hypotheses without, 
so far, completely confirming the third. 
The evidence that the clouds contain 
ice-covered particles of meteoritic dust 
has now opened a series of new ques
tions. 

It is not at all clear, for example, why 
the clouds are seen only at high lati
tudes and almost exclusively in summer. 
On the one hand, conditions may be 
more favorable for seeing them at these 
latitudes in this season and they may 
be more widely distributed but unseen 
in the sky over the rest of the planet; 
on the other, the formation of the clouds 
may actually be confined, for reasons 
yet to be discovered, to the regions of 
the sky where they are seen and to the 
summer season. Why they always occur 
within a few thousand feet of an alti
tude of 50 miles presents still another 
question. The noctilucent clouds also in
vite investigation because the speed with 
which they move across the sky, some
times exceeding 400 miles an hour, pro
vides a measure of the wind velocity in 
the extremely thin atmosphere at such 
high altitude. Finally, in the mechanism 
that drives the winds there may be an 
explanation for the undulations of the 
clouds, which can extend dozens of miles 
from crest to crest and several miles 
in depth, sometimes standing still and 
sometimes even traveling in the oppo
site direction to the motion of the 
cloud as a whole. 

N 
octilucent clouds almost always 

make their appearance in the same 
well-defined region of the sky between 
the twilight arch at the horizon and the 

darkening vault of the night sky over
head. This is because they scatter the 
sunlight best in the forward direction 
and the optimum illumination and con
trast exists when the sun is between six 
and 12 degrees below the horizon [see 
upper illustration on page 54]. A large 
part of the sky behind and partly above 
the observer is then in the shadow of the 
earth; there the sky is dark and stars are 
plainly visible. From the horizon to about 
10 degrees above it, however, the dense 
lower atmosphere and the haze of dust 
and moisture in it catch and scatter the 
sunlight, outshining stars and noctilucent 
clouds. It is therefore in the region 10 to 
20 degrees above the horizon, between 
the twilight arch and the night sky, that 
the clouds usually appear. 

The clouds visible to the observer may 
be part of a system covering much larger 
regions of the sky. Although occasional 
bright displays have been seen even up 
to the zenith in the clear atmosphere of 
northern Scandinavia, the clouds that 
are overhead at one place are usually 
visible only to observers elsewhere who 
can see them at a lower angle. Noctilu
cent clouds are so thin that bright stars 
shine through them. Binoculars or a tele
scope can be used to exclude the light of 
the twilight arch from the eyes and in
crease the apparent contrast in the wave 
structure of the clouds. For some un
known psychological reason it is also 
helpful to observe the clouds inverted by 
a mirror, prism or lens or simply by bend
ing over or lying down to get the in
vetted view. The illusion of depth and 
distance and the brightness of the clouds 
can be enhanced even in a photograph 
if one looks at the photograph upside 
down; the reader can verify this with the 
cloud photographs illustrating this arti
cle, allowing 30 seconds or so for the 
illusion to take effect. 
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TEMPERATURE CHANGES define various regions of the atmos

phere (left). Troposphere contains the weather clouds. At the 

tropopause the temperature ceases to drop. It starts to decline again 
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at the stratopause, and at mesopause it reaches a second minimum. 

Noctilucent clouds occur only in the region of the mesopause. 

The lower nacreous clouds are also rare and poorly understood-
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From the record of observations one 
might conclude that noctilucent clouds 
are rare and that they appear mostly 
during the summer and only between 
the latitudes of about 45 and 80 degrees 
in the Northern Hemisphere. The record 
becomes suspect when one notes that 
most sightings have been recorded in 
northwestern Europe and the U.S.S.R. 
above 58 degrees. According to Benson 
Fogle of the University of Alaska, only 
two sightings from Canada and one from 
Alaska had been recorded before 1962. 
Obviously the paucity of observations 
in the high latitudes of North America 
and the Southern Hemisphere must be 
more closely related to the lower density 
of population and hence to the smaller 
number of potential observers in these 
regions than to the physics of the upper 
atmosphere. At the suggestion of Sydney 
Chapman of the University of Alaska 
observers kept a cloud watch at College, 
Alaska (near Fairbanks) last August. 
The record for North America was im
mediately doubled by the recording of 
three new displays. The stir of interest 
in the subject has since brought a re
port from the U.S. Weather Bureau at 
Anchorage, Alaska, to the effect that 
noctilucent clouds are ohserved there at 
least once a year and that the bureau's 
record for 1962 showed a sighting in 
May and another in August. Arnold 
Hanson of the University of Washing
ton has recently told of seeing noctilu
cent clouds on September 13, 1961, from 
a floating ice island, Arliss II, off the 
northern coast of Alaska at a latitude of 
76 degrees, the second northernmost 
sighting ever reported. The sparse rec
ord of the Southern Hemisphere has 
been fleshed out by a report from the 
U.S. oceanographic vessel Eltanin of a 
sighting last December over the South 
Atlantic east of Tierra del Fuego. 

The question still remains whether or 
not the clouds as well as the observations 
are restricted to the high latitudes dur
ing the summer. vVithout doubt the 
chances for sighting the clouds are best 
in those regions at that time because 
the sun does not dip far below the hori
zon before starting to rise again. Twi
light and ideal seeing conditions can 
therefore last for hours [see lower illus
tration on next page J. On the other 
hand, since the twilight centers around 
midnight at these latitudes, low tem
peratures and frost may deter all but 
the most dedicated cloud-hunters. The 
clouds have been sought at lower lati
tudes but without success. It is true that 
the twilight is shorter; it lasts for only 
20 minutes at 30 degrees from the Equa-

tor. In add Lion, an untrained person can 
easily mistake noctilucent clouds for the 
familiar cirrus and cirro-stratus clouds. 
Offsetting these considerations is the fact 
that the observing time comes at a more 
reasonable hour. There are also many 
more qualified observers living in these 
latitudes, some of whom should have 
seen noctilucent clouds if any had 
occurred. 

T
wo of the three hypotheses about the 
nature of the clouds offer some ex

planation for the apparent localization 
of the phenomenon in time and space. 
According to the first hypothesis, nocti
lucent clouds are true ice clouds formed 
by the spontaneous condensation of wa
ter vapor. This can occur when the mois
ture content of the air becomes so great 
in relation to the temperature that the 
air is supersaturated (a relative humid
ity of more than 100 per cent) , a com
mon condition in the atmosphere from 
sea level to 30,000 or 40,000 feet. Higher 
in the stratosphere, up to about 175,000 
feet, the relatively high temperature 
and low moisture keep atmospheric 
moisture in the vapor state. At still 

higher altitudes the temperature drops 
until it reaches a second minimum at 
about 250,000 feet [see illustration on 
opposite page J in a region known as the 
mesopause. Here, given sufficiently high 
humidity along with sufficiently low tem
perature, condensation of the atmos
pheric moisture could occur. Rocket 
studies over Fort Churchill in northern 
Canada have established that the meso
pause temperature at that latitude 
reaches its lowest value, about 160 de
grees below zero Fahrenheit, during the 
summer months. This may explain why 
the clouds appear only in summer, and 
only in the mesopause. 

The second hypothesis, which holds 
that noctilucent clouds consist of non
volatile solid particles, has drawn some 
support from weak correlations between 
meteoritic showers and observations of 
the clouds. An unusually brilliant dis
play over Russia, Sweden, Denmark, 
Germany and England appeared hours 
after the great Tunguska meteorite fell 
in Siberia in 1908. The lowest-latitude 
sighting, at 45 degrees, was reported on 
this occasion. Meteorites typically vapor
ize below 300,000 feet. Many are seen 

SITE OF ROCKET EXPERIMENT was Kronogard, a farm near the Arctic Circle. Observ

ers at Kristineberg could see noctilucent clouds that were directly overhead at Kronogard, 

although invisible there. Airplane pilots also kept watch between Stockholm and Kiruna. 
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TWILIGHT CONDITIONS associated with ohservation of noctilu

f'ent clouds are illustrated in this diagram. Sunlight comes from 

below borizon; observer is in semidarkness. Haze layer absorbs 

"lIllight and scallers red wavelengths toward observer, producing 

, 
, 

i 
3 5 9 11 

twilight arch (color) that blots out faint sources of light. The 

noctilucent clouds can be seen only above the arch. Occasional 

bright cloud displays are visible directly above the observer. Con

ditions shown here last for hours in summer in far north and south. 
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OPTIMUM OBSERnNG TIME (color) during August at Kris

tineberg can be found on this chart devised by Will. Clouds seen 

54 

from Kristineberg at normal angle are directly overhead at Krono

gard. Continuous observing time is longest early in the month. 
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to break up in their Hight through the 
atmosphere. In addition, particles too 
small to leave a visible meteor trail
micrometeorites-constantly rain on the 
earth. They can be recovered from 
the air and from deep-sea sediments 
[see "Cosmic Spherules and Meteoritic 
Dust," by Hans Pettersson; SCIENTIFIC 
AMERICAN, February, 1960]. The idea 
that meteoritic dust alone makes up the 
clouds, however, leaves a number of 
aspects unexplained. Since the meteor
itic dust particles are a permanent fea
ture of the upper atmosphere and 
presumably distributed evenly around 
the world, there is no immediately ap
parent reason why the clouds should 
make such infrequent appearances, dur
ing the summer only, at high latitudes 
and at the 250,000-foot altitude. 

Only a few investigators have sug
gested that the clouds could be com
posed of solid particles from the earth. 
Measurements of the intensity and polar
ization of the light from the clouds have 
indicated that the mean diameter of the 
cloud particles ranges from .1 to .4 
micron. (A micron is a thousandth of a 
millimeter.) There is no evidence for 
vertical winds strong enough to lift 
particles of this size to 250,000 feet. 
Without the aid of cataclysms such as 
volcanic eruptions (rarer than noctilu
cent clouds) or the explosion of nuclear 
bombs (unknown before 1945) such 
particles could not reach the required 
altitude. 

T
he idea that clouds consist of crys
tals of ice condensed around non

volatile solid particles agrees with what 
is known about the formation of ordi
nary clouds in the troposphere. Solid 
particles of microscopic size form con
densation nuclei that promote the trans
lation of the water in the atmosphere 
from the vapor to the liquid and solid 
state. In line with this idea it could be 
shown that the condensation nuclei of 
the noctilucent clouds may have a ter
restrial origin; they are presumably 
small enough to be raised by the same 
circulation mechanism that brings the 
water-vapor molecules to high altitude. 
Dust of meteoritic origin, however, 
could supply the condensation nuclei 
equally well. In either case the ice coat
ing would cause the particles to "grow" 
to the postulated diameter of .1 to .4 
micron, at which time they would be
come visible as clouds. The rarity and 
the peculiar distribution of the clouds 
could be explained in terms of the spe

upper atmosphere. Some investigators 
have even suggested that variation in the 
delicate balance of condensation and 
evaporation at slightly different heights 
causes the wave formations so character
istic of the clouds. 

In 1960 the Meteor Physics Branch 
under my direction at the Air Force 
Cambridge Research Laboratories start
ed looking into the possibility of di
rect rocket investigation of noctilucent 
clouds. We were then working with 
groups at Union College in Schenectady, 
N.Y., and Northeastern University in 

Boston on a project employing rockets 
to sample meteoritic dust in the upper 
atmosphere. In June, 1961, the first suc
cessful Hight of the "Venus Fly trap" 
rocket brought back particles of this 
material from 102 miles above its launch
ing site at White Sands, N.M. We de
cided that direct sampling of noctilucent 
clouds offered an equally interesting 
challenge. 

Since the project would entail wait
ing at the launching pad with a "hot" 
rocket until the clouds appeared, we 
needed a location where noctilucent 

cial meteorological conditions necessary ROCKET PA YLOAD PACKAGE included electronic controls, radio transmitters and other 
to wring the water vapor out of the thin equipment seen here. The nose cone, empty here, carried experiments shown on next page. 
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PARTICLE COLLECTOR carried by rocket into noctilucent cloud 

consisted of (from left) can, two spacers, four coated surfaces to 

catch particles, spoked hold·down plate and a cover for can. Alter· 

nate spokes of hold·down plate crossed but did not touch center of 

INNER NOSE CONE of rocket (upper right) had two oval holes 

to expose cans (upper left) for collecting particles from mesopause 

region of atmosphere. Slot in cone was port for nuclear-emulsion 

pack (lower right) of cosmic ray experiment. Interior cone (lower 
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each surface, enabling particles from air to settle there but keeping 

upper·atmosphere particles away from this area. This arrangement 

provided one of the controls that allowed the investigators to dif· 

ferentiate between matter from the lower and the npper atmosphere. 

left) rotated 90 degrees at 275,000·foot altitude to close ports, and 

rod holding the can covers also turned 90 degrees to seal the cans. 

The nuclear emulsion was also turned away from slot. All the parts 

are arranged here in the "open" position in relation to each other. 
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douds had been reported with reason
able frequency. We decided on northern 
Sweden, which has regions of flat terrain 
that would make possible overland firing 
of the rocket and subsequent recovery 
of the payload. We learned from Bert 
R. J. Bolin, director of the Institute of 
Meteorology at the University of Stock
holm, that some of the workers at the 
institute had for several years been con
ducting an extensive program of ground
based observations of noctilucent clouds 
(known in Swedish as nattlysende 
moln). With the ready co-operation of 
the Swedish workers and with equip
ment supplied by the U.S. National 
Aeronautics and Space Administration, 
we set out to take the first samplings of 
noctilucent cloud particles in the sum
mer of 1962. My principal colleagues 
on the project were Georg Witt of the 
Univer�ity of Stockholm, Curtis L. 
Hemenway of Union College and Wil
liam Nordberg of NASA. 

Our scheme was to sample the parti
cles from an observed cloud and 

also to sample the atmosphere at the 
same altitude at a time when no cloud 
was observed. For this purpose NASA 

supplied us with four Nike-Cajun solid
fuel rockets, capable of carrying a 90-
pound payload to an altitude of 75 
miles. Into the rocket we packed not only 
our own cloud-sampling gear but also 
the instrumentation for two other ex
periments. These were joint undertak
ings of the Kiruna Geophysical Observ
atory and the University of Lund, both 
in Sweden, and the Cosmic Ray Group 
at the Air Force Cambridge Research 
Laboratories. The payload in addition 
had to include the power supply and 
electronics for control functions and for 
the transmission of information to the 
ground. The package al�o included dive 
brakes, a parachute and a radio beacon 
to bring the payload safely to earth and 
direct us to the landing spot. 

The cloud-sampling gear, carried in 
the nose of the rocket, consisted of two 
cans for collecting particles or evidence 
of particles. To expose the specially pre
pared collecting surfaces in the cans, 
the payload ejected its outer nose cone 
at 225,000 feet. At 275,000 feet the re
maining inner nose cone rotated a quar
ter turn to close the collecting ports and 
place covers on the cans. The closing 
of the cans sealed in a sample of the high 
vacuum of this altitude as well. 

At each point we took extreme pre
cautions to prevent contamination of the 
collecting surface by terrestrial pat"ti
cles, which could have ruined the ex-

NIKE·CAJUN ROCKET is shown being prepared for launching last August at Kronogard. 

Four of these rockets were flown and two nose cones descended successfully from mesopause. 

MOMENT OF LAUNCHING of the second rocket took place on August 11 at 2 :40 in the 

morning. The two photographs on this page were supplied by the Swedish Space Committee. 
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SILICONE OIL 

LUCITE 

LUCITE 

ONE NITROCELLULOSE SURFACE had coating of aluminum, 

as diagramed here. Another was coated with fuchsin dye. The nitro· 

cellulose film rested on copper.wire mesh. Drawing shows only the 

arrangement, not the relative scale of the various components. 

CALCIUM COLLECTING SURFACE was expected to react chemi· 

cally with any ice surrounding particles. The silicone oil sealed 

the hole against atmospheric moisture after penetration by par· 

ticles. The various parts of this diagram are also not drawn to scale. 

periment. The surfaces were prepared 
and loaded into the cans in a dust-free 
laboratory. The payload tip was cleaned 
and the cans were placed inside in 
a portable dust-free chamber. Before 
launching we kept the cone in a plastic 
bag through which filtered air was cir
culated under positive pressure. Atmos
pheric friction on the ascent completed 
the rocket "scrubdown." We knew that, 
in spite of such precautions, we could 
not exclude all terrestrial contamination; 
therefore we built several controls into 
the experiment to enable us to recognize 
the contaminants. For example, we 
mounted a shield over a small area of 
each of the collecting surfaces, close to 
but not touching the surface. In the low
er atmosphere particles of the size we 
expected to collect in the mesopause 
move by Brownian movement and essen
tially "float" in the air, so that any sur
face over which air passes will collect 
some of the particles. At the extremely 
low pressure of the upper atmosphere, 
particles of this size travel in ballistic 
trajectories and cannot strike a shielded 
surface. Hence we could discount as 
contaminants any particles found on the 
unshielded areas that looked like those 
on the shielded areas. 

We prepared four different kinds of 
collecting surface. One was designed to 
collect solid particles that did not evap
orate; it consisted of a nitrocellulose film 
with a thin coating of aluminum, rest
ing on a copper-wire grid [see illustra
tion at left above J. To record the pres-
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ence of ice, which would have melted 
and evaporated before we could re
cover the nose cone, we coated another 
such film with a fuchsin dye that would 
show spots where particles or parts of 
them had melted. We made one surface 
out of the soft metal indium in the hope 
that it would show the impact craters 
of particles, whether or not they were 
still present. (Unfortunately the craters, 
if any, are so small we cannot as yet pick 
them out from the roughness of the sur
face attributable simply to the grain 
structure of indium.) The fourth collect
ing surface consisted of calcium coated 
with paraffin, aluminum and silicone oil. 
This surface too was designed to detect 
the presence of ice particles or ice-coated 
particles. The particles would have suf
ficient momentum to penetrate the pro
tective coatings, and the water would 
react with the calcium to produce cal
cium hydroxide. Any solid particle or 
solid core of a particle would be sealed 
in the calcium by the oil, which would 
protect the calcium from reaction with 
water vapor in the atmosphere. 

T
he launching site, prepared under 
the direction of Lars Rey and the 

Swedish Space Committee, was an old 
farm called Kronogard near the Arctic 
Circle. All the equipment was set up 
and made ready early in August, and 
we began our nightly vigil. Experienced 
observers searched the sky from ground 
stations throughout Scandinavia while 
Swedish aircraft carried trained men 

above the low clouds to watch for nocti
lucent clouds. On their nightly run from 
Stockholm to Kiruna commercial airline 
pilots were to report by radio if they 
saw what they thought were clouds of 
this type. Trained observers stationed 
at Kristineberg, about 90 miles south of 
our station, provided particularly valu
able information. They looked for clouds 
20 degrees or so above their northern 
horizon; these clouds would be directly 
over our heads at Kronogard. We 
probably would not be able to see them, 
although we might see extensions of the 
same display above our northern hori
zon. After a week of expectancy, shared 
by all of Sweden through the newspa
pers, we fired the first rocket. Before the 
month was over we had fired all four. 
Two of the flights were successful. We 
recovered cans from one flight into a 
noctilucent cloud and from one when 
no clouds were visible. 

The rocket that penetrated the cloud 
collected some 10 million particles per 
square inch of collecting surface. This 
was between 100 and 1,000 times more 
than the number of particles collected by 
the rocket that traversed the same upper 
regions of the atmosphere on a cloud
less night. From the solid particles or 
nuclei of particles [see illustrations on 
opposite pagel, we have learned that 
part, at least, of the cloud substance is 
solid and not volatile. About 20 per cent 
of the particles, however, are surrounded 
by a halo, or ring, on the collecting 
surface, indicating that these particles 
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had a coating of some substance that later 
evaporated. From studies of the calcium 
surface it appears that the coating was 
indeed ice. Significantly, the particles 
collected by the control rocket from a 
cloudless sky show no evidence of hav
ing had a coating of ice. Further de
tailed studies of the particles are now 
being conducted under at least seven 
different electron microscopes on both 
sides of the Atlantic. 

In our laboratory we have turned to 
the determination of the chemical com
position of the particles, an extremely 
difficult task because the total mass of 
the particles collected comes to only a 
ten-millionth of a gram. For chemical 
analysis we have to employ neuh'on 
activation in a reactor or bombardment 
with electrons to obtain an X-ray spec
trum. These techniques are sensitive 
only to certain elements and at best 
yield limited information. The solid par
ticles do seem to contain nickel, an ele
ment quite rare in terrestrial particles 
but common in those of meteoritic ori
gin. The size of the solid particles, which 
mostly range from .05 to .5 micron in 
diameter, also indicates an extraterres
trial origin; this is in agreement with rhe 
size of the particles as estimated from 
optical studies and is considerably larger 
than the maximum size of terrestrial par
ticles that could be carried upward in 
thc atmosphere. 

I
t would appear, therefore, that the 

noctilucent clouds consist of extra
terrestrial dust particles coated with ice. 
This finding as to the substance of the 
clouds by no means explains their origin. 
The meteoritic particles are supposed to 
be uniformly distributed in the upper 
atmosphere, and there is no good reason 
why they should be distributed in any 
other way. Yet our flight into a cloud
less sky yielded a particle count like that 
from the Venus Fly trap rocket over 
New Mexico, or between 100 and 1,000 
times fewer particles than the flight into 
a cloud. No one has yet proposed an 
explanation for such a large local fluc
tuation in the concentration of extrater
restrial particles in the high atmosphere. 
It is also an open question whether the 
higher concenb'ation of these particles, 
serving as condensation nuclei, initiates 
the formation of the clouds or whether 
the condensation of the clouds is more 
purely a matter of local temperature, 
air pressure and vapor pressure. We 
hope the rocket flights now being 
planned for 1964 will begin to answer 
these and the other questions that sur
round the rare and beautiful spectacle 
of the noctilucent clouds. 

NOCTILUCENT CLOUD PARTICLES were captured on an aluminnm·nitrocellulose sur

face during rocket flight. Particles are nonvolatile, but many are surrouuded by halos pre

sumably made by volatile material. The particles are enlarged about 30,000 diameters in this 

electron micrograph, which was made at Air Force Cambridge Research Laboratories. 

MESOPAUSE PARTICLES such as this one, collected during rocket flight into sky empty 

of noctilucent clouds, produced no halo on aluminum or dye surfaces. Collecting surfaces 

from cloudless mesopause contained 100 to 1,000 fewer particles than those flown into cloud. 
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Kilomegacycle Ultrasonics 

"Ultrasonics" usually n1eans acoustic frequencies up to a billion 

Wa()es of higher frequency cycles per second: one kilomegacycle. 

interact with lnatter and other fonns of energy in intriguing ways 

E
xperiments in ultrasonics have re

cently entered a new realm. The 
word "ultrasonics" customarily 

refers to acoustic waves with frequencies 
from 20,000 cycles per second-the up
per limit of human hearing-to a billion 
cycles per second. The new experiments 
deal with acoustic waves with frequen
cies up to 20 billion cycles per second: 
20 kilomegacycles. 

These frequencies are the same as 
those of the electromagnetic waves of 
microwave radar. Because acoustic 
waves do not move so fast as electro
magnetic waves their wavelengths are 
shorter; this is a consequence of the law 
that wavelength times frequency equals 
velocity. Kilomegacycle acoustic waves 
have a velocity of about 400,000 centi
meters per second and a wavelength 
roughly equal to that of visible light. 

by Klaus Dransfeld 

This very short wavelength allows the 
waves to interact with matter and with 
other forms of energy in a number of 
interesting and informative ways. 

For example, kilomegacycle acoustic 
waves can be made to interact with light 
waves. As a matter of fact, light waves 
will also interact with ultrasonic waves 
of lower frequency. If a piece of trans
parent material is set up so that such 
waves travel through it in one direction, 
and if light waves are then sent through 
it at right angles to this direction, the 
light waves behave as though they were 
passing through a diffraction grating. 
The index of refraction of the material 
is changed at regular intervals cor
responding to the length of the ultra
sonic waves, and the straight fronts of 
the much shorter light waves are dif
fracted into a corrugated pattern accord-

LIGHT IS DIFFRACTED by ultrasonic waves having a frequency of less than one kilomega· 

cycle. The pattern of fringes in this photograph by Walter G. Mayer of Michigan State Uni· 

venity was produced by shining a beam of light through water that was subjected to ultra· 

sonic waves with a frequency of 5.2 megacycles. The beam was perpendicular to the direc· 

tion of ultrasonic wave travel. Where the light waves reinforced one another they appear as 

light bands; where they canceled, as dark areas. The band at center is undiffracted light. 

60 

ing to the laws of geometric optics. If 
the diffracted waves fall on a screen, 
they reinforce and cancel one another 
to produce the light and dark "fringes" 
characteristic of diffraction from a flat 
grating [see illllstmtion on this page). 

When the ultrasonic waves passing 
through the crystal are in the kilomega
cycle range, the light waves behave in a 
somewhat different way. The acoustic 
waves and light waves are now of similar 
length, and light waves sent through the 
material at right angles to the direction 
of the acoustic waves simply pass 
through the material without being bent. 
If, on the other hand, the light waves are 
sent through the material at certain oth
er angles to the direction of the acoustic 
waves, the light waves are reflected [see 
bottom illllstmtion 011 page 62). This re
flection obeys the laws that apply to the 
diffraction of X rays by planes of atoms 
in a crystal: the phenomenon named 
Bragg reflection after its discoverer, the 
British physicist Sir William Bragg. 

In Bragg reflection by planes of atoms 
the reflecting system is stationary; in 
Bragg reflection by ultrasonic waves the 
reflecting surface is moving at the speed 
of sound. The surface thus acts like a 
moving mirror and shifts the frequency 
of the reflected light. If, for example, 
the ultrasonic wave is moving away 
from the light source, the frequency of 
the reflected light wave is reduced ex
actly by the frequency of the ultrasonic 
wave. In quantum-mechanical terms this 
means that part of the energy of the light 
wave is added to the energy of the acous
tic wave; indeed, a kilomegacycle acous
tic wave can be amplified by the waves 
in a strong beam of light. 

� this point the reader may be asking: 
How are kilomegacycle acoustic 

waves made? Like ultrasonic waves of 

© 1963 SCIENTIFIC AMERICAN, INC



KILOMEGACYCLE ULTRASONIC WAVES can be generated 

in a quartz rod by Inicrowave energy. Here the rod protrudes into a 

rectangular microwave cavity made by inserting a snlaH 1l1etal par

tition several centinleters fronl the end of a wave guide. The oblong 

RE·ENTRANT MICROWAVE CAVITY is used to generate and 

detect acoustic waves of kilomegacycle frequencies. In use the two 

halves shown here are screwed together. The quartz rod at right 

rests against the center post of the cavity at left. Microwave energy 

hole at the bottom of the partition allows the passage of the micro· 

waves that excite ultrasoni(' waves in the qoartz. The lid of the 

cavity has been removed to show the rod. The diameter of the rod 

in this photograph and in the one below is abollt five millimeter,. 

applied through the post generates ultrasonic waves in the rod. 

Echoes of waves from the external end of the rod (not visible) are 

ret'onverted into electromagnetic signals (in the cavily), whieh 

pass through the hole next to the post to a sensitive receiver. 
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INCIDENT LIGHT 

� 

UNDIFFRACTED DIFFRACTED LIGHT 

SOUND > 
WAVE 

LOW.FREQUENCY ACOUSTIC WAVES in a transparent material diffract light as shown 

in this diagram. The relation governing this effect states that the sine of the angle of diffra('· 

tion (oJ equals the wavelength of the light (A) divided by the wavelength of the sound 

(AJ. Diffraction is greatest when the incident light is parallel to the acoustic wavefronts. 

INCIDENT LIGHT 

DIFFRACTED 
LIGHT 

SOUND 
WAVE 

UN DIFFRACTED 
LIGHT 

> 

HIGH.FREQUENCY ACOUSTIC WAVES diffract light according to the laws of Bragg 

reflection; that is, twice the sine of one·half the diffraction angle (aJ equals the light wave· 

length (AJ divided by the acoustic wavelength (A). If, however, the incident light is per· 

pendicular to the direction of the acoustic waves, it passes through without being diffracted. 
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lower frequency, they can be generated 
by piezoelectric crystals: crystals that 
change their shape when they are sub
jected to an electric ReId and that con
versely create an electric ReId when 
their shape is changed. In conventional 
ultrasonics the crystal is cut in such a 
way as to resonate at the desired fre
quency; this could also be done to gen
erate kilomegacycle waves, but a simpler 
method is available. It calls for a fairly 
large quartz crystal that has flat, parallel 
ends; the planes of atoms in the crystal 
must be suitably oriented, but the crys
tal is not cut for resonance. If one end 
of the crystal is subjected to an alternat
ing electric ReId of high frequency, the 
alternating mechanical strain that results 
is transmitted through the length of the 
crystal as an ultrasonic wave. At the oth
er end of the crystal the acoustic energy 
of the wave is partly reconverted into 
electrical energy. 

In practice the quartz rod is set up 
so that each end is inside a resonant 
ca vity [see top illustration on opposite 
page]. Pulses of microwaves are fed into 
one cavity; the other cavity is connected 
to a sensitive receiver and perhaps to an 
oscilloscope. The microwave pulses pro
duce ultrasonic pulses that echo back 
and forth between the ends of the rod. 
On the oscilloscope the amplitude of the 
echoing pulses can be observed to decay 
as they are absorbed [see bottom illus
tration on opposite page]. 

Kilomegacycle waves are strongly ab
sorbed in a quartz crystal at room tem
perature. When the behavior of such 
waves in quartz was Rrst investigated, 
however, it was soon discovered that the 
absorption almost disappeared in a crys
tal that had been cooled to the tempera
ture of liquid hydrogen (20 degrees 
Kelvin, or 20 degrees centigrade above 
absolute zero). It turned out that above 
about 40 degrees Kelvin the absorption 
is almost independent of temperature; 
it simply increases with the square of the 
frequency, reaching very high values in 
the microwave region. Below 40 degrees 
K. the absorption rapidly disappears, 
even for the highest frequencies. 

Why is this so? The best explanation 
is provided by a theory put forward by 
the Soviet physicist A. 1. Akhiezer even 
before the kilomegacycle experiments 
were undertaken. At ordinary tempera
tures the atoms in a crystal are in cease
less vibration around their positions in 
the crystal lattice; the thermal energy 
that excites the vibration is transmitted 
through the crystal in tiny pulses, or 
(luanta, of sound that are called phonons. 
According to Akhiezer's theory, when an 
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ultrasonic wave passes through a crystal, 
it puts a strain on the crystal lattice and 
disturbs the equilibrium distribution of 
the thermal phonons. The equilibrium 
distribution is then restored by the ran
dem collision of phonons. This "relaxa
tion" takes a measurable time, during 
which the entropy of the system is in
creased at the expense of the ultrasonic 
wave; in other words, ultrasonic waves 
are absorbed and converted into heat. 

On this basis the absorption of the 
ultrasonic waves is dependent on the 
frequency of collisions between thermal 
phonons. When a crystal is cooled, it 
contains fewer thermal phonons and 
therefore fewer phonons are available 
for collision. As the crystal is cooled to 
the point at which the frequency of pho
non collision approaches the frequency 
of the ultrasonic waves, the absorption 
of the waves diminishes sharply. This 
occurs at about 40 degrees K. The 
same general phenomenon has now been 
observed not only in quartz but also in 
germanium, silicon and sapphire; it 
probably holds true for all perfect single 
crystals of substances that do not con
duct electricity. 

In a semiconducting crystal-a crystal 
that contains a few free electrons for 

the conduction of electricity-ultrasonic 
waves can also interact with electrons. 
This interaction is particularly strong in 
piezoelectric semiconductors such as 
cadmium sulfide and zinc oxide, because 
the strain imposed on the crystal lattice 
by the ultrasonic wave gives rise to an 
alternating electric field within the crys
tal. The interaction is strongest of all 
when the electrons stay in the same re
gion of the ultrasonic wave; for example, 
when they are moving in the same direc
tion and at the same speed as the wave. 

A. R. Hutson, J. H. McFee and D. L. 
White of the Bell Telephone Labora
tories have demonstrated that this inter
action can be harnessed to amplify 
ultrasonic waves. If a semiconductor is 
subjected to a direct-current voltage of 
sufficient magnitude to make the con
duction electrons drift through the crys
tal at the same speed a3 an ultrasonic 
wave, the electric fields associated with 
the wave will bunch the electrons in the 
wave troughs [see illustration on page 
65]. If the voltage is increased, the 
bunches of electrons will tend to over
take the acoustic wave. As they do so, 
however, they must work ag�inst the 
electric field associated with the wave. 
The energy lost by the electrons is now 
contributed to the acoustic wave; that is, 
the wave is amplified. The method works 

PULSED 
MICROWAVE 
GENERATOR 

COAXIAL CONDUCTOR 

RECEIVER 
AND 

OSCILLOSCOPE 

GENERATION AND DETECTION of kilo megacycle ultrasonic waves are depicted 

schematically. A microwave generator feeds pulses of microwaves into cavity containing one 

end of a special quartz crystal (lelt). The microwaves produce ultrasonic vibrations in the 

crystal; these ultrasonic waves echo back and forth between the ends of the crystal. In the 

resonant cavity at the other end a small fraction of the waves are reconverted into electrical 

energy, which is "picked up" by a sensitive receiver and recorded on an oscilloscope. 

ECHOING ULTRASONIC WAVES were recorded in this oscilloscope trace produced in 

the author's laboratory at the University of California. The small peak at bottom left marks 

the time at which the first ultrasonic wave was generated. The tallest peak represents this 

initial wave, transmitted through a quartz crystal one inch long to the receiver cavity (see 

illustration above). The next pulse records a wave that has made, in addition, one round 

trip between the end faces of the crystal; that is, it was reflected at the receiver and then at 

the generator end before being recorded. Each succeeding pulse thus represents a wave 

that has made one additional circuit more than the wave that preceded it. The time between 

pulses is 10 millionths of a second. The decreasing height of the peaks results from acoustic 

absorption by the quartz crystal. The frequency of the waves was one kilomegacycle. 
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well at frequencies below one kilomega
cycle and is most promising for the am
plification of higher frequencies. It is 
predicted that in certain materials a 10-
kilomegacycle acoustic wave will be 
amplified by a factor of a million after 
traveling only half a millimeter. 

If ultrasonic waves interact with the 
conduction electrons in a semiconductor, 
they will obviously interact with the 
far more numerous conduction electrons 
in a metal. Some years ago at the Bell 
Laboratories Hans E. Bommel showed 
that even at lower frequencies ultrasonic 
waves are absorbed by the conduction 
electrons in various metals. That this 
absorption is really due to interaction 
with electrons is demonstrated by the 
fact that it disappears when the metals 
are cooled to the point where they be
come superconducting: in the supercon
ducting state, in which a metal has no 
electrical resistance, there are hardly any 
conduction electrons available to inter
act with the acoustic waves. At tempera
tures above those at which a metal is a 
superconductor, the absorption of low
frequency ultrasonic waves increases 

o 50 100 150 200 250 with fre<luency. 

TEMPERATURE (DEGREES KELVIN) 

ABSORPTION OF LONGITUDINAL ACOUSTIC WAVES (compressions and rarefac

tions) in qnartz is independent of temperature above 75 degrees Kelvin; below 20 degrees, 

quartz is transparent at all frequencies_ Numbers on the curves indicate kilomegacycles_ 
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ABSORPTION OF TRANSVERSE ACOUSTIC WAVES (motion perpendicular to wave 

travel) at kilomegacycle frequencies may differ from that of longitudinal waves_ A trans

verse wave in metal would cause the positive ions to move (black arrows) perpendicularly 

to wave travel, generating an alternating magnetic field (vertical arrows), which in turn in

duces an electric field (colored arrows) acting on the conduction electrons in the metal. 
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Only a few experiments on the absorp-
tion of waves in the kilomegacycle 

range have been performed, but one can 
predict that the absorption may differ 
strikingly for two aspects of the same 
wave. Like all acoustic waves, ultrasonic 
waves can be represented by two kinds 
of particle motion: in the case of longi
tudinal waves the particles move back 
and forth in the direction of the propaga
tion of the wave, giving rise to compres
sion and rarefaction; in the case of a 
transverse wave the particles move at 
right angles to the direction of propaga
tion, and there is no compression and 
rarefaction. The crystal lattice of a metal 
is made up of positively charged ions, 
and when an ultrasonic wave passes 
through the crystal, its longitudinal 
component moves the ions back and 
forth around their positions in the lat
tice; in other words, the ions are alter
nately compressed and rarefied. Up to 
very high frequencies the free electrons 
in the crystal, being negatively charged, 
then move back and forth in almost im
mediate response: they too are alternate
ly compressed and rarefied. Now, the 
behavior of electrons in a metal follows 
the rules of Fermi statistics, according 
to which the energy of electrons is always 
related to their density. Thus when the 
density of the electrons in a metal is 
disturbed, the distribution of their ener
gies is also disturbed. To re-establish the 
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equilibrium distribution-as to re-estab
lish the distribution of the tbermal 
pbonons-a certain relaxation time is re
(luired, and again some of the energv of 
an acoustic wave passing through the 
svstem is absorbed and dissipated as 
heat. In fact, in a typical metal a longi
tudinal wave that has a frequencv of 10 
kilomegacycles mav be expected to lose 
half of its energy in only .1 millimeter. 

'�lhat is striking is that the fate of 
a kilomegacycle transverse wave mav 
be quite different. Since the transverse 
wavc does not compress and rarefy the 
positive ions and electrons, it cannot 

RADIO· FREQUENCY 
GENERATOR 

lose energy in this way. The transverse 
motion of the ions induced by the trans
verse wave nonetheless represents an 
electric current; this current generates 
a magnetic field, which in turn generates 
an electric field parallel to the current. 
The elcctric field does interact with the 
electrons in the mctal and lead to the 
absorption of acoustic waves. It can be 
shown, however, that for acoustic waves 
of very high frequencv the strcngth of 
the induced electric field decreases. It 
may therefore turn out, when the ex
periments are performed, that at kilo
megacvcle fre(luencies metals are con-

DRIFT VOLTAGE 

DRIFT OF ELECTRONS > 

. 
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siderablv more transparent to trans
verse acoustic waves than to longitudi
nal ones. 

So far in the discussion no account has 
been taken of the fact that the electron 
is not onlv an electricallv charged parti
cle but also a magnetic dipole: it has 
"north" and "south" magnetic poles. This 
propertv of the electron, which arises 
from its spin, underlies the large-scale 
magnetism of magnetic materials. In an 
iron atom most of the electrons are 
"paired": thcir spin and thcir magnetism 
are canceled bv the opposite spin of an
other electron. Some of the electrons, 
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ULTRASONIC WAVES ARE AMPLIFIED by conduetion elec· 

trons in a piezoele(·tric semiconduttor. The passage of an ultrason

ic wave (not shown) through the cadmium sulfide semiconductor 

induces an alternating electric field I black curve) within the crys· 

tal. When a given drift voltage is applied, the ("onduction electrons 

(black stippled areas in the crystal and on both curves) move 

through the crystal at the same speed as the ultrasonit' wave and 

tend to become bunched in the troughs of the wave. If the drift 

voltage is ion'eased, the eledron bUl1thes begin to overtake the 

wave (colored stippled areas) . They are slowed down, however, by 

the electri .. field associated with the wave; the energy lost by the 

eleetrons as a result of this interaction aIllplifies the ultrasonic wa"/e. 
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TRANSMITTED MICROWAVES 

ELECTRON SPINS of paramagnetic impurities in a quartz erystal 

can be used to detect uhrasonic waves. Electron spi.ns ('an assume 

three orientations with respect to a magnetic field (right). At low 

temperatures most electrons occupy lower energy levels. They are 

MICROWAVE POW ER 

WAVE GUIDE J 

RESONANT CAVITY 

raised to higher energy levels by tbe absorption of either micro· 

wave or acoustic energy. Thus a pararnngnetic crystal that normally 

absorbs a given amount of 111icrowave energy in the presence of a 

magnetic field will absorb less when an uhrasonic wave is applied. 
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QUARTZ CRYSTAL PARA.MAGNETIC CRYSTAL 

"MASER" ACTION amplifies acoustic waves in a paramagnetic 

erystal. Microwave power of a particular frequency inverts the elec· 

tron populations of levels 2 and 3 (right). An incident acoustic 
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wave of the proper frequency stimulates the level-3 electrons to 

emit this excess energy. amplifying the wave. (The direct-current 

magnetic fieJd acting on the paranlagnetic crystal is not shown.) 
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however, are unpaired; it is the spin of 
these electrons and their motion around 
the nucleus that endow the iron atom 
with its magnetism. 

If magnetic atoms are subjected to a 
magnetic field that changes direction at 
the appropriate frequency, the spin axes 
of the electrons are made to precess, or 
rotate around their normal orientation. 
This "magnetic resonance" has been ap
plied in a wide variety of useful ways 
[see "Magnetic Resonance," by George 
E. Fake; SCIENTIFIC AMERICAN, August, 
1958]. It now seems possible that mag
netic resonance can be excited not only 
by alternating magnetic fields but also 
by ultrasonic waves. 

Consider, for example, a crystal in 
which iron atoms occupy some positions 
in the lattice of the nonmagnetic mate
rial magnesium oxide; such a crystal is 
paramagnetic, or weakly magnetic. Here 
one must recall that the magnetism of 
the iron atom is due both to the spin of 
unpaired electrons and to their orbital 
motion. The magnetic moment of the 
spin and the magnetic field due to orbital 
motion interact in what is known as 
"spin-orbit coupling." If an ultrasonic 
wave of the appropriate frequency and 
polarization is sent through the crystal, 
the displacement of the atoms in the 
crystal lattice will slightly distort the 
electron orbits. Because of spin-orbit 
coupling, this will in turn cause a peri
odic disturbance in the spin of the elec
trons: they will be made to precess. 

This possibility was first suggested 
by an experiment performed by E. H. 
Jacobsen, Norman S. Shiren and E. B. 
Tucker of the General Electric Research 
Laboratory. To understand the experi
ment, which has other interesting impli
cations, one must view magnetic reso
nance more in quantum-mechanical 
terms. In this view the spin of an elec
tron in a magnetic atom that has been 
subjected to a magnetic field can only 
be oriented in certain ways with respect 
to the direction of the field. These orien
tations correspond to energy levels. 

Let us assume for purposes of discus
sion that there are only two spin orien
tations and two energy levels. In a 
crystal at low temperature most of the 
spins will be pointed into the direction 
of lower energy; that is, the lower energy 
level will be more heavily populated 
than the higher. If a quantum of electro
magnetic or acoustic energy with the 
right frequency comes along, it can enter 
into one of two processes: it can be ab
sorbed by raising an electron from the 
lower level to the higher, or it can induce 
the emission of another quantum by 

causing an electron to drop from the 
higher level to the lower. 

In their experiment Jacobsen, Shiren 
and Tucker used a quartz crystal that 
contained a small number of magnetic 
atoms. One end of this paramagnetic 
crystal was inserted into a microwave 
cavity so that the absorption of micro
wave energy by the electron-spin system 
inside the cavity could be observed [see 
top illustration on opposite page]. At a 
frequency of 10 kilomegacycles the 
microwaves impinging on the crystal in
duced the transition of electrons from 
the lower level to the higher and from 
the higher level to the lower. The net 
amount of microwave energy absorbed 
by the crystal was a measure of how 
many more electrons were in the lower 
energy state than were in the higher. 

In order to generate ultrasonic waves 
in the crystal the other end was placed 
in a second microwave cavity. Into this 
cavity were also fed 10-kilomegacycle· 
microwaves, which gave rise in the crys
tal to ultrasonic waves of the same fre
quency. If the ultrasonic waves interact
ed with the electron spins, one would 
expect that the waves would raise some 
of the electrons from the lower energy 
level to the higher. And if the ultrasonic 
power were sufficiently strong to com
pensate for those electrons that fell back 
into the lower level, both levels would 

soon be equally filled. In that case the 
microwaves impinging on the crystal 
in the first cavity would no longer be 
absorbed. This is exactly what was ob
served. The experiment not only demon
strates that ultrasonic waves do interact 
with electron spins but also provides a 
new method for the detection of very
high-frequency acoustic waves. 

rrhe interaction can also be used to 
generate and amplify acoustic waves 

in much the same way that electromag
netic waves are amplified by a "maser." 
Indeed, Tucker has already operated 
such an acoustic maser. The device con
sists of a paramagnetic crystal that is 
bonded to two quartz crystals for the 
transmission of ultrasonic waves [see 
bottom illustration on opposite page]. 
Here one thinks not of two energy levels 
but of three. The frequency of the ultra
sonic wave can be chosen to match the 
difference between the middle energy 
level in the crystal and the highest en
ergy level. An electromagnetic fre
quency is then chosen to match the dif
ference between the lowest energy level 
and the highest. The electromagnetic 
wave is also more powerful than the 
ultrasonic wave. 

When both waves are fed into the 
paramagnetic crystal, the ultrasonic 
wave will seek to equalize the popula-

ALTERNATING MAGNETIC FIELD 
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CIRCULARLY POLARIZED 
SHEAR WAVE 

FERROMAGNETIC RESONANCE of a nickel film (color) evaporated onto the end of a 

qU:artz rod can be used to generate ultrasonic waves. The film is first subjected to a direct· 

current magnetic field perpendicular to the film surface. As discussed in the text, the appli

cation of an alternating magnetic field parallel to the film surface will then cause all the 

electrons to precess around the first field, generating a circularly polarized shear, or trans

verse, wave (i.e., a wave whose plane of polarization rotates around the direction of travel)_ 
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tion of electrons in the middle level and 
the highest level, and the electromag
netic wave will equalize the number of 
electrons in the lowest level and the 
highest level. The ultrasonic wave then 
"sees" more electrons in the highest level 
than in the middle one. It stimulates 
electrons to drop to the middle level, 
with the emission of a yuantum of acous
tic energv. In this way the acoustic sig
nal is amplified. Tucker also observed 
that if the magnetic crystal is provided 
with reflecting surfaces, the acoustic 
wave being amplified will bounce back 
and forth within the crystal; the system 
is thus an acoustic oscillator. Such an 
oscillator may lend itself to the genera
tion of waves in the very-high-frequency 
region, where piezoelectric methods be
come less efficient. 

Up to this point it has not been neces
sary to take into account the fact that 
the spinning electron in a magnetic atom 
interacts with spinning electrons in 
neighboring atoms. In paramagnetic 
crystals this interaction is weak and can 
be disregarded, but in more concentrated 
magnetic substances it is strong. Such 
substances are either ferromagnetic 
(e.g., iron) or ferrimagnetic (e.g., yttri
um iron garnet). In ferromagnetic and 
ferrimagnetic substances interaction of 
the electrons causes them to precess in 
unison. This "coherent" precession gives 
rise to new acoustic interactions. 

Here let us consider a thin film of 
nickel that has been evaporated onto the 
polished end of a quartz rod. The film 
is subjected to a steady magnetic field 
in which the lines of force are perpen
dicular to the surface. If an alternating 
magnetic field of the right frequency 
is now applied at right angles to the 

steady field, the electron in the nickel 
a toms will precess around the lines of 
force in unison: one has induced a mo
tion known as ferromagnetic resonance. 
What is of interest is that associated with 
ferromagnetic resonance is the phe
nomenon of magnetostriction. 

Nl agnetostriction can readily be visu-
alized in terms of a sphere of ini

tially unmagnetized iron. If the sphere is 
now magnetized, it will expand slightly 
in the direction of the lines of magnetic 
force and contract slightly at right angles 
to them; the sphere becomes an ellipsoid. 
If one could rotate the direction of the 
magnetic field, the long axis of the 
ellipsoid would follow the field simply 
by changing its shape. This will suggest 
what happens to the nickel film. When 
the film is in ferromagnetic resonance, 
the coherent precession of the electron 
spins around the lines of force in the 
steady magnetic field subjects the film 
to a rotatory shear motion. If the film is 
no thicker than about half an acoustic 
wavelength, the motion generates an 
ultrasonic wave. The wave, which has 
the same frequency as that with which 
the electrons precess around the steady 
magnetic field, is carried away by the 
quartz rod. Although this method of 
generating an ultrasonic wave, unlike 
the other methods described, requires 
the addition of a steady magnetic field, 
it has certain advantages. For one, it is 
a more efficient means of converting 
electromagnetic energy into acoustic 
energy. For another, it makes possible 
the transmission of ultrasonic waves into 
any solid by the simple expedient of 
evaporating a ferromagnetic film onto it, 
thereby avoiding the difficult problem 

of making acoustic bonds between dif
ferent crystals. 

Like other waves, ultrasonic waves 
can be linearly polarized; that is, the 
particle motion in the transverse wave 
can be restricted to one plane. When a 
linearly polarized electromagnetic wave 
passes through a magnetized medium, 
the plane of polarization is rotated; the 
rotation is called the Faraday effect. An 
analogous effect occurs when a linearly 
polarized acoustic wave passes through 
a ferromagnetic or ferrimagnetic crystal. 
In the experiments that demonstrated 
this effect a ferrimagnetic crystal was 
placed between two quartz rods [see il
lustration below J. Polarized ultrasonic 
waves were generated in one yuartz rod; 
the plane of polarization of the second 
(luartz rod was rotated at 90 degrees to 
that of the first. Thus only those waves 
that had been rotated through about 90 
degrees would be detected by the sec
ond rod. 

The ferrimagnetic crystal between the 
two rods was then subjected to a steady 
magnetic field. Ultrasonic waves were 
detected by the second rod only when 
the strength of the field was near the 
value at which the electrons in the crys
tal were in ferrimagnetic resonance. At 
this value, however, the plane of polar
ization is rotated quite strongly. The first 
experiments at a frequency of one kilo
megacycle showed that in yttrium iron 
garnet the plane rotates 90 degrees in 
less than .1 millimeter. This is the first 
instance of the rotation of the plane of 
polarization in acoustic waves. The ef
fect is presumably due to the in teraction 
of ultrasonic waves and waves asso
ciated with the spin system of the crys
tal, but the matter is still under study. 
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ACOUSTIC PLANE OF POLARIZATION of ultrasonic waves call 

be rotated by transmitting the waves through a ferrite crystal in the 

presence of a steady magnetic field. Each of the two quartz rods be· 

tween which the ferrite is placed trail smits only waves polarized 

in a particular plane ("nlabeled arrows). Waves generated in the 

first crystal must be rotated 90 degrees to be detected in the sec· 

ond. The degree of rotation caused by the ferrite (and hence trans

mission) depends Oil the magnetic-field strength (curve at right). 
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I �@®®fu reports on : / 
applesa uce . . .  Ke l l y' s referen ces . . .  m icrofi l m i n g  computer printout • • •  a nice  w a y  to l o o k  down 

Food physics 

Meet Noel H. K u h rt and Russell A. 
Broxh o l m .  They hold U. S .  Patent  N o .  
3 ,034,898 w h i c h ,  as loyal employees, 
they h ave ass igned to us. I n that docu
ment they d isclose to h uman ity the con
cept of "conj o i ned crysta l s . "  This  con
cerns applesauce, among other matters . 
The attract ive concoct ion fi l l i n g  the bowl 
i s  8 o unces of applesauce-good, whole
some applesauce, enough to top the 
fresh-sl iced fru i t  dessert that m ight be 
served at  an afternoon of bridge to a l l  
the ladies in  a l arge and prosperous s u b 
d i v i s i o n ,  with  the approval of thei r mo
distes , to say n o t h i n g  of their phys ic ians .  

Alas,  we plan no such party with  n o  
s u c h  dessert, n o  s a l e  or giveaway o f  
h ousehold samples, no entry i n  the w i l d  
race for space on the supermarket ais les .  
The very t h o ught scares u s .  Companies 
that  do u n derstand the game may wel l  
w i n d  u p  using the conj o i ned crystals i n  
foods l i tt le resemb l i n g  o u r  cream-puffy 
v i s i o n s ,  n o r  would t hey have reason o r  
advantage to l e t  on that thei r m i racles 
stem from M YVATEX Food Emuls ifier, 
Type 3-50, p u rc hased from Eastman 
Kodak Company, which takes prime 
food fats and reacts,  d i s t i l ls ,  and blends 
them i nto an i n terlaced m i x t u re of glyc
erol monostearate crystals and propyl
ene glycol m o n ostearate crystal s .  

K u hrt and Broxholm s h o w  how t h i s  
com b i nat ion of crystals ( w h i c h ,  despite 
their unattract ive chemical names, a re 
genera l l y  recog n i zed to be as safe i n  food 
as crystals of NaCl)  holds fast against  a 
change i n  crystal habit  that fo rmerly 
could be reversed only by a precise and 
economical ly  i nconven ient heat i n g  cycle .  
The change is  p u rely physica l ,  not chemi 
cal .  The a polymorph t raps a i r  bubbles 
q u ickly and holds them. The {3 poly
morph does n ' t  very wel l .  At room tem
peratu re, u n less you do as K u h rt and 
Broxholm say, a soon becomes {3.  

T h i s  odd l i tt le b i t  of phys ics should 
also help the cake-mi x  and bak i n g  bus i
nesses , w i t h  whom we have enjoyed the 
frien d l iest ton nage relat ions for years.  

Mell Ivho call  take care of the food brokers 
alld the women's page editors while we take 
care of the polymorphism should get ill touch 
with Distillatioll Products Illdustries, Roch
ester 3, N. Y. (Dil'ision of Eastman Kodak 
Company). 

Roentgen movies 

Meet M iss Li na-Lou Kellogg.  Work i ng 
anonymously as "X-ray Sales D i v i s i o n ,  
Eastman K o d a k  Company, R ochester 4,  
N .  Y . , "  she has brought her b i b l i ography 
of x-ray c i nematography up to 750 ref
erences . J t ' s  a l ive s u bject . "Kel ly" has 
the i mpres s i o n  that i n terest i s  s h ift i n g  
from tec h n i q ue to medical i nterpretat i o n .  
S h e  a l s o  h a s  the fee l i n g  t h a t  she i s  barely 
scratc h i n g  the s urface . St i l l ,  whoever 
wants a copy has o n l y  t o  ask and he 
s h a l l  receive. 

The 29-minute mile' 
The new RECORDAK ROTOMAT1C M icro
filmer we bel ieve to be the world's  fastest 
off-t he-s helf m icrofilmer. To keep the 
shelf stocked we find it necessary to 
scramble. The customers a re i n  desper
ate need . Their computers keep p o u r i n g  
out  computat i o n s .  They s i gned up for 
the computer when impressed with  how 
fast  a mile of computat ion could be 
pus hed out.  When the m i le s h oots out  
as promised, the q uest i o n  ar ises of what 
to do with  i t .  To feed the printout t h rough 
a chute d i rectly to the paper s h redder 
and baler in the basement would repre
sent i ngen u ity mas k i n g  a pathet ic fai l u re 
to u n dersta n d .  

Between generat i o n  and s h redd ing,  t h e  
computat ions  s h o u l d  be microfilmed for 
pos s i ble futu re reference. An i n terposed 
RECORDAK ROTOMATlC M icrofilmer pho
tographs the m i le in 29 m i n utes o n  220 
feet of 1 6mm fi l m .  Acreage from paper 
to film s h r i n k s  by a 500 factor, wh ich i s  
des i rable i n  the h igh-rent d i str ict .  The 
paper can then safely move to the s h red
der, which usual ly returns a small but 
steady cash i ncome. 

You ask : why, with the elect ro n i c  art 
in i ts  p resent sophist icated state, bother 
with the paper at all i nstead of i m p ress
ing the output s ignal  from t he computer 
direct ly  o n  m icrofi l m ? We have been 
over that route before. We k n o w  exactly 
how to do it .  The only trouble i s  that we 
also k n o w  how to bui ld this l it t le  m icro
fi l mer for a t i n y  fract ion of the p rice that 
a decently soph ist icated device to ac
compl i s h  the same end-res ult  has to cost ! 

In case ill teres ted, address is Recordak 
Corporation (Subsidiary of Eastman Kodak 
Company), 770 Broadway, New York 3. 

Under false colors 

Meet Raife Tark i n gton,  A l l a n  L.  Sorem, 
and N orman L. Fritz,  the latter two of 
the M i l itary Photography Department of 
the Kodak Research Laboratories . As  a 
by-product of work of the irs that  need 
not be d i scussed here, they offer ecolo
gists,  geologists,  and any ot hers i n ter
ested the opport u n i ty to look down on 
the earth with new eyes . The left-hand 
spectral d istr ibut ion of reflected rad i a
t i o n  can appear red (when it 's  actual ly  
mostly i n frared), the middle  one as green 
(when i t 's  actual ly  red),  and the t h i rd as 
blue (when it's actual ly  green) .  This  
m ight g ive the world a crazy aspect but  
heighten sens i t iv i ty,  among other possi ble 
benefits,  to the way various carotenoids 
and xanthophy l l s  mark the members of 
the associat ion of a ra i n  forest .  

Color v i s i on can be explo i ted for  sc i 
ent ific  p u rposes . The bra i n 's response to 
the spect ral d istr ibut ion of energy fa l l i n g  
d i rectly on t h e  cones of t h e  reti n a  i s  
measurable b u t  n o t  tru ly  describable and 
certa i n l y  imm utable.  Color fi l m  lacks 
such myst ical  character. If  we want to 
make i t  see wel l at 850ml-', we do so with
o u t  wa i t i n g  for eons of evo l u t i o n .  We 
can t hen use it to adapt the mystical 
properties of the central  nervous system 
to man's needs i n  1 963 A . D . ,  as d i s t i n 
guished from h i s  needs i n  200,000 B.C.  

Tarkillgton, Sorem, a n d  Fritz take 1 1 0  more 
of all illterest ill ecology, geology, alld {//lIhro
pology than the ordinary alert citizell. They 
merely ofrer the three spectral responses ill 
the three layers of a lIew film devised lVith 
their guidance allr! a vailable ill aerial-film 
widths and lengths (ollly) as KOOAK EKTA
CHROME III Fared A ero Filll1. A KODAK 
WRATTEN No . 12 Filter is assumed. If you 
dOIl't  kllolV allY aerial photographers, ask 
Eastmall Kodak CompallY, ProFessional Pho
tographic Division, Rochester 4, N. Y. 

T h i s  is a n o t h e r  advertisement 

where Eastman Kodak 

Company probes at r a n d o m  

for mutu a l  i n t e r e sts a n d  

occasi o n a l l y  a l itt l e  r e v e n u e  

f r o m  those whose work h a s  

something to d o  w i t h  science 
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Geared to dependable, precise performance, 

not a price ... that is the criterion behind 
every camera and control system designed 
and produced by Flight Research to meet 
the varied and exacting demands of photo 
data recording for science. 

We feel it's a sound philosophy ... one 
that is basic and essential in the critical 
areas of scientific research ... for while 
costs must be considered, a piece of in· 
adequate test equipment which fails to 
deliver the results expected becomes pro· 
hibitively expensive, no matter how little it 
costs you initially. 

In your research, with a large investment 
in the future often riding on a single test, 
why not let this Flight Research "philoso
phy of performance" work for you? We 
think you will come to appreciate it just 
as much as our many customers who are 
engaged in aerospace, military, and indus· 
trial research. 

Flight Research MULTIDATA® 16mm, 35· 
mm and 70mm automatic cameras and 
control systems are geared to take it ... 
and to give dependable, versatile service 
in pulse, cine, high-speed and synchronized 
multi·camera applications under rugged op· 
erational and environmental extremes. 

For complete product data and assistance 

in the application of photo instrumentation 
to your project, consult the specialists at 
Flight Research-where precision is a prod
uct, not a problem. 

RESEARCH (��) m FLIGHT (g"'''''''' 
INCORPORATED � 

P.O. Box I·F • Byrd Field 26 • Richmond 1, Virginia 
Career opportunities for Electromcs and Mechanical Design Engineers 
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Resurgent Antivivisectionists 

There is a good chance that the 88th 
Congress, now in its first session, 
will pass legislation restricting the 

use of animals in scientific investiga
tion. Five different bills have been intro
duced. The most stringent (H.R. 4856) 
would establish in the Department of 
Justice an enforcement agency headed 
by a special attorney. 

Among other things the bill would re
quire that laboratories operated by or 
receiving grants from the Federal Gov-

SCIENCE AND 
ernment, or selling drugs or any other 
products to the Government, obtain a 
license to work with live vertebrates or 
"any other species having a central 
nervous system." The laboratories would 
have to agree to allow inspection of 
their facilities and books at any time 
by the new Federal agency or by law
enforcement officers of their state. 
Laboratory workers would have to ob
tain approval for the complete plan of 
any investigation involving live ani
mals. A minimum number of animals 
would have to be used; wherever pos
sible lower species would be substituted 
for higher (apparently according to the 
judgment of the enforcement agency) . 
One provision would require the killing 
of an animal immediately after any pro
cedure causing pain or stress, "whether 
or not the objective of the experiment or 
procedure has been attained." If any 
state law-enforcement agency or "any 
incorporated humane society" charged 
a laboratory with violating the law, the 
enforcement agency would have to hold 
a hearing, using the power of subpoena, 
and publish a formal finding. 

This bill and those less restrictivc 
have drawn opposition from the Ameri
can Veterinary Medical Association, the 

E. P. ROSEl\BAUlII 

E. P. Rosenbaum, the Executive Editor of SCIENTIFIC AMEIUCAN, died in 
April of cancer. He was 47. 

Hosenbaum was a central figure in the development of this magazine since 
its reorganization in 1948. He was a tremendously able man with a solid 
grounding in mathematics and physics, and his colleagues relied on him to 
solve the most difficult problems of writing and editing. One measure of his 
contribution is that some of the articles of which his colleagues were proudest 
were jointly signed by him and the investigator who had done the work under 
discussion; a good example is the article "Elementary Particles," by Murray 
Gell-Mann and E. P. Rosenbaum [SCIENTIFIC AMEIUCAN, July, 1957]. 

He was a tall, elegant, booming, profane, irrepressible man who was at the 
same time grave and introspective. He grew up in New Haven, Conn., did well 
at Harvard for three years but graduated from Yale, worked on radar and glide 
bombs in the Air Force during the war, taught mathematics and physics 
in preparatory school, worked as an accountant, a free-lance writer and a 
television producer. In 1952, as he put it in his 25th anniversary college 
yearbook, "this diffuse background came into focus when I joined the staff 
of SCientific Amel'ican [and became] engaged in the endlessly fascinating 
job of helping scientists explain their work and their ideas to laymen." He 
hecame seriollsly ill five �'ears ago and had several periods of great suffering, 
but he continued to work prodigiously; in fact, some of his writing appears 
in this issue. 
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THE CITIZEN 
American Medical Association and oth
er groups, faculties and individuals in 
all fields of the biological sciences and 
psychology. The National Society for 
Medical Research, made up of nearly 
700 organizations and institutions con
ducting biological investigations, has 
summarized the objections. 

Most of the bills, the society says, 
assume quite wrongly that cruelty to 
animals is common in laboratories. The 
bills also assume that police inspectors 
would be wiser, kinder and technically 
better qualified to supervise scientific 
investigation than the investigator. The 
more restrictive bills, if enforced, 
"would stop all medical and biological 
research except on animals lower than 
fishes for many years until scientists 
could be sure that every possibility for 
the use of such lower forms of life . . .  
has been exhausted." Having to follow 
a plan, the society observes, would 
greatly hamper research; an investigator 
cannot know in advance every step he 
will take, and often he drastically re
vises his original plan in the midst of a 
study. The maintenance of the required 
records would be expensive and would 
serve no scientific purpose. The society 
points out that in all 50 states the 
statutes prohibiting cruelty to animals 
apply to scientists as well as to others. 

Medical and biological organizations 
have suggested that Congress pass a law 
providing for more research in animal 
care, for training people to care for 
animals, for distributing information 
about animal husbandry and to help 
finance the construction of better animal
care facilities in laboratories. 

Congressional mail is said to be run
ning heavily in favor of the restrictive 
bills. 

Tolerance by Injection 

Adult mice have been conditioned to 
accept skin grafts from mice of an

other strain by repeated injections of 
nonliving cell material from animals of 
the donor strain. This accomplishment, 
the work of Carlos Martinez and his col
leagues at the University of Minnesota, 
represents a double gain for research 
aimed at making possible the transplan
tation of organs from one human being 
to another. Until now most procedures 
for inducing tolerance to tissue grafts 

RADIATION 

Today, ionizing radiation is becoming a 

useful industrial production tool. 

Right now, semiconductor manufac

turers are using ionizing radiation from 

accelerators to improve switching time 

on diodes, to generate new and improved 

species, and to reclaim costly transistor 

rejects. 

Other manufacturers are using this. 

new form of process energy to pioneer 

sterilized-in-the-package techniques for 

disposable hospital supplies; to develop 

new methods of curing and bonding 

coatings; to produce "shrink memory" 

and heat resistance in plastics. All under 

the electron beam, on a production basis. 

Ionizing radiation is working for others 

- can it work for you? High Voltage 

Engineering, leader in the development 

of this new form of process energy, is 

prepared to help you find out. Write today 

describing the application you have in 

mind. High Voltage Engineering Corpora

tion, Burlington, Mass. Subsidiaries: Ion 

Physics Corporation, Electronized Chem

icals Corporation, Burlington, Mass.; 

High Voltage Engineering (Europa) N.V., 

Amersfoort, The Netherlands. 

e'. HIGH VOLTAGE 
ENGINEERING 

71 

© 1963 SCIENTIFIC AMERICAN, INC



Anility 
has no color, 
no cEeed, 
no rrationalit 

,,, .. 't . . 

Seen through the window of a huge protective "tent," a Surveyor Lunar Landing Vehicle undergoes checking. 

What kind of mind does it take to con
ceive and build a Surveyor Lunar Landing 
Vehicle, a Falcon missile, a revolutionary 
3-dimensional radar? It takes depth and 
breadth of technical competence. Highly 
developed imagination. Vision to perceive 
the usefulness of new ideas. 

None of these qualities is the exclusive 
province of any race, creed or national 
background. Neither does age, sex nor 
physical limitation affect them. 

At Hughes this truth has long been rec
ognized. Employment of any individual is 
based upon his ability to contribute. In 
fact, in 1960 Hughes was one of the first 
to become signatory to the Plans for Prog
ress Program of the President's Committee 
on Equal Employment Opportunity which 
stands as a milestone in our nation's effort 

to achieve equal opportunity of employ
ment for every American. 

Hughes achievements in the development 
of advanced systems and products help 
bear out this company philosophy. Today 
Hughes has over 31,000 employees, includ
ing 7,000 engineers and scientists. Of these 

nearly 20% hold advanced degrees. 
Hughes research, development and produc

tion activities cover well over 500 different 
types of electronics and space work. Re
search activities include pioneering work in 
lasers, ion engines, microwave tubes, crystal 
filters and plasma physics. Important sys-

Before men can land on the moon, m a n y  
questions must b e  answered about what they w i  II 
encounter there. Specially· instrumented Hughes 
Surveyors will supply information on the trip to 
the moon and the conditions of "soft" landing on 
its surface. 

Creating a new world with electronics 
, ------------------, 
I I 

: HUGHES : 
I I 
L __________________ � 
HUGHES AIRCRAFT COMPANY 
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tems programs include: Polaris Guidance 
Systems, the F-IllB Phoenix Missile Sys
tem, TOW Anti-Tank lVlissile, Syncom 
Synchronous Orbit Satellite, major n ew 
infrared systems and products, advanced air 
defense systems, Mobile Medium Range 
Ballistic Missile (Integration, Assembly and 
Checkout), advanced 3-D shipboard radar 
and Anti-Submarine Warfare systems. 

Engineers and Scientists with interest in 
the unique opportunities at Hughes are 
invited to inquire. Qualifications include a 
degree from an accredited university and 
U. S, citizenship, Hughes is an equal op
portunity employer. 

For prompt attention please address: �lr. 
S, L. Gillespie, Manager, Employment & 
�Ianpower, Hughes Aircraft Company, 
Culver City 37, California. 

have been effective in newborn animals 
but onlv to a limited degree in adult 
animals, and have re<juired the use of 
living cells from the donor. Such cells 
can themseh'es manufacture antibodies 
that destrm' host tissue and cause the 
se\'ere \\'asting illness ]."10\\'11 as homolo
gollS disease, 

The starting point for the \Jinnesota 
\\'ork, \\'hieh was reported at the April 
meeting of the Federation of American 
Societies for Experimental 13iolog\' in 
Atlantic Cit�!, :--J,J., \\'as an obset'\'ation 
dating back more than 20 years, This 
was that if animals are repeatedly in
jected with an antigenic substance to 
which they ordill<uily react strongh-, 
they ultimately tolerate the antigen, 
"lartinez and his associates undertook to 
learn whether or not graft tolerance could 
be similarly induced bv repeated injec
tions of nonliving donor-cell material. 

The injection material \\'as obtained 
by subjecting spleen cells from donor
strain mice to the disruptive action of 
alternate freezing and thawing, Up to 
-W injections were administered, spread 
ovcr 12 weeks, Craft tolerance was suc
cessfullv induced in many animals e\'en 
when there was a strong genetic differ
ence between the grafted and donor ani
mals, Experiments are now under wav 
to determine if the procedure can b� 
applied to other animals and if easily 
obtained cells such as white blood cells 
can be emploved as the sOlll'ce of the 
injection material. If such experiments 
succeed, the)! may open the way to rela
tivelv simple methods of ealT\'ing Ollt 
tissue and organ transplantation in man, 

Another Solar System 

A planct-sized "dark companion" has 
� . - becn discovered re\'oIving around 
a dim star some six light-\'ears distant 
in the direction of the constellation of 
Ophiuchus. The "sun" of this solar s\'s
tem is Barnard's star, other\\'ise known 
chieHy for having the largest motion 
across the sky of anv star. The planet is 
.::;0 per cent more massive than Jupiter; 
it has been named Barnard's star B 
by its discoverer, Peter van de Kamp 
of the Sproul Observatory of Swarth
more College. 

In a recent report to an American 
Astronomical Society meeting in Tucson, 
Ariz" van de Kamp pointed out that 
although Barnard's star and its com
panion are the third kno\\'n "solar sys
tem" outside our own, thev constitute 
the first such pair in which the com
panion is small enough to be classified 
confident'" as a planet. Accompanying 
l\m other stars-61 Cygni and Lalande 

211S.5-are bod ies \\'ith masses about a 

hundredth that of our sun; these can be 
considered either as being very large 
planets or \'ery small stars, Barnard's 
star B has a mass a seven-hundredth 
that of the sun and a hundredth that 
of its parent star, which makes it the 
smallest body e\'er detected outside our 
solar system. 

The discovel'V of the ne\\' planet-in
\'isiblc to the most powerful telescopes
was made bv measuring minute "wob
bles" in the trajectory of Barnard's star 
on thousands of photographic plates, 
some made as long ago as 1916. These 
deviations from uniform rectilinear mo
tion are caused bv the gra\'itational in
teraction of Barnard's star and its plan
et, which describes a complete orbit 
every 24 �'ears. 

Drifting Continent 

l�ossil-magnetization and radioaetive
. dating studies of rocks from eastern 
A ustralia and Tasmania have added new 
e\'idence that Australia \\'as once much 
nearer the South Pole than it is today 
and has arrived at its present location 
only within the past 100 million vears, 
In that short geological span the south
ern continent mav ha\'e drifted as much 
as :3,000 miles with respect to North 
America and Europe at a rate approach
ing two inches a year. 

The studies, which are described in 
the jOllfll({/ of Geophysical Researclt and 
the jOllflla/ of the Ge% giCll/ Society of 
AilS! m/ia, were carried out eh idly at 
the Australian National University un
der E. Irving, with the participation of 
J. F. Evernden, a specialist in potassium
argon radioactive dating, from the 
University of California at Berkeley. 
Altogether several hundred specimens 
from more than a score of sites in four 
areas of e'lstern Australia and one site in 
Tasmania were investigated, The sam
ples included sedimentary, igneous and 
volcanic rocks ranging in age from 93 
million vears to well over 200 million 
\'ears, A II were tested for "remanent" 
;llagnetization: magnetization that was 
imposed on them by the earth's mag
netic field at the time they were formed 
and that was "frozen" as to direction 
and dip once the rocks were in the solid 
state. \Vhere possible, samples from 
each area were also dated by the 
potassium-argon method, 

The specimens from all five areas 
point to a location for the South Pole 
much closer to Australia then than now. 
This location, however, differs by near
ly .50 degrees from positions for the 
Pole derived from similar studies of 
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You make the first drawing • • • 

• • . we do the rest 
Drawing a special symbol-over and 
over and over-turns many a drafts
man to Chart-Pak. 

And with good reason. Chart-Pak 
can predraw any special pattern-on 
tape or pressure-sensitive film. All 
we need for a start is your first 
drawing. 

Chart-Pak is in the business of spe
cials-special colors, special pat
terns, special base materials, special 
printed title blocks. Chart-Pak lets 
you have more time for creative 
work. You supply the original art
work-we'll do the rest. 

Chart-Pak will precision-slit tapes 
(patterned or solid color) to any spe-

cial width you need, on whatever base 
material you need-transparent ace
tate film, opaque acetate fiber, matte 
acetate fiber, or crepe paper. And we 
are past masters at special precision
die-cut templates on pressure-sensi
tive heat-resistant Transmatte, Clear 
or Matte Tak Mylar, * Correction 
Paper or Opaque Template Sheets. 

For more information on how to 
get a quick quote, see your nearby 
Chart-Pak dealer. You'll find him 
listed in the Yellow Pages under 
"Drafting Supplies" - "Tapes" -
"A rt Sup p l i e s"- o r  "C h a r t s 
Bu s i n e s s ." O r  w r i t e  dir e c t l y  t o  
Chart-Pak, Inc. 
·OUPONTS REGISTERED TRADEMARK FOR THEIR POLYESTER FILM 

CHART - PAK, INC. 

ORIGINATOR OF THE TAPE METHOD OF DRAFTING 
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North American and European rocks 
of comparable age. 

Irving and his colleagues conclude 
that their observations can be explained 
only by assuming either that the earth's 
magnetic field then had some unusual 
configuration (with more than the pres
ent two poles) or that Australia has since 
moved. They note that other paleomag
netic studies, involving younger rocks, 
suggest that Australia began to move 
about 100 million years ago, not long 
after the postulated date for the breakup 
of the supercontinent of which advo
cates of continental drift believe Aus
tralia was once a part [see "Continental 
Drift," by J. Tuzo Wilson; SCIENTIFIC 

AMEJUCAN, AprilJ. 

Defective Virus 

,\ new approach to the search for 
.L'"'- human cancer viruses has been 
opened up by the discovery that one of 
the best-known tumor viruses-the Rous 
sarcoma virus of chickens-is "defec
tive" and is unable to reproduce without 
the assistance of a second virus. The dis
covery was reported in Proceedings of 
the National Academy of Sciences by 
Hidesaburo Hanafusa, Teruko Hana
fusa and Harry Rubin of the UniverSity 
of California Virus Laboratory. 

Investigators have been aware for 
more than a dozen years that bacterial 
viruses sometimes occur in the defective 
form. Such viruses lack one or more 
genes required for virus multiplication, 
such as a gene for the production of a 
needed enzyme. Defective viruses can 
multiply only in the presence of another 
virus that produces the needed enzyme. 
Hitherto defectiveness has been known 
only among bacterial viruses. 

Rubin and his associates were led to 
the discovery of defectiveness in the 
ROllS virus by the behavior of a strain 
of the virus in tissue culture. vVhen 
the culture was diluted so that spots of 
tumor cells were no longer produced, 
another virus, present in even higher 
concentration than the Rous virus, ap
peared. Upon isolation the new virus 
proved indistinguishable from the ROllS 
virus except for its inability to cause 
tumors in chickens or tumor cells in tis
sue culture. The new virus, which has 
been named the ROllS-associated virus 
(RA V) , does, however, cause leukemia 
in chickens. 

In a variety of experiments the two 
viruses were successfully separated. 
Whether the experiments involved en
tire colonies of Rous tumor cells or 
single cells, it was found that the pro
duction of infectious Rous particles 
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HOW AN RCA KLYSTRON 

Unlocks the Secrets of Matter 
The atom-smasher hums with power. Tremendous surges of 

radio energy hurl electrons at a "target-chamber" filled with 

liquid hydrogen. Just before the electrons shatter the hydro

gen atoms they will reach a velocity of almost the speed of 

light-and attain a charge of over a billion electron volts! 

It takes staggering amounts of power to "kick" electrons up 

to the speed and mass needed for this maximum impact. RCA 

Super Power Klystrons generate such power. For example, 

240 electron tubes of this type will deliver the big "push" in 

a particle accelerator now being constructed at Stanford 

University under an Atomic Energy Commission contract. 

Each tube in this accelerator is capable of delivering 24 million 
watts of power in brief pulses. 

Atom-smashing is just one of the ways in which RCA Super 

Power Electron Tubes are playing a major role in service to 

mankind-another achievement in the unceasing quest by 

RCA to develop new tubes for new uses in science, industry, 

medicine, and national defense. 

RCA Electron Tube Division 

• The Most Trusted Name in Electronics 
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Tackling the rust problem 0/ this toy truck is child's play compared to Chrysler Corporation's continuing war against corrosion. 

Destruction is a challenge-it points the way to longer life 

In the laboratories and in the field, the 
engineers of Chrysler Corporation meet 
the challenge of destruction in a highly 
successful attempt to prolong car life. 

Rust, for example, is one of the major 
malignancies Chrysler engineers have 
attacked. From their study of the effects 
of water, weather and corrosive salts 
have come such Chrysler processes as the 
six-spray, seven-dip treatment of car 
bodies with rust-inhibiting chemicals, 
double nickel-chromium plating to reduce 
pitting and peeling of bumpers and bright-

work. And protective measures for 
mechanical components. 

From brutal laboratory treatment of 
power components (shifting automatic 
transmissions, for example, for day after 
day at full throttle - for 12,000 cycles) 
has come such built-in reliability that the 
industry's first five-year or 50,000-mile 
warranty* could be offered. 

But these are just a few of the ways 
Chrysler engineers meet the challenge of 
destruction. And this challenge itself is 
only one of the many met by Chrysler 

Corporation, a major producer of auto
mobiles and trucks, in the course of its 
diversified activities, as the twelfth largest 
industrial company in America, with 
understandable confidence in its own 
growth and the future of this country. 

PL YMOUTH CHRYSLER 

DODGE DODGE TRUCKS 

IMPERIAL 

SIMCA 

DEFENSE AND SPACE PRODUCTS · AMPLEX 

AIRTEMP • CHEMICAL DIVISION · MARINE 

DIVISION · INDUSTRIAL PRODUCTS DIVISION 

·Your authorized Chrysler Motors Corporation Dealer's Warranty against defects in material and workmanship on 1963 cars has been expanded to include parts replacement or repair, with
out charge for required parts or labor. for 5 years or 50,000 miles, whichever comes first, on the engine block, head and internal parts; transmission case and internal parts (excluding manual 

clutch); torque converter, drive shaft, universal joints (excluding dust covers), rear axle and differential, and rear wheel bearings, provided the vehicle has been serviced at reasonable 
intervals according to the Chrysler Motors Corporation Certified Car Care schedules. Trucks are included, but are subject to additional limitations of 1500 hours operation if mileage does 
not accurately reflect the extent of actual use and operation of parts covered by the warranty. Coverage will not apply to trucks subjected to prolonged power-take-off or off·highway use. 

��CHRVSLER � CORPORATION 
SEE "EMPIRE" IN COLOR, NBC· TV, TUESDAYS 

© 1963 SCIENTIFIC AMERICAN, INC



occurred only when RA V was present. 
RAV-free tumor cells grew normally and 
produced new tumor cells by cell divi
sion, but they yielded no tumor virus 
that could infect new cultures. On the 
other hand, Rous virus appeared freely 
as soon as RA V was added to tumor-cell 
cultures. 

The California virologists believe that 
the Rous virus requires something made 
by RAV in order to reproduce itself. A 
similar situation, Rubin suggests, may 
obtain in the reproduction of other can
cer viruses, including the still undiscov
ered viruses held by many investigators 
to be involved in human cancers. In that 
case it might be necessary to find the 
associated viruses first and then use 
the associated viruses to uncover the 
tumor viruses. 

Respiratory Particle 

The highly structured little bodies 
called mitochondria have been 

known for 25 years to be the power
houses of the living cell, where the en
ergy of food is converted into energy 
available to do the work of the organ
ism. Now investigators at two univer
sities have collaborated to identify and 
isolate the individual turbines within 
the power plant: "elementary particles" 
that accomplish the final steps in the 
oxidation of foodstuffs. The particles in
clude four complexes of proteins and 
lipids that constitute the "respiratory 
chain." Electrons extracted from the in
termediate products of metabolism are 
passed along this chain, ultimately to 
combine with oxygen to form water. The 
energy of the electrons is tapped at three 
points along the chain to manufacture 
adenosine triphosphate (ATP) , the uni
versal in tracellular fuel. 

The work was reported at the April 
meeting of the National Academy of 
Sciences in papers by Humberto Fer
nandez-Moran of the University of Chi
cago and by David E. Green, Paul V. 
Blair and Takuzo Oda of the Univer
Sity of Wisconsin. In 1960 Fernandez
Moran, then at the Massachusetts Gen
eral Hospital, detected a repeating 
substructure in the membranes of mito
chondria examined with the electron 
microscope. Large numbers of poly
hedral particles about 100 angstrom 
tmits in diameter (an angstrom unit is 
a hundred-millionth of a centimeter) 
were arrayed along the membrane and 
attached to it by short stems. Green and 
his colleagues at Wisconsin's Institute 
for Enzyme Research managed to sepa
rate these particles from the structural 
membrane. The resulting preparation of 

... that seeks to probe deeper 
and further with better micro-vision" 

Whether you are exploring new frontiers of scientific knowledge 
doing established routine analyses .. . or teaching . . .  years-ahead 
DynaZoom is for you. Only Bausch & Lomb DynaZoom Microscopes 
bring you a whole new dimension in micro-vision. Because only 
DynaZoom can show specimens at all magnifications from 17.5 X to 
1940 X ... with the unequalled resolution of the new 1.30 N.A. objec
tive ... and 10 to 20 times brighter light than ever before. Prove it by 
a demonstration, right in your own laboratory or classroom. Use your 
own hardest-to-see slides as standards. Ask your instrument dealer or 
write Bausch & Lomb Incorporated, 75842 Bausch St., Rochester 2, N.Y. 

First major advancement in microscopy in 60 years . .. �Z� 
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Packard Bell Electronics' 

Saturn Automatic Checkout System 

How the Friden Flexowriter® controls 
its man-machine communications 
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By Jerry Slocum, Manager, Elec
tronic Engineering Sectiol/, SATURN 
Systems, Packard Bell Electronics, Los 
A ngeles, California 

"The SATURN Automatic Checkout 
System built by Packard Bell Elec
tronics is a computer controlled sys
tem used for factory checkout of the 
SATURN I booster. The first system 
has been delivered to NASA's Quality 
Assurance Division at Marshall Space 
Flight Center, Huntsville, Alabama. 

"The system consists of a Central Com
puter Complex, containing a Master 
Control Console and multiple PB 250 
Computers in a master-slave relation
ship; and satellite test stations each 
having the capability of stimulus gen
eration and response measurement of 
a functional portion of the space ve
hicle and its ground support equipment. 

"At the Master Console a Friden Flexo
writer provides direct connection to any 
computer in the Complex. The Flexo
writer is used for the normal paper tape 
and typewriter data communications 
with any PB 250 as if it were an off-line 
computer. 

'The majority of operator communica
tions with the system are provided by 
Flexowriters located at each test sta
tion and by an additional (buffered) 
Flexowriter located at the Master Con
trol Console. These Flexowriters are 
an integral part of the man-machine 
relationship necessary for the success
ful operation of a complex automated 
system. 

"The Satellite Test Station Flexowriters 
and the buffered Flexowriter at the 
Master Console participate in all three 
modes of operation of the Automatic 
Checkout System. 

Flexowriler isa Regisfered Trademark 0/ Friden, Illc. 

"In the automatic mode, under com
puter control, the Flexowriters provide 
such things as hard copy outputs of 
test results; tabulation of GO and NO
GO measurements with their identifi
cation points; type out of test progress 
and type out of the actual test steps 
being executed; and type in and type 
out of operator instructions where 
manual intervention is required. 

"I n the manual mode, the test stations 
are off line from the computer complex 
and the Flexowriters are the sole means 
of command communication with the 
test station. They provide means for 
manual data entry via the keyboard or 
the Flexowriter Tape Reader, and allow 
such operations as manually single step
ping through a program routine; con
tinuous cycling for maintenance pur
poses; and the manual exercising of 
various system devices for confidence 
check of hardware and programming. 

"In the single step mode, the Flexo
writers aid in the detailed de-bugging 
of either programs or hardware by 
allowing manual data entry in combi
nation with the single step sequencing 
provided by the test station. 

"In addition to their function as in
tegral test station devices, means are 
provided for easily switching the Flexo
writers to off-line operation for the 
more conventional usages such as typ
ing, preparing program tapes, and re
generating existing tapes." 

The versatility of the Flexowriter as 
an input-output medium, a data-lister 
and data-sorter, make it an invaluable 
tool in the design and operation of any 
control system. To fully investigate the 
Flexowriter's versatility, call your local 
Friden Systems man. Or write: Friden, 
Inc., San Leandro, California. 

And, should you now be using the 
Flexowriter ill all applicatio ll you 
would like to share with your fellow 
engineers ill these pages, just write alld 
tell us about it. Address 

F . d your applicatioll story 
II en to Mr. George Beeken. 

Sales, Service and Instruction Throughout the World 

elementary particles was capable of car
lying on the electron-transfer process. 
The particles were broken down fur
ther into the four component segments 
of the respiratory chain and then re
constituted, and again they exhibited 
the proper activity. Both the isolated and 
the reconstituted particles, when exam
ined by Fernandez-Moran, appeared to 
be "essentially identical" with the re
peating units of intact mitochondria. 

The isolated elementary particles do 
not accomplish oxidative phosphoryla
tion: the synthesis of ATP that in the 
intact mitochondrion is implicit in the 
process of electron transfer. Apparently 
the rough treatment to which the par
ticles are subjected in the course of iso
lation somehow throws this "coupled" 
process out of gear. But the vVisconsin 
workers are confident that the particles 
are in fact the sites of phosphorylation, 
and they expect to find ways of isolat
ing particles that retain this capacity. 

Cool Fuel Cell 

Fuel cells able to oxidize pure hydro-
gen and produce a modest output of 

electricity have been available for sev
eral years. A large hydrogen fuel cell 
built by the General Electric Company 
will provide nearly two kilowatts of 
electric power for the Gemini spacecraft, 
which will be able to sustain two astro
nauts in orbit for several weeks. The 
Gemini unit, weighing less than 175 
pounds, will provide the energy of about 
a ton of batteries. 

Now General Electric has announced 
a more advanced fuel cell able to dis
pense with costly hydrogen and operate 
on a wide variety of ordinary hydro
carbons, from methane to diesel fuel. 
Moreover, the new cell operates at tem
peratures between 150 and 200 degrees 
centigrade instead of the 600 to 1,000 
degrees needed to sustain the reaction 
in most previous cells. Operating effi
ciencies of 40 to 50 per cent have al
ready been achieved with the new cell 
(compared to 20 to 25 per cent for ordi
nary internal-combustion engines) , and 
practical efficiencies as high as 70 per 
cent seem attainable. 

The chief limitation to widespread use 
of the new cell is the high cost of its 
platinum-containing catalyst. It is hoped 
that eventually cheaper catalysts will 
be found and that the fuel cell will be
gin to take on a wide range of familiar 
jobs, perhaps including automobile pro
pulsion. The workers credited with de
velopment of the new cell are Thomas 
Grubb and Leonard W. Niedrach of the 
General Electric Research Laboratory. 
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Marquardt needs  advan c e d  propulsion • engIneers  
Propul s i o n  for t h e  A e r o s p a c e p l a n e  c o n c e p t  i s  o n e  o f  a num

ber o f  m a j o r  c o n t r i b u t i o n s  t o  a d v a n c e d  t e c h n o l o g y  b y  engi

neers a n d  s c i e n t i s t s  at  Marquardt .  This  r e v o l ut i o n a r y  s y s t e m  

r e q u i r e s  a p r o p u l s i o n  s y s t e m  c a p a b l e  o f  t a k e - o f f  f r o m  c o n 

v e n t i o n a l  runway s ,  a c c e l e r a t i o n  through t h e  a t m o s p h e r e ,  

o r b i t a l  c r u i s e  i n  s p a c e ,  and return for a n  earth l an d i n g .  

New a n d  c o n t i n u i n g  career  o p p o rt u n i t i e s  a r e  a v a i l a b l e  t o  

c r e a t i v e  engin e e r s  and s c i e n t i s t s  o n  t h i s  a n d  o t h e r  fa1'

r e a c h i n g  p r o p u l s i o n  a n d  c o n t r o l  d e v e l o p m e n t  a c t ivity at 

M a r q u a r d t ,  i n c l u d i n g  P r o j e c t  P l u t o ,  r o c k e t  c o n t r o l s  f o r  

P r o j e c t  A p o l l o ' s  s e r v i c e  m o d u l e ,  u l l a g e  r o c k e t s  f o r  t h e  

S aturn IV B ,  r e a c t i o n  c o n t r o l s  f o r  t h e  S y n c o m  I I  a d v a n c e d  

c o m m u n i c a t i o n s  s a t e l l i t e ,  a n d  p r o d u c t i o n  o f  P o l a r i s  A - 3  

r o c k e t  n o z z l e s .  C u r r e n t  o p e n i n g s  i n  t h e  c o m p a n y ' s  P o w e r  

S y s t e m s  D i v i s i o n  at  b o th Van Nuy s ,  C a l i f o r n i a ,  a n d  O gd e n ,  

Utah e x i s t  for e n g i n e e r s  q u a l i f i e d  b y  e x p e r i e n c e  i n  r o c k e t  

m o t o r s  a n d  c o n t r o l  s y s t e m s ,  a i r b r e a t h i n g  p r o p u l s i o n ,  

m e c h a n i c a l  c o n t r o l s ,  p r o p u l s i o n  c y c l e  a n a l y s i s ,  a e r o d y n a m i c  

d e v e l o p m e n t ,  t e s t  i n s trum e n t a t i o n ,  a n d  t e s t  o p e r a t i o n s .  

A t  A S T R a ,  Marquard t ' s  a e r o s p a c e  r e s e arch g r o u p ,  e n g i n e e r s  

a r e  n e e d e d  for c o m p a n y- s p o n s o r e d  a n d  g o v e r n m e n t - c o n t r a c t  

a c t i v ity i n  c h e m i c a l  and e l e c t r i c  p r o p u l s i o n  r e s e arch a n d  i n  

such s u p p o r t  a r e a s  a s  h i gh t e m p erature m a t e r i a l s  r e s e arch,  

high e n e rgy fuel  form a t i o n  a n d  e v a l u a t i o n ,  a n d  a d v a n c e d  

p r o p u l s i o n  c y c l e s .  A v a r i e t y  o f  p r o f e s s i o n a l  o p p o rtunit i e s  

e x i s t s  i n  A S T R a  for t h e  s c i e n t i s t  and e n g i n e e r  e x p e r i e n c e d  

i n  a e r o d y n am i c s ,  p r o p u l s i o n  s y s t e m s  a n a ly s i s ,  thermokinet 

ics ,  propulsion systems e n g i n e e r i n g ,  a n d  materials  r e s e a r c h .  

Q u cJ l i fi e d  o p p l i c Cl ll t s  o r e  i n v i t e d  t o  d i r e c t  r e s u m e s ,  i n  con
fi d e n c e ,  t o  MI ' .  F l o y d  I-Iargis s ,  M o n o g e r ,  Profe s s i o n o l  Person
n e l ,  o t  t h e  o d d r e s s  shown b e l o w. 

D e d i c a t e d  to K e e p i n g  The Un i t e d  S t a t e s  Firs t in 

Te chn o l o gy 

1 6557 SATICOY STREET, VAN NUYS, CALIFORNIA 

AN EQUAL OPPORTUNITY EMPLOYER 
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THE LYMPHATIC SYSTEM 

This second cil'culatLon plays an essential role in nlaintaining 
the hodis steady state, draining from the spaces between cells 

:fluid, protein and other substances that leak out of the blood 

L'ving tissue is for the most part a col
lection of cells bathed in a fluid 
medium. This interstitial fluid 

constitutes what the French physiologist 
Claude Bernard named the m·iliell il1-
leriellr: tbe internal environment of the 
organism that is the true environment of 
its cells. The interstitial fluid brings nu
trients to the cells and carries away 
waste products; its composition varies in  
space and time under the control of the 
co-ordinated physiological processes that 
maintain homeostasis, the remarkably 
steady state that characterizes the inter
nal environment of a healthy organism . 
In the maintenance of the homeostasis 
of the interstitial fluid the circulation of 
the blood is obviously of fundamental 
importance . In  the higher vertebrates 
there is  a second circulation that is 
equally essential : the lymphatic system. 
Its primary function is to recirculate 
the interstitial fluid to the bloodstream, 
thereby helping to create a proper cellu
lar environment and to maintain the 
constancy of the blood itself. It also 
serves as a transport system, conducting 
specialized substances from the cells 
that make them into the bloodstream. 
In recent years physiologists, biochem
ists, physicians and surgeons have been 
studying the lymphatic system inten
sively, in health and in disease. Their in
vestigations are providing much new 
information on how the body functions, 
explaining some heretofore poorly un
derstood clinical observations and even 
suggesting new forms of treatment. 

The fact that the lymphatic system is 
an evolutionary newcomer encountered 
only in the h igher vertebrates is signifi
cant. In lower animals there is no sepa
ration between the internal and external 
environments; all the cells of a jellyfish, 
for example, are bathed in sea water. 
With progression up the evolutionary 
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scale the cells become separated from 
the external environment, "inside" is  no 
longer identical with "outside" and 
rudimentary blood circulatory systems 
make their appearance to conduct the 
exchange of nutrients and waste prod
ucts. As the organism becomes more 
complex the blood system becomes more 
specialized. The system develops in
creasing hydrostatic pressure until, in 
mammals, there is a closed, high-pres
sure system with conduits of diminishing 
thickness carrying blood to an extensive, 
branching bed of tiny capillaries .  

At this  point in evolution a snag was 
encountered: the high pressure� made 
the capillaries leaky, with the result that 
fluid and other substances seeped out of 
the bloodstream. A drainage system was 
re(luired and lymphatic vessels evolved 
(from the veins, judging by embryolog
ical evidence) to meet this need. 

In man the lymphatic system is an ex
tensive network of distensible vessels 
resembling the veins. It  arises from a fine 
mesh of small, thin-walled lymph capil
laries that branch through most of the 
soft tissue of the body. Through the walls 
of these blind-end capillaries the inter
stitial fluid diffuses to become lymph, a 
colorless or pale yellow liquid very 
similar in composition to the interstitial 
fluid and to plasma, the liquid compo
nent of the blood .  The lymphatic capil
laries converge to form larger vessels 
that receive tributaries along their length 
and join to become terminal ducts emp
tying into large veins in the lower part 
of the neck. The largest of these great 
lymphatics, the thoracic duct, drains the 
lower extremities and all the organs ex
cept the heart, the lungs and the upper 
part of the diaphragm; these are drained 
by the right lymphatic duct. Smaller 
cervical ducts collect fluid from each 
side of the head and neck. All but the 

largest lymph vessels are fragile and 
difficult to trace, following different 
courses in different individuals and even, 
over a period of time, in the same incli 
vidual. The larger lymphatics, like large 
veins, are equipped with valves to pre
vent backflow. 

Along the larger lymphatics are nu
merous lymph nodes, which are of fun
damental importance in protecting the 
body against disease and the invasion 
of foreign matter. The lymph nodes 
serve, first of all, as filtering beds that re
move particulate matter from the lymph 
before it enters the bloodstream; they 
contain white cells that can ingest and 
destroy foreign particles, bacteria and 
dead tissue cells. The nodes are, more
over, centers for the proliferation and 
storage of lymphocytes and other anti
body-manufacturing cells produced in 
the thymus gland; when bacteria, vi
ruses or antigenic molecules arrive at a 
lymph node, they stimulate such cells 
to make antibodies [see "The Thymus 
Cland," by Sir Macfarlane Burnet; SCl
EKTlFIC Al\mmcAK, November, 1962]. 

Starling's Hypothesis 

The present view of the lymphatic 
circulation as a partner of the blood sys
tem in maintaining the fluid dynamics of 
the body stems from the investigations 
early in this century by the British phys
iologist Ernest H. Starl ing. "Starling's 
hypothesis" stated that the exchange 
of fluid between the capillaries and the 
interstitial space is  governed by the rela
tion between hydrostatic pressure and 
osmotic pressure. Blood at the arterial 
end of a capillary is  still under a driving 
pressure equivalent to some 40 milli
meters of mercury; this constitutes a "fil
tration pressure" that tends to make 
plasma seep out of the capillary . Starling 
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RIGHT LYMPH DUCT 

LYMPHATIC VESSELS drain the entire body, penetrating m o st 

of the tissues and carrying back to the bloodstream excess fluid 

from the i ntercellular space s.  This diagram show s  only some of the 

larger superficial vessels (light color), which run near the surface 

of the b ody, and deep vessels (dark color), which drain the interior 

of  the body and co llect from the superficial vessels.  The tho racic 

LEFT SUBCLAVIAN VEIN 

THORACIC DUCT 

INTERCOSTAL NODES 

CISTERNA CHYLI 

LUMBAR NODES 

ILIAC NODES 

INGUINAL NODES 

d uct, which arises at the cisterna chyli in the ab domen, drains 

most o f  the body and empties into the left subclavian vein. The 

ri ght lymph duct drains the heart, lun g s, part of  the diaphragm, 

the ri ght upper part of  the body and the ri ght side o f  the head and 

neck, emptyin g  into the ri ght s ubclavian vein. Lymph nodes inter· 

spersed alo n g  the vessels trap foreign matter, including bacteria. 
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visualized the wall of the capillary as 
being freely permeable to plasma and 
all its constituents except the plasma 
proteins albumin, globulin and fibrino
gen, which could leak through only in 
very small amounts . The proteins re
maining in the capillary exert an osmotic 
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pressure that tends to keep fluid in the 
capillary, countering the filtration pres
sure . Similar forces are operative in the 
tissue spaces outside the capillary . At 
the arterial end of the capillary the re
sultant of all these forces is  ordinarily a 
positive filtration pressure : water and 

TWO ClR CULA TORY SYSTEMS, the blood and the lymphatic (color), are related in this 

schematic diagram. Oxy genated blood (light gray) i s  pumped by the heart through a net

w ork o f  capillaries, bringing oxy gen and n utrients to the t issue cells. Venous blood (dark 

gray) returns to the heart and is oxygenated in the course of the pulmonary (lun g) circula

tion. Flui d  and other substances seep out o f  the blood capillaries into the tissue spaces an d 

are returned to the bloodstream by the lymph capi llarie s  and larger lymphatic vessels. 
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salts leave the capillary . At the venous 
end, however, the blood pressure is de
creased, energy having been dissipated 
in pushing the blood through the capil
lary. Now the osmotic force exerted by 
the proteins is dominant. The pressure 
gradient is reversed : fluid, salts and the 
waste products of cell metabolism flow 
into the bloodstream [see top illustration 
on page 84). 

It follows, Starling observed, that 
if the concentration of plasma proteins 
is  decreased (as it would be in starva
tion) , the return of fluid to the blood
stream will be diminished and edema, an 
excessive accumulation of fluid in the 
tissue spaces, will result. Similarly, if the 
capillaries become too permeable to pro
tein, the osmotic pressure of the plasma 
decreases and that of the tissue fluid 
increases, again causing edema. Capil
lary poisons such as snake venoms have 
this effect. Abnormallv high venous pres
sures also promote edema, by making it 
difficult for fluid to return to the capil
laries; th is is often one of the factors op
erating in congestive heart disease. 

A fundamental tenet of Starling's hy
pothesis was that not much protein 
leaves the blood capillary . In the 1930's 
the late Cecil K. Drinker of the Harvard 
\1edical School challenged this idea. 
Numerous experiments led him to con
clude "that the capillaries practically 
universally leak protein; that this pro
tein does not re-enter the blood vessels 
unless delivered by the lymphatic sys
tem; that the filtrate from the blood 
capillaries to the tissue spaces contains 
water, salts and sugars in concentrations 
found in blood, together with serum 
globulin ,  serum albumin and fibrinogen 
in low concentrations, lower probably 
than that of tissue Huid or lymph; that 
water and salts are reabsorbed by blood 
vessels and protein enters the lymphatics 
together with water and salts in the con
centrations existing in the tissue Huid at 
the moment of lymphatic entrance." In 
other words, Drinker believed that pro
tein is  continuously filtering out of the 
blood; the plasma-protein level is main
tained only because the lymphatic sys
tem picks up protein and returns it to 
the bloodstream. 

Unfortunatelv Drinker had no defini
tive method by which to prove that the 
protein in  lvmph had leaked out of the 
blood and was not somehow originating 
in the cells .  Perhaps for this reason his 
conclusions were not generally accepted.  
Teachers and the writers of textbooks 
continued to maintain that "healthy" 
blood capillaries did not leak protein . It 
was in  an effort to clarify this point that 
I undertook an investigation of lymph 
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and the lymphatics some 15 years ago. 
At that time I was working with a 
clin ical group measuring the retention 
of blood by patients given large infu
sions. We saw that the patients were 
retaining the cellular components of the 
blood quite well but were "losing" the 
plasma. The loss was c1earlv into the 
tissue spaces, not by wav of excretion 
from the kidnevs. 

If blood capillaries did indeed leak 
plasma, together with its protein s and 
other large molecules, then Drinker was 
correct. If the proteins entered the in
terstitial Auid, thev would stav there, 
since Starling's measurements and 
Drinker's findings made it clear that 
large molecules could not get back into 
the blood capillaries-unless thev were 
picked up bv the Ivmphatic system. If 
they leaked from the blood vessels and 
were in fact returned by the lvmphatic 
vessels, the evolutionarv reason for the 
development of the lymphatic svstem 
would be establisbed bevond question . 
I decided to return to my laboratory at 

the Tulane Universitv School of Medi
cine and investigate the problem. 

Over the years I have had the enthusi
astic assistance of several colleagues
notablv Karlman \,yassennan, now at the 
Stanford Universitv !V!edical School, and 
Stephen .T. LeBrie-and of manv stu
dents . Time bad provided us with two 
tools not available to Drinker. One was 
Aexible plastic tubing of small diameter, 
which we could insert into lvmphatic 
vessels mucb more effectivelv than had 
been possible with the glass tubing 
available earlier. And we now had 
radioactive isotopes with which to label 
proteins and follow their course . 

Experiments with Proteins 

\,Ve injected tbe blood proteins albu
min and globulin, to whicb we had 
coupled radioactive iodine atoms, into 
the femoral veins of anesthetized dogs . 
The proteins immediatelv began to leave 
the bloodstream. Bv calculating tbe slope 
of the disappearance curve in each ex-

periment we could arrive at a number 
expressing the rate of disappearance 
[see tall illustration on page 85]. The 
average rate of disappearance of albu
min, for example, turned out to be about 
.001; in otber words, a tbousandth of the 
total amount of labeled albumin present 
at anv given time was leaking out of the 
capillaries each minute. If we infused 
large amounts of salt solution, plasma 
or whole blood into our dogs, the dis
appearance rate increasecl Significantly. 
The same thing happened in animals 
subjected to severe hemorrbage. In some 
experiments we simultaneouslv collected 
and analvzed lvmph from the thoracic 
duct [see bottom illustration on page 
85]. As before, labeled protein left the 
blood; within a few minutes after injec
tion it appeared in thc lvmph, at first in 
small quantities and then at a faster rate. 
It leveled off, in equilibrium with the 
blood's protein, seven to 13 hours after 
injection .  

\,ye were able to calculate from our 
data that in dogs the thoracic duct alone 

LACTEALS, the lymphatics of  the intestine, were first describe d 

by the Italian anatomist Gasparo A selli in 1622. They were pic

tured in his De LactibLLs, the first anatomical work with color 

plate s. Thi s plate shows veins (A), lacteals (B), mesentery (C), 

stomach (D), small intestine (F, C, H) and a lymph node (L) . 

THO RACIC DUCT and the maj or lymph vessels of the lower ex· 

tremities and trunk that co ntribute to it are seen in this plate from 

a French book of 1847, Atlas d'Anatomie Descriptive dLL Corps 

Hwnll;'n. The duct arises from a plexus of abd ominal vessels and 

arches up into the lower neck before enteri n g  the subdavian vein. 
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STA RLING'S HYPOTHESIS explained the exchan ge of fluid through the capillary wall. 

At the arterial end o f  the capillary the hydrostatic pressure (given here ill centimeters of 

water) delivered by the heart is dominant, and fluid leaves the capillary. At the venous end 

the osmotic press ure of  the proteins in the plasma dominates; fluid enters the capillary. 

CAPILLARY 
(ARTERIAL END) �1-��rr���;;;�������� 

CAPILLARY 
(VENOUS END) 

LYMPH 
CAPILLARY 

FLUID EXCHANGE is diagram e d  as p o stulated by Starling. He believed that fluid and 

salts (arrows) left the blood capillaries, mixed with the interstitial fluid and for the most 

part were reabsorbed by the capillaries. Excess fluid was drained by tbe lymph vessels.  He 

took it for granted that m o st of  the protein i n  the blood staye d inside the blood capillaries. 

CAPILLARY CAPILLARY 
(ARTERIAL END) �F�������;;;;;���b�;;:� (VENOUS END) 

LYMPH 
CAPILLARY 

PRESENT VIEW of fluid exchange is diagramed. It appears tbat such large molecules as 

proteins (black dots) and lipids (open circles) leave the blood capillaries alon g  with the 

fluid and salts. Some of the fluid and salts are reabsorb e d; the excess, alo n g  with large 

molecules that cannot re·enter the blood capi llaries, i s  returned via the lymphatic system. 
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returned about 65 per cent of the pro
tein that leaked out of the capillaries . 
Extension of this kind of experiment to 
man showed similar rates of leakage. 
In the course of a day 50 per cent or 
more of the total amount of protein 
circulating in the blood is lost from the 
capillaries and is returned to the blood
stream by the lymphatic system . 

The importance of lymphatic drain
age of protein becomes clear if one con
siders its role in lung function, which 
was elucidated by Drinker. The pulmo
nary circulation, in contrast to the general 
circulation, is a low-pressure system . The 
pulmonary capillary pressure is about a 
<luarter as high as the systemic capillary 
pressure and the filtration pressure in the 
pulmonary capillaries is therefore con
siderably below the osmotic pressure of 
the blood proteins. As a result fluid is 
retained in the bloodstream and the 
lllng tissue remains properly "dry." 

When pulmonary capillary pressure 
rises significantly, there is increased 
fluid and protein leakage and therefore 
increased lymph flow. For a time the 
lymph drainage is adequate and the 
lungs remain relatively dry. But when 
the leakage exceeds the capacity of the 
lymphatics to drain away excess fluid 
and protein ,  the insidious condition 
pulmonary edema develops. The exces
sive accumulation of fluid makes it more 
difficult for the blood to take up oxygen. 
The lack of oxygen increases the perme
ability of the pulmonary capillaries,  and 
this leads to greater loss of protein in a 
vicious circle. Some recent findings by 
John J. Sampson and his colleagues at 
the San Francisco Medical Center of the 
University of California support this 
concept.  They found that a gradual in
crease in lymphatic drainage occurs in 
dogs in which high pulmonary blood 
pressure is produced and maintained ex
perimentally. This suggests that the 
lymphatic system attempts to cope with 
the abnormal situation by proliferating, 
much as blood capillaries do when 
coronary circulation is impaired.  

Leakage from blood capillaries and 
recirculation by the lymphatic system is ,  
as I indicated earlier, not limited to 
protein . Any large molecule can leak out 
of the capillaries, and it cannot get back 
to the bloodstream except via the lym
phatiCS. All the plasma lipids, or fatty 
substances, have been identified in 
thoracic-duct lymph. Even chylomi
crons, particles of emulsified fat as large 
as a micron (a thousandth of a milli
meter) in diameter that are found in 
blood during the digestion of fat, leak 
out of the bloodstream and are picked 
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up and recirculated to the vascular sys
tem by the lymphatics. As a matter of 
fact, there is evidence that they may 
leak out even faster than proteins. The 
significance of these findings remains to 
be explained. Aaron Kellner of the Cor
nell University Medical College has sug
gested that atherosclerosis, a form of 
hardening of the arteries in which there 
is infiltration of the walls of the arteries 
by Upids, may have its origin in the fact 
that under normal conditions there is a 
constant flow of fluid containing lipids 
and proteins across the blood-vessel lin
ing into the vessel wall. Ordinarily this 
fluid is removed by the small blood ves
sels of the wall itself and by the lym
phatics. It is conceivable that something 
may interfere with the removal of lipids 
and cause them to accumulate in the 
blood-vessel wall. It is even conceivable 
that the high capillary filtration that ac
companies hypertension may increase 
the leakage of lipids from capillaries to 
a level exceeding their rate of removal 
from the interstitial fluid, which would 
then bathe even the outer surfaces of the 
arteries in lipids . 

In addition to demonstrating that the 
lymph returns large molecules from the 
tissue spaces to the bloodstream, recent 
investigation has confirmed the impor
tance of lymphatic drainage of excess 
fluid Rltered out of the capillaries but 
not reabsorbed .  Experiments with heavy 
water show that blood is unquestionably 
the chief source of the water of lymph. 
In dogs the amount of lymph returned 
to the bloodstream via the thoracic duct 
alone in 24 hours is roughly equivalent 
to the volume of the blood plasma. Most 
of this fluid apparently comes from the 
blood. In some of our experiments we 
drained the thoracic-duct lymph outside 
the dog's body and found that the plasma 
volume dropped about 20 per cent in 
eight hours and the plasma-protein level 
some 16 per cent. Translated to a 24-
hour basis, the loss would be equivalent 
to about 60 per cent of the plasma vol
ume and almost half of the total plasma 
proteins circulating in the blood. Thus 
the return of lymph plays an essential 
role in maintaining the blood volume.  

One situation in which this function 
can be observed is the "lymphagogue" 
effect : the tendency of large infusions 
into the vascular system to increase the 
flow of lymph. As we increased the size 
of infusions in dogs, lymph flow in
creased proportionately; with large in
fusions (2,000 milliliters , about the nor
mal blood volume of a large dog) the 
thoracic-duct lymph flow reached a peak 
value about 14 times greater than that 
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LABELED PROTEINS were injected into do gs' veins.  Measuri n g  the radi oactivity per 

milliliter of blood withdrawn from an artery showed how quickly the globulin (gray) and 

albumi n  (black) d isappeare d .  The steep slopes represent disappearance, the shallow slopes 

subsequent metabolism o f  the proteins.  The radioactivity i s  plotted on a l o garithmic scale. 
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EFFECT OF INFUSIONS on lymph flow (graph at left) and on 

albumin flow in lymph (graph at right) in dogs i s  illustrated.  Each 

curve shows the ratio of the flow after an infusion of a given size 

to the flow hefore the infusion. The curves are for infusions of 

250 (solid black), 500 (gray), 1,000 (broken black) and 2,000 

(colored) milliliters. The larger the infusion, the m ore leakage. 

of the preinfusion level [see illustration 
aboLOe J. Most of the excess fluid is ex
creted by the kidneys in increased 
urine Bow. But the displacement of Buid 
from the blood circulation into the 
lymph "saves" some of the Buid .  In oth
er words, it can be considered as being 
a fine adjustment of the blood volume so 
that not all the Buid is  irrevocably 
lost from the body. Large infusions also 
increase protein leakage, but again the 
fact that the protein goes to the lymph 
and slowly returns to the bloodstream 
minimizes changes in total circulating 
protein and the loss of its osmotic effect. 

The Mechanism of Filtration 

The exact processes or sites of the 
filtration of large molecules through the 
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capillary wall, and through cell mem
branes in general, are stil l  unclear. As 
Arthur K. Solomon has pointed out in 
these pages [see "Pores in  the Cell 
Membrane," by Arthur K. Solomon ; SCI
EKTIFIC All'lERICAK, December, 1960], 
"some materials pass directly through 
the fabric of the membrane, either by 
dissolving in the membrane or by inter
acting chemically with its substance. 
But it seems equally certain that a large 
part of the traffic travels via holes in  the 
wall. These are not necessarily fixed 
canals ;  as the living membrane responds 
to changing conditions inside or outside 
the cell ,  some

"P0res may opel� and others 
may seal up . 

This last pOint appears to explain our 
results with infusions in dogs . The mas
sive infusions overfill the closed blood 

system, raise filtration pressure in  the 
capillaries and result in  increased leak
age through the capillary walls ;  lymph 
Bow is  copious and the lymph contains 
more large molecules .  Small infusions 
do not do thi s .  The reason, then, that 
patients did not do as well as expected 
after receiving large infusions or trans
fusions was that the plasma and proteins 
leaked out through stretched capillary 
pores . A similar effect accounted for the 
case of animals subjected to severe 
hemorrhage : there was not enough 
blood to oxygenate the capillary walls 
adequately, the walls became more per
meable and the protein molecules passed 
through. 

We found that the rate of leakage for 
any molecule depends on its size. Globu
lin, which has a molecular weight of 
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250,000, leaked more slowly than albu
min, which has a weight of 70,000. The 
third plasma protein, fibrinogen, has a 
molecular weight of about 450,000 and 
leaves the blood still more slowlv. Bv in
troducing into the blood various carbo
hvdrate molecules, which unlike protein 
molecules do not carry a charge, we were 
able to dcmonstrate that it is size and 
not electrical charge that determines a 
molecule's rate of movement through 
the wall. 

When, after infusing the carbohy
drates, we collected lvmph from differ
ent parts of the bodv, we found larger 
molecules in intestinal Ivmph than in 
leg lymph, and still larger molecules 
in lymph from the liver. This indicated 
that capillaries in tbe liver have sub
stantiallv larger openings than leg capil
laries do, and that the vessels of the in
testine probablv Ilave both large and 
small openings. There are other indica
tions that liver capillaries are the most 
permeable of all; for example, apparent
ly both red cells and lymphocytes pass 
between the blood and the Ivmpb in the 
liver. Hecent studies with the electron 
microscope confirm the indirect evidence 
for variations in the size of capillarv 
openings; tbe structure of the capillaries 
seems to varv with tbe organ, and these 
differences may be related to differences 
in function. 

Transport by the Lymph 

When Gasparo Aselli first described 
lympbatic vessels in 1622, the ones he 
noted were the lacteals: small vessels that 
drain the intestinal wall. The dog Aselli 
was dissecting had eaten recentlv; the 
lacteals had absorbed fat from tbe in
testinc, which gave them a milkv-white 
appearance and made them far more 
visible them otber lymphatics. The trans
port of certain fats from the intestine to 
the bloodstream by wav of the thoracic 
duct is one of the IVI�lphatic system's 
major functions. Studies in which fattv 
acids bave been labeled with radioa�
tive carbon show that the blood capil
laries of the intestine absorb short-chain 
fatty acid molecules directly, together 
with most other digested substances, and 
pass them on to the liver for metabolism. 
But the bcteal vessels absorb the long
chain fats, such as stearic and palmitic 
acids, and carrv them to the bloodstream 
via the thonl�ie duct. The Ivmphatic 
svstem is also the main route bv which 
cholesterol, the principal steroid found 
in tissues, makes its wav into the blood .  

Since the lymphatics are interposed 
between tissue cells and the blood sys-

LYMPH CAPILLARY (lightest area) of mouse arterial tissue is enlarged 30,000 diameters 

in this electron micrograph made by Johannes A. G. Rhodin of the New York University 

S('hool of Medicine. At upper left is part of the nudeus of an endothelial cell of the vessel 

wall. The thin ends of two other cells overlap
. 

near the bottom. The faint shadow in the 

connective tissue outside the wall is a slight indication of a basenlent nlembrane. 

"LOOSE JUNCTION" between the overlapping ends of two endothelial cells of a vessel wall 

is seen in this electron micrograph, also made by Rhodin, of a lymphatic in mouse intes· 

tinal tissue. The lymph vessel is at the top, eonnective tissue at the bottom. In this case there 

is no sign of a basement membrane outside the wall. The enlargement is 90,000 diameters. 
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L YMPHANGIOGRAM is an X-ray photograph in which the lym

phatic vessels a re made visible b y  injectin g  into them a radiopaque 

dye_ In the n ormal leg ( le/t) the vessels a re strai ght a n d  well de

fi ned_ In lymphedema (right) there is ins ufficient drai nage of flui d 

and proteins, in thi s case because there were t o o  few vessels in the 

thi gh. The extra p ressure on the lower-leg vessels in ereased thei l

number an d made them t o rtuous_ These pi ctures w ere made by 
Carl A. Smith of the New York University S('hool of Medi " ine_ 

tem it is not surprising to find that they 
serve as the channel for transport to the 
bloodstream of substances that originate 
in tissue cells _ The lymph is probably the 
route by which at least some hormones, 
many of which are very large molecules, 
are carried to the blood from the endo
crine glands where they are synthesi zed _ 
Some enzymes, found in lymph in small 
concentrations, may merely have leaked 
out of the capillaries . But others are ap
parently picked up from their cells of 
origin and carried to the blood by the 
lymph. Certain enzymes, including h is
taminase and renin, are present in  great
er concentrations in lymph than in the 
blood . The finding on renin, reported by 
A .  F. Lever and W.  S. Peart of St. M arv's 
Hospital Medical School in London, is of 
particular interest to investigators work
ing on the problem of hypertension . One 
concept ascribes high blood pressure in 
some individuals to the production of 
renin by a kidney suffering from inade
quate blood circulation ; the renin is  
thought to combine with a globulin in  
the plasma to form hypertensin, an 
enzyme that narrows the arterioles and 
results in high blood pressure. It has 
been difficult to establish this concept 
because no one has been able consistent-
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ly to demonstrate the presence of renin 
in the blood of hypertensive patients . 
Now that it has been discovered in 
lymph coming from the kidney it i s  
clear that renin is indeed being formed 
in these patients, although in amounts 
so small that it usually escapes detection 
after being diluted in the blood. 

Recently Samuel N. Kohnen of the 
University of Texas Medical Branch in 
Galveston has provided what may be a 
confirmation of the renin concept. He 
produced hypertension in  dogs by re
moving one kidney and partially con
stricting the artery supplying the other 
one. When he shunted the thoracic-duct 
How into the dog's gullet or allowed it 
to escape, the hypertension diminished. 
The implication is  that renin was being 
kept out of the bloodstream.  When Kol
men stopped lymph How in the shunt, 
presumably inhibiting the diversion of 
the renin, the hypertension returned.  

The Lymphatic Circulation 

To the investigators of the 19th cen
tury the lymphatic system was "open
mouthed" : its capillaries were assumed 
to be open to the tissue spaces . More 
recent evidence has shown that the 

lymphatics form a closed system, that 
Huid enters not through the open ends 
of vessels but through their walls . The 
walls of the terminal lymph capillaries, 
like those of blood capi l laries, consist of 
a single layer of platelike endothelial 
cells. This layer continues into the larger 
vessels as a l ining but aC<juires outer lay
ers of connective tissue, elastic fibers and 
muscle . Although the capillaries of the 
blood and lymphatic systems are struc
turally very similar, recent electron 
micrographs show differences in  detail 
that may help to explain the ease with 
which the lymph vessels take up large 
molecules . Sir Howard Florey of the 
University of Oxford and J. R. Casley
Smith of the University of Adelaide 
in  Australia believe that the most im
portant difference is  the poor develop
ment or absence in lymph capillaries of 
"adhesion plates," structures that hold 
together the endothelial cells of the 
blood capillaries .  They suggest that as a 
result there are open junctions between 
adjacent cells in  lymph capillaries that 
allow large molecules to pass through 
the walls .  Tohannes A. G. Rhodin of the 
New York University School of Medicine 
puts more emphasis on the apparent ab
sence or poor development in lymph 
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capillaries of the "basement membrane" 
that surrounds blood capillaries .  

Certainly i t  i s  clear that very large 
particles do enter the lymphatic vessels : 
proteins,  chylomicrons, lymphocytes and 
red cells-the last of which can be as 
much as nine microns in diameter. Bac
teria, plastic spheres, graphite particles 
and other objects have been shown to 
penetrate the lymphatics with no ap
parent difficulty. Yet we have found that 
when we introduce substances directly 
into the lymphatic system, anything with 
a molecular weight greater than 2,000 
is retained almost completely within the 
lymphatics, reaching the blood only by 
way of the thoracic duct. If large parti
cles can get into the lymphatic vessels, 
why do substances with a molecular 
weight of 2,000 not get out by the same 
channels? 

I have spent many hours trying to 
formulate an answer to this question 
without arriving at a sophisticated con
cept, and have had to be content with a 
simple explanation that is at least con
sistent with the current evidence. As
sume that the smallest terminal lym
phatics are freely permeable to small and 
large molecules and particles moving 
in either direction through intercellular 
gaps.  Compression of these vessels in 
any way would tend to force their con
tents in all directions. At least some of 
the contents would be forced along into 
the larger lymph vessels, where the 
presence of valves would prevent back
flow. And once the lymph reaches a larg
er vessel it can no longer lose its large 
particles through the thick and relative
ly impermeable wall of the lymphatic. 

One can argue that this seems to be 
a rather inefficient and even casual way 
of getting the job done. Indeed it is,  and 
this physiological casualness is a char
acteristic of the lymphatic system as a 
whole . There is no heart to push the 
lymph, and although lymphatic vessels 
do contract and dilate like veins and 
arteries this activity does not seem to 
be an important factor in lymph move
ment. The flow of lymph depends al
most entirely on forces external to the 
system : rhythmic contraction of the in
testines, changes in pressure in the chest 
in the course of breathing and partiCll
larly the mechanical squeezing of the 
lymphatics by contraction of the muscles 
through which they course.  

Lymphatic Malfunction 

In spite of the casualness of the lym
phatic system, its development, as I 
have tried to show, was an absolute 

necessity for highly organized animals. 
Its importance is most visibly demon
strated in various forms of lymphedema, 
a swelling of one or more of the ex
tremities due to the lack of lymphatic 
vessels or to their malfunction .  In some 
individuals the lymphatic system fails to 
develop normally at birth, causing grad
ual swelling of the affected part. Lym
phangiographic studies, in which the 
vessels are injected with radiopaque 
dyes to make them visible in X-ray pho
tographs, show that the lymphatics are 
scarce, malformed or dilated. Insuf
ficient drainage causes water and protein 
to accumulate in the tissues and ac
counts for the severe and often dis
abling edema. There is evidence that 
genetic factors may play a role in this 

condition. Surgical procedures that de
stroy lymph vessels may have a similar 
effect in a local area. Elephantiasis is a 
specific form of lymphedema resulting 
from the obstruction of the vessels . It can 
be caused by infection of the lymphatics 
or by infestation with a parasitic worm 
that invades and blocks the vessels . 

The lymphedemas have been recog
nized as such for many years . Recently 
the view that the lymphatic system is 
essential to homeostasis-which is to say 
"good health" -has led to a number of 
investigations of its role in conditions 
in which no lymphatic involvement was 
previously suspected. Our group at Tu
lane has found that lymphatiC drainage 
of the kidneys is essential in order to 
maintain the precise osmotic relations 

LYMPHEDEMA can cause gross deformity of a limb and even disability. The drawing is 

based on a photo graph of an l l .year·old girl whose leg began to swell at the age o f  seven, 

probably because of an insufficiency of lymphatic vessels. The patient's condition was great· 

ly improved by an operation in which the tissue between skin and muscles was removed. 
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A i r b ras i v e® U n it 
The Airbrasive is not the way to open your breakfast egg. But it is  
often the only way to cut many extremely hard, fragile materials. 
It would pay you to look around your production line or laboratory to 
see where you can use the Airbrasive . Any tool that can make tricky 
cuts like these in  such a fragile object as an empty egg-shell can surely 
do jobs for you that you previously thought were impossible. 

The secret of its unique ability lies in  a finely controlled stream of 
microscopic abrasive particles gas-propelled through a precise nozzle.  
This stream cuts or abrades or cleans without  shock, heat,  or vibration.  
Use it to make cuts  as fine as 0.005" . . . remove surface coatings . . .  
adjust microminiature circuits . . .  debur tiny parts . . .  and many more 
delicate tasks. The cost is  low. For under $ 1 ,000 you can set up your 
own Airbrasive cutting unit.  

Send liS samples of your 
"impossible" jobs alld let liS 
test them for YOIl at 110 cost. 

WRITE FOR 
BULLETIN 6006. 

Complete in/ormation . 

s. S. WH ITE INDUSTRIAL DIVISION 
Dept .  SA, _ 1 0  East 40th  St . ,  New York  1 6, N. Y . •  Te lephone  MU 3-30 1 5  co l l ect. 
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on which proper kidney function de
pends. This may explain the dilution 
of the urine observed in some patients 
after kidney operations :  the lymph ves
sels may have been damaged, decreas
ing their capacity for draining proteins 
and interfering with the reabsorption of 
water by the kidney tubules. 

At the New York University School 
of M edicine, John H. Mulholland and 
Allan E .  Dum

'
ont have been investigat

ing the relation between thoracic-duct 
flow and cirrhosis of the liver. Their re
sults suggest that the cirrhosis may be 
associated with increased lymph flow in 
the liver and that the inability of the 
thoracic duct to handle the flow may 
bring on the accumulation of fluid, local 
h igh blood pressure and venous bleed
ing that are fre(luently seen in cirrhosis 
patients ; drainage of the duct outside the 
body temporarily relieves the symptoms. 

These and other clinical observations 
are consistent with my feeling that the 
lymphatic system does a capable job 
when all is going well but that its capaci
ty for dealing with disturbances is  limit
ed.  As a phylogenetic late-comer it may 
simply not have evolved to the point of 
being able to cope with abnormal stresses 
and strains. The role of the second circu
lation in disease states is currently under 
intensive investigation. As more and 
more is learned about its primary func
tions and its reactions to stress, the new 
knowledge should be helpful in  diag
nosis and perhaps eventually in the 
treatment of patients. 

D I LATED T H O R A C I C  DUCT of a patient 

with cirrhosis i s  seen in this photograph 

made by Allan E. Dumont and John H .  M ul· 

holland of the New York University School 

o f  Medicine and reprinted from Annals of 

Surgery. The plastic tube j ust below the 

duct is  a tenth o f  an inch in diameter. A 

n ormal duct would be smaller than the tube. 
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A VOICE IN  SPACE FOR EVERY NAJION A d ra m a t i c adva nce by a n  ITT Syste m c o m p a n y  
permits  a n y  n a t i o n  i n  t h e  wo r ld  to s h a re i n  t h e  

m y r i a d  a d va ntages o f  co m m u n icat i o n  b y  satel l i te .  / For I TT h a s  co n c e ived a n d  d evelo ped a n  e n t i rely n ew k i n d  

o f  satel l ite com m u n i ca t i o n s  term i n a l .  Ea s i l y  t ra n s po rta b l e ,  i t  ca n be s h i p ped a nywh e re .  I t  ca n be e rected i n  2 4  
h o u rs .  I ts  cost:  modest .  N ow te l e p h o n e ,  te legra p h  a n d  d a t a  c h a n n e l s  ro uted t h ro u g h  s pace ,  ca n be m a d e  a va i l ·  
a b l e  between remote a n d  d i sta nt  po i nts  a l l  ove r t h e  g lobe .  / Th i s  n ew u n iversa l g ro u n d  stat i o n  - t h e  f i rst o f  its 
k i n d - i s a co m p l ete , s e l f · co n ta i n ed term i n a l  for  t ra n s m i s s i o n s  to a n d  f ro m  satel l i tes . F i rst u s ed i n  i nte rco n t i ·  
n e n ta l  vo ice t ra n s m i s s i o n  w ith  NASA ' s  P roj ect R e l a y ,  m i n o r  a d a pt i o n s w i l l  p e r m i t  t h e  eq u i p m e n t  t o  w o r k  w i t h  

o t h e r  co m m u n i ca t i o n s  sate l l ites yet to c o m e .  ( I n sta l l ed i n  B raz i l ,  i t  h a s  a l ready b e e n  res po n s i b l e  fo r esta b l i s h ·  
i n g  t h e  f i rst l i n k  t h ro u g h  space between t h e  two A m e r i ca s ! )  / ITT i s  a ct ive i n  v i rtu a l ly eve ry a rea o f  t h e  U .  S .  
s p a c e  effo rt - f ro m  g ro u n d  c o n t ro l  t o  t h e  p rod u ct i o n  o f  co m p l ete sate l l ites . . .  f r o m  t h e  d evel o p m e n t  of t i ny co m ·  
ponents t o  t h e  m a n agement o f  m i s s i l e  ra nges t h o u s a n d s  o f  m i l e s  l o n g .  I t ' s  a natu ra l  ro l e  fo r t h e  wo rl d ' s  l a rgest 

i nternat i o n a l  s u p p l i e r  of e l ectro n i c s  a n d  te leco m m u n icat i o n s .  / I ntern a t i o n a l  Te l e p h o n e  a n d  Te l eg ra p h  Co rpora · 
t io n .  Wo r ld Head q u a rters :  3 2 0  Pa rk Ave n u e ,  N ew Yo rk 2 2 ,  N ew Yo rk .  
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from a very rel iable source. 
How will Fairchild transistors stand up 

under missile launching stresses ? Or in 

a guidance system north of the Arctic 

Circle ? Or in an orbiting satellite ? Get

ting the facts is a tortuous process - for 

the transistors . They undergo alternate 

extremes of heat and cold .  M o i sture.  

Shock.  C onstant acceleration of 20,000 

G's. Then they must operate continuously 

for 1,000 hours at a high temperature. 

These tests are p a rt of the Fai r c h i l d  

routine. The volumes o f  information they 

provide tell our customers what they can 

expect from Fairchild transistors. And 

because Fairchild transistors can take the 

worst, our customers can expect the best. 

F� I R C H I L C 
S E M I C O N D U CTO R 
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HYDROGEN IN GALAXIES 

Recent Htudies "rith radio telescopeH indicate that the amount 

ofintel'stellar hydrogel1 ll1 Cl galaxy IS correlated with Its 

structural type and holds clues to its ongln and eyolut ion 

In 1944 H .  C. van de Hulst, a voun g 
astrononw studen t at the University 
of Leiden,  proposed that it might be 

possible to detect radio emiss ion from 
hvdrogen atoms spread thinl" thro u gh 
i n terstell ar spacc. Because the Nether
lands was then occupied bv German 
troops van de Hul st's proposal did not 
become generally known unt i l  the war 
had ended. Even then few astronomers 
took i t  seriously, because i t  seemed l ikely 
that the hydrogen signal woul d  be ex
tremelv faint. Fin allv,  in 1951, the hydro
gen emission was detected with a crudc
looking but sen sitive apparatus bv Har
old 1. Ewen, a H arvard Universi tv 
graduate student,  and his professor,  
E .  M. Purcell . Almost s imul taneouslv  a 
radio tel escope was completed at Leiden 
and van de Hulst confirmed the Harvard 
discovery and his own prediction. 

S ince 1951 radio astronomers at  
Leiden , Sydney in  Austral ia ,  Harvard 
and elsewhere have spent thous'lnds 
of hours recordin g the hydrogen emis
sion from with i n  our own galaxy and 
from some 3.5 or 40 other galaxies near 
enough to yield a detectable hydrogen 
s ignal. The recordings from within our 
galaxy havc shown that the hydrogen is  
concen tratcd in  the spiral arms of the 
galactic structure. \Vh at i s  more s ignifi
cant,  the location of the hydrogen and i ts 
relative moticn in space can be mapped 
even in distant  regions of the galaxy 
where stars are obscured by den se veils 
of interstel l ar dust. The dust blocks visi
ble l i ght but not the radio waves from 
hydrogen. t-luch of the mappi n g  of hy
drogen con cen tration s wi thin our galaxy 
has been don e at Leidcn and at  Syd
nev. At H arvard my eol leagucs and I 
have spent  several veal'S measuring the 
hydrogen con tent of other galaxies, us ing 
a radio telescope with a 60-foot dish 
completed in 19:56. Al though it  i s  not 
large as modern radio telescopes go, the 
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Harvard instrument  has been equipped 
with a very sensitive maser detector. 

Our findings,  in brief, are that the 
amount of hydrogen in a galaxy can be 
correlated with i ts  appearance and struc
ture. In spiral galaxies such as our own 
about 1 per cen t of  the total galactic 
mass is  in the form of interstellar hydro
gen . In  galaxies with more open spirals 
the Iwdrogen content run s  as h i gh as 14 
per cent .  Some galaxies with an i rregular 
structure contain as much as 30 per cen t. 
In certain other galaxies,  in gen eral those 
with little flatten i n g  or spiral structure ,  
w e  have been un able to detect any hy
drogen at all. These fin d i n gs are con 
sisten t with a recen t hypothesis  that 
questions the assumption that galaxies 
of differen t  appearan ces represen t dif
ferent  stages in galactic evol u tion. For 
example, some astrcn omers have thought 
that galaxies begin their l ife as spherical 
gascous systems ,  which become flattened 
by rotation and later un dergo other 
structural changes. The new view is  that 
galaxies are endowed with d i fferent 
s tructures from the time of formation 
and change l ittle with the passage of 
time. On this view i t  is reasonable to ex
pect that gala xies mav also varv w idelv 
in hvdrogen content from the outset. 
The case, h owevcr, i s  far from closed . 

S ome idea of the difficultv of measur-
i n g  the hydrogen emiss ion hom 

space can be gained from the following 
statistics. The amount of radiat ion from 
i nterstel lar hvdrogen fall ing on the en
tire surface of the earth i s  less than 10 
watts. The amollnt of this energv that 
can be collected bv a radio telescope i s  
an extremelv small  fraction i n  wh i ch the 
numerator is  the area of the telescope's 
collecti n g  surface and the denominator 
i s  the area of the earth: about .5 X 101', 
square feet. Of the total energy of less 
than 10 watts of hydrogcn signal reach-

in g the earth, only about a mi l l ionth of a 
watt is contributed bv a galaxv tvpical 
of those detectable hI' the 60-foot Har
vard radio telescope. This  means that 
the maser mounted on the tel escope i s  
abl e to detect a s i g n a l  whose strength i s  
tl'picall)' H)-I" or a b i l l i on-bill ionth , 
W'ltt. 

'Vh at is the source of the hydrogen 
signal? As van de Hulst rccogn ized, a 
Iwdrogen atom float i n g  in the cold void 
of space can exist in  on l v  one of two 
energv states . In  the l ower encrgy state 
its s i n gle electron and proton arc spi n 
n in g  i n  opposite directions; i n  the sl ight
I)' h i gher state the two particles are spin
n ing in the same direction. Every few 
mill ion veal'S ,  on the avcrage, the spin  
axi s  of thc electron wi l l  Hip over  and a 
hydrogen atom in the h i gher state wil l  
pass to the lower' en ergv state. Simul
taneoush' a photon is emitted and carries 
off the energv lost in  the tra n si tion. The 
emitted photon has a wavelen gth of 21 
centi meters,  which i s  e(luivalen t to a fre
quen cv of ] ,420 megacl'cles. Thi s is thc 
21-cen timeter spectral l ine that Ewen 
a nel Purccll were the first  to detect. A 
final  point  i s  that hvdrogen atoms that 
have Hipped to the l ower state will  oc
casionally acquire the energy needed
usually through colli s ion with an other 
atom-to revert to the h i ghcr energy 
state. 

The discoverv of 21-centimeter radi
ation has made it  poss ib le  to carrv for
ward a study of galactic structllre that 
began with the \\'ork of Sir Wil l iam 
Herschel i n  the 18th centurv. A brief 
account of this quest for kn owledge may 
hclp to set the stage for a di scussion of  
our own investi gations. 

It  was apparent to Herschel , as to star
gazers before h i m ,  that the sky i s  not 
uniformly popul ated with star s .  Many 
men must h ave wondered if  the Milky 
Way, which appears as an  irregular band 
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of light across the night sky, is actually 
made up of stars so densely packed that 
the eye cannot resolve them. Using a 
succession of magnificent telescopes, 
Herschel was able not only to resolve 
the stars in the Milky Way but also to 
make a systematic count of the stars in 
different directions. He assumed that the 
extent of our stellar system must be 
greatest in the direction in which the 
apparent density of stars is highest. 

Herschel's method was extended by 
other observers and finally led, early in 
this century, to a model known as the 
Kapteyn universe, named for J. C. 

Kapteyn, who began his career at the 
Leiden observatory. On the basis of pho
tographic star counts Kapteyn concluded 
that the sun is located almost at the 
center of the Milky Way, which was 
thought to define the whole universe. 
The existence of other galaxies was still 
unrecognized. 

Around 1917, using a completely dif
ferent approach, Harlow Shapley reached 
the quite different conclusion that the 
sun must be located some 50,000 light
years from the center of our stellar sys
tem. Studying the distribution of globu
lar clusters of stars, Shapley noted that 

most of them are concentrated in one 
hemisphere of the sky. He guessed that 
they are in all probability symmetrically 
located about the center of our galaxy 
and that their observed distribution 
means that the solar system is displaced 
toward the edge of the galaxy. It turned 
out that Shapley was basically right but 
that he had overestimated the distance 
from the sun to the center of the galaxy. 
The best current estimate places the 
distance at about 3.3,000 light-years, not 
.50,000. 

How could Shapley's observation be 
reconciled with Kapteyn's star counts, 

DIFFERENT TYPES OF GALAXIES include (left to Tight, from 
LIpper left) NGe 4486, an elliptical galaxy 40 million light-years 

distant; NGe 5866, an SO spiral 33 million light-years away; NGe 

4594, an Sa spiral at 37 million light-years; NGe 2841, an Sb spiral 

at 30 million light-years; NGe 2903, an Sc spiral at 23 million light

years; and NGe 4449, an irregular galaxy 11 million light-years 

away. Amount of hydrogen in galaxies seems to be correlated with 

structural type_ Ellipticals have the least; irregulars the most. 
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"DRIFT CURVE" METHOD of studying hydrogen in galaxies 

involves aiming radio telescope directly west of galaxy (top left) 
and letting rotation of earth carry it past the galaxy. Idealized 

recordings on three channels one megacycle apart are shown. Inter· 

stellar hydrogen emits radiation at 1,420 megacycles per second. 

If the galaxy happens to be receding at 400 kilometers per second, 

the wavelength is shifted to 1,418 megacycles (center row of 
panels). In this case no emission is recorded at 1,419 or 1,417 mega· 

cycles. The curve at the bottom, which plots the power received at 

various wavelengths, is known as the velocity profile of the galaxy. 
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which showed roughly etlual numbers of 
stars in all directions? The answer to the 
riddle was supplied in 1930 by Robert J. 
Trumpler of the Lick Observatory, and 
in the process he corrected Shapley's 
distance scale. Trumpler compared the 
diameters of several hundred open, or 
galactic, clusters and reasoned that they 
should have about the same average size 
regardless of distance. When he applied 
the prevailing distance scale, however, 
he found that the predicted diameters in
creased with distance. The obvious way 
to correct this discrepancy was to as
sume that the distant clusters were ac
tually nearer than the prevailing scale 
implied. But if they were nearer, why 
were they not brighter? Trumpler's an
swer: They were dimmed by interstellar 
dust. 

This also explained why Herschel, 
Kapteyn and others were misled. In the 
plane of the Milky Way there is so much 
dust that they could never see the blaze 
of stars in the galactic center. By 1930, 
however, Trumpler's brilliant deduction 
was overshadowed by the somewhat 
earlier discovery, due chiefly to Edwin P. 
Hubble of the Mount Wilson Observa
tory, that our galaxy is only one in a vast 
universe of millions of galaxies extending 
for millions and, as we now know, bil
lions of light-years in all directions. 

J\.l.though Trumpler's discovery seemed 
to place an impenetrable veil over 

large regions of the Milky Way, the veil 
was simultaneously being lifted-al
though no one realized it at the time
by a young radio engineer, Karl C. Jan
sky. An employee of the Bell Telephone 
Laboratories, Jansky was asked to in
vestigate unexplained radio noises that 
were plaguing transatlantic radiophone 
communications. In 1932 Jansky report
ed that at least some of the noise was 
"cosmic," originating outside the solar 
system. This was the accidental begin
ning of radio astronomy, and for the next 
10 years optical astronomers virtually ig
nored it. Because of poor resolution early 
radio telescopes had trouble pinpointing 
the sources of cosmic noise. As a result 
the first radio maps of the sky resembled 
topographical contour maps. Closely 
spaced and roughly parallel lines de
lineated the plane of the Milky Way. 
Here and there, like hills on a contour 
map, a few cosmic hot spots were identi
fied by a series of tightly spaced whorls. 

The radio telescopes built before 
World War II could not possibly have 
detected the 21-centimeter radiation of 
hydrogen. They did not operate at such 
short wavelengths and they were far too 
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MULTICHANNEL DRIFT CURVES of irregular galaxy IC 10 were obtained in one sweep 

with maser mounted on the 60·foot telescope of Harvard College Observatory. Different 

frequencies recorded represent velocity differences of about 30 kilometers per second. Re· 

sponses here sh"", that this galaxy is receding at approximately 347 kilometers per second. 
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VELOCITY PROFILE of galaxy IC 10 comes from several multichannel sweeps. Dots mark 

specific observations. Thin vertical bars indicate range of error. Short dashes at top of lowest 

bars mark maximum strength of signal there. Dashed vertical line indicates break in scale. 
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ANGLE OF GALAXY aA'eets velocity profile, All these are Se 
spirals. NGe 5�5 7 (top left I, 12 million light-years away, is seen 

fuH fare or ::dong axis of rotation. It� angle is thus zero. 

NGe 628 (top right), 25 million light-years allay, tilts at an angle 

98 

of 35 degrees_ NGe 2�03 (bottom left), 11 million light-years away, 

is indined at 54 degrees as seen from earth, and NGe 42-!4, 11 mi I
lion light-years distant, at 86 degrees_ These photographs and those 

on page 95 were made at Mount \iTilson and Palomar Observatories_ 
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insensitive. The reliuired sensitivity at 
short wavelengths was largely an inherit
ance from wartime radar. 

An important virtue of 21-centimeter 
radiation in astronomy-its ability to 
penetrate interstellar dust-arises from 
the fact that its waves are about a million 
times longer than the dimensions of a 
dust particle. Light waves, having about 
the same length as the dimensions of a 
dust particle, tend to be scattered. 
Otherwise the two kinds of radiation 
behave in the same way. Like light 
waves, the 21-centimeter waves are 
shifted in frequency if their source has 
a radial component of velocity-that is, 
if the source is moving in the observer's 
line of sight. This Doppler shift is to
ward a higher frequency if the source is 
approaching and toward a lower fre
(luency if the source is receding. 

A rather complete picture of the cen
tral plane of our galaxy, as seen in the 
"light" of hydrogen radiation, has now 
been assembled from radio observations 
made primarily at Leiden and Sydney. 
The map shows not only the location but 
also the amount of hydrogen in various 
parts of the galaxy. Astronomers have 
been surprised to learn that interstellar 
hydrogen represents only about 1 per 
cent of the total mass of the entire galaxy. 
They had thought the figure would be 
several times larger. 

In 1953 Australian observers reco.rded 
the first 21-centimeter radiation from a 
galaxy outside our own. The faint signal 
originated from the two small galaxies 
known as the Clouds of Magellan-our 
nearest extragalactic neighbors. Before 
long hydrogen radiation was detected 
from the Great Nebula in Andromeda, a 
spiral galaxy only about two million 
light-years away. It was apparent that to 
record hydrogen emission from any siz
able sample of galaxies one would have 
to build larger radio telescopes or design 
more sensitive receivers. Ideally, of 
course, one should do both. 

gout five years ago the Harvard radio 
astronomy group set out to obtain a 

more sensitive receiver in the form of a 
maser. The actual design and building 
was done by two visitors at Harvard, 
B. Cooper of the Australian Common
wealth Scientific and Industrial Research 
Organization and J. Jelley of the British 
Atomic Energy Research Establishment 
at Harwell. The design followed sugges
tions made by N. Bloembergen of Har
vard and Thomas Gold, now at Cornell 
University. The maser has been in con
tinual operation since early 1960 and 
represents one of the major research 

tools of the Harvard Radio Astronomy 
Project. 

Since the maser had to be located 
close to the feed horn at the focus of 
the 60-foot parabolic reflector, a com
pact, light design was required. The 
heart of the device is a ruby crystal lo
cated between the poles of a powerful 
electromagnet. Because the maser op
erates in a vessel of liquid helium, a con
venient way to replenish the helium as it 
evaporated had to be found. The entire 
system weighs 200 pounds. It is at least 
five times more sensitive than conven
tional receivers and has tripled the num
ber of galaxies that can be detected with 
the 60-foot dish. 

In our study of 21-centimeter mdia
tion from galaxies we have looked for 
correlations with the galactic structure 
as deduced from photographs. In the 
classification scheme originally proposed 
by Hubble galaxies are of three basic 
types: elliptical, spiral and irregular. 

The ellipticals, which are essentially 
featureless, are classified according to 
their apparent ellipticity. The spirals are 
divided into two general categories: 
"normal" and "barred." In the former the 
spiral arms appear attached to the nu
cleus, or central region, of the galaxy; in 
the latter the arms extend from the ends 
of a bar that passes through the galactic 
nucleus. For the sake of simplicity I shall 

.... 

make no distinction between normal and 
barred spirals. 

The spirals are further classified ac
cording to the relative size of the nu
cleus, the degree of openness of the 
arms and the resolution of the arms. A 
spiral with a large nucleus and smooth, 
tightly wound arms is classified Sa. An 
Sc galaxy has a small nucleus and large, 
open arms displaying a great deal of 
structure. Our own galaxy is an Sb type, 
intermediate between Sa and Sc in plan. 
A fourth type of spiral, SO, appears at 
first sight to be an elliptical, but actually 
it has a quite different profile of lumi
nosity and contains very little dust. 

The irregular galaxies exhibit no fea
tures by which they can be further clas
sified; their appearance is chaotic and 
they show little or no evidence of a 
nucleus. They are not so highly flattened 
as spirals seen edge on, but they prob
ably do possess a central plane. 

The optically determined colors and 
spectral features of galaxies are known 
to vary in a systematic fashion with 
galaxy type; both sets of properties pro
vide information about the stellar con
tent of a galaxy. From 21-centimeter ob
servations we have tried to determine 
how the hydrogen content varies in gal
axies of different types. Evidence for 
some sort of correlation was suggested 
by earlier work, primarily that of Dutch 
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VELOCITY 

VELOCITY 

VELOCITY 

EFFECT OF TILT is illustrated with a single schematic Sc galaxy seen from three different 

angles. In all three views distance to galaxy, its radial velocity, rate of rotation and hydro

gen content do not change. Differences in velocity curves I right) are due only to the angle 

of view. Because other factors are the same the area beneath all three curves is equal. 
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Model 115 Continuous-Wave Gas Laser 

WHAT 
TO LOOK FOR 

IN A 
LASER 

A laser is more than a beam of light, more than 
just a laboratory toy. Just how much more depends 
upon what you look for. These parameters of CW 
gas lasers are worth your looking into: 

Wavelengths Will one or two be sufficient? The 
Perkin·Elmer /Spectra-Physics Model 115 provides 
three; visible and infra-red: 6328A, l1,523A, and 
33,912A. 

Power Is specified power for multi-transverse 
mode or single transverse mode wavefront? Most 
lasers are incapable of operation in the lowest 
order transverse mode. The Model 115 produces at 
least one milliwatt of power in a uniphase, lowest· 
order mode. This specification is also a measure of 
optical quality. 

Adjustability Can you make precision adjust· 
ments of both resonator length and reflector angle? 
The Model 115 resonator is precisely adjustable 
over 2 cm in length and adjusts in reflector angle 
to 0.1 arc second resolution. 

Precision in construction and alignment-A good 
test is whether it is possible to operate the laser 
in the plane·parallel resonator configuration. This 
is also a revealing index of the laser's stability. 

Exciter Is it designed specifically for laser use? 
If it is, as in the Model 115, control will be simpler 
and you'll avoid problems arising from misadjust· 
ment of needless controls. 

Warranty Is the laser guaranteed? Who made it? 
How many has he made? Who's now using them? 
Over 70% of all commercial CW gas lasers in use 
today were developed and produced by Spectra· 
Physics. The Model 115, backed by an unmatched 
continuity of experience and user-proved perform· 
ance, carries a complete warranty (including plasma 
tube). 

Price Most lasers are worth what they cost; you 
can buy some for under $1000. But if you want the 
quality and serviceability of a precision laboratory 
instrument. you'll find the Model 115, with a price 
tag of $4650, to be the best value available today. 

DEMONSTRATION Have you seen the Model 115 
in operation (or the higher-powered Model 112)? 
Drop us a note (or call collect) for a demonstration 
in your lab. Meantime, we'd like to send you our 
newest product brochure and put your name on the 
list to receive future applications bulletins. 

SPECTRA-PHYSICS 
INC. 

738 Terra Bella/Mountain View 2/California 
(415) 968-4467 
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RADIAL VELOCITIES of galaxies as measured with radio telescope are plotted against 

those calculated from optical study of same galaxies. Colored dots indicate radio observa

tion at Harvard; black dots, at Leiden. Diagonal line shows mathematical fit to the points. 

observers. We needed a large sample so 
that meaningful averages could be ob
tained. 

Our observations are made by the 
"drift curve" method. The radio tele
scope is aimed directly west of the gal
axy under study and the rotation of the 
earth carries the telescope past the gal
axy. In this manner a base line as well as 
the signal is obtained with one setting of 
the telescope. Unlike an optical tele
scope, which has a precisely defined 
field, a radio telescope accepts a certain 
amount of radiation from all directions 
through its "side lobes." The drift-curve 
method minimizes any changes that oc
cur in side-lobe reception during the ob
servation. The receiver output, recorded 
on paper tape, shows how the signal 
strength varies as the telescope "drifts" 
across the sky. 

In making the observations allowance 
must be made for the radial velocity of 
the galaxy. For each increment of one 
kilometer per second in radial velocity, 
the "pitch" of the 1,420-megacycle hy
drogen signal is shifted by five kilo
cycles. Because such Doppler shifts can 
often be determined with an accuracy of 
plus or minus 25 kilocycles, radial veloc
ities determined by radio methods are 
inherently more accurate than those de-

termined by optical means. Nevertheless, 
optically determined velocities are a 
great aid to the radio astronomer in se
lecting the frequency range needed to 
observe a given galaxy. 

Because the hydrogen within the gal
axy being observed is also in motion, the 
radiation will be further shifted, this 
time around the average velocity of the 
entire system. Observations must there
fore be made over a range of velocities. 
In order to reduce the observing time we 
usually record simultaneously on five 
different channels, spaced 150 kilocycles 
apart. This is equivalent to measuring 
hydrogen radial velocities in five ranges 
spaced at intervals of 30 kilometers per 
second. The total recording range is thus 
150 kilometers per second, but even this 
range is not great enough to encompass 
the random and systematic motions of 
hydrogen within some galaxies. In such 
cases the recording frequencies must be 
shifted and the galaxy may have to be 
scanned several times. 

The multichannel recordings are con
verted into a velocity profile, which 
indicates the amount of radiation re
ceived at each velocity and therefore 
the total radiation falling on the antenna. 
If one knows the distance of the galaxy 
from optical measurements, one can re-
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TE LE M ETRY 0 OWN TO EARTH! 

THE HONEYWELL 

VISICORDER MEASURES �WI�II:\�'III� nUIIIIIIIIIII" 1IIIr:l
lllIIlll� �\llllv'l 1III \\\111\ III� IIII '111111111\1\\\1 r q1lbh. 1\1\\IIIIII�bL m I 11II 11 1m 

ON A ROTATING 
SCRUBBER MILL 

************ 

Telemetry is usually thought of as signal transmission 

across tremendous voids. Allis-Chalmers uses the 

Honeywell Visicorder oscillograph to bring telemetry 

down to earth. 

At the Allis-Chalmers processing machinery department 

in Milwaukee, design engineers wanted to measure grind

ing mill stresses while the huge machines process metal 

ore, taconite, cement, and other materials. Large, costly 

slip rings and dismantling of the machinery had to be 

avoided, and if possible, all tests were to be made under 

actual operating conditions in the user's plant. 

The problem was neatly solved with a telemetry system 

built around a Honeywell 906 Visicorder oscillograph 

and a Honeywell Bridge Balance Unit. With this system, 

stresses on the shell of the mill, torque on the shaft, and 

strain on the entire mill can be measured with the mill 

in operation, and with a minimum of inconvenience to 

the customer. 

Strain gages are placed on the mill at points where 

stresses are to be measured. Multiplexed data from the 

gages are broadcast by an FM transmitter attached to 

the rotating mill, and are picked up by an FM receiving 
unit. The multiplexed signal is 'sorted out' by audio 

filters and discriminators, and sub-frequencies and fre

quency variations are changed to a varying DC voltage. 

The Honeywell Visicorder was selected to record the 

data because Allis-Chalmers engineers wanted to meas

ure even the slightest variation at high frequencies (in 

this case, as high as 1800 cps), and to measure and 

record all three data channels simultaneously. In addi

tion, the immediately-readable record produced by the 
Visicorder gave the engineers an on-the-spot reading of 

s tress variations as well as a permanent record for 

later use. 

There is a Honeywell Visicorder to fit your test require

ments. Six models offer frequency response from DC to 

5000 cps, with paper speeds from .1 inch per hour to 

160 inches per second. For complete specifications on aU 

Visicorder oscillographs, call your nearest Honeywell 

Industrial Products Group office, or write: Honeywell, 

Denver Division, Denver 10, Colorado, where our num

ber is: 303-794-4311. In Canada, contact Honeywell 

Controls, Ltd., Toronto 17. 

HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. 

Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 

This Visicorder record of telemetered scrubber mill stress data is shown 

one· half actual size. Records of this type enable A·C to make necessary 
changes in their formulae for stresses on mill shells and heads. 

DATA HANDLING SYSTEMS 

Honeywell 
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'�I.a®D 
"crad le of 

industria l research" 

Many of the scientific developments 
that will shape tomorrow's world 
are germinating right now in New 
J ersey's more than 500 industrial 
research institutions. The smaller 
manufacturer who does not have 
his own research staff can easily 
find top-notch facilities and person
nel available close by to help work 
out his problems. 

Because of its great contributions 
in such fields as electricity, elec
tronics, chemistry, metallurgy and 
aviation, New Jersey has been 
called "the cradle of industrial re
search".  Your executive and techni
cal people will find a stimulating 
environment here, and ample op
portunity for advanced study. 

Write for industrial in formation. 

Departm ent of Conservation and Econom i c  Development 

Promotion Section 951- w, 
520 East State Street. Trenton 25.  New Je rsey 

NEW d E RSEY 
Bureau of Commerce. 

in the 
geographic 
center of 
the world's 
richest 

late the measured radiation to the total  
energy emitted at  the galaxy . From this  
one can compute the total  mass of i n ter
stellar hydrogen with in  the galaxv. 

The velocitv profile also suppl ies all 
the information needed to compute the 
total mass of the galaxy. For th i s  compu
tation one must first take into account 
how the galaxy is t ipped with respect 
to our l ine of s ight .  If  a galaxy i s  viewed 
edge on,  it is evi dent th at  galactic rota
t ion will carry the hvdrogen i n  one h a l f  
of t h e  system toward t h e  observer a n d  
t h a t  i n  t h e  oth er ha lf  away from h i m .  
This  differen t ia l  motion broadens  the 
velocity p rofile .  If ,  on the other hand,  a 
galaxy is viewed full face, or a long the 
axis of rotation , all the hvdrogen , except 
for random motion ,  will have the same 
relative motion along the observer's l ine 
of s ight. I n  this case the velocitv profile 
w i l l  be h i gh and narrow.  If the same gal-

axy could be viewed at different inc l ina
t ions,  the area under the p rofile, which 
measures the total  power received,  
would rem ain constant  [see illustration 
on page 99] . 

''''hen we analvze a velocitv profil e to 
estimate the total mass of a galaxy, we 
begin b,' est imating i ts incl inat ion as re
vealed in photographs. For a given i n 
cl inat ion two galaxies of d ifferent mass 
wil l  produce velocity p rofiles of different 
width . The reason for th i s  i s  that the 
total mass of a system determines the 
strength of  i ts gra v i tational  fiel d ,  and 
this  i n  turn determines the motions of 
parti cles within the system . I n  general 
hydrogen atoms i n  a low-mass system 
wil l llot have to travel as fast to maintain 
a given orbit  as hydrogen atoms i n  a 
system of h i gh mass . 

The largest variation i n  hydrogen con
tent has been foun d i n  Sc galaxies-hi gh-

market R A D IO TELESCOPE of Harvard College Observatory has parabolic antenna 60 feel in 
diameler. The 200-pound maser unil is held at the prime focus where the three legs meet. 
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TW I N - T U R B I N E  C H I N O O K  is new Boeing Vertol tactical 
transport helicopter now in operation with U. S.  Army. Capable 
of  carrying 33 fully equipped troops plus troop commander, or 24 
l i tter patients and attendants, Chinooks have cruise speed of 150 
mph. Cabin is 30 feet long, has rear.loading ramp which can be 

left open in flight for carrying longer loads, or air· dropping troops 
or supplies. Maximum payload is more than seven tons. The 
h e l i c o p t e r ' s  s e a l e d  f u s e lage  m a k e s  w a t e r  l a n d i n g s  p o s s i b l e .  
Chinooks c a n  also serve as "flying cranes" carrying external loads 
by means of cargo· hook i nstalled in the bottom of the fuselage . 

Capability has many faces at Boeing 

H Y D R O FO I L  test craft, designed and built by 
Boeing fo r U. S .  Navy, is jet-propelled, twin
hull  boat designed to test hydrofoil systems at 
speeds to 1 1 5  mph. 

P LA N ETARY LAN D I N G  simulator, built by 
Boeing, permits practice "landings" on planets. 
Te l e v i s i o n  s c r e e n  p i c t u r e s  r e l i e f  map o f  16 
square feet of moon surface. Pilot's control, con
nected to  co mputer, maneuvers camera permit. 
t ing realistic simulated f (descent" for landing. 

S U P E R S O N I C  j etliner design, under study 
at Boeing, where continuing substantial invest· 
ment in supersonic jet transport research is be· 
ing made. Supersonic jets would fly two to three 
times speed of sound, make flight fro m  New York 
to  London in under three hours.  

Space Technology · Mi.uiles · Military Aircraft Sy.sll!fflS ' 707, 720 and 
727 fetlincn • Systems Management . Helicopters . Marine Yehicle.s • 

Cas Turbine Engines . Also. Boeing Scientific Re.search Laboratories 
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R E T U R N P A S S A G E A S S U R E D  I 
Cab l e  corrosion problem solved creatively 
with clad metal 

Fathoms deep , dotting the ocean bottom, lie 
valuable electronic sensing and measuring 
equipment. Oceanographers faced a problem : 
how to make certain their apparatus could be 
hauled in and dropped back time after time. 
For this job they needed a cable corrosion 
couldn't cut. 

The answer came from TI metallurgists who 
met the worst salt water could offer with 
cupronickel clad steel wire ( shown at right ) .  
It has properties of corrosion resistance and 
strength specifically combined for heavy-duty 
sea water cable. 

Combining properties impossible to achieve 
in a single alloy is the principal job of clad 
metals. Every day clad metal strip, wire, tubing 
and precision-engineered parts are being used 
to solve difficult design problems - possibly 
related to your own. Even if you have assumed 
no better material solution exists for your 
product or process, we welcome the oppor
tunity to evaluate clad metal combinations for 
your requirements - however difficult. 
·Trademark of Texas Instruments Incorporated 

Light, strong, in practical diam
eters, cupronickel clad steel wire 
has all the strength of steel inside, all the corrosion resist
ance of cupronickel outside. 
The metals are united at the 
atomic level by TI's advanced 
metallurgical bonding. A unique 
bonding process developed by 
TI results in a SOlid-phase bond 
between cladding and core, engi
neered to exceed the strength of 
the separate metals. No brazing 
foil or other interliner is used. 

To find out more about TI's 
materials business, send for our 
new capabilities brochure. 

M E T A L S  & C O N T R O L S I N C .  
8606 F O R E S T  ST. ,  AT T L E B O R O ,  M A S S .  
A C O R P O R A T E  D I V I S I O N  O F  

TEXAS ) N ST R U M ENTS 
I N C O R P O R A T E D  

BAS I C  M ETALS, AllOYS, C E RAM I C S ,  C E R M ETS . • •  C LAD M ETALS I N  STR I P ,  W I R E ,  T U B I N G . 

P R EC I S I O N  ENG I N EERED PARTS • • •  EN ERGY CONVERS I ON MAT E R I ALS A N D  SYSTEMS • • •  ELECTR ICAL,  

ElECTRON I C ,  T H E R MAL, MECHAN I CAL CONTROL D EV I C ES • • •  C U STOM IZED R EACTOR C O R E  ASSEMBL I ES.  

ly developed spirals. Their hydrogen 
content varies from 2 to 14 per cent, 
with an average of about 8 per cent. Al
though the range seems rather large, we 
are reasonably confident of our measure
ments. Tbe range might be reduced, 
however, if it were found that the ga
lactic distances , which enter into the 
hydrogen calculations, were in serious 
error. Irregular galaxies show the high
est hydrogen content: the average for 11 
systems is about 16 per cent. The results 
for Sc galaxies and irregular systems are 
based primarily on observations made by 
Nannielou Dieter, E. Epstein and the 
author. 

Two spiral galaxies of the Sb classifi
cation have been examined for hydrogen 
and found to contain about 1 per cent. 
This is the same value established for our 
own galaxy. The two Sb measurements 
were made by Leiden observers. 

No 21-centimeter radiation has been 
detected in other types of galaxies 
studied. These include a number of ellip
tical systems. In general these systems 
have been fairly distant ones and their 
hydrogen radiation, if present, would at 
best be faint. It seems safe to say that 
their content of interstellar hydrogen is 
well below 1 per cent. 

Before commenting on these results, 
I should like to mention that for all gal
axies we have studied, the Doppler 
shifts obtained with 21-centimeter radi
ation have agreed in every case with 
shifts found by optical methods. This 
was not really unexpected, but there 
was always an outside chance that it 
might have been otherwise. A compari
son of radial velocities obtained by opti
cal and radio methods is shown in the 
illustration on page 100. The most dis
tant galaxy represented is about 23 mil
lion light-years away-a rather short dis
tance by extragalactic standards. 

The systematic correlation of hydrogen 
- content With galaxy type offers an 

important clue in the understanding of 
the life history of galaxies. The largest 
amount of hydrogen is found in the gal
axies that also contain the highest per
centage of very luminous stars. Such 
stars must have formed recently ( within 
the past few million years ) , since their 
energy output is so great that they must 
exhaust their supply of nuclear fuel in 
a short period. 

The relative number of such luminous 
stars decreases as one goes along the 
structural sequence of galaxies: irregu
lar, Sc, Sb, Sa, SO, elliptical. This se
quence is just the one in which the hy
drogen content decreases, at least in so far 
as it has been measured. The correlation 
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D ecision-Making : Deploy or not? . .  When and where? 
The cos tly, complex weapons sys tems of 

today make s uch a decision far more diffi

c u l t  t h a n  in t h e  p a s t .  Wo rld-wide forces 

and even ts a r e  fre q u e n tly i n v o lved. Th e 

time for decision has been compressed, 

the informa tion on which it  must  be based 

has been m u ltiplied in volume, variables, 

in terrela tionships.  This new era of deci

s i o n - m a k i n g  h a s  led c o m m a n de rs a n d  

govern m e n tal  leaders t o  make use of  man

machine systems which provide informa

tion process ing assistance.  SOC's staff of  

s c i e n tis ts, engin eers a n d  comp u t e r  p ro

g r a m m e rs h a v e  b e e n  d e v e l op i n g  t h e s e  

h uge systems for more than eigh t years. 

1 1 ·248 

They help develop the system i tself, n o t  

the hardware within the system.  Specifi

ca lly, t h e y  a n a lyze system r e q u i r e m e n ts, 

syn thesize the system, instruct compu ters 

which are the core of the sys tem, train the 

system, evaluate the system, adap t i t  to 

the changing needs of  its users. And in so 

doing, they consider the in teraction a n d  

effect of men, doctrin e, tradition, training; 

of organ izations, chain s - o f- com m a n d  a n d  

chains -of-succession; of com m u n ications, 

traffic cen ters, com m a n d  pos ts, compu ters 

a n d  disp lays.  H u m a n  factors s c i e n tis ts, 

op e r a t i o n s  research s c i e n tis ts, systems

orien ted e n g i n e e rs, a n d  comp u t e r  p ro-

gramm ers in teres ted in joining this rapidly 

expanding field and working in a close 

in terdisciplinary effort  are invited to write 

Dr. H. E. Best, SOC, 2430 Colorado Ave. ,  

S a n t a  M o n i c a ,  Ca l i fo r n i a .  Pos i t i o n s  a re 

open a t  S O C  facil i t ies  in S a n t a  M o n i c a ;  

Wash ington, O.  c.; Lexington, Massach u

setts; Paramus, New jersey; a n d  Dayton, 

Ohio. "An equal opportunity employer." 

� SDC 
Syste m Deve l o p m ent Corporation 
Sys tems that  h e lp men make decisions and 

exercise con trol 
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May we tell you a b o u t  the  first  wholly satisfac
tory camera body for use w i t h  Q uestar? It is  a 
special  Q uestar-modified N i ko n  F, obtainable 
only fro m us.  

. 

The problem of taking h i g h  resol u t i o n  pic
t ures t h ro u g h  the superfine h i gh-power Questar 
telescope o n  3 5 - m m .  film can be red uced to 
t h ree pr incipal  factors : lack of  vibrat ion,  sharp 
focus,  and correct l y  thin negatives. The last 
crit ical factor,  exposure t ime, can now be meas
ured a t  the i mage itself with a CdS l i gh tmeter at  
Q uestar's 40x eyepiece. 

Vi brat i o n  d u ring exposure i s  our chief enemy. 
I m ages of perfect o ptics are formed by a n  infinite 
n u m be r  o f  over l a p p i n g  perfe c t  d i ffra c t i o n  
i mages. The t iny ro und dot of Q uestar's d i ffrac
t i o n  i m age, the A i ry d i s k ,  is  only about .0002 
inch across. When a reflex m i rror s l a m s  li p a 
fract ion of a second before t h e  rol ler-bl ind cur
tain slit  sweeps across the film, a vibration i s  
usual ly  set u p  o f  some . 0 0  I inch a m p l i tude.  
Pict ures taken before t hese osci l lat ions are 
d a m ped o u t  give a fuzzy p ict ure when enlarged. 
Standard N i ko n  F bodies can lock the m i rror 
up, a l l o w i n g  t h e  feat herwe i g h t  bal l-bearing 
t i t a n i u m  fo i l  focal plane sh utter to wo r k  alone 
with a v i s i ble shock of only  the dot's  w i d t h ,  
m o s t  o f  which is  p o s t  facto e ffect, after exposure. 
This g ives us negatives so sharp we could not 
tell  them fro m  t hose taken by waving a black 
card. But  being blind between exposures i s  most 
annoying. The arrow p o i n ts to the Q uestar 
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modification, a t i n y  b utton w h i c h  releases the 
m i rror any t i m e  after you have checked every
t h i n g  and are ready to expose. Price o f  Questar
modified standard N i ko n  F body, as shown,  is  
$ 2 5 9 . 60 with bakelite cap.  ( W e  regret t h a t  we 
cannot have your own N i ko n  body modified.)  
Cable release, $3 .95 .  Photomic finder,  $ 9 9 . 5 0 .  
50- m Ol .  f / 2  A u t o - N i k k o r  Lens, $ 9 0 . 0 0 .  A u to
N i kkor f/l .4 5 0-mm . Lens, $ 1 5 5 .00. 

Sharp focus has always been a problem with 
l o n g-fo c u s  telesco p e s .  W i t h  c a m e r a  c l o s e 
c o u p l e d ,  Q uestar w o r k s  at fl l 6  at 5 6  i nches.  
With 2- inch extens i o n  t u bes to red uce v i gnet
ting, fl l 8  a t  64 inches. These focal ratios give 
such dim views that the i m a ge i s  hard to see. 
The stand ard spl i t -pr ism rangefi nder works 
only with fast,  low f n u m bers.  B u t  N i kon's 
Type C interchangeable groundglass,  w i t h  clear 
center and h a i r l i ne cross, at  $ 1 7 . 50. gives bril
l i ant  i m a ges with a mark to keep the eye fro m 
acco m m o d a t i n g  in fron t  or behind the focal 
p l a ne.  A t  r ight  i s  the  waist  level finder,  $22. 50, 
which permits best view of the Type C cross 
with eye up close to its  lens.  

The new cad m i u m  sulphide l ight  meters,  with 
t h e i r  smal l  o peni ngs, h ave been used by Q uestar 
o w ners to apply d i rectly to visual eyepiece o r  
ca mera v i e w s  of  t h e  i mage, to g e t  an actual 
read ing of what the i m a ge unit  brigh tness i s  re
gardless of magnification of a l l  nature's  vari
ables.  We h ave l i tt le data o n  t h i s  at p resent. 
Recalibration i s  necessary, but we hear i t  is 
s imple .  A t  long last we can co mpletely i gnore 

t h e  variables of nature,  d ue to 
geo grap h ical location,  sun's  i n ten
sity, water vapor,  t ime of year and 
d a y - a l l  t h e  g u e s s w o r k  w h i c h  
m a kes exposure tables i m possible .  
The able p h o tographer may locate 
the subject with Questar's 40-80x 
eyepiece, then p o p  the CdS cell  
over exit  p u p i l  of  ocular and take 
a reading to deter mine speed. 

A t  upper left is  a new, m o re 
co mpact r ing adapter,  $ 1 0.00, to 
secure N i kon F bod ies to Q uestar's 
$ 2 3 . 5 0  b a s i c  c a m e r a  c o u p l i n g  
o utfit ,  a m u l t i  - p urpose device 
described IJl detai l  o n  page 26 of 
t he QuestaI' boo klet.  Q ucstars s t i l l  
c o s t  o n l y  $ 9 9 5 ,  o r  $ 1  1 00 w i t h  
quartz m i rro r for b e s t  t h e r m a l  
stabi l i ty .  Each is  a g e m  o f  s u per
fine o ptics,  whose sharpness m i g h t  
eventual ly be equalled,  but  can 
never be surpassed. 

Q U IE S 1rA� 
B O X  2 0  N E W  H O P E , P E N N S Y LVA N I A  

between hydrogen conten t and numbers 
of youn g stars i s  not surpris ing .  Stars 
consist  pr imarily of hydrogen , therefore 
a plentiful  supply of hydrogen is  neces
sarv i f  manv stars are to form . I n  galaxies 
contain i n g  little hydrogcn one would ex
pect to find relatively few young stars. 

Some astronomers have suggested 
that this  correlat ion i n d icates an age se
(luence,  that galaxies with the highest 
hvdrogen conten t and many voung stars 
are the most recentlv formed.  From ex
actlv the same data, however, one can 
conclude that these galaxies need not be 
voung;  with their h igh hydrogen content 
thev could support  the formation of  
manv fast-bul'1l ing  stars  for  a long peri
od,  with ani" s l ight depletion of their  
h vdrogen supply .  

Three general theories attempt t o  ac
count for the various galact ic  structures . 
One holds tbat  galaxies are con t inuously 
form i n g  and impl ies tbat as thev age they 
also change from one type to anotber.  
The other two theories assume a com
mon age for a l l  galaxi e s .  Thc d i fferent  
galactic tvpes  are attributed eitber to 
evolution along the Hubble se(luence or 
to their i n i tia l  con dit ions of formation . 
Th i s  last  proposal  presumes that no 
s ignificant  structural changes h ave oc
curred since the formation of the gal
axi es .  Halton C. Arp of the M ount 
'Ni lson and Pal omar Observatories i s  a 
leading proponent  of th i s  viewpoint 
[ see "The Evolution of Calaxies ,"  by 
Halton C .  Arp ; SCIEKTlFlC Ai\IEHlCAN, 
J an u arv l .  

Calculat ions based o n  the new 2 1 -
cen timeter measurements ind i cate that 
there is ample hvdrogen i n  irregul a r  and 
spiral  galaxies to support the formation 
of bright stars at the present observed 
rate for 'It least 10 bi l l ion veal'S , which 
happens to coi n cide with the most recent 
estimate for the age of our own galaxy. 
Duri n g  th is  t ime the interstel lar gas con
tent would have dropped only s l ightly .  
These results  do not  al low us to decide 
wh i ch of the severa l galactic theories 
mav be correct but they do tell us that 
tIle h igh percen tage of bright stars in 
the i rregular and Sc galaxies need not 
impl v  that thev are young svstem s .  The 
exist ing information on the stel lar and 
gaseous content of galaxies i s  consi stent 
with the view that a l l  galaxies formed at 
the same epoch and have not evolved 
from one tvpe to another .  Depending on 
conditions surrounding their  formation , 
di fferent tvpes of galaxies were left with 
differen t amounts of interstel lar gas .  I t  is 
this  gas that has determined the subse
(luent rate of star formation,  thereby 
maintaining th e structural identity of 
the galaxy. 
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C U T T I N G  T O O L  
O n  the desk of a n  e n g i n e e r, 
a r c h i t e c t  o r  m a n a g e r, t h e  
Underwood-Ol ivetti Divisumma 
2 4  cuts m i n utes from f i g u re 

work and dol lars from f igure
work c osts. T h i s  h i g h - s p e e d  
calculator a d d s ,  subtracts, mul
t ipl ies,  divides and prints a per
m a n e n t  t a p e  record for fast 
checking of entries and attach
ing to work sheets for reference. 

An extraordinary "memory" de
vice el imi nates the need to re
e n t e r  i n t e r m e d i a t e  r e s u l t s  
when performing a sequential  
s e r i e s  of c a l c u l at i o n s .  T h i s  
saves time, el iminates a source 
of error, and makes possible 
such operations as  accumula
t ion o f  p r o d u c t s ,  a ut o m a t i c  
negative multipl ication, a n d  re
tention of a constant factor. 
W h e r e  w o r k  r e q u i re s ,  t h e  
Divisumma 2 4  can be used a s  
a h igh-speed (220 c . p . m . )  add
ing machine.  

The Divisumma 24 has a total 
capacity of 9,999,999,999,999. 
The simpl ified 1 0-key keyboard 
m a k e s  o p e r a t i o n  e a s y ;  most  
people need less  tha n  f ive min
utes instruction. If  you'd  l ike to  
try one on you r  own desk,  on 
your own work, for  a week or 
two, without incurr ing any obl i
gation whatsoever, telephone 
your Underwood Representa
tive. Or write to U n d e rwood 
Corporation, One Park Avenue,  
New York 1 6, N. Y. 

(ei7 
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He l p you rse l f  
You have probably become condi

tioned to sacrificing one feature to 
gain another in your selection of micro

miniature connectors. The part that" s 

small enough may be relatively un

reliable or nearly impossible to work 

with. Often you must choose between 

size. electrical characteristics, or per

formance reliability. 

Not so with the Amphenol Wire

Form Group. 

N O  C OMPROMISE 
The Wire-Form Contact is an inter

connection device that combines small 

size with easy handling in assembly . . .  

high reliability with low cost. Most im

portant of all, though, is the applica

tion versatility of the Wire-Form. 

The Wire-Form Group conforms 

effortlessly to your packaging require

ments, whatever they may be. From 

single contacts on component leads 

through Strip Connectors or Tiny Tim® 

Connectors on modules to Micro-Rac® 

or Mighty-Mite® Connectors for sys

tem input-output lines . . .  the Wire

Form family can provide the best an

swer to your design needs. No more 

"round hole-square peg" problems! 

FOR EXAMPLE 
The Wire-Form Contact is extremely 

small, permitting high-density packag

ing. Depending on the connector in

sert used, you can have contact cen

ters on 0 . 1 00",  0 .085" ,  or even down 

to 0 .075". Yet connectors are easy to 
assemble . . .  because you terminate 

before contacts are inserted, while 

there 's  still room to maneuver. Later, 

if you want to change circuitry or re

place a component. contacts can be 

removed, repositioned, or replaced 

without discarding the connector. 

Wire-Form Contacts can be tenni-

nated by crimping, soldering, welding, 

or wire-wrapping. For single-contact 

terminations we have eyelet type fe

male contacts that can be potted in 

modules or soldered into circuit boards. 

PRICED R I G H T  
The Wire-Form family will help 

keep costs down. High volume manu

facturing methods let Amphenol market 

Wire-Forms at unusually low purchase 

prices. For example, our circular Wire

Form Connector (the Mighty-Mite) 

meets or exceeds the performance 

characteristics of other micro-miniature 

connectors selling for ten times its 

price. But initial cost is only half the 

battle . . .  What about installed cosa 

Well, it"s rock-bottom too. The Poke

Home feature means that most all of 

the assembly can be done out in the 

open, with plenty of room, and no 

fiddling with tweezers or magnifying 

glass. In short, it can be done quickly. 

And quickly means inexpensively, as 

labor costs go. 

Wire-Forms give top reliability. 

Equalized, multi-point contact pressure 

results in exceptionally stable and low 

contact resistance. Contact resistance 

varies less than half a milliohm through 

a thousand cycles of engagement-dis

engagement. (See chart below.) 

FAMILY PLAN 
One of the more important things 

to remember about the Wire-Form 

Group is the way it works as a team. 

No matter what kind of challenge 

comes up, at least one member of the 

Wire-Form team can handle it. This 

means you only need to stock one 

basic component, the Wire-Form Con

tact,  to meet virtually all  your micro

miniature connection needs. The sav

ings in inventory investment, in stock 

controL and in uniform manufacturing 

methods can be substantial. 

FACTS AND F I G URES 
The new 24-page catalog on Am

phenol Micro-Miniature Connectors 

(Catalog MM- l J  has the facts, figures, 

drawings, and detailed performance 

characteristics you'll need to "help 

yourself. " You can get a copy by con

tacting your local Amphenol Sales En
gineer or by writing to Dick Hall, Vice 

President, Marketing, Amphenol Con

nector Division, 1 8 30 S. 54th Avenue, 

Chicago 50, Illinois. 

X I -------r- -� I I _ 
I 

I 
I - �  .... - MI N IMUM 

Tested m a l e  conta cts were Amphena l  cat. n u m ber 22-692, farmed from g o l d-c lad,  n i ckel

i n ter l i n ed beryl l i u m  copper wire .  The fem a l e s  (cat .  n u m ber 220-502 sh ort) a r e  copper bodies 

with e l ectr o l ess g o l d  over n i cke l  p l a t i n g ,  Each p a i r  was s u b j ected to 1 000 m a t i n g  cyc l es. 

¢1�:I�m]) Connector Division / Ampheno l - Bo rg E l ect ro n i cs Co rporat i o n  
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RECONSTRUCTED COLONNADE of the great Doric stoa (a 

walled portico) at Brauron consists of 13 columns. The colonnade 

and the remains behind it (including several rooms and a second 

portico) once formed the north side of the stoa, which was con· 

structed about 420 B.C. In the foreground appear the ruius of the 

temple of Artemis Brauronia, constructed shortly before 500 B.C. 
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The Sanctuary of Artemis at Brauron 
Recent excavations 

souo'ht 
tJ of Greece 

has also p"ovjded 

have uncoyered the holy place where the \VOnlen 

the favor of the goddess HI childbirth. The site 

evidence on the early political history of Greece 

11 his play fphigenia in Taw'is Eurip
ides relates the myth of how 
Orestes, the son of the Greek King 

Agamemnon, went to Scythian Tauris, 
in what is now the southern U.S.S.R., to 
steal a wooden statue of Artemis, whom 
the Scythians worshiped. He was cap
tured and brought to the temple of 
Artemis to be sacrificed, after the cus
tom of the country. In the temple 
Orestes met his sister Iphigenia, who, 
as the priestess of Artemis, was to make 
the sacrifice. Once brother and sister 
recognized each other, they decided to 
steal the statue together and escape to 
Greece. They were stopped by the 
Scythians but were finally rescued by 
the goddess Athena, who then foretold 
their destiny and ordained that the 
Greeks worship Artemis in two personi
fications, later known as Artemis Tauro
polos and Artemis Brauronia. 

The legend is preserved not only in 
the writings of Euripides and other clas
sical Greek authors but also in the soil 
of Greece. The shrine of Artemis Tauro
polos has been found at the site of Halae 
Araphinides, on the coast of Attica 23 
miles east of Athens. The sanctuary of 
Artemis Brauronia has similarly been un
covered at the site of the prehistoric 
town of Brauron, four miles south of 
Halae Araphinides. Over the past 15 
years my colleagues and I have worked 
intensively at Brauron. Our excavations 
have brought to light a number of signif
icant structures and a treasure of objects 
of the highest artistic quality. These finds 
confirm and enrich ancient literary ac
counts such as Iphigeniain Ta[{ris. More
over, they provide interesting informa
tion on the early political history of 
Greece. 

Today one travels to Brauron over the 
road from Athens to the picturestlue lit
tle harbor of Porto-Raphti. About five 
miles before one comes to the sea one 

by John Papadilllitrioll 

turns north on a rough road that leads 
through hills planted with grapevines to 
the fertile plain of Livadi. At the south 
edge of this plain rises the rocky hill that 
was the acropolis of Brauron. The local 
people call the place Vraona. 

The acropolis is about a quarter of 
a mile from the sea, but in ancient times 

the water came to its foot; the plain has 
been extended by the alluvial deposits 
of the river Erasinos. When we first 
sounded the top of the acropolis, we 
found a large number of vases and fig
U1'ines that clearly indicate the town of 
Bramon flourished from Neolithic times 
to the late Mycenaean period, that is, 

SACRED SPRING in lower right foreground lies at the northwest corner of the temple of 

Artemis Brauronia. It was in this place that thousands of offerings to Artemis were discov

ered. Farther up the hill behind the temple is the post-Byzantine chun·h of SI. George. 

III 
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from about 3500 to 1300 B.C. We also 
excavated Mycenaean chamber tombs 
to the east of the acropolis; thev were 
filled with rich grave offerings such as 
bronze swords and gold jewelry. In one 
tomb we found a skeleton interspersed 
with nearly 100 lead weights from a 
fishing net that was probably thrown 
over the dead man; these testify to the 
maritime character of the town. 

From these finds one can conclude 
that Brauron was most prosperous be
tween 2000 and 1600 B.C. Around 
1300 B.C. this prosperity declined, and 
there is no trace of human occupation 

at the site from that time on. It seems, 
therefore, that the town was abandoned. 
In my opinion there is a clear historical 
reason for its abandonment. 

I\ ccorcling to Thucvclides and other lit
!\.. erary sources, the ancient Greek 
state of Attica originallv consisted of sev
eral towns, each with its own council. 
vVhen Theseus became king of Athens, 
he abolished the councils of the other 
towns of Attica and compelled the aristo
cratic families of the towns to live in 
Athens. It was through the support and 
influence of these families that Athens 

SARONIC 

G U L F 

became the powerful city of historic 
times. In memory of this political event 
the Athenians instituted the festival of 
Svnoikia (Onion). 

Our excavations would seem to con
firm this literarv tradition. When the 
aristocratic families of Brauron were 
moved to Athens, the rest of the popu
lation was settled in nearby villages. 
Brauron, however, was by no means for
gotten. In classical Greek times it was 
famous as the sanctuary of Artemis 
Brauronia and the head(luarters of her 
cult. 

Artcmis is familiarly regarded as the 

AEGEAN 

SEA 

PREHISTORIC TOWN OF' BRAURON on the east coast of the 

Attie peninsula in Greece lies on a branch of the main road from 

Athens to Porto·Raphti; the section of this road from Markopoulo 

to Porto·Raphti is not shown. Halae Araphinides is the site of the 

recently discovered temple of Artemis Tauropolos. Paeania, Mar· 

kopoulo and Porto·Raphti are modern settlements; Paeania was 

also known in classieal Greek times, as were the other towns shown. 

The plans of Athens and Piraeus are those of about 450 B.C. 
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goddess of the hunt, but like other Greek 
divinities she was worshiped for a 
variety of reasons. As Artemis Brauronia 
she was the goddess of procreation and 
fertility, and at Brauron she was identi
fied with her priestess Iphigenia. It now 
seems that Iphigenia was a personifica
tion of the great mother goddess wor
shiped by the inhabitants of prehistoric 
Brauron and that her cult survived the 
desertion of the town around 1300 B.C. 

It was only later that Iphigenia was as
sociated with Artemis and also identified 
as the daughter of Agamemnon and the 
sister of Orestes. 

Iphigenia in Tallris not only relates 
the legend of Orestes and Iphigenia but 
also makes specific reference to the 
sanctuaries of Artemis Tauropolos and 
Artemis Brauronia. In the play Athena 
says to Orestes: 

And thall, Orestes, to mine hests 
give heed-

For, though afar, thOll hear'st 
the voice divine:-

Taking the image and thy sister, go; 
And when tholt com'st to Athens' 

god-built towers, 
A place there is lipan 

the tdmost bOllnds 
Of Attica, lUI1'd by Karystus' ridge, 
A holy lJlace, named Halae of my folk. 
Bllild there a shrine, and set 

that image lip, 
Named from the Taw'ian land 

and from thy toils, 
The travail of thy wandering 

throllgh Greece 
Eril1yes-goaded. Men thl'Ough days 

to come 
Shall chant her-A'ltemis 

the Taurian Queen. 

Then Athena says to Iphigenia: 

Thall, lphigenia, by the holy stairs 
of Brauron must this Goddess' 
u;arden be. 

There shalt thou die, and be entombed, 
and u;ebs, 

Of all fair vesture shall they 
offer thee 

Which wives tuho suffer terribly 
in their travail-tide 

Leave in their homes ... 

These lines from Euripides are the 
most authentic source both for the sites 
of the two cults and for the location of 
the two sanctuaries. Some scholars con
fuse the cults and the places, but Eurip
ides clearly separates them. "Karystus 
ridge" refers to Karystus on the island of 
Euboea, a site directly opposite Halae 
Araphinides. A clue to the location of 

DETAIL MAP locates the prehistoric acropolis of Brauron with respect to the sanctuary of 

Artemis at the northwest foot of the hill. At one time the inlet of the Bay of Vraona ex· 

tended to the foot of the hill, which now stands about a quarter of a mile from the sea. 

Brauron is provided by the words "the 
holy stairs of Brauron." 

N ear the foot of the acropolis of 
Brauron there stands today a little 

church: the church of St. George, built 
in post-Byzantine times. A few feet 
down the slope, to the north of the 
church, we discovered and excavated 
the temple of Artemis Brauronia. Only 
the south and east walls of the temple 
survive; on these sides the rock of the 
hill had been cut and leveled. On the 
north and west sides, downhill from the 
temple site, we found the well-preserved 
remains of a retaining wall. A series of 
steps leads up over the retaining wall to 
the level of the temple, and these con
tinue beyond the temple to the site 
of the church. It seems likely that in 
antiquity there was an altar on the site 
of the church; indeed, even now one 
can see in the interior of the church the 
traces of the foundation of an earlier 
structure. The steps are therefore almost 
certainly the ones to which Euripides 
refers. 

The temple was 66 feet long and 33)� 
feet wide. It consisted of a ]Jl'Odomos 
(open, pillared portico), a cella (closed 
interior) and an (ldyton (inner sanc-

tum). The interior of the temple was 
divided into three naves by two rows of 
columns. 

Near the retaining wall we uncovered 
a number of fallen steles: big marble 
slabs covered with inscriptions. The in
scriptions are mainly_ lists of offerings, 
consisting of jewels, rings, mirrors and 
women's clothing. They also mention 
the names of the women who, when they 
were delivered of children, offered their 
most precious belongings to Artemis
Iphigenia. During the Peloponnesian 
War the offerings were taken, on the 
pretext of keeping them safe, to the 
Acropolis of Athens. There similar lists 
have been found, and it is now estab
lished that they are copies of the lists at 
Brauron. It seems that when the offer
ings were made, two lists were inscribed: 
the original was kept at Brauron and 
the copy was placed with the offerings 
themselves in Athens. 

On the hillside just below the north
west corner of the temple a spring issues 
from the rock and forms a pool. In this 
area we found during our last campaign 
literally thousands of objects associated 
with the private lives of women-bronze 
mirrors, rings, gems, scarabs, statuettes, 
vases. Particularly precious among them 
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STEPS 

NORTH 

ABOUT 430-420 B.C. 

CHURCH OF 

S1. GEORGE 

END OF SIXTH CENTURY B.C. 

c::::::::J MIDDLE OF FIFTH CENTURY B.C. 

.. SEVENTH AND SIXTH CENTURIES B.C. 

114 

COLONNADE 

GROUND PLAN OF SANCTUARY shows the temple of Artemis Brauronia, the 

shrine of Iphigenia and the three·sided Doric stoa that was apparently the resi· 

dence of young girls who took part in one of the festivals at Brauron. The seven 

rooms in the north wing of the stoa and three in the west wing contained beds . 

The dates of these and other structures are keyed to the index at bottom left. 
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were perishable wooden objects, which 
by extraordinary good fortune had been 
preserved in the mud. The bronze mir
rors are outstandingly beautiful; on the 
margin of one is written in archaic 
Greek: "Hippylla the daughter of Onetor 
has dedicated it to Artemis in Brauron. " 

The spring would appear to have been 
the holiest place in the sanctuary. Almost 
all the objects from the spot can be dated 
before 480 B.C.; in that year, according 
to Herodotus, all Attica was devastated 
by the Persian conyueror Xerxes, and the 
sanctuary of Brauron was not spared. 
Some of the objects date back beyond 
700 B.C.; between these dates, in my 
opinion, the spring received all the offer
ings made at the sanctuary. The temple 
itself was probably built only a short 
time before 500 B.C. Part of its interior 
pavement and fragments of pottery indi
cate, however, that it was preceded by 
an older shrine. 

A few yards uphill from the southeast 
corner of the temple we uncovered the 
foundations of a most interesting struc
ture: a little shrine 24)� feet long and 
14)� feet wide. Beside the shrine a few 
rooms had been rather casually built of 
stones and mortar. The rooms were 
buried under large boulders that had 
crashed down from the surrounding 
rocks. From the position of the boulders 
it has been possible to deduce that the 
rooms were once situated in a cave. 

Now, the tombs of Greek heroes and 
heroines were usually located in caves. 
At this site, moreover, we found numer
ous precious objects: bronze mirrors, 
gold ornaments, gems and so on. It 
would seem that the structures in the 
cave were regarded as being the tomb 
of Iphigenia, and that when the vault 
of the cave collapsed the little shrine 
was built next to it as a monument to the 
priestess. This is borne out by Athena's 
prophecy in Euripides' play: "There 
shalt thou die, and be entombed . . .  " 
Euripides, a poet and philosopher writ
ing in an age of vigorous rationalism 
around 400 B.C., would almost certainly 
not have used information that could 
easily be checked and contradicted. 

1 'he cult of Artemis Brauronia called 
- for an annual festival known as the 

Brauronia. Allusions in Aristophanes' 
Lysistrata and The Peace indicate that 
the Brauronia was a festival of women, 
during which the men got drunk and 
behaved in a licentious manner. Herodo
tus also speaks of an occasion when 
the women of Athens celebrating the 
Brauronia were ambushed and ravished 
by the men of the island of Lemnos. The 
Lemnians then took the women to 

BRONZE MIRROR with a wooden handle was found near the sacred spring. The handle 

had heen unusually well preserved in mud. The object dates from between 500 and 480 B.C. 
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Lemnos; there the women gave birth to 
children who were so much cleverer 
than the Lemnians that the Lemnians 
killed the children. The story is said 
to have been used by the Athenian 
general Miltiades as a pretext to con
(luer Lemnos. 

Associated with the Brauronia was 

the festival of Arkteia, derived from the 
Greek word arktos, meaning "bear." The 
reason Iphigenia was in TaUl'is, relates 
the myth, was that when her father 
Agamemnon ordered that she be sacri
ficed, she was rescued by Artemis, who 
left on the altar in place of Iphigenia a 
deer. According to a later Attic tradition 

Iphigenia was to be sacrificed not in her 
homeland but at Brauron, and Artemis 
substituted for her not a deer but a bear. 
(Both animals were sacred to the god
dess.) The legend has it that a bear hap
pened to scratch an Athenian girl, whose 
brother slew the bear on the spot. In 
order to appease the wrath of the god-

STATUETTE OF YOUNG GIRL, in marble, represents one of the 

"bears," or priestesses, assoeiated with worship of Artenlis Brauro· 

nia. She holds a hare, symbolic of her eonneetion with Artemis. 

STATUETTE OF YOUNG BOY, also in marble, may have been an 

offering of thanks to Artemis by a mother who gave birth to a male 

child. Both of these figures date from the period 400 to 300 B.C. 
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1963 SAAB . . .  built so well that it has a 24,OOO-mile/24-month written warranty* 

345° visibility from the 
driver's seat 

heating and ventilation system 
engineered for even distribution 
of heating or cooling air 

complete instrumentation 
within easy reach of driver 

fast warm-up devices: 

cold start control 

ventilator shades 

carburetor preheater 

sure-traction, frisky 
front wheel drive 

firewall and all major body 
panels are fully insulated 
against noise and heat 

If ... ���� ••••••••••
• 
� ... _�fU�II�d�oor clearance 

I 
for easy access 

factory undercoating 

4-way adjustable foam bucket 
seats with 7 back positions 

strut·type telescopIc shocks 
and independent coil springs 
provide comfort on any road 

Take a critical look at SAAB 
comfort and convenience 

Aircraft reliability and performance stand
ards are blended with an entirely new 
approach to over-all automotive design in 
the Swedish SAAB 96. This cal' was buil t to be 
better and more comfortable, not different ... 
built by one of Europe's leading aircraft man-

ufacturers ... built for those who enjoy me
chanical excellence, technical uniqueness, and 
extraordinary craftsmanship. 

A critical look at all the facts and specifica
tions will prove that SAAB is unquestion
ably one of the world's best engineered cars . 

• Engine, transmission (3- or 4-speed gear box available), and differential have a written warranty for 2 years or 24,000 miles. 

SAAB STANDARD EXTRAS place com
plete comCort and convenience within 
easy reach oC its driver. At no extra 
cost, SAAB provides: electric clock, 
temperature and fuel gauges, ammeter, 
on easy-to-read instrument panel; 
heater and deC roster to warm or cool 
car interior as required and keep all 
windows fog-free; dual padded sun 
visors; cold start control, ventilator 
shades, and carburetor preheater for 
instant starts in any weather; wind
shield washers, lockable glove com
partment; safety belt fittings; Cactory 
undercoating-all standard equipment! 

SAAB RIDING COMFORT is based on 
front wheel drive, which eliminates 
driveshaft, makes all floor space flat 
and usable, permits quick conversion 
of SAAB interior to a bedroom big 
enough for two. Front wheel drive, 
combined with carefully calculated un
dersteering, low center of gravity, and 
advanced suspension design, provides 
swayless directional stability for re
laxed driving. The sure-footed traction 
of front wheel drive pulls the rest 
of the car firmly and easily around 
sharp curves and corners, through 
mud, ice, and snow. 

SAAB HEATING AND VENTILATION 
provides draCt-Cree, year-round com
fort. Fresh air is circulated and dis
charged through ducts below the rear 
window and vents behind the side 
windows. Removable ventilation lids 
help keep engine compartment and 
car interior cool in summer, warm in 
winter. New ultra-efficient hot water 
heating system eliminates hot spots 
and danger of exhaust fumes ... pro
vides even heat to front and back 
seats. Strategically-positioned air iet 
holes keep front and side windows 
clear and defrosted for fog-free vision. 

1st OVERALL WINNER-MONTE CARLO RALLY. 1962-1963 
Arrange a test drive at your nearest SAAB dealer. 
Or write for more information-and the SAAB North 
American Road Atlas, a 64-page comprehensive travel 
guide valued at $1.00, but yours for only 25¢ to cover 
postage and handling. SAAB Motors, Inc., Dept. 106. 

405 Park Avenue, New York, New York. 

$1895 P.o. E. (Iittfe enough for one of the world's best engineered cars) 

SAAB MOTORS, INC.-NEW YORK • NEW HAVEN • JACKSONVILLE • ST. LOUIS 
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dess the rites of the Arkteia were insti
tuted. Every five years at the festival of 
the Brauronia a number of the young 
daughters of noble families, clothed in 
saffron-colored robes, were brought to 
the sanctuary at Brauron. The girls, who 
were called arktoi, imitated bears, took 
part in the Brauronian procession as 
caniphores (basket-carriers) and as little 
priestesses sacrificed animals to Artemis. 
Near the retaining wall of the temple at 
Brauron we found many statuettes of 
the arktoi. 

On the north side of the temple we 
uncovered the remains of the most im
pressive structure built at Brauron: a 
great Doric stoa, or partly walled por
tico, 96 feet long with columns 12 feet 
high. Along the north side of the stoa 
there were seven rooms; along the west 
side there were three rooms. Along the 
walls of each room were 11 beds, the 

wooden feet of which were fixed with 
lead into holes in the floor. In front of 
the row of beds there were sandstone 
tables covered with marble plaques. An 
open-air corridor and a second portico 
ran parallel to the rooms on the north 
side. 

r believe that this great portico and 
its rooms was the residence of the little 
"bears." This is strongly suggested by 
the fact that outside the rooms we found 
the statuettes of young girls. Most of 
these statuettes are portraits, and usual
ly the figures hold symbolic objects such 
as birds and fruit. 

It is possible that this sacred stoa 
was called parthenon, which can mean 
"house of the virgin-goddess" or "house 
of the virgins," that is, the girls of 
Brauron. Inscriptions found in the area 
mention the word parthenon as a place 
where offerings were deposited. In my 

ATHENIAN DECREE inscribed on a marble stele concerns the proposed repair of various 

buildings of the sanctuary at Brauron. Of the several buildings mentioned in it, only the 

temple and the stoa have been found so far. The decree dates from between 300 and 200 B.C. 
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OPPORTUNITIES AT ALL LOCATIONS OF 
SYLVANIA ELECTRONIC SYSTEMS 
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(Suburban Buffalo) Five laboratories at Williams· 
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(22) Advanced Communication Systems 
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from the 
electromagnetic spectrum 

_ . .  an accelerating evolutionary process. It is less than 70 
years since the historic occasion when electric waves were 

first harnessed in a practical system for the service of man

kind - Marconi's wireless telegraph. 

Since then, scientists and engineers have uncovered new 

phenomena along the electromagnetic spectrum - utilizing 

shorter and shorter wave lengths, higher and higher energies. 

Today we have earth/space communication systems, in

frared and ultra-violet detection systems, electronic recon

naissance and countermeasures, high speed digital data 

processing, and command / control networks. 

In these and other advanced areas, Sylvania Electronic 

Systems plays an important role. Its investigators work on 

the frontiers of new knowledge in tasks concerning: trans· 

mission of data from space vehicles through laser beams; 

new ways for space vehicles to "see" objects in color; 

and hardened antennas which survive nuclear attack. 

Wide career latitude is possible within 19 integrated re

search and development engineering laboratories spread 

across the country, or with the world·wide Product Support 

Organization; or with the Systems Engineering and Manage· 

ment Operation (SEMO), responsible for the planning, engi· 

neering and direction of major government contracts. Career 

progress in technical specialties, technical management, or 

program/project management is equally encouraged and 

rewarded. 
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Sylvania Electronic Systems, Division Headquarters 

40 Sylvan Road - Waltham 54, Massachusetts 
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opinion this does not refer to the Par
thenon of Athens but to a pmthenon in 
Brauron. 

This is confirmed by an inscription 
discovered only recently. Dating from 
between 300 and 200 B.C., perhaps two 
cen turies after Brauron was destroved 
bv the Persians, it is an Athenian de�rec 
that instructs certain officials to examine 
the various buildings at Brauron and to 
ask the responsible arcbitect for a budg
et of repairs. TIle decree mentions the 
following buildings: the -temple, the 
parthenon, the (l111phipo/eion, the glJm
nasium (athletic field), the palaestra 
(wrestling school), stables and other 
buildings. Obviously we have located 
some of these buildings, notablv the 
temple and the stoa, which is probablv 
the parthenon. Someday we hope to find 
the others. 

We have, in fact, recently uncovered 
near the west side of the stoa an addi
tional structure of considerable interest. 
It is a bridge that crossed the stream 
Rowing down from the sacred spring. 
Thirty feet long and 30 feet wide, it is 

the only bridge of the fifth century B.C. 

that has been found on the Greek main
land. Many older Mvcenaean bridges 
are known; they are characterized by 
corbeled construction, in which each 
block of a span is stepped outward from 
the one below it. The bridges of Roman 
times rest on true arches. The bridge at 
13rauron introduces a new type of con
struction in which horizontal stone slabs 
are supported by a series of walls parallel 
to the stream, which Hows through nar
row channels between tbe walls. 

1 ""'he Athenian decree indicates that al-
- . most all the buildings at Brauron 

were in need of reconstruction. This is 
confirmed bv tbe fact that we found the 
arcbitectural members of the stoa em
bedded in old mud. The damage was ap
parentlv done by a Hood of tbe Erasinos 
that probably occurred between 400 and 
300 B.C. Since the mud had not been 
removed, one can conclude that the re
construction was never undertaken. 

This circumstance has of course been 
fortunate for the modern excavators of 

Brauron. Because the members of the 
stoa were preserved in mud, it has been 
possible for us to restore the structure 
with its original materials. From an in
scription and the technique of architec
ture we have decided that it was first 
put up in 420 B.C. 

The mud has also preserved some 
magnificent examples of Greek art of the 
classical period. :\otable among these 
are a number of fine bas-reliefs and a 
great many statues not only of arktoi but 
also of small bovs; the statues of bovs 
are associated with Artemis as the god
dess of procreation. One of the bas-re
liefs is a masterpiece. Known as the 
"Relief of the Gods," it portrays four 
Greek divinities. One is seated and al
most certa inl�' represents Zeus. The oth
ers are probablv Leto, Apollo and 
Artemis. The careful workmanship, the 
minute attention to detail and the noble 
expressions of the figures point to the 
successors of the great sculptor Phidias. 
The figures are the patron divinities of 
Brauron, the gods and goddesses who 
have befriended our excavations. 

"RELIEF OF THE GODS" depicts foUl" Greek divinities. It dates 

from about 400 B.C. The seated figure at left probably represents 

Zeus. The other three figures, from left to right, are probably Leto, 

Apollo and Artemis. The right.hand part of the relief is missing. 
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For a complimentary reprint of this Artzybasheff illustration, write: Avco, Dept. SA2R2, 750 Third Avenue. New York 17, N.Y. 

Centuries of history teach the importance of military mobility. And today Avco capa

bilities help provide it. Superstrong honeycomb structures for logistics aircraft -re

liable engines for battlefield helicopters, aircraft, and drones-high-speed amphibious 

hydrofoil vehicles--advanced ordnance-push-button combat communications. These 

are important Avco contributions to today's vital mobility for defense. 

UNUSUAL CAREER OPPORTUNITIES FOR QIJALIFIED SCIENTISTS AND ENGINEERS ... REGARDLESS OF RACE. CREEoA III�� 
COLOR, OR NATJONAL ORIGIN ... WRITE Aveo TODAY. Aveo CORPORATION, 750 THIRD AVE., NEW YORK 17. N. Y. r � � 
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HLook-tell me when I leave and get there-
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not how fast you fly!" 

We couldn't agree more. All jets 

are fast, but-as frequent travelers 
know-speed is only one factor in 
establishing schedules from one city 
to another. 

That's why at United it's our 
practice to make up schedules based 

not on the top rated speed of our 
jets, but with an extra allowance 

of time for seasonal winds, taxiing, 
traffic delays and other common fac
tors affecting airline schedules. 

In this way, we can publish real
istic schedules for you, with realistic 
arrival times. 

Even so, you will not be 100% on 
time on every United flight. No 
United plane will take off if a delay 

is necessary for your safety. No 
United plane will fly you straight 
through a storm area just to be on 
time. Instead, we'll take a smoother, 
more comfortable approved route 
around it. 

Because of the many human re
sponsibilities of an airline, the wel

fare of our customers must come 
first in everything we do ... and 
this attitude must be part of every
one who works with us. In fact, 

extra care-for people-is what we 
stand for. 

And we consider that giving you 

the most realistic schedules possible 
-thus conserving your time on the 
ground as well as in the air-is 
definitely one part of this extra care. 

..... 
UNITED .." 

THE EXTRA CARE AIRLINE 
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Machine Translation of Chinese 

Although pe,fect translation lS known to be unattainable, 

good progress has been l1lade in translating Chinese with a 

77lachine that has high-speed access to a linguistic "library'" 

hI' Gill)('rt\\'. King and J lsicn-Wu Challg 

T
o the Western mind the Chinese 
language, particularly the written 
language, has long heen a source 

of wonder. Because the vVesterner has 
known an alphabet from childhood he 
can scarcely believe that thc strange 
ideographic characters of Chinese can 
convey the whole gamut of human 
thought, from philosophy to platitudes. 
Even without the added complication of 
ideographic writing, the Chinese lan
guage is so difficult that it seems most 
unlikely that many Americans or Euro
peans will ever learn it well. 

Machine translation of Chinese would 
seem to offer the only realistic hope of 
giving the West ready access to the man
ners, achievements and aspirations of a 
fourth of the human race. The Indo-Chi
nese group of nations, with a popula
tion of about 750 million, is currently 
publishing in newspapers, journals and 
books about three billion words a year. 
Much less than 1 per cent of this vast 
output is now being translated and re
published in English, French or German 
(undoubtedly a larger percentage is 
being translated into Russian), yet near
ly all of it would be of great interest to 
one Western group or another. Automat
ic translation is needed because human 
translators cannot handle the volume or 
hope to acquire the special vocabulary 
needed to make good translations III a 
wide variety of technical fields. 

Almost as soon as the electronic com
puter was developed some 20 years ago, 
its potential usefulness for language 
translation was recognized. Before this 
potential could be exploited, however, 
the entire technology of information 
processing had to be raised to its present 
high level. The basic problem is to find 
a match between natural languages and 
computer languages. The term "com
puter languages" means formal, coded 
instruction to a machine capable of mak
ing precisely formulated decisions. This 
need for stringent formalization goes far 
beyond the description of languages tra
ditionally provided bv linguistic schol
ars. As a result languages have had to be 
analyzed afresh by linguists willing to 
recognize the necessity of precise state
ments for a machine. In return the com
puter, with its capacity for subjecting 
an enormous amount of data to formal 
treatment, has served the linguist as a 
powerb,Jl tool for experimentation. Thus, 
aside from practical results, the attempt 
at automatic translation can hardly fail 
to vield new insights into the general 
properties of languages. 

Several years ago a number of groups 
in the U.S. began a major effort aimed 
at machine translation of Russian into 
English. The work ranged from the high
ly theoretical to immediate practical ef
forts at computer programing. Todav, 
under Government auspices, scicntific 

m*AA �� E �mL�2���=AA �� �1Il:I')�Jl!! n�-rt{-LJ .... T, J :1-fJl--rO �J!.\'J!P-l:I')J!i!!1A' 
rt1l� fl1niJt�:tJ1H*B�*�. 

MODERN GUIDED-MISSILE ALREADY POSSIBLE CARRY WITH WAR 

HEAD OF HYDROGEN BOMB AND ATOMIC BOMB, THEREFORE IT IS ONE 

KIND WEAPON WITH VERY BIG POWER OF DESTRUCTION. 

SAMPLE TRANSLATION of Chinese shows the present state of the machine-translation 

art. It was produced by methods devised hy International Business Machines Corporation. 
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and technical journals published in Hus
sian arc routinely translated by machine. 
The results, although far from perfect, 
have demonstrated that understandable 
and useful translations can be made 
automatically. 

"�York on the machine translation of 
Chinese was undertaken in 1960 at the 
Universitv of Washington. Hesearch pro
grams have also been initiated at the 
University of California at Berkeley, 
Ohio State University and elsewhere. 
Over this same period Soviet linguists 
have been hard at work on machine 
translation of Chinese into Hussian. 

This article will describe the work 
of the Chinese-to-English machine trans
lation program that the International 
Business �vlachines Corporation under
took in 1960 undcr a contract with the 
Air Force. The Chinese program has 
benefited greatly from ideas and ma
chine technillues developed for an earli
er Russian-to-English program. Perhaps 
thc most important feature of that sys
tem is a photographic "memorv" con
taining hundreds of thousands of dic
tionary-like entries, anv one of which 
can be found in a twentv-thousandth of 
a second [see top illustration on oppo
site page J. 

The need for such a large memory 
arose from an early recognition that a 
translation program could not be con
structed simplv bv mechanizing ex
isting grammars. It proved impossible 
to find anv fabric of grammatical and 
syntactical rules that could be reduced 
to a manageable set of machine instruc
tions. All spoken languages consist of a 
very large-in fact an infinite-set of 
conventions. In contrast, the operation 
of even the most complex machine can 
be expressed in terms of a relatively 
small set. In mechanical translation an 
order must be found in the larger set 
that makes it amenable to processing by 
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PHOTOGRAPHIC MEMORY used in Chinese-translation machine 
contains several hundred thousand dictionary-like entries, any 
one of which can he found in a twenty-thousandth of a second_ 

Over 50 million "bits" of information are embodied in a dot code, 
which forms the narrow gray bands at the edge of the disk_ The 
disk, only half of which is shown, is printed two-thirds actual size_ 
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031'354 QKA"'3YG'" rT HF.38) N N'O(Q4) fOP1Sll"Q4HQ4lnS4TJ)P9} _(S41 r n 
0:'1150 IiII<M=6GH",_ IT Hf38}VYO( t:l 4 )( OP1SHQ4HQ41l'l 5 { Q-4H(>P ';} 1 .of!!4):} <tiL . 
032727 QKI:I=E8 H=A9G .. 44C= n U f 3S INNIQ4l{ 04 ) ( DPlSltC4) ( Q4) J Q l,)Ht:l117( 099) 

¥""0'31860 QKH=ESI:i= IT) IF3SINNOt041 WPI S) t 041 Hl41l I Q2) 6 I Q41WP9} *I Slfn +�r 
030231 Q30.22T- ITJIF36IAAIQ4)(Q4'{DP1S){Q4)IQ4)(Q4)(QIJ37IDP9) *18411 +) 

.003056 Q3H-HYH- (TI(F3SINNOIQ41(DP1S)(Q411041IQ4)4(0314(DP9J *IS41) +) 
0'�0'55 Q3H"'Wt>: (T t( F'38 ) Nl\IO 1 Q"lfl (OP18 ftlHI (£14) (t:l"4"}l; rl1 H 04HWW " (tJ4iU�'f1 
0)0626 Q3H=S6G= I'{) I F38IAAI Q4 Htl4) IDP181 ( (.141 ( Q4 1 I Q4}9{QIHdOP 9'1*i h lJ 4*1 
0'3H71 QZY=A6T= nrtF38INIIIO ( Q4 1(0P 1 $ )(Q4 I( QItH771( DI?91 .(S4U ,, " m 

031S90 Q2H=6ET- (TUF38)XVNIQ4)IDP181(Q4)I<j4)l(Q21(Q3)'rQ4)(OP9T -18411 + ) 
032338 02H-SRG- (TJIF3SINNIQ4){Q4'IDPlSIIQ4)IQ41(OI133(Q2'(OP9) -(B4t) +) 
002502 Q (TIID!?O) IM)(RXIA +) 
030029 P'MI:I-Z KH- "'"'rH I F3tl l NlP (Q4)( OP 1SI(1;I4 J ( 04) 1 (4) (Q411 Q1I1 (3) 1 01' 9 1 * 1 B 4U + 1 
030059 'PMH"'6LY.= IH I F38) NNOlQ4J (OP181(Q41 ( Q4 )( Q4J ( Q415(03) ( OP9) *184H +) 
03240S PMH= l LH"'21F= t Tl ( F38'NLNIQ41 (DP 18) t Q4 ) (041 (Cl I 4tQ4)5(DP9) *. I S41 I +) 

ENTRIES IN MEMORY DISK are shown as they appear when 
decoded and printed out in type. The number at the extreme 
left is an acquisition, or reference, number. This is followed by 

a triplet code representing one to four Chinese characters as 
coded by the Sinowriter, described on pages 128 and 129, The re .. 
maining symbols represent definitions and linguistic information. 
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EJ 
... 1t .. .. 

-

SUN 2 3 HONEST 

'* .f � , . .  , 
(6 If. " �' � 

WATER SHEEP SHARK FISH SAND 

j(� ~ f.j ���'lt 
ROCKET FIRE ARROW MULTISTAGE BALLISTIC 

fJ� 1£ .. . . J:. 1£ .l:. 
"DE" ON TOP OF. AT ABOVE 

if .. . . 
AT A FTER PERIOD SIMILAR TO ... 

I!J� .. . . �I.!� 
DUE TO THE REASON ... 

PIECE PIECE 

OF AMERICA 

BECAUSE 

• p 

TO BE/FOR 

ONE P I ECE BOOK ONE PIECE COW 

1 
AST RONAUT HAS R ETURN E D  EXCESSIVE 

BY/THROUGH LAUNCH/LAUNCHING 

GLOSSARY contains a list of Chinese characters in the order of meanings can usually be assigned. Exceptions are certain characters 
their appearance in the accompanying text. Each Chinese char- such as auxiliary words and "functives" that have no exact English 
acter represents a monosyllable to which one or more English counterpart. Many Chinese words are formed by combining two or 
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1 
�e 

if 
� *i1l!-
Y a 

MAN WORD OCEAN WATER 
(VARIANT) 

�� ~ � 
AMERICA BEAUTIFUL KINGDOM 

� ~ 5f. it 
MANY/MUCH GRADE BULLET PATH 

A . . . JaJfJJ 
TOWARD THE END OF, 

1� • If 
TO RESEMBLE ONE TY PE 

~ �* ~ 
"DE" DESTINY REASON 

~ 1 ~ �6� 
"DE" "LE" I MY/MINE 

(PRONOUN) 

� 
A * 1 �� eJ .%. 

VOID HUMAN TO RETURN TO COME "LE" 

1� �t 10J 
TO SEND FORTH TO SHOOT TOWARD 

more characters. In that case the glossary usually shows the multi character word, or term, 
first (in gray), with its meaning, and after it the meaning of the individual characters. 
Frequently the individual meanings provide a clue to the meaning of the compound. 

the smaller. To the extent that one C;ll1-
not regularize aspects of the larger set 
one must have a way of mechanically 
storing them. This is the function of the 
large photographic memory. 

This memory contains exhaustive lists 
covering the many ways in which specific 
words can function in a sentence. It cov
ers all the common ambiguities, trans
positions and hiatuses in word order, 
idiomatic expressions and hundreds of 
special cases of the sort that make life so 
difficult for students learning a foreign 
language. In its analysis of a typical Rus
sian sentence the machine may refer 
to this combination dictionarv-grammar 
several hundred times. The analysis is 
not performed on the raw input sentence 
but on an intermediate process sentence 
in which each process word contains, in 
an appended code, the grammatical and 
semantic equivalents of the correspond
ing input word of the sentence. In the 
automatic analysis grammatical relations 
among words are established, words are 
reordered and translation decisions are 
made. On completion of this analysis the 
machine has the information needed to 
fabricate an output sentence that repre
sents a translation of the input. 

For Russian, at least, this system 
proved to be quite successful. Whether 
or not it would be of more general value 
in machine translation remained to be 
seen. Chinese, being so different from 
both Russian and English in its language 
type and family, provided an excellent 
test. 

F rom the outset Chinese presents a 
problem not found in Russian or oth

er alphabetic languages: the written 
Chinese character. The machine must be 
provided with a description, in code, of 
every character in the sentence to be 
translated. Moreover, to achieve speed 
and efficiency the code assignment must 
be made by a human operator at a key
board. Machines to "read" Roman or 
Cyrillic characters have not yet been 
perfected, and a machine to read Chi
nese characters is nowhere in sight. 

The number of characters used in the 
average Chinese newspaper is about 
4,000. Literary and technical writing may 
contain 8,000 to 12,000 different char
acters. Chinese characters originated as 
stylized pictures, or hieroglyphs. As they 
evolved, the pictorial aspects became 
less pronounced, but they did not entire
ly disappear. They reached approxi
mately their present form more than 
2,000 years ago. 

The scholar who has most recently 
reviewed their classification, Y. R. Chao 
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LOWER 
CASE 

PEACE 

*1 
FEAST 

*1 
EMPTY 

128 

T 
Jf 

24 

2 

7 "L 22 

It 

3 

20 

4 

I 
fl 

17 

5 6 

r 28 ., 26 
A 1 J,}- 7 

r 
t1 

Q 

UPPER 
CASE 

VAST 

... 

!If I 
HONEY 

y I 
DEATH 

r . , 
§1 17 JL ) 

W E R T Y 

� 0, 30 ...l-

Ela 
2 

)t " 
� 

." 

, 0)0) fl 
A S F G 

....l-
;} 

• ·t� 
14 

-I r 
. ' t.� ,� 

z x C V B 

SPACE 

SINO WRITER KEYBOARD provides a means for encoding Chinese characters on standard 
Flexowriter tape. The designs on the keys represent characteristic features found in the 
top and bottom of Chinese characters. To encode a character the operator must strike three 
keys. The first represents a design found in the upper portion of the character. The second 
represents a design in the lower portion. Together these keys activate a display device that 
shows the operator a family of characters, all of which incorporate the same upper·half and 
lower·half features. Such a family of six characters is shown at bottom left on these 

of the University of California at Berke
ley, describes six categories. The first 
is made up of pictographs, which in 
their more ancient form were mere pic
tures of concrete objects. Thus 8, the 
symbol for "sun," is derived from an an
cient form consisting of a dot in the cen
ter of a circle. In the second class are 
simple ideographs in which concepts are 
treated schematically; for example, the 
digits "one," "two," "three" are written 
-, .:: , =.. The third class contains com
plicated ideographs whose meaning is 
the combination of the meaning of their 
parts. For example, "honest" is written 

/f §, which is derived from /f, "man," 
anu §, "word." In the fourth class are 
Joan characters, which take on the forms 
of other characters but have entirely dif
ferent meanings. The fifth class is made 
up of derivative characters. The sixth 
class consists of phonetic compounds, 
which are generally formed with two 
component parts; one suggests the true 
meaning and the other indicates pronun
ciation. Thus fit, "ocean," is formed 
from v , which is a variant of the char
acter 71<, "water," and $., which means 
"sheep." This indicates that tit has the 
same pronunciation as it. alone. (En-
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-'1 r'--'·' ---. "--,--'''-,� "_ .. 

;- r J 21 � 23 t fJ1 
25 

� 

/�t: '"' jJ .. 
}"iA BACK " - PAR A... SPACE 

/ , --- ,-. 

7 8 9 0 

�� 9 -\ 11 LL2J 27 '* 29 
.l i 

-I , 111 CARRIAGE 

.\ J ,)' � 
CAP RETURN 

U 0 p 

tIQ � 3 t � .tt 
31 

± 0 
f1 11 LOWER 

�4 � ,J� l' ft �� CASE 

H J K 

13 

+ 
N M 

L 

? 

? 

/ 
UPPER 
CASE 

two pages. They would appear on the display if the operator struck 
the "M" key, for upper configuration, and the "5" key, for lower 
eon figuration. To designate the first character in the family, the 
eharacter meaning "peace," the operator would strike the key with 
"1" in the upper right·hand corner. This is also the "H" key on 
the conventional FJexowriter keyboard, and the six·digit rode 
for "H" would appear on the punched tape. Thus the complete code 

for peace is M5H, which is shown in punehed form next to the 
character. The codes for the other members of the family are M5G 
(vast), M5J (feast), M5F (honey), M5K (empty) and M5D 
(death). On some keys color is used to indicate portions of a char· 
acter that need not appear in the character being sought. A colored 
circle indicates the position of various alternative strokes. 
In its present form the Sinowriter contains 6,500 characters. 

larged versions of these and other char
acters in the text can be found either in 
the glossary on pages 126 and 127 or in 
the sample sentence on the next page.) 

Chinese characters have also been 
classified according to their component 
parts into radicals. A character is usually 
made up of two elements : a radical that 
suggests the meaning and a phonetic 
that gives a clue to the pronunciation. 
For example, �: (shark) is made up of 
the radical ffi.-. (fish) and the phonetic �J; 
(sand) . According to the Kang H si dic
tionary there are 214 radicals. 

The problem of encoding Chinese 

characters for machine processing could 
be solved in any number of ways. A 
straightforward way to provide a code 
for, say, 10,000 characters would be to 
bui ld a large keyboard containing 10,000 
keys in a 100-by-lOO array. Each key, 
when pressed, would punch a unique 
sequence of holes in paper tape. If a 
simple binary code ("hole" or "no hole") 
were used, a sequence of 14 places 
would be needed. (A 14-place binary 
code would actually be long enough to 
specify 16,384 characters; a 13-place 
code could specify only half that num
ber.) It is obvious that even a Chinese 

scholar would need months to master 
such a keyboard and that his ultimate 
coding rate would never be very high. 

W e needed a keyboard that could be 
learned fairly quickly by people 

who are not necessarily able to read 
Chinese. The problem is basically one 
of devising a scheme for indexing char
acters so that they can be found readily. 
The problem had been much studied be
cause it is fundamental to telegraphy, 
to designing a typewriter and even to 
selecting the presentation of characters 
in a Chinese dictionary. Most of the 
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� � w -* .if �f 
BEAUTIFUL KINGDOM TOWARD EXCESSIVE SMOOTH OCEAN 

� �t fF} � � �, 
TO SEND TO SHOOT "DE" MANY/MUCH GRADE BULLET 

FORTH 

it X !8! � 8 P� IttJ � 
PATH FIRE ARROW ALL TO BE WITH 

* ft A 
� 

-It 1t *� 
LIQUID OXYGEN TO BE/FOR OXYGEN 

TO POTION 
TRANSFORM 

CHINESE SENTENCE consists of strings of characters with no intervening spaces. The 
individual meanings of the 24 characters in this sentence are indicated. By using the "prin. 
ciple of the longest match" the translation machine identifies characters that should be com· 
bined to form words or word groups. The result of this processing step is illustrated bellow. 

�� w -*.if�f ��t fF} 
AMERICA TOWARD PACIFIC OCEAN LAUNCH "DE" 

���'ll xif � � 
MULTISTAGE BALLISTIC ROCKET ALL TO BE 

YA *ft A �1t"1 
BY LIQUID OXYGEN TO BE/FOR OXIDIZER 

AFTER GROUPING OF CHARACTERS the machine finds that the sample sentence 
(above) contains 12 words or word groups ("lexical units"). The two characters "by" ... "to 
be/for" form a discontinuous constituent that is regarded as one lexical unit for processing. 

indexing schemes exploit specific de· 
tails in the way Chinese characters are 
drawn. 

We have investigated a geometric
recognition scheme that the Chinese 
author and scholar Lin Yutang had 
devised for a typewriter. A prototype 
machine, called the Sinowriter, was de
veloped jointly by IBM and the Mer· 
gen.haler Linotype Company for the 
Air Force. In using the Sino writer the 
operator is required to recognize particu
lar shapes in the upper and lower por
tions of the character. 

The present machine has a vocabulary 
of 6,500 characters, which can be ex
panded to 16,000. The 6,500 characters 
are classified into about 1,000 families 
according to their upper and lower con
figurations. The task of the operator, in 
observing a particular character, is to 
decide which of 36 upper configurations 
it contains and which of 30 lower con
figurations. The operator then presses 
one key to represent the upper and an· 
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other to represent the lower. The two 
keys activate a mechanism that projects 
onto a screen the whole family of char
acters sharing these particular configura
tions. The family may contain only one 
member or as many as 16. Each member 
of the family is numbered from one to 
16, and the operator can easily identify 
the one that matches the desired char
acter in the Chinese text. He enters the 
appropriate number by striking a num
bered key. For each character, then, the 
operator strikes three keys: one for 
upper configuration, one for lower and 
one for number within a family. Each 
stroke produces a six-hole (or six-bit) 
code on paper tape, so that regardless of 
simplicity or complexity all characters 
are represented by a group of three six
bit codes. Modifications in the system 
will undoubtedly be made on the basis 
of experience. 

(It is perhaps obvious that the Sino
writer could be adapted to the job of 
setting type by machine. Evidently no 

typesetting machine yet exists in China, 
but the Japanese are known to have de
veloped experimental models for their 
language, which uses characters similar 
to those of Chinese.) 

The punched tape produced by the 
Sinowriter represents the raw input to 
the translating machine. Again Chinese 
presents a special problem. Except for 
punctuation, the printed Chinese sen
tence is a stream of characters without 
spacing. If each Chinese character rep" 
resented a single word, there would b� 
no problem, but, as we have seen, many 
words are composed of two characters, 
and combinations of three and fGu." 
characters are common in literary anel 
technical Chinese. Each character is a 
monosyllable to which one or more Eng
lish meanings can usually be assigned. 
And the meaning of a combination of 
characters is often not obvious from its 
elements. 

For example,:;if:. [!)l(I is the Chinese word 
for "America"; taken alone, #k means 
"beautiful" and fuI1I means "kingdom." 
The two characle" 1<.Jliti together stand 
for "rocket"; individually 1<. means "fire" 
and lliti means '"arrow." The words 
"multistage ballistic" are expressed in 
Chinese by four characters, $ *.& �n'i ili ' 

which individually represent "many," 
"grade," "bullet," "path." 

If the Sinowriter were operated by a 
Chinese scholar, he could indicate th� 
appropriate character groupings, but in 
his absence the groupings must be dis
(;overed by the translation machine. 
This is made possible by the "principle 
of the longest match." The dictionary of 
characters stored photographically in 
the translation machine's memory is Sll 
ordered that any given character is pre
sented first in groups that have a collec
tive meaning. As the machine searches 
it finds shorter and shorter groups and 
finally single characters. The dictionary 
is so arranged that the machine auto
matically finds the longest sequence that 
matches a given input. 

To each entry is added a definition, 
similar to that in a conventional dic
tionary but much more formal and, in 
the long run, more definitive. The defini
tions, in fact, supply the intermediate 
grammatical and semantic information 
about the lexical unit, or language unit, 
that is basic to the whole translation 
process. 

Once the longest lexical units have 
been identified, the machine's next 

step is to see how the units are related. 
A basic feature of modern languages is 
that lexical units do not necessarily make 
sense if they are simply translated in the 
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sequence in which they originally ap
pear. The units have special relations to 
each other, and frequently the linkage 
between words or phrases is not between 
adjacent units but over a span of units. 
It turns out that all grammatical linkages 
can be described by a tree structure. 

The machine is enabled to create a 
tree structure by means of "tags" it finds 
attached to entries in the dictionary and 
in the tables of grammatical rules. These 
tags direct the machine from one entry 
to another and provide, in effect, a dy
namic program for processing each input 
sentence according to its own lexical 
components. The net result of this se
,!uential look-up process is to assign a 
label to each lexical unit indicating its 
position in a tree structure. The fact 
that a tree has only one trunk, regard
less of the number of branches, is equiva
lent to the recognition of a string of 
words as a sentence. Although any 
child, English-speaking or Chinese, 
can recognize a sentence, machines find 
the task extremely difficult. 

The reason for this difficulty is two
fold. First, all words are subtly different 
in function, even though the differences 
are often not too important. The tradi
tional classification of English words in
to the eight parts of speech is a great 
oversimplification. The possible linkage 
any given word may have covers a broad 
spectrum and can vary almost from sen
tence to sentence. To provide a transla
tion machine with a formal list of just the 
most common linkages is a formidable 
job. The second grave obstacle to sen
tence recognition is the familiar and 
rather strange fact that virtually every 
word can be translated in more than one 
way. The upshot of this twofold difficulty 
is that ambiguities arise in almost all 
cases, so that many alternative tree struc
tures are possible on blind application of 
the "rules of grammar," however elabo
rate. 

One way to handle this problem is to 
have the machine discover "points of 
entry" into a sentence. For example, 
the English word "the" invariably begins 
a noun phrase and is not linked to a 
preceding word. In Chinese a useful 
point of entry is served by the symbol 
B'�, pronounced "de" (or, to be more 
precise, "duh") , which has no unique 
meaning of its own but combines freely 
with other characters to modify their 
meaning. For this reason linguists call 
the symbol a functive. 

A tree structure can be built up in 
an unambiguous way by identifying 
points of entry and making linkages from 
these points. For this purpose the 
memory is supplied with permissible 
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S EN T E N C E  

S U B J ECT PR E D I CAT E 

V E R B  PH RASE ( I I I )  

N O U N  

� if.J  
H U OJ I A N  

ROCKE T 

ADJ tCT I VA L  

ATT R I B U T I V ES N O U N  PH RASE ( I I )  

� ��,lt a� 
D U O J I DA N DAO DE 

MUL TIS TA GE BALLlS T/� 
S U BJ ECT P R E D I CAT E 

N O U N  

� �  
M E I G U O  

AMERICA 

V E R B  PH R A S E  

VE R B  

* M  
FAS H E  

LAUNCH 

M A I N  V E R B  

� 
V E R B  

A 
W E I  

T O  BE 

A D V E R B  

COM PLEM E N T  

ft.1t. tH 
YA N G H U AJ I  

OXIDIZER 

A U X I L I A R Y  W O R D  N O U N  

faJ 
X I A N G  

TOWARD 

*f�f 
TA I P I N G YA N G  

PACIFIC OCEAN 

A DV E R B I A L  

� 
A D V E R B  V E R B  P H R A S E  ( I I I )  

�� 
O U A N S H E 

ALL � 
A U X I L I A R Y  W O R D  

.v� 
Y I  
B Y  

N O U N  

;� .lt 
Y E YA N G  
LIQUID 

O X YGEN 

TREE STRUCTURE, showing how various words are related, is 
a fundamental characteristic of a sentence in any language. The 
sentence diagramed is the one shown on page 1 30.  Recognition of 
a sentence is easy for humans but difficult for a macbine. In 
machine translation sentence recognition can he facilitated by 
djscoverin g "points of entry" into a sentence. In Chinese a useful 

entry point is the auxiliary word pronounced "de" ( color ) . "De," 
which has no exact counterpart in English, is a functive. The 
pronunciation guide shown under the Chinese characters is based 
on the Pinyin Romanization System. No attempt has been made, 
however, to indicate the various tonal inflections (usually four ) 
that can impart different meanings to the same monosyllable. 

pairs of words and with a statement of 
the symbolic properties of these pairs, 
nJW considered as a single unit. These 
complex units are then used to form 
further pairs until the tree is established. 
Ambiguities can arise even then, but the 
procedure must be continued in the hope 
that a resolving clue will eventually 
tllrn up. 

Sometimes these clues turn lip so late 
that the procedure is too involved for 
a machine to unravel. Often clues will 
reside in preceding sentences in a form 
the machine cann.;t retain. Therefore 
one must accept the fac:t that real trans-

1 3 2 

lation is impossible. The translation can 
nonetheless be good enough to convey 
as much information as the original, 
which itself is not always perfect. 

Part of the linkage problem is the 
problem of the discontinuous constitu
ent. In English familiar examples are 
"either . . .  or" and "not only . . .  but also." 
Such constructions are far more common 
in Chinese than they are in English. In 
many cases the constituents are nothing 
more than words whose component 
characters seldom occur sequentially in 
a sentence. Examples are tt . . .  I: ( on 
top of . . .  ) , ;fi: . . .  m 1)] ( toward the end 

of . . .  ) , {ft� . . .  - *-'(0 ( similar to . , , ) , IEl -G� 
. . .  i'J'..J f� �j: ( due to the reason . . .  ) . The 
machine's memory has to be provided 
with exhaustive lists of all such examples 
and correct semantic translations of 
each. 

It turns out that the discontinuous 
constituents, although troublesome, can 
serve as useful parsing devices; they 
usually mark phrase or clause bounda
ries within a sentence. The word order 
in such phrases or clauses, however, of
ten req uires special rearrangement. 
Translated by simple word-for-word 
substitution, a Chinese phrase migh t 
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read: "As far as atomic energy and rock
etry ["de"] computation . . .  " The prop
er English translation would be : "As far 
as the computation of atomic energy and 
rocketry . .  ."' A more obscure eX:lmple, 
i f  i t  is merely translated word for word . 
m ight be : "Remove we discuss [ "de"] 
problem in addition . . .  " This should be 
translated: "In addition to the problems 
that we discuss . . .  " With proper i nstruc
t ions, and utilizing the discontinuous 
constituents as parsing boundaries, the 
machine can unravel such inversions and 
produce English-sounding sentences. 

Another broad class of problems con
cerns the handl ing of auxiliarv words 
that have no exact counterpart in Eng
lish. Such words express relations among 
other words in  sentences and serve as 
grammatical connections for verbs and 
their  modifying phrases, and for noun 
phrases. The Chinese auxiliaries can be 
divided into three broad categories:  ver
bal types, conjunctive types and nomi
nal types. The verbal types, which are 
the most interesting and important, are 
lIsed with verbs to express tense, voice 
and so on. The conjunctive types link 
clauses, phrases and words. Nominal 
tvpes indicate such things as whether 
nouns are plural or s ingular. 

Other auxil iary words are used with 
nouns and verbs to indicate that a meas
ure is involved. Two such words arc �,: 
and � ,  which can both be translated 
"piece," as we use the word in "one 
piece of paper." The first would be used 
in the phrase - * ,"� : "one piece book." 
The second would be used in - � ll " : 
"one piece cow." 

I") erhaps th e most versat i le word in  
. Chinese i s  the functivc a'� ( "de") 
mentioned earlier. Another important 
functive is T ( "Ie") . The fre'juency 
of "de" in Chinese sentences is roughlv 
comparable to the frequency of "the" i n  
English, but there the similarity ends. 
Several examples of the use of "de" will 
demonstrate i ts ubiquity. 

When "de" is used with a single noun 
or pronoun, it frequently i mparts a pos
sessive meaning. Thus OfJi: (I) plus 
El'1 ( "de") s ignifies "my" or "mine." 
Adding B-!J ("de") after 9'i I�� 
changes "America" to "of America." 
When used with a group of nouns, "de" 
can be translated "of," which also con
notes the idea of possession. It can be 
used with words to form adverbs and 
with adjectives to form nominal modi
fiers. Sometimes "de" indicates the man
ner of action of verbs, or it may indicate 
that an action is completed. 

The functive T ("Ie") can be used 
to indicate a new situation, the com ple-
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C O N V E R T  I N P U T  S E N T E N C E  TO P R O C E S S  S E N T E N C E  B Y  U S E  O F  " D I C T I O N A R Y "  

GO T O  T R A N S L I T E R AT I O N  R O U T I N E  A R E  T H E R E  I N P U T  E R R O R S ?  

C O N T I N U E  

CO N T I N U E  

v 
S TA R T  S Y N TA C T I C  A N A LY S I S  

A R E  T H E R E  D I S CO N T I N U O U S  C O N S T I T U E I\l T S  I N  S E N T E N C E ? 

A R E  T H E R E  P A R T S - O F - S P E E C H  A M B I G U I T I ES ?  

CO N T I N U E  S Y N TA C T I C  A N A LY S I S  

I S  T H E  F U N C T I V E  
' L E "  P R E S E N T ?  

S E A R C H  S E N T E N C E  F O R  W O R D - O R D E R  M A R K E R S  

I S  W O R D - O R D E R  R O U T I N E  R EO U I R E D ?  

G O  T O  WO R D - O R D E R  R O U T I N E  

I S  WO R D - O R D E R  R O U T I N E  C O M P L E T E ?  

T R A N S LAT E A N D  T R A N S L I T E R AT E  W H E N  N EC E SSA R Y  

T Y P E  O U T  T R A N S L AT E D  S E N T E N C E  

C A L L  FO R N E X T  I N P U T  S E N T E N C E  

FLOW CHART summarizes steps required i n  machine translation 
of a Chinese sentence. The "dictionary" is the diverse linguistic 
data stored photographically on a disk. A colored arrow means the 

answer to a quest jon is "no." A black arrow means "yes," or "pro� 
ceed." The transliterative routine handles input errors and terms 

not in the dictionary ; such items are simply transliterated. 

1 34 
© 1963 SCIENTIFIC AMERICAN, INC



tion of an action or even the continua
tion of an existing situation. A typical 
example of the use of T is in the sen
tence �.k � A 1TI1 *  T :  "Astronaut has 
returned." 

Let us now consider in some detail 
the steps taken by the machine in trans
l ating the following Chinese scntence :  

of.' Il\xl ri'l i;.: 2jS: n t.,� #.j' H� � *Jk �rli ill j( 
�ij 7,\ ){ tJ. Hk � �� � it Jfj� . 

:--iote first of all that the sentence con
tains 24 characters without spacing. Bv 
using thc principle of the longest match 
the machine detcrmines that the scn
tcnce actually contains 12 words or word 
groups, including a discontinuous con
stituent and the functive "de." ( The re
snlt of this processing step is shown in 
the lower illustration on page 130 .)  A 
simple word-far-word translation of the 
sentence would read: "America toward 
Pacific ocean launch [ "de"] multistage 
ballistic rocket all to be by liquid oxy
gen to be/for oxidizer ." 

The machine's next instruction is to 
l ink all discontinuous constituents in 
th e sentence. In this case there is 
one, tJ . , . � ( by/through/with . . .  
i s/make/cause ) .  Next the machine ex
amines the sentence for ambiguous parts 
of speech and nnds the word �'� !H , 
which can mean either the verb "launch" 
or the noun "launching." It is determined 
to be a verb. Following this the machine 
looks for auxiliary words and fUl1ctives. 
It finds the auxiliary [Ill ( toward) and 
the functive ag ( "de") . The machine 
determines that "toward" heads the ad
verbial phrase "toward Pacific occan." 
It discovers that "de" is used with the 
verb "launch" and, in response to a 
relative-clause subroutine, it inserts 
the word "which." Word-rearrangement 
markers are also tagged to all the words 
that are affected by this subroutine. 
The last step is word reordering and 
typing out of the translated sentence: 
"Multistage ballistic rocket which Amer
ica launch toward Pacinc ocean all use 
liquid oxygen as oxidizer." 

This is a fair example of the results 
wc have been able to obtain by automat
ic translation, using the methods bricfly 
described in this article. Another sample 
translation is shown on page 124.  We 
feel that the general usefulness of the 
linguistic-dictionarv approach, nrst used 
with Hussian, has now been demon
strated with Chinesc. This is not to sav 
that all the rclevant problems are solved 
or will soon be solved. The goal, how
ever, is well worth the effort, for we are 
seeking to remove the serious block that 
now exists to communications between 
people of the two largest language 
groups in the world. 

II only a fraction of BuShips ' 
$4 Billion Program goes for 
ship frames as such . . .  
what happens to the rest P 

These days, the steel plates and massive superstructure of a naval vessel 
still represent most of its displacement, but very little of its total cost. 
M odern naval vessels-especially those nuclear-powered craft that can 
operate far from home for months at a time-have evolved into floating 
or submerging (or perhaps soon hovering) weapons systems that must 
embody outstanding operating capabil ities with near perfect reliabil ity.  
This is only possible through exhaustive study and development on several 
fronts s imultaneously. 

Therefore, this i s  what happens to the rest of those $4 b i l l i o n : 

ELECTRO N I C S  gets the largest single chunk in order to i mprove radar, 
sonar, countermeasures, commun ications, weapons control and other 
operating systems.  

ADVA N C E  D EVELO P M EN T  funds are available for Applied Science 
(mostly to improve ship propulsion and machinery while making less 
noise) . . .  Warfare Systems (with special emphasis on automated com
mand and control concepts) . . .  ASW and Ocean Surveillance . . .  and 
Nuclear Propulsion. 

ADVANCED S H I P  D E S I G N  i s  a steadily growing function of BuShips 
marine engineers and naval architects, particularly i n  regard to hydrofo i l  
a n d  hydroskimmer vessels . . .  ocea n-bottom military and civi l ian research 
craft . . .  submerging amphibious assault and troop ships, etc. 

I M PROV E M ENTS i n  existing ships form a most important part of 
BuShips engineering act ivit ies. Better weapons handling on missile 
cruisers . . .  faster aircraft operations for carriers . . .  more sensit ive an
tennas for submarines . . .  smoother support operations for POLA R I S  . . .  
these are j ust a few advances that have been accompl ished in the past year. 

This wi l l  give you just a brief ins ight into a significant situation : BuShips 
activities are not limited to ship building alone , but spread over a wide 
spectrum of technological areas that may , in any way , relate to the devel
opment of better ocean-going weapons systems. The same spread applied 
to other areas of the Navy as wel l ,  especially to weaponry of all kinds and 
shore i nstallations, where the talents of scientists and engineers of almost 
al l  disciplines are required. If you would l ike to take on wide-ranging 
responsibi l i t ies and tangle with some really tough problems, get i n  touch 
with Larry Parachin i ,  Code 500, Room 1 000 here in the Main N avy 
Building, Washington 25, D. C. 

u.s. department of the navy 
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Attach this to 
an oscilloscope, ' 

• 
mIcroscope, 

neutron recorder, 
streak or framing camera, 

image converter, 
Kerr cell camera, 

borescope, 
digital print-out device, 

polariscope, 
I D camera, 

4x5 camera 
or any data recorder and 
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you can take out a graphic record 10 seconds later. 

This  is a Polaro i d  Land Camera 
back. I n  1 0  seconds it  can produce a 
record from any of these optical and 
electronic instruments. And it  does a 
better  j o b faster,  a n d  at l e s s  cost 
than by any other method.  

I t  i s  a record ing device of unpar
alleled versati l ity .  It can record in
formation of great complexity and 
detail  ( a  photomicrogra p h ) ,  o r  o f  

u t t e r  simplicity (ap oscilloscope trace 
in the n a n o s e c o n d  r a n ge).  It u s e s  
films that range from A S A  75 to 
ASA 1 0,000.  It can make records in 

black and w h i t e  or i n color. It c a n  
even m a k e  transparencies that are 
ready to show to an a u dience i n  less 
than two min utes . 

B ut versatil ity is not its only attri
bute.  When you make a record with 
it ,  you know you have exactly what 
you want on the spot. I f  i t  i s n ' t  per
fect the first time you can repeat the 
procedure then and there.  There's no 
uncertainty, no need to recreate d iffi
cult and time-cons uming set-ups at 
a later date. 

At last count, 23 companies were 

offe r i n g  the Polaroi d  Land Camera 
back as standard or optional equip
ment on the scientific i nstruments 
they make. And more are being added 
all the t ime.  The advent of 50-second 
P o l a c o l o r  F i l m ,  for i n s tance,  h a s  
a d d e d  a w h o l e  n e w  realm o f  d a t a  
record i n g  poss i b i l it ies .  

I f  you would l ike to know more 
about the back and i ts  uses in science 
and i n d u stry, write Technical Sales 
Department, Polaroid Corporation,  
Cambri dge 3 9 ,  Massachu setts . 

" PO L A R O I D "  A N D  " POLAC O LO R " ®  
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Early Experience and Emotional Development 
E.1:perilnents with i1�fant rats denwnstrate the decisive influence 

of earlx social expenences on Later emotional behavior. Sonte 

reciprocal effects of the lnother-infant relation are also exalnined 

A 
substantial body of clinical evi
dence supports the general ob
servation that the experiences of 

early infancy play a paramount role in 
the growth and development of the in
dividual personality. In particular it has 
been observed that the emotionality or 
anxiety of the mother is strongly re
flected in the anxiety or lack of it exhib
ited by the child. With the aim of 
bringing the process of emotional devel
opment under experimental study, in
vestigators in recent years have been 
observing the relation between early ex
perience and adult behavior in a variety 
of laboratory animals. They have been 
gratified to discover that the effects of 
various modes of treating an d handling 
the infant animal show up consistently 
and reliably in the adult. To the extent 
that the analogy with human behavior 
can be credited, these experiments can 
be taken as confirmation of what has 
been observed in the clinic. This work 
has greater significance, however, be
cause it has shown that the difficult 
realm of emotional development can be 
studied in the laboratory on the same 
terms as, for example, learning or motor 
development. 

During the past few years my col
leagues and I at Purdue University have 
been engaged in work along this line 
using as our laboratory subjects infant 
rats of the Purdue Wistar stock. In 
general we have found that social experi
ences prior to and immediately after 
weaning bring about more or less penna
n ent changes in emotional behavior at 
maturity. As might be expected, our ex
periments show that the mother-infant 
relation has decisive effects on the later 
emotional development of the infant. 
We have also found-as investigators 
working with other animals have ob
served-that early infant-infant relations 
may have comparably decisive effects. 

138 

b,· \ictor H. Denenberg 

Our primary method of measuring dif
ferences in the emotional behavior of 
individual rats has been the "open field" 
test [see illustration on opposite page]. 
The animal to be tested is placed in a box 
about four feet square for three minutes. 
The floor of the box is marked off into 
nine-inch squares to provide a conveni
ent index for measuring the animal's ac
tivity. A rat that is capable of flexible and 
adaptive behavior responds to this un
familiar situation by running about and 
exploring its new surroundings. Its ac
tivity can be scored by counting the 
number of squares it enters during the 
period of observation. An emotionally 
disturbed rat-that is, one with a low or 
underdeveloped capacity for adapting 
to unfamiliar situations-responds by 
cowering in a corner of the box or by 
creeping about timidly. The disturbed 
rat also tends to defecate and urinate 
frequently, a characteristically maladap
tive stress response mediated by the 
autonomic, or involuntary, nervous sys
tem. The open-field test thus provides 
two objective and quantitative indexes 
for measuring the emotional state of the 
test animal: the number of squares en
tered and the number of boluses def
ecated during the three-minute test 
period. 

In our experiments involving the moth
er-infant relation we set out first to 

measure the degree to which the emo
tional state of a mother rat affects the 
emotional state of her offspring. With 
performance in the open-field test as our 
standard we were able to classify non
pregnant female rats as scoring "high" 
or "low" on the scale of emotionality or 
anxiety. All the animals were then mated 
and put into individual laboratory cages 
where, about 21 days later, they gave 
birth to litters of eight or more pups. In 
order to investigate whether or not the 

emotional behavior of the young was in
fluenced by the behavior of the mother, 
we set up an experiment designed to 
simulate the effects of inconsistent moth
ering. Seizing the opportunity present
ed when two females with the same emo
tional classification happened to give 
birth on the same day, we exchanged 
these mothers every 24 hours until the 
pups were weaned at 21 days. The differ
ences in the maternal behavior of the 
mothers in this experiment, we thought, 
would have effects comparable to the in
consistent maternal care of a single emo
tionally disturbed mother. In the case 
of mothers not "rotated" in this fashion, 
we took care to remove each one from 
its cage for a short period each day in 
order to eliminate the possible effects 
of the handling process itself. 

After weaning (at 21 days) the in
fants were in all cases raised in labora
tory cages with littermates of the same 
sex and were subjected to the open-field 
test at the age of 50 days. Their per
formance furnished conclusive evidence 
that there is a direct relation between 
the emotional state of a mother and that 
of her offspring. The offspring of emo
tionally disturbed mothers showed much 
lower activity scores and much higher 
defecation scores than the offspring of 
normal mothers. The offspring of both 
classes of mothers that had been sub
jected to rotated mothering showed a 
corresponding decrease in activitv 
scores and increase in defecation score�. 

Because a direct relation was found 
between the emotional state of a mother 
and the emotional state of her offspring, 
the experiment could be interpreted as 
demonstrating the effect of hereditary 
rather than social influences on the emo
tionality of the offspring. In a control 
experiment we accordingly exposed the 
offspring of each class of mother to the 
maternal care of mothers of both classes 
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un the same 24-hour rotational schcdule. 
If hereditary factors prevailed, one 
would expect that the offspring of nor
mal mothers would show higher activity 
scores than the offspring of disturbed 
mothers. When infants subjected to this 
treatment had been allowed to mature 
an d were tested in the open field, how
ever, we cUscovered that this was not the 
case. The scores of these offspring were 
not related in any significant way to the 
emotional classification of their biologi
cal mothers [see top illustration on next 
pagel. 

The results of this control experiment 
were so one-sided that we undertook 
still another, designed to find out 
whether or not the infant's early social 
experience is the sole determinant of 
its later emotional behavior. This time 
when a normal and a disturbed female 
gave birth on the same day, we switched 
mothers so that the mothers of each class 
were made to foster the offspring of the 
other. The pups were not touched by 
the experimenter during this exchange. 
After this neither the mothers nor the 
youn g were handled again until the 
young were weaned at 21 days. The 
scores of these offspring, when tested 
in the open field at the age of 50 days, 
show that genetic constitution is not 
without influence on later emotional be
havior. Independent of such influence, 
however, the mother in her interaction 
with the young between birth and wean
ing brings about a relatively permanent 
change in the emotional behavior of the 
offspring. The ways in which this post
natal maternal influence is communi
cated to the infants remain to be ex
plored in more detail. 

� this point the design an d the results 
i of our experiments suggested that 
we ought to look into another question: 
How does the behavior of offspring in
fluence the behavior of mothers? In hu
man families it is well known that a 
cranky infant can arouse anxiety and 
cmotional tension in the mother, where
as a peaceful baby that eats, sleeps and 
smiles has the capacity to charm an d 
soothe all concerned. In order to investi
gate this reciprocal relation it was neces
sary to produce infant rats with emo
tionality scores as well established as 
those of the mother rats used in our 
experiments. Although the open-field test 
provided a reliable means of classifyin g 
normal and disturbed mothers, it was 
not practicable to differentiate the emo
tional types of very young pups by this 
means. Therefore we undertook another 
cxperiment, which established that the 
emotionality of rats can be fixed at will 

� 
II 

EMOTIONAL BEHAVIOR of a rat can be measured on the "open field": an area four 

feet square marked off into smaller squares. When a normal rat (top) is placed in this un· 

familiar environment, it generally responds by running about and exploring its new sur· 

roundings. An emotionally disturbed rat (bottom) responds to the same situation by 

,·owering in a corner and defecating. The principal indices of "emotionality" are the num· 

ber of squares entered and tbe number of boluses defecated during tbree·minute test period. 
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ACTIVITY SCORE ACTIVITY SCORE 

ON OPEN-FIELD TEST 
(50 DAYS) 

BIOLOGICAL ROTATED ON OPEN-FIELD TEST BIOLOGICAL 
MOTHER 

FOSTER 

MOTHER MOTHER MOTHERS (50 DAYS) 
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61 

88 

96 
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MOTHERS WERE EXCHANGED between Jitters according to two 

d,flerent schedules. Some were rotated between their own and an

other's litter every 24 hours from a common birth date until wean· 

ing 21 days later (graph (It left). Other pairs were exchanged at 

birth and were not handled again until weaning (graph at right). 

When the oflspring of four different maternal combinations in the 

first group were tested in the open field at 50 days, their perform· 

ances reAected the strong residual inAuenre of the mother·infant 

social relation but did not show any evidence of a comparable 

hereditary inAuence. 'Vhen offspring in the second group were 

tested, their emotional behavior revealed the inAuence of their ge

netic backgrounds as well as of their early social experience. Scores 

are generally lower in the graph at left because the daily rotation 

of mothers in itself has a disturbing effect on the infant rats. 

by suitable treatment at an earlv age. 
We found that rats subjected to elec
tric shock during the first few days of 
life later showed extremely adaptive and 
accordingly high activity scores in the 
open-field test. Seymour Levine, who is 
now at Stanford University, similarly 

21 DAYS 

found that almost any routine of daily 
handlJl1g in early life is reflected in a 
higher degree of emotional stability at 
maturity. Conversely, rats that spend 
their early life in the comparative isola
tion of laboratory cages tend to be emo
tionally disturbed and adapt poorly in 

the open-field test [see "Stimulation in In
fancy," by Seymour Levine; SCIENTIFIC 
AMERICAN, May, 1960]. 

Using our electric-shock techniques, 
we were able to supply infants of both 
emotional classifications to mothers of 
both kinds and therebv set up four dif-
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a 

NORMAL OFFSPRING 

• NORMAL MOTHER 

b c 

EMOTIONALLY DISTURBED OFFSPRING 

EMOTIONALLY DISTURBED MOTHER 

1'::0 

d a' b' c' d' 
RECIPROCAL EFFECTS of four different mother·infant combinations are repre

sented by the paired bars on this graph. Open-field activity scores were re('orded for 

both mothers and infants when the infants were weaned at 21 days (left) and again 

at 50 days (right). Normal and emotionally disturbed mothers were initially sorted 

out according to their prepregnancy open· field test scores. Normal infants were ob· 

tained by subjecting them to mild electric shocks in early infancy. Infants that had 
not received this treatment were elassified as emotionally disturbed. The results 

indicate that the emotional behavior of both the mothers and the infants can be al

tered significantly as a result of the social interaction inherent in the rearing prOl'PSS, 
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How to use your Savings 
to beat down the cost 
of Borrowing 

Put your savings in a Full Service 

commercial bank. Borrow money 

from that same bank. You'll make 

the most of your money because 

you'll pay the least for your loan. 

Doing business with a Full Service 

commercial bank is a two-way street. 

The more you do for the bank, the 

more the bank can do for you. 

What can you do for a 

Full Service bank? 

Plenty! Give it your checking account, 

your savings account, and do all your 

borrowing from that bank - your auto 

loans, personal loans, vacation loans, 

home loans. The more business you 

give them, the better. 

In return, what can a Full 

Service bank do for you? 

Again, plenty! It can save you money. 

For instance, suppose you need $2,000 
to buy a car or take a trip or help send 

the kids to college. If you've estab

lished a good credit reputation with a 

Full Service commercial bank-chances 

are good that you can borrow the 

money there at far less cost than you'd 

have to pay elsewhere. On a $2,000 
loan, for example, you might save as 

much as $100 in interest costs. This is 
true because interest rates for loans at 

Full Service banks are usually consid

erably lower than at most other types 
of financial institutions. 

For another example, take home 
loans. Often, a Full Service bank can 

save you money because of lower fees, 

even though the actual interest rate 

may be the same as quoted by another 
financial institution. 

What about the lower interest 

rate on savings? 

A good point. But vulnerable. Full 

Service banks sometimes pay a little 

less on savings than other types of 

financial institutions. But suppose you 

have a $1,000 savings account in a Full 

Service bank. Even if it earns 1 % less, 

this only cuts you out of $10 a year. 

Meanwhile, if you had taken advantage 

of the low-cost loan we mentioned ear

lier, you'd already be $90 ahead-and 

you'd have a good bank in your corner. 

If you're like many people, you'll 

borrow far more in your lifetime than 

you'll save. It figures that having to pay 

even a slightly higher rate on a loan 

will quickly wipe out any small gain 

you might make on your savings. 

How do you get acquainted 

with a Full Service bank? 

Very simple. Just pick one that's handy 
to your home or work. (You can be 

sure it's a Full Service commercial 

bank if it offers both checking and sav

ings accounts plus all types of loans.) 

Then make this bank your financial 

headquarters. The rest comes easy. 

�!* Your FuLL Service ..A.,BANK.J\.,. l7l*�� CommerciaL Bank 

�OPYRIGHT 1962/fOUNOATION FOR COMMERCIAL O"NKS/PHILA. 1, P .... 
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REARING IN FREE ENVIRONMENT tended to increase the adult activity scores of both 

normal (top) and emotionally disturbed rats (bottom), although the latter continued to 

show many of the characteristic signs of unstable behavior while in the free-environment 

box_ Play behavior among the normal pups included much wrestling and nipping, whereas 

disturbed pups generally crowded into the coruers of the box_ Each box contains eight rats_ 

142 

ferent mother-infant combinations. At 
weaning, and again at 50 days, both the 
mothers and the young of each combina
tion were tested in the open field. In 
general the results of these tests showed 
that significant changes in the emotional 
behavior of both mothers and young oc
curred as a result of the social interaction 
inherent in the rearing process. Emotion
ally stable mothers that had mothered 
emotionally stable infants scored highest 
in the open-field tests, as did their in
fants, whereas emotionally disturbed 
mothers that had mothered emotionally 
disturbed infants scored lowest, along 
with their infants. Scores for the other 
two combinations ranged between these 
two extremes [see hOtt0111 illustration on 
page 140]. 

In the course of these experiments we 
noted that pups from litters of eight or 
more tended to score Significantly lower 
on their activity tests than pups from 
smaller litters. This suggested that the 
effects of interaction with siblings might 
be as deserving of study as the effects 
of the mother-infant relation. Experi
ments with a variety of animals conduct
ed by other investigators had, in fact, 
indicated that early social relations 
among infants are decisive in the de
velopment of normal peer relations in 
adult life [see "Social Deprivation in 
Monkeys," by Harry F. and Margaret 
Kuenne Harlow; SCIENTIFIC AMERICA:\", 
November, 1962]. We proceeded, there
fore, to test the effects of association 
with agemates after weaning on the 
later emotional behavior of our rats. 

F or these experiments we divided the 
infants into two groups, regularly 

subjecting the members of one group to 

handling during the first three weeks of 
life and leaving the other group un
handled, thereby ensuring that the for
mer would later show a low emotionality 
score and the latter a high one. The 
usual laboratory procedure is to put the 
infants into laboratory cages after wean
ing and keep them there until they are 
tested in adulthood. It occurred to us, 
however, that the barren environment 
of the laboratory cage does little to im
prove the emotional state of the dis
turbed rats and probably contributes 
to tbeir maladaptive stress-response in 
later life. We suspected that a "richer," 
or more complex, environment might 
have a therapeutic effect on some of the 
emotionally disturbed pups. Accordingly 
we constructed several large "free en
vironment" boxes about four feet square 
that contained ramps, tunnels, platforms 
and plenty of food and water. In one box 
we placed 16 just-weaned pups that bad 
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The one-piston, no-cylinder space engine 
that runs for a year on a pound of gas 

This is the Republic pinch-pulse plasma engine. It is 
just 9 inches long and weighs 5 pounds. 

Its "piston" is an invisible magnetic squeeze. Many 
times each second, it drives a small volume of ionized gas 
(plasma) through a narrow exhaust tube at high velocity. 
Each pulse of the piston accelerates the engine forward. 

It may be powered by energy from the sun, nuclear 
reactors, or silver-cell batteries. This power is stored in 
a bank of capacitors and discharged into the plasma 
chamber at precisely timed intervals. With this controlled 
pulse rate, the engine has variable thrust and specific
impulse values. It can stop and start on command. Its 
simple design and construction make it intrinsically 

reliable. And it has already undergone extensive tests. 
Complete with controls, fuel supply, test instruments 

and electrical power source, the engine system has been 
operated in an environmental test chamber simulating 
actual conditions of space. Control information is tele
metered into the test chamber. 

This pinch-pulse plasma engine was built by Republic 
under contract to the Office of Naval Research. It is the 
prototype of a family of engines for satellite propulsion, 
stabilization, attitude control and rendezvous-and-dock
ing in orbit. 

One day its descendants will drive ships out beyond 
orbit ... deep into the black vacuum of space. 

REPUBLIC 
AVIATION CORPORA.TION 

FARMINGDALE. LONG ISLjIt,ND, NEW YORK 
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THE CLASS 

WESTERN GIlAIl 

N'OW[ 

You might call W estern Gear's 
75 years of growth a product of 
higher learning. Learning, that is, 
to reach out to new horizons this 

boy probably couldn't have seen 
from his schoolhouse steps. West
ern Gear was around then. But 
Western Gear is everywhere now. 
The word "gear" in our name has 
grown to mean as many things as 
there are new industries and sci
ences. In the electromechanical 
power transmission field, for ex
ample, Western Gear designs and 
manufactures special and stand
ard products ranging from minia
ture rotary electrical equipment, 
to printing presses, to marine deck 
machinery. We build equipment 
for lumbering, mining, food proc
essing, steelmak ing, space and 
hydrospace. In fact, it's hard to find 
an industry where Western Gear 
isn't. Isn't it likely that one of our 
seven divisions could be of special 
service to you? It's easy to find out. 
W rite for our Corporate Capa
b ilities Bulletin 5900. Address 
Western Gear Corporation, Box 
182, Lynwood, California, or cable 

WESTGEAR, Lynwood, California. 

WESTERN GEAR CORPORATION 

... our 75th year 

Everett, Washington; Belmont, Lynwood, Pasa· 
dena, California; Houston, Texas. Offices in all 
principal cities. Executive offices in Lynwood. 

POSTWEANING DEFECATION SCORE 

INFANT EXPERIENCE ENVIRONMENT ON OPEN-FIELD TEST 

(FIRST 25 DAYS) (26 TO 50 DAYS) (180 DAYS) 

HANDLED CAGE 8.83 

27 

HANDLED FREE ENVIRONMENT .83 

UNHANDLED FREE ENVIRONMENT 21.38 

THERAPEUTIC EFFECT of rearing in the free environment compared with rearing in 

laboratory cages shows up in the lowered defecation scores of both normal and emotionally 

disturbed rats at maturity. Normal rats were produced by a routine of daily handling in 

early infant·y; unhandled infants tended to be less stable emotionally even as adults. 

been handled in infancy; in another we 
placed 16 pups that had not received 
this treatment. An equal n umber of 
handled and unbandled pups were put 
into laboratory cages as controls. At 50 
days all the animals were placed in 
laboratory cages an d at 180 days they 
were tested in the open field. As expect
ed, the rats handled during infancy 
adapted more normally to the unfamiliar 
test situation, registering higher activity 
scores an d lower defecation scores than 
the unll<1ndled rats. Within each group, 
however, the animals that had been 
reared in the free environment showed 
lower defecation scores than their con 
trols, which had spen t the same 25-day 
period in laboratory cages [see illustra
tion above J. Apparently the free-en
vironment experience provided an effec
tive form of group psychotherapy in 
which the opportunity for a broader 

range of social interaction had combined 
with the greater diversity of perceptual 
and motor experience to stimulate an d 
develop the adaptive capacities of the 
emotionally disturbed rats. 

In our next experiment we set out to 
determine whether or n ot exposure to 
emotionally more stable rats in the free
environ ment situation would have a still 
greater therapeutic effect on the emo
tionally disturbed individuals. At wean
ing we put groups composed of equal 
numbers of handled an d unhandled in
fants into the boxes; at 50 days we 
placed all these rats in laboratory cages 
with littermates of the same sex and at 
76 days began open-field testing. To our 
surprise the effect of mixing the handled 
and unhandled infants was to make their 
emotional behavior even more dissimilar 
at maturity. The activity scores of the 
unhandled adults were lowcr and those 

POSTWEANING 

FREE-ENVIRONMENT ACTIVIT Y SCORE 

INFANT EXPERIENCE GROUPINGS ON OPEN-FIELD TEST 

(FIRST 25 DAYS) (26 TO 50 DAYS) (76 DAYS) 

HANDLED ALL 270 

UNHANDLED ALL 210 

HANDLED 382 

EQUALLY MIXED 

UNHANDLED 169 

DISPARITY between the adult activity scores of handled and unhand led infants increased 

when both were reared together in the free·environment box. The passivity of the un· 

handled pup, during this period apparently stimulated the handled pups to even greater 

aelivity, \\ hit·h in turn served to further IIl('rease the ernotional d.sturbance of the i'onller. 
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In more and more schools ... 

PARTNERS IN THE CLASSROOM 

A GOOD TEXTBOOK AND SCIENTIFIC OFFPRINTS .!. AMERICAN w 

In more and more classrooms SCIENTIFIC AMERICAN Off

prints are being adopted side by side with the textbook. 

(More than 4,200,000 Offprints have been used to date.) 

The textbook supplies the foundation of the course. The 

Offprints provide the latest bulletins from the frontiers of 

research, complementing and reinforcing the basic mate

rial contained in the textbook. 

Teachers who have used them find that their students 

respond with a better grasp of the whole subject and with 

more enthusiasm for the assigned readings. 

The more than 380 articles that are presently available 

cover a broad spectrum of current thought and research 

in the life sciences, the physical sciences, and the social 

sciences. Each Offprint, still only 20c. 

Send for a free descriptive brochure 10: 

w. H. Freeman and Company 
660 Market Street, San Francisco 4, California 
Hyde House, West Central Street, London, W.C.l 

of the handled adults were higher than 
the scores of the rats that had been sub
jected to the same experience with fel
lows of like emotional background [see 
bottom illustration on preceding page J. 

Our observations of these animals 
during their stay in the free-environ
ment box indicated that the accentuation 
of differences was probably influenced 
by the play behavior of the pups. The 
handled animals moved about freely and 
explored the whole box, whereas the un
handled animals huddled in on6 or two 
corners. The emotionally freer pups also 
played more vigorously, wrestling and 
nipping each other and attempting to 
engage the emotionally disturbed rats 
in their activity. This undoubtedly in
creased the emotional disturbance of 
the latter. At the same time, the passivity 
of the unhandled rats apparently served 
to reduce the inhibitions of the handled 
rats and to encourage them to even 
greater activity. 

The results of this experiment seem 
to run counter to the suggestion ad
vanced by several child psychologists 
that putting an emotionally upset child 
in with a group of well-adjusted chil
dren will improve the emotional develop
ment of the upset child. The contrasting 
situation we observed with our rats was 
remarkably similar to the results of an 
experiment conducted by the child psy
chologist Fritz Redl several years ago. 
Hedl introduced a boy with considerable 
masochistic tendencies into a group of 
normal boys who were all friends and 
members of the same club. In a short 
time the disturbed boy had stirred up 
in the others "more sadistic-pleasure 
temptations than they could cope with" 
and their violent aggressions disrupted 
the social relations of the entire group. 
We have conducted further experiments 
in which we have varied the ratio of 
handled to nonhandled rats, thus dupli
cating more closely the conditions of 
this analogous human situation. The re
sults are as yet inconclusive. 

W ith considerable confidence, how-
ever, we can say that social ex

perience immediately after weaning 
will bring about relatively permanent 
changes in the emotional behavior of 
the adult animal. What is more, such ex
perience can be deliberately designed 
in experiments to enhance or depress 
the capacity for adaptive emotional be
havior. The combined techniques of 
stimulation in infancy and open-field 
testing provide the basis for many more 
experiments dealing with the function 
of social variables in the emotional de
velopment of individual animals. 
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we probed microelements, developed miniature ferrite components 

Extensive research by IGC engineers has resulted in a tenfold miniaturization of ferrite parts for the U.S. Army Signal Corp/ RCA 

Micromodule Program. Typical of IGC's achievements are the ferrite parts shown above for dice-sized, adjustable inductors 

produced by TRW Electronics' Radio Industries, Inc. Frequency range of the inductors is 400 KC to 15 MC. They have a tuning 

capability of 10% ... a temperature range from -55°C to 85°C. Other miniaturized ferrite parts are supplied to Collins Radio 

Company for fixed inductor microelements. • Magnetism is our business. IGC linear temperature coefficient ferrite 

materials are ideally suited to miniaturization because they combine the advantages of high Q and low loss with a predictable 

change in inductance over a wide temperature range. For more information, write to Indiana General Corporation, Electronics 

Division, Keasbey, New Jersey. 

INDIANA GENERAL [;!l 
Precision 

Motors 
Memory 
Systems 

I� -� , � ' _ . '" 

_ @JmuID fill 
Permanent 

Magnets 
Magnetic 

Eauioment Ferrites 
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DRI-C020rthe first 1\ C02 
freeze-dry equipment 

Stow the screw driver and hammer. The 
answer to safe, inexpensive and accurate 
freeze-drying of heat·sensitive laboratory 
specimens is here. It's called DRI·COOL . . • 

offering laboratories, hospitals and risearch 
centers the first. I iquid carbon dioxide freeze
dryer ever developed. Processing of blood, 
viruses, vaccines, protein extracts and other 

labile sUbstances is safe, fast, and without 
the mess of dry ice. No danger of fire or toxic 
reaction from the acetone or alcohol used 
with dry ice devices either. Just hook up a 

bottle of instantly available liquid CO-2, 
which can be stored indefinitely, flick a few 
switches, open a valve, and you're off! We 
think DRI·COOL is the best freeze-dryer in 
this cold, coid world. The price? That's cool 
too ... just a fraction of the cost of com

parable mechanical refrigeration units! Ask 
your supplier to demonstrate one. Better 
yet, write us for literature, and we'll tell 
him to call on you. 

�Soclated 
ASSOCIATED TESTING LABORATORIES, INC. 

164 Route 46. Wayne, N. J. • Clifford 6-2800 
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MATHEMATICAL GAME S 
A discussion of helical structures, 
from corkscrews to DNA lnolecules 

by Martin Gardner 

A straight sword will fit snugly into 
a straight scabbard. The same 
is true of a sword that curves in 

the arc of a circle: it can be plunged 
smoothly into a scabbard of the same 
curvature. Mathematicians sometimes 
describe this property of straight lines 
and circles by calling them "self-congru
ent" curves; any segment of such a curve 
can be slid along the curve, from one 
end to the other, and it will always "fit." 

Is it possible to design a sword and 
its scabbard that are not either straight 
or curved in a circular arc? Most people, 
after giving this careful consideration, 
will answer no, but they are wrong. 
There is a third curve that is self-con
gruent: the circular helix. This is a curve 
that coils around a circular cylinder in 
such a way that it crosses the "elements" 
of the cylinder at a constant angle. The 
illustration at the right makes this clear. 
The elements are the vertical lines that 
parallel the cylinder's axis; a is the con
stant angle with which the helix crosses 
every element. Because of the constant 
curvature of the helix a helical sword 
would screw its way easily in and out of 
a helical scabbard. 

Actually the straight line and the cir
cle can be regarded as limiting cases of 
the circular helix. Compress the curve 
until the coils are very close together 
and you get a tightly wound helix re
sembling a Slinky toy; if angle a in
creases to 90 degrees, the helix collapses 
into a circle. On the other hand, if you 
stretch the helix until angle a becomes 
zero, the helix is transformed into a 
straight line. If parallel rays of light 
shine perpendicularly on a wall, a cir
cular helix held before the wall with its 
axis parallel to the rays will cast on the 
wall a shadow that is a single circle. If 
the helix is held at right angles to the 
rays, the shadow is a sine curve. 

Every helix, circular or otherwise, is 
an asymmetric space curve that differs 
from its mirror image. We shall use the 

term "right-handed" for the helix that 
coils clockwise as it "goes away," in the 
manner of an ordinary wood screw or a 
corkscrew. Hold such a corkscrew up to 
a mirror and you will see that its reflec
tion, in the words of Lewis Carroll's 
Alice, "goes the other way." The reflec
tion is a left-handed corkscrew. Such a 
corkscrew actually can be bought as a 
practical joke. So unaccustomed are we 
to left-handed screw threads that a vic
tim may struggle for several minutes with 
such a corkscrew before he realizes that 
he has to turn it counterclockwise to 
make it work. 

Aside from screws, bolts and nuts, 
which are (except for special purposes) 
standardized as right-handed helices, 
most man-made helical structures come 
in both right and left forms: candy 
canes, circular staircases, rope and cable 
made of twisted strands, and so on. The 
same variations in handedness are found 

Circular helix (colored) on crlinder 
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Compressing Real-Time Human Effectiveness 
-one approach is to roll back two boundaries of the command 
and control data problem: the amount of information that can 
be reliably gathered and stored ... and the amount that can be 
presented to the human decision·maker in real·time without 
exceeding the threshold of human saturation. 

An illustration of this double·barreled systems approach may 
be seen in the Strategic Air Command Control System 465·L, 
for which ITT International Electric Corporation is Prime 
Contractor. 

Data enters the 465·L network from Remote Communication 
Gentrals all over the world. Each RCC can accommodate as 
many as 1,500 messages per hour by means of up to 32 
input/output devices. All messages transmitted within the 
System are automatically routed, recorded, and error·checked 
by Data Transmission Control Centers located at each SAC 
Headquarters. Information flows into the Data Processing Cen
tral, where a high-speed computer compares events reported 

by RCC's with plans stored in its memory. The DPC will auto
matically alert the SAC staff to any significant deviation be
tween actual and planned events. 

At the critical man/465-L interface, assimilation of the vast 
quantities of information funneling into SAC command centers 
has been greatly enhanced by a recent ITT development - data 
presentation in color_ Operating at speeds that appeared in
credible only a short time ago, the new display system enables 
computer outputs to be converted to alpha-numeric form .. _ 

photographed ... developed and projected onto 16 large control 
center screens in as many as 7 colors in a matter of seconds_ 

If you tour our Paramus, New Jersey facility, you'll find a com
plete operational prototype of 465-L, occupying over 20,000 
square feet in one of our buildings. This unusual installation 
can also be used to simulate almost any command control or 
information system our engineers wish to study. __ military or 
commercial. 

OPPORTUNITIES IN MANY COMMAND AND CONTROL AREAS NOW OPEN TO SYSTEMS ENGINEERS, ANALYSTS, AND OTHERS 

PROGRAMMERS/ANALYSTS_ For real·time programming analysis and 
development. Broad activities encompass advanced programming sys
tems, including special color display routines; diagnostic programs: 
automatic recovery; problem-oriented language; artificial intelligence. 

OPERATIONS ANALYSTS. To establish systems requirements in satel
lite control, air traffic control, ASW and command/control. Also, as
signments in man/machine communications and information retrieval. 

SYSTEMS IMPLEMENTATION ENGINEERS. Electronic engineers to de
velop tests for stressing and evaluating communication-display-com. 
puter systems. Recommend improvement and refinements. Also, field 
positions for installation and integration of digital command/control 
systems. 

INFORMATION SYSTEMS ENGINEERS. For design of command/control 
and advanced communications systems. Experience in traffic. antenna 
and propagation theory. and mathematics as applied to communica
tions and space technology. 

DIGITAL SYSTEMS ENGINEERS. Engineers with management ability 
to direct sub-systems engineering effort on a global command/control 
system. Experience is desired in message traffic control, data process
ing systems, data display and multi·sequencing techniques. 

Write fully in strict confidence to Mr. E. A. Smith, Manager of 
Employment, Box 93-MJ ITT-International Electric Corp., 
Route 17 and Garden State Parkway, Paramus, New Jersey. 

ITT An Equal Opportunity Employer 

INTERNATIONAL ELECTRIC CORPORATION 
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Helical horns of the Pamir sheep have opposite handedness 

in conical helices (curves that spiral 
around cones), including bedsprings and 
spiral ramps such as the inverted conical 
ramp in Frank Lloyd Wright's Guggen
heim Museum in New York City. 

Not so in nature! Helical sh'uctures 
abound in living forms, from the simplest 
virus to parts of the human body, and 
in almost every case the genetic code 
carries information that tells each helix 
precisely "which way to go." In fact, the 
genetic code itself is carried in single 
giant molecules of nucleic acid that al
ways twist (so most biochemists believe 
today) in a right-handed helix. More
over, since Linus Pauling's pioneer work 
on the helical sh'ucture of protein mole
cules, there has been increasing evidence 
that every giant protein molecule found 
in nature has a "backbone" that coils in 
a right-handed helix. In the case of both 
nucleic acid and protein, the molecule's 
backbone is a chain made up of units 
each one of which is an asymmetric 
structure of the same handedness. Each 
unit, so to speak, gives an additional 
twist to the chain, in the same direction, 
like the steps of a helical staircase. 

the male. But the male's left tooth grows 
straight forward, like a javelin, to the 
ridiculous length of eight or nine feet
more than half the animal's length from 
snout to tail! Around this giant tooth are 
helical grooves that spiral forward in a 
counterclockwise direction [see illustm
lio.n below]. On the rare occasions 
when both teeth grow into tusks, one 
would expect the right tooth to spiral 
clockwise. But no, it too is always left
handed. Zoologists disagree on how this 
could come about. Sir D' Arcy Thomp
son, in his book On Growth and Form, 
defends his own theory that the whale 
swims with a slight screw motion to the 
right. The inertia of its huge tusk would 
produce a torque at the base of the tooth 
that might cause it to rotate counter
clockwise as it grows [see "The Horn of 
the Unicorn," by John Tyler Bonner; 
SCIENTIFIC AMERICAN, March, 1951]. 

Whenever a single helix is prominent 
in the structure of any living plant or 
animal, the species usually confines it
self to a helix of a specific handedness. 
This is true of countless forms of helical 
bacteria as well as of the spermatozoa 
of all higher animals. The human um
bilical cord is a triple helix of one vein 
and two arteries that invariably coil to 
the left. The most striking instances are 
provided by the conical helices of the 
shells of snails and other mollusks. Not 
all spiral shells have a handedness. The 

Spark your 
Mo/W thinking 

with G·E's 
METAL QUIZ 

(answers below) 

Molybdenum melts at 

3560° F. 0 
4730° F. 0 
4250° F. 0 

Tungsten melts at 

5739° F. 0 
6170° F. 0 
5160° F. 0 

What can't you do 
with these two metals? 

Spi n  0 
Draw 0 

Forge 0 
RollO 
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What one form is not 
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Wire 0 
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Pressed & Si ntered forms 0 

Larger helical structures in animals 
that have bilateral symmetry usually 
come in mirror-image pairs, one on each 
side of the body. The horns of rams, 
goats, antelopes and other mammals are 
spectacular examples [see illustmtion 
above]. The cochlea of the human ear 
is a conical helix that is left-handed in 
the left ear and right-handed in the 
right. A curious exception is the tooth of 
the narwhal, a small whale that flour
ishes in arctic waters. This whimsical 
creature is born with two teeth in its 
upper jaw. Both teeth remain perma
nently buried in the jaw of the female 
narwhal, and so does the right tooth of 

�:a�����:7£����:�:i�;I:�����:'i�:;� Jt=====I,tgij:;ES§[L]1}mggffilfd.n'&bl)lji· 
halves. But there are thousands of beau
tiful molluscan shells that are either left
or right-handed [see top illustration on 
next page]. Some species are always left
handed and some always right-handed. 
Some go one way in one locality and 

• 
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Helical grooves of the narwhal tooth are always left.handed 
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how to 
pull 
the 
wool 
The sheep wouldn't do it-so Barnebey
Cheney pulled it off. Carbon wool-an ele

mental carbon fiber which adsorbs odors. 

Its great strength, high temperature re
sistance, chemical inertness and pliability 

make it a natural for air filtering, insula

tion and adsorptive cloth. Available in 

many fiber sizes. Stop in for a fitting. 

save 
the day 
Evil days befall when contaminated air 

robs your employees of efficiency or your 

neighbors of neighborliness. This has a 

way of turning balance sheet ink from 

black to red_ Whether you save your air 

and dump the contaminant - or dump 

your air and save the contaminant, an 

activated charcoal system will save the 

day. It's doing it now in many plants, 

how to 
sweeten 
a furnace 
Your furnace shows a shocking lack of dis

crimination. It heats anything you give it 

through the return air ducts. Many smart 

furnace and air conditioner users slip an 

inexpensive activated charcoal filter into 

the system behind the dust filter. It ad· 

sorbs all odors as sweet as you please. 

activated 
charcoal 
Activated charcoal acts as a molecular 

sponge, purifies air, gases, liquids - re

covers solvents - removes odors and 

impurities. Write for Bulletin A-l05. 
Barnebey·Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 
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Three molluscan shells that are right-handed conical helices 

the other way in another. Occasional 
"sports" that twist the wrong way are 
prized by shell collectors. 

A puzzling type of helical fossil known 
as the devil's corkscrew (Daemonelix) 
is found in Nebraska and Wyoming. 
These huge spirals, six feet or more in 
length, are sometimes right-handed and 
sometimes left-handed. Geologists ar
gued for decades over whether they are 
fossils of extinct plants or helical bur
rows made by ancestors of the beaver. 
The beaver theory finally prevailed after 
remains of small beavers were found in
side some of the corkscrews. 

In the plant world helices are com
mon in the structure of stalks, stems, ten
drils, seeds, flowers, cones, leaves-even 
in the spiral arrangement of leaves and 
branches around a stalk. The number of 
turns made along a helical path, as you 
move from one leaf to the leaf direct
ly above it, tends to be a number in 
the familiar Fibonacci series: 1, 2, 3, 
5, 8, 13 . . . (Each number is the sum of 
the preceding hvo numbers.) A large 
literature in the field known as "phyl
lotaxy" (leaf arrangement) deals with 
the surprising appearance of the Fibo
nacci numbers in botanical phenomena 
of this sort. (Many readers will be in
terested to know that a new mathe
matical journal called The Fibonacci 
Quarterly has just been founded. It is 
concerned entirely with technical and 

recreational aspects of the Fibonacci 
series. The price is $4 a year. Brother 
U. Alfred of St. Mary's College in St. 
Mary's College, Calif., is the managing 
editor; he will send a prospectus on re
quest. The first issue proposes a new 
game called Fibonacci Nim.) 

The helical stalks of climbing plants 
are usually right-handed, but thousands 
of species of twining plants go the other 
way. The honeysuckle, for instance, is 
always left-handed; the bindweed (a 
family that includes the morning glory) 
is always right-handed. When the two 
plants tangle with each other, the result 
is a passionate, violent embrace that has 
long fascinated English poets. "The blue 
bindweed," wrote Ben Jonson in 1617, 
"doth itself enfold with honeysuckle." 
And Shakespeare, in A Midsummer 
Night's Dream, has Queen Titania speak 
of her intention to embrace Bottom the 
Weaver (who has been transformed into 
a donkey) by saying: "Sleep thou, and 
I will wind thee in my arms./ . . . So doth 
the woodbine the sweet honeysuckle! 
Gently enhvist." In Shakespeare's day 
"woodbine" was a common term for 
bindweed. Because it later came to be 
applied exclusively to honeysuckle many 
commentators reduced the passage to 
absurdity by supposing that Titania was 
speaking of honeysuckle twined with 
honeysuckle. Awareness of the opposite 
handedness of bindweed and honey-

Helical toy that suggests the production 0/ nelltrinos 
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What's a chemical company doing for the 1965 cars? 

For one thing, Enjay is working on a way to make the novel dynamic tests which produced some highly in-
'65 models ride more smoothly and quietly. Our con- teresting-and cost-saving-information. 
tribution: aid in compounding "comfort cushions" It's a happy day when we can help our customers 
of Enjay Butyl rubber which drastically reduce improve performance and trim costs at the same time. 
shock transmission between chassis and body. It happens more often than you'd think when you 

One skeptical auto maker put us through our deal with Enjay, the chemical arm of Humble, 
paces proving that these Enjay Butyl body mounts America's Leading Energy Company. For help with 
soak up shock as well in December as they do in May. your problems, write to Enjay, 60 West 49th Street, 
In the process, Enjay Laboratories set up a series of New York 20, New York. 

ENJAY CHEMICAL COMPANY, a division of Humble Oil & Refining Company <!:NJ0 
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Stairway to the Moon 

There are no surer steps to the moon than the 

accumulation of scientific and technological knowl

edge that is being brought together and organized 

for this important venture in space. 

Bellcomm is building upon every known reference, 

from the earliest wOl'ks of science to the most recent 

studies of NASA, for whom it plans systems that will 

enable man to travel to the moon and back. 

Such work offers attractive opportunities for men 

who are well qualified in such fields as physics, 

chemistry, psychology, mathematics, flight mechanics, 

computing and programming, propulsion, aerodynam

ics and aeronautical engineering. 

If you would like to help fashion a giant stairway 

to the moon, Bellcomm will welcome your resume. 

Address it to Mr. W. W. Braunwarth, Personnel Direc

tor, Bellcomm, Inc., Room 1116K, 1100 17th Street, 

N. W., Washington 6, D. C. Bellcomm is an equal 

opportunity employer. @ BELLCOMM, INC. � A Bell Telephone System Company 
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suckle heightens, of course, the mean
ing of Titania's metaphor. 

Flanders' kind permission the elltire 
song is reproduced below. (Readers who 
would like to learn the tune can hear it 
sung by Flanders and Swann on the 
Angel recording of At the Drop of a 

H at, their hilarious two-man revue that 
made such a hit a few years ago in 
London and New York.) Note that 

More recently, a charming song called 
"Misalliance," celebrating the love of 
the honeysuckle for the bindweed, has 
been written by the British poet and en
tertainer Michael Flanders and set to 
music by his friend Donald Swann. With 

MISALLIANCE 
The fragrant Honeysudle spIrals dockwise to thc sun 

And Illany otht'[ ne"pers do thc sallle. 
But some climb counterclockwise, the Bindweed does, for, e 

Or Convolvttll1', to give her proper name. 

Rooted on either side a door, one of each species grew, 
And raced toward the window ledge above. 

Each corkscrewed to the lintel in the only way it knew, 
vVhere they stopped, touched tendrils, smiled and fell in love. 

Said the right-handed Honeysuckle 
To the left-handed Bindweed: 

"Oh, let liS get married, 
If our parents don't mind. \Ve'd 

Be lOVing and iI/separable. 
Inextricably entwined, we'd 

Live happiZ,/ ever after," 
Said the Honeysuckle to the Bindweed. 

To the Honeysuckle's parents it callle ,1S ,1 shock. 
"The Bindwecds," they cried, ",lre inferior stock. 

They'lC unculttvated, of bl eedlllg bereft. 
We twine to the light ,md they tWllle to the left!" 

Said the counterclockwise Bindu;eed 
To the clockwise Hanel/suckle: 

"\Ve'd better start saving
MallY a lItickle IJUlks a muckle
Then nm away for a honeymoon 

Alld hope that our luck'll 

A bee who was p,lSsing rcmaI ked to them then: 
''I've said it before, and I'll say it again: 

Consider your offshoots, if offshoots there be. 
They'll never receive any blessing from me." 

B lOr little sucker, how will it learn 
When it is climbing, which way to turn? 

Right-left-what a disgrace! 
Or it may go straight lip and fall Aat on its face! 

, Said the right-hand-thread Honey,uckle 
To the left-hand-thmad Bindweed: 

. "It ,eems that against us all fate has combined. 

�", 
Oh my darling, oh my darling, 

\ I Oh ml/ darling Calumbllle, 

� r,;q.. Thou art lost and gone forever, 

�' r)I!J \Ve shall nevel inteltwine." C "  

I'L� Together they found them the very next day. " " 1y They had pulled up their roots and just shriveled away, � I Deprived of that freedom fO! which we Illust fight, f.Vh . \ ; "� To veer to the left or to "eer to the right! 
:r '\ !., '. 

tl/ii; �!ICH \EL FLAKDERS W. 
\) 

TIMERS 

OPERATE 
load circuit, turn it off and 
automatically reset. Time cycles 
from 1/60 sec. to 3 hours. 
Bulletins #400. 401, & 402. 

DO YOU HAVE A TIMING PROBLEM? IF SO, 

WE'D LIKE TO HEAR ABOUT IT. IN ANY 

CASE, WRITE FOR DNE OF OUR CATALOGS. 

1. TIMING CONTROLS-50 pages. 

2. RELAYS-30 pages. 

3. PHOTOGRAPHIC PRODUCTS-18 pages. 

INDUSTRIAL 
TIMER 
CORPORATION 

104 U.S. Highway 287, Parsippany, N. J. 
In Canada: Sperry Gyroscope Ottawa limited, Ont. 
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studying 
problems in 

nuclear test 
detection 

As part of Project VELA Uniform, 
to increase understanding of com
plex seismic problems in detecting 
and identifying distant underground 
nuclear weapons tests, TI has 
completed and is operating three 
seismological observatories in the 
United States under contract to the 
U. S. Air Force. Write for your copy 
of TI's "Seismic Sentinels". 

For a career with 

this equal opportunity 

employer, contact the 

Personnel Director. 

TEXAS INSTRUMENTS 
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INCORPOR ATE D 

SCIENCE SERVICES DIVISION 
900 EXCHANGE BANK BUILDING 

DALLAS 35, TEXAS 

Flanders' honevsuckle is right-handed, 
his bindweed left-handed. It is a matter 
of convention whether a given helix is 
called left- or right-handed. If you look 
at the point of a right-handed wood 
screw, you will see the helix moving 
toward you counterclockwise, so that it 
can just as legitimately be called left
handed. Flanders simply adopts the con
vention opposite to the one taken here. 

The entwining of two circular helices 
of opposite handedness is also involved 
in a remarkable optical-illusion toy that 
was sold in this country about 30 years 
ago. It is easily made by twisting to
gether a portion of two wire coils of op
posite handedness [see bottom illustra
tion on page 152]. The wires must be 
soldered to each other at several points 
to make a rigid structure. The illusion is 
produced bv pinching the wire between 
thumb and forefinger of each hand at 
the left and right edges of the central 
overlap. When the hands are moved 
apart, the fingers and thumbs slide along 
the wire, causing it to rotate and create 
a barber's-pole illusion of opposite hand
edness on each side. This is continuously 
repeated. The wire seems to he coming 
miraculously out of the inexhaustible 
meshed portion. Since the neutrino and 
antineutrino are now known to travel 
with screw motions of opposite handed
ness, I like to think of this toy as demon
strating the endless production of neu
trinos and their mirror-image particles. 

The helical character of the neutrino's 
path results from the fusion of its for
ward motion (at the speed of light) with 
its "spin." Helical paths of a similar sort 
are traced by many inanimate objects 
and living things: a point on the pro
peller of a moving ship or plane, a 
squirrel running up or down a tree, Mex
ican free-tailed bats gyrating counter
clockwise when they emerge from caves 
at Carlsbad, N. M. Conically helical 
paths are taken by whirlpools, water go
ing down a drain, tornadoes and thou
sands of other natural phenomena. 

Writers have found helical motions 
useful on the metaphorical level. The 
progress of science is often likened to an 
inverted conical spiral: the circles grow
ing larger and larger as science probes 
further into the unknown, always build
ing upward on the circles of the past. 
The same spiral, a dark, bottomless 
whirlpool into which an individual or 
humanity is sliding, has also been used 
as a svmbol of pessimism and despair. 
This is the metaphor that closes Nor
man Mailer's book Advertisements for 
Myself. "Am I already on the way out?" 
he asks. Time for Mailer is a conical 
helix of water Rushing him do\Vn a cos-

mic drain, spinning him off "into the 
spiral of star-lit emptv \\·aters." 

And now for a simple helix puzzle, 
the answer to which will appear in this 
department next month: A rotating bar
ber's pole consists of a cvlinder on which 
red, \Vhite and blue helices are painted. 
The cylinder is four feet high. The red 
stripe cuts the cylinder'S elements (ver
tical lines) with a constant angle of 60 
degrees. How long is the red stripe? 

The problem may seem to lack suffi
cient information for determining the 
stripe's length; actually it is absurdly 
easy when approached properly. 

�st month's problem of dissecting the 
sphinx is shown in the top illustra

tion below. The next two illustrations 
show how to construct rep-3 and rep-5 
triangles. The bottom illustration gives 
the solution to the two dissection prob
lems involving stellated polygons. The 
first of these can be varied in an infinite 
number of \Vays; the solution shown 
here is the simplest. 

Solutions to last month':) puzzles 
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HWhy we chose the NCR 315 Computer with CRAM." 

"Our decision to install three NCR 315 
Computer Systems with CRAM (Card 
Random Access Memory) was based 
upon three basic considerations: 
1. The unique random processing capa
bilities of CRAM will enable us to proc· 
ess over 60,000 daily transactions in a 
more efficient and economical manner. 
2. With nearly 600 offices located 
throughout the U. S. and Canada, we 
need daily management reports. Our 

- ASSOCIATES INVESTMENT COMPANY - South Bend, Ind. 

NCR Computer System will help expe
dite this necessary management data. 
3. In the past ten years we have had 
a growth rate of over 250"/0. With assets 
of over one billion dollars, we needed 
a computer system that was more than a 
data processor-it had to be a manage
ment tool also. The NCR 315 Computers 
with CRAM fulfill this need, enabling us 
to analyze the profitability of each of 
the financing services furnished by our 

company and its subsidiaries. 
"We are sure as we move into the 

future that our choice of the NCR 315 
will prove to be a profitable decision." 

��� o. C. Carmichael, Jr. 
Chairman of the Board, Associates Investment Company 

The building complex, shown above, is now 
under construction and will be The Associates 
new headquarters for nearly 600 branch offices 
throughout the United States and Canada. 

NCR PROVIDES TOTAL SYSTEMS - FROM ORIGINAL ENTRY TO FINAL REPORT
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES. AND DATA PROCESSING 
The National Cash Register Co .• l,laa offices in 120 countries' 79 years of helping business save money 
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Here, at Lockheed Missiles & Space 

Company's Space Communications Lab

oratory, scientists are re-investigating the 

possibility of using the moon to facilitate 

earth communications. Possibilities for 

the use of the moon as a relay station for 

earth-to-earth communications have been 

largely neglected because the moon's 

shape and rugged surface greatly dis

torted a return signal. But Lockheed 

research into the extension of communi

cations on difficult  communication 

channels, using techniques applicable to 

dispersive time variant channels, is mak

ing significant inroads into this problem. 

Another area receiving intense study at 

Lockheed is satellite tracking of deep 

space probes. Since tracking accuracy 

depends greatly on stations being as far 

from each other as possible, while retain

ing line-of-sight communications, Lock

heed is studying the use of two earth

orbiting satellite tracking stations, 8000 
miles apart. Not only would great accuracy 

be gained by the separation, but it would be 

further enhanced by the positioning of the 

stations above the earth's atmosphere, 

thus eliminating atmospheric distortion. 

Examples of other research projects 

being pursued by Lockheed in the com

munications area include: Random mul

tiplexing, satellite readout techniques, 

scatter communications, radar mapping, 

submarine tracking, modulation of optical 

en�rgy, communications over multipath 

channels, and learning systems. 

LOOK AT LOCKHEED . . .  AS A CAREER 
Consider Lockheed's leadership in space 

technology. Evaluate its accomplishments 

-such as the Polaris missile and the 

Agena vehicle's superb record of space 

missions. Examine its outstanding advan

tages-location, advancement policies, 

creative climate, opportunity for individual 

recognition. 

Then write for a brochure that gives 

you a more complete Look at Lockheed. 

Address: Research & Development Staff, 

Dept. M-43D, P.O. Box 504, Sunnyvale, 

California. Lockheed is an equal oppor

tunity employer. 

SCIENTISTS & ENGINEERS: In addition 

to positions in the research and develop

ment of communications and optics, 

other important openings include: Inertial 

guidance. Orbit thermodynamics . 

Electromagnetics • Mission & trajectory 

analysis. Gas dynamics. Chemical and 

nuclear propulsion. Systems engineering 

LOCKHEED 
MISSILES & SPACE COMPANY 
A GROUP DIVISION OF' LOCKHEED AIRCRAPT CORPORATION 

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz, 
Santa Maria, California • Cape Canaveral, 
Florida • Huntsville, Alabama • Hawaii 

LOOK AT LOCKHEED SPACE COMMUNICATIONSa� 
Where outstanding successes have created aerospace leadership 
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THE AMATEUR SCIENTIST 

Cond urted by C.L. Stong 

The investigation of the conditioned 
reflex requires formidable prepa
rations if the experimenter wants 

to follow the methods used by the Rus
sian physiologist 1. P. Pavlov, who 
trained dogs to salivate when they heard 
a sound associated with food. To protect 
the dog from distracting sounds, lights, 
vibrations and odors, Pavlov made the 
walls of his laboratory eight feet thick 
and surrounded them with a deep, straw
filled moat. The animal chamber occu
pied a space near the center of the 
building and isolated from the adjoining 
control room [see top illustration on next 
IJage l. An instrument panel in the control 
room enabled Pavlov to manipulate the 
dog's environment by remote control, to 
present the animal with stimuli and ob
serve its telemetered responses. He pre
pared the dog for the experiment by ter
minating the duct of the parotid gland 
in a small cheek incision and attaching 
to the opening a miniature flow meter 
with which to monitor salivation. Pav
lov's laboratory could be duplicated for 
about $200,000 by anyone who is rea
sonably handy with a saw and hammer. 
Those willing to settle for a close simula
tion of Pavlov's results can save a lot of 
time and money by substituting a small 
analogue computer for the laboratory 
and dog. The apparatus, which resem
bles Pavlov's control panel, has been 
designed by Howard S. Hoffman of 
Pennsylvania State University primarily 
as a teaching device in the field of ex
perimental psychology. It is the size of 
a small table radio and can be construct
ed in a single evening at a cost of only 
about $30. 

"The analogue laboratory," Hoffman 
writes, "gives students some firsthand 
experience in conditioning research. Un
der ordinary circumstances students 
have only limited access to live-animal 

A sinlple analogue COlnputer 
that sinLulates Pa vlo v's dogs 

experimentation. They read about ex
periments in conditioning and they may 
even observe portions of an experiment, 
but time in the full-scale laboratory is 
ordinarily scheduled only for (lualified 
research workers. 

"Before undertaking the construction 
of an analogue laboratory it is helpful to 
examine the problems Pavlov confronted 
at the beginning of his brilliant experi
ments. His initial observations were 
basically simple: when food is intro
duced into the mouth of a hungry dog, 
the animal begins to salivate. Pavlov 
also observed that occasionally the flow 
of saliva begins prior to the actual in
sertion of food into the dog's mouth. 
These 'spontaneous' secretions were ex
ceptions to his previously formulated 
account of the mechanisms responsible 
for the digestive activity of dogs. More
over, they suggested a technique for the 
experimental analysis of fundamental 
mechanisms involved in learning. 

"Pavlov reasoned that certain unspeci
fied stimuli were serving to evoke the 
salivary reaction. If this was indeed the 
case, it appeared that such stimuli had 
gained control over salivation by some 
process as yet little understood. Perhaps 
the sight of the experimenter or the 
sound of his movements reminded the 
dog of food. The explanation seemed ob
vious, and to a man of lesser scientific 
stature than Pavlov it might have been 
acceptable. To Pavlov, however, an ex
planation of this sort was both deceptive 
and distasteful. It was deceptive because 
it really explained nothing. To assume 
that the dog was 'reminded of food' was 
to substitute one mysterious process for 
another. The explanation was distasteful 
because it implied the action of mecha
nisms that were unlikely to provide a 
<luantitative account of these puzzling 
responses. As a scientist Pavlov asked: 
'\>\That stimuli cause the salivation? How 
do they acquire their control of the be
havior and what <juantitative relations 
are involved?' He recognized that under 
normal circumstances the stimuli were 
constantly shifting and changing and 
could not be identified by an undisci
plined search. To simplify the problem, 

Pavlov designed an experiment to con
trol such variables as light, sound and 
other factors in the environment as well 
as the availability of food. The thorough
ness of his preparations is indicated by 
the fact that when the dog in the ex
perimental chamber was loosely restrict
ed for 10 minutes, all spontaneous sali
vation ceased; the dog salivated only 
when food (in the form of a meat pow
del') was presented. In short, Pavlov had 
succeeded in gaining control of the ani
mal's spontaneous secretions and could 
begin his analysis of the responsible 
mechanisms. 

"The analogue laboratory [see bottom 
illust-ration on next pagel was conceived 
to represent the control room of Pavlov's 
laboratory. When the button marked 
'Meat powder' is depressed, for example, 
the meter on the face of the instrument 
promptly indicates an appropriate sali
vary response as though real meat pow
der were being presented to a living dog 
in a full-scale laboratory. The operation 
of the 'Tone' switch and those marked 
'Green' and 'Yellow' simulate the pres
entation of a tone or of colored lights. 
As ill the case of the meat-powder but
ton, the operation of these controls 
evokes simulated responses that would 
be expected if equivalent stimuli were 
presented to a living animal. 

"The apparatus is based on the electri
cal characteristics of circuits composed 
of resistances, capacitors and switches. 
The rate at which a capacitor acyuires 
charge when it is connected to a battery 
or to a previously charged capacitor 
depends principally on its size and the 
resistance of the circuit, just as the time 
required to fill a container with water 
varies with its size and the resistance 
presented to the inflow by the plumbing. 
In the case of capacitors the charging 
rate is maximum at the beginning and 
diminishes as full charge is approached. 
Similarly, capacitors discharge at maxi
mum rate when first connected to a load 
circuit; the rate diminishes as discharge 
approaches completion. Such nonlinear 
characteristics are observed in aspects 
of animal behavior. For example, a dog 
takes disproportionately greater interest 
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lights. 

saliva.ry 
re5pon.se 

__ ==== _ _ mea ==--- powde, 

Pavlov's laboratory 

in food at the beginning of its meal than 
it does after it has eaten. Good capacitors 
can also retain charge, much as the brain 
stores sense impressions, and can there
fore be made to function as memory 
units. In the analogue laboratory an ap
propriate pattern of such characteristics 
has been built into a circuit that simu
lates the behavior of Pavlov's dog and 
the remote-control apparatus [see illus
tration on page 162]. 

"The design represents a compromise 
between practical and theoretical con
siderations. The object was to devise an 
instrument that would duplicate a wide 
range of phenomena associated with 
conditioning, and to keep the cost low. 
The result is an apparatus that performs 
well, is inexpensive, rugged and easy to 
build. It will operate continuously for 
about three years on a single dry bat
tery. The operation of the circuit centers 
in the capacitors C7 and C8, which 
charge continuously through the resis
tor R9. \'\Then the meat-powder switch is 
operated, C7 discharges through the 
meter and C8 through R6. When either 
a light switch or the tone switch is op
erated in conjunction with the meat-

powder switch, C7 discharges through 
the meter and the charge on C8 is trans
ferred through R6 to the capacitors con
trolled bv that switch. Once a charge 
has been placed on the capacitors that 
are associated with a given switch, the 
experimenter can discharge the capaci
tor to the right through the meter by 
closing the switch. When the switch is 
released, the capacitor to the left dis
charges into the capacitor to the right 
until both attain equal charge. 

"The operating procedure requires a 
watch equipped with a second hand, a 
notebook and graph paper for tabulating 
and analyzing results. With these ma
terials at hand, depress the 'Clear' 
switch (S5) in conjunction with switches 
SI, S2 and S3. This simulates placing a 
naive dog in the experimental chamber. 
Then set the 'Hours of deprivation' dial 
to 10. This establishes the number of 
hours the simulated dog has been de
prived of food. Now depress the meat
powder button. Note the prompt re
sponse of the meter. Record the peak 
amplitude of the response, arbitrarily 
taking the meter reading as the number 
of 'drops' of saliva. vVhen the amplitude 
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begins to fall, release the switch and 
after a few seconds 'present' the meat 
powder again. Observe that the second 
exposure to meat powder evokes some
what less response. Next operate the 
tone switch and observe that no response 
follows. The sequence indicates that 
meat powder is an unconditioned stimu
lus for salivarv response. It evokes saliva
tion evcn though the experimenter has 
not trained the dog. Note also that the 
repeated presentation of meat powder to 
even a hungrv dog-in this case one that 
has been deprived of food for 10 hours
produces successiveh, smaller responses. 
One would not expect the tone to cvoke 
a response because in this secluence we 
are working with a dog that has not been 
conditioned to associate the sound of 
a bell with food. When plotted, the re
sults resemble the top curve in the ac
companying set of three schematic 
graphs [top of page 164]. 

"The results differ when thc tone is 
sounded a fraction of a second before 
meat powder is presented and con
tinued so that both stimuli overlap in 
time. This sequence is shown in the 
second graph. The initial salivary re
sponse again appears with the presenta
tion of meat powder. But the effects of 
the paired stimuli appear with the sec
ond trial. Tone now evokes salivation 
even before the meat powder is pre
sented. This reaction becomes increas
ingly pronounced as the experiment 
continues. It is a conditioned response, 
one that will last for an appreciable 
period. In humans conditioned responses 
have persisted for at least 16 weeks and 
in dogs for more than two vears. 

"In the case of the analogue labora
tory, time alone causes little reduction 
in the strength of a conditioned response; 
typically a decline of 10 per cent is ob
served after the apparatus has remained 
idle for 12 hours. As with living organ
isms, the strength of a conditioned re
sponse in the analogue laboratory can 
be reduced (extinguished) by withhold
ing the unconditioned stimulus and re
peatedly presenting the conditioned re
sponse, in this case by presenting the 
tone repeatedlv in the absence of meat 
powder, as shown in the third graph_ 
Observe that each presentation of tone 
evokes a diminished response. These re
actions are similar to those observed in 
living organisms. 

"To obtain an ovcrview of the condi
tioning process clear the apparatus and, 
with the dog 10 hours hungry, depress 
first the tone button and then the meat 
button as in the first experiment. After 
15 seconds depress the tone button 
again; when the conditioned response 

© 1963 SCIENTIFIC AMERICAN, INC



Basic Research at Honeywell 
Research Center 

Hopkins, Minnesota 

Correlation of Mechanical Properties and 
Microstructure of Polytetrafluoroethylene 

Metallurgical techniques applied to the study of 
a polymer have enabled scientists to correlate the 
mechanical properties with its microstructure 
leading to possible improvements in its properties. 

Polytetrafluoroethylene (PTFE) has the 
lowest coefficient of friction of any solid. 
Being chemically inert it is also impervi
ous to almost everything except liquid met
als. These characteristics have prompted 
its use in many design situations. PTFE, 
however, has a high degree of cold flow, 
low tensile strength and low hardness limit
ing its applications. 

The chemists have clearly described 
PTFE's molecular properties. Its mechani
cal properties as measured by the engineer 
are readily available. 

It now appears that the tecl:niques of 
the metallurgist may be useful in determin
ing what mechanical phenomena occur in 
PTFE under varying conditions which in 
turn may lead to improving its properties 
by changing its microstructure. The goal 
is to correlate mechanical properties with 
microstructure and propose a physical 
model. 

Studies of the frachlre surface of PTFE, 
made heretofore by Bunn and his associ
ates, have indicated a stnlcture consisting 
of a polycrystalline aggregate having indi
vidual crystallites of long chain molecules 
assembled side-by-side to form fairly thin 
sheets. 

Since PTFE normally contains from 20% 
to 50% non-crystalline material, a more 
specific definition of the compound's micro
structure requires a more definite indication 
of where the non-crystalline material i.S 
located. 

Honeywell scientists have made a num
ber of experiments which throw further 
light on the microstructure of PTFE. 

Fracture surfaces were obtained by im
pacting the specimens at liquid nitrogen 
temperatures. These surfaces were repli
cated with collodion. This collodion layer 
was then shacowed with chromium and 

carbon-backed in a vacuum chamber for 
observation with an elcctron miscroscope. 

The first phenomenon obscrved was the 
variation in the size of the band structure 
or crystallites induced by varying thc cool
ing rate from the sintering temperature. 
Quenching in iced watcr produced crys
tallites averaging 0.2IL by lOlL. Cooling at 
lSO°C per hour resulted in crystallites av
eraging 0.4IL by SOIL. Cooling at lSO°C/hr. 
produced dimensions of IlL by 1001L. At 
all cooling temperatures, however, the dis-
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tance between the striations of the crystal
lites remained at approximately 200 A. 

In the course of the deformation experi
ments at room temperatures, comparison 
was made of specimens before and after 
deformation. This revealed two general 
types of distortion within a band. First, 
there was a relative displacement between 
the striae in the band; second, there was a 
change in the geometrical shape of the 
striae. 

As shown in diagrammatic illustration A, 
these deformations took the form of sliding, 
rotation, bowing and kinking. Sliding oc
curred when the tensile axis was nearly 

parallel with the striae; rotation was more 
common when the striae were perpendicu
lar to the stress. Incidentally, neither of 
these cases involved a distortion of the 
individual striae. Bowing and kinking, al
though present, appeared to a lesser degree. 

However, when the temperature was 
changed bowing and kinking became more 
pronounced. At -196°C, only kinking and 
bowing occurred; at -70°C kinking, bow
ing and sliding were in evidence; at O°C 
all four modes were present (kinking, bow
ing, sliding and rotation). 

An interesting feature of the microstruc
ture of the deformed PTFE was the manner 
in which the striae themselves responded 
to stress. They either underwent bowing 
or kinking or slipped past one another. 
There was no indication that the individual 
striae had ruptured. 

The fact that the striae slipped easily 
past one another indicated the presence of 
a finite layer between the striae which de
formed very readily. This and other obser
vations led to the proposal that the band 
structure which constitutes PTFE consists 
of two phases, with the crystalline stria
tions or platelets separated from one 
another by a viscous non-crystalline matrix. 

Continued research should eventually 
lead to methods of improving the mechani
cal properties of PTFE. It may also provide 
a better understanding of other polymers, 
elastomers and epoxy resins. 

If you are engaged in scientific work in
volving PTFE and wish to know more 
about Honeywell's research in this area, 
you are invited to correspond with Mr. 
Charles J. Speer schneider, Honeywell Re
search Center, Hopkins, Minnesota. 

If you are interested in a career at 
Honeywell's Research Center and hold an 
advanced degree, you are invited to write 
Dr. John Dempsey, Director of Research 
at this same address. 

Honeywell [!j] �t�� 

161 
© 1963 SCIENTIFIC AMERICAN, INC



reaches peak amplitude, record it, 
quickly depress the meat button, hold 
both buttons down until the uncondi
tioned response peaks and quickly re
lease both buttons. Repeat every 15 sec
onds for eight additional trials. Plot the 
results. Then extinguish the conditioned 
response: depress the tone button alone 
until peak amplitude is reached and re
cord that peak. Do this for 10 trials and 
plot the results. The acquisition and ex
tinction plots should resemble the large 
curves in the accompanying graphs 
[bottom of page 164). The colored 
curves placed beside them for compari
son give the results of conditioning ex
periments with human subjects. In the 
experiments with humans a tone was 
paired with an aversive stimulus (a mild 
electric shock) . The response consisted 
of changes in the electrical resistance of 
the skin, a phenomenon known as gal
vanic skin response. It is a sensitive in
dex of emotional reactions that interests 
psychologists because it sheds light on 
the mechanisms underlying the learning 
of fear and anxiety. Observe that with 

the analogue laboratory, as in the experi
ment with humans, the largest effects 
during both conditioning and extinction 
occurred during the early trials. 

"The analogue laboratory enables one 
to investigate the variables that affect 
the acquisition of a conditioned response. 
Experiments with the instrument show 
that the timing between the presenta
tion of the two stimuli (the 'interstimu
Ius interval') and the interval between 
presentations (the 'intertrial interval') 
[shown in color in middle graph at top 
of page 164), as well as the duration of 
the stimuli and the concurrent motiva
tional level (the hunger of the dog) , all 
affect conditioning substantially. Similar 
effects have been observed in experi
ments with live subjects. In general the 
instrument yields reproducible results 
when a given set of operations is repeat
ed. Certain effects can be obscured by 
random errors in timing and recording, 
however. This is an advantage when the 
apparatus is used as a teaching device: 
it requires the experimenter to decide 
whether or not a given observation rep-
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resents a fortuitous conRguration of ran
dom errors, and it requires him to devise 
experiments that will reliably eliminate 
such results. 

"One approach to coping with random 
error involves averaging data from iden
tical experiments with several groups 
of subjects. For example, the effect of 
altering the intertrial interval can be ex
plored by running an experiment on 
three groups of dogs. The analogue lab
oratory is cleared and set for '10 hours 
hungry,' and a series of runs is made with 
meat and tone for the first group of ani
mals at an intertrial interval of three sec
onds. Identical runs are then made with 
groups at intertrial intervals of 10 and 20 
seconds. If the results are carefully tabu
lated and plotted, the curves will resem
ble those of the accompanying graph 
[top of page 166). The colored inset 
graph depicts the behavior of humans in 
a comparable experiment that required 
the subjects to learn to hold a stylus on a 
small disk fastened near the edge of a 
rotating turntable. In spite of gross dif
ferences in procedure the data are strik-
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ENGINEERS • SCIENTI 

One big systems field 
known only to a handful of engineers 
( ... outside of PAN AM's Guided Missiles Range Division) 

We're referring to the new technology-advanced range systems 
engineering-as developed and practiced by GMRD. 

From the systems viewpoint, a striking metamorphosis has taken 
place since 1953 when GMRD undertook range engineering, op
eration and development at Cape Canaveral for the Air Force. 

A comparatively simple set·up existed in the early '50's (to mon
itor missile flights up to 500 miles). Today this has been trans· 
formed into a vast, integrated systems complex of new generation 
tracking, monitoring, data handling, data support and communi· 
cations sub·systems. 

Present range capabilities can support the launch of global 
flights; lunar and interplanetary space probes. New capabilities 
are under development now-to meet the unprecedented re
quirements of the Apollo Program. And GMRD's Advance Plan
ning Group is engaged in projecting range needs as far ahead 
as the late '70's. 

In fact the giant range system at Cape Canaveral and down·range 
is always a system-in-transition, calling for the highest technical 
contributions from engineers and scientists of many disciplines, 

to keep pace with the needs of the nation's new missile systems 

and space vehicles. 

YOU ARE INVITED TO INQUIRE ABOUT CAREER OPPORTUNITIES FOR: 
Systems Engineers-EE's, Physicists capable of assuming 

complete project responsibility for new range systems_ 

Instrumentation Planning Engineers-EE's, Physicists to be 
responsible for specific global range instrumentation concepts. 

Advance Planning Engineers-EE's, Physicists to evaluate 

and project the state·of-the·art in all applications of range 
instrumentation. 

Experience in one or more of these areas: Pulse radar, CW 

techniques, telemetry, infrared, data handling, communications, 

closed circuit TV, frequency analysis, command control, under

water sound, timing, shipboard instrumentation. 

Why not write us today, describing your interests and qualifica

tions in any of the areas above. Address Dr. Charles Carroll, 

Dept. 6SF. 

GUIDED MISSILES 
RANGE DIVISION 

PAN AMERICAN WORLD AIRWAYS, INC. 

P. O. BOX 4465, PATRI CK AIR FORCE BASE, FLORIDA An Equal Opportunity Employer 
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Martin Denver - as integra· 

tion systems contractor for 

the TITAN III multiple use 

booster-has a vital respon· 

sibility in 

Z'N.L.V.P. 
(National Launch Vehicle Pro· 
gram). Current expansions 

offer new science and engi· 

neering career opportunities 

at all levels. For YOU . . . there 

is professional growth po· 

tential, excellent educational 

advantages ... and Colorado's 

enviable climate for pleasant 

family living. 

IMMEDIATE OPENINGS IN: 

• Structural Dynamics 
• Scientific Programming 
• Propulsion Systems 
• Electro·Mechanical 

Systems 

Interested qualified individuals 
in any of these - or related
fields, send resume to 

F. A. McGregor, Manager of 
Personne I Staffing. 

Mail #A·6H 

IVIARTIN :::,;::e 

1 64 

DENVER DIVISION 
P. O. Box 179, Denver 1, Colo. 
An equal opportunity employer 
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ingly similar. Both experiments tell the 
same story: Spacing the trials facilitated 
learning, whereas massing the trials in
terfered. 

"The device can also be used to ex
plore the effects of the intertrial interval 
on the course of extinction, as shown in 
another graph [bottom of page 166]. 
The inset depicts the extinction of con
ditioning in humans, in this case a condi
tioned eyelid response. In both experi
ments the massing of trials appears to 
have speeded the process of extinction. 

"What happens when a rest period is 
injected into a period of concentrated 
learning? Typicallv it exerts a facilitat
ing effect, called 'reminiscence.' As can 
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be observed with the analogue labora
tory, a rest interval after a conditioned 
response has reached maximum intensity 
produces an initial rise in the amplitude 
of the conditioned response during sub
sequent conditioning trials, followed by 
a gradual decline to the prerest level. 
The effect is most pronounced when 
trials are massed and increases as the 
duration of the rest is increased. \"'hen a 
rest interval is introduced following a 
series of extinction trials, it is freq uen tly 
observed that the response exhibits par
tial recovery. In general the magnitude 
of this phenomenon, known as spon
taneous recoverv, is influenced by the 
previous level of conditioning, the num-
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HIGHLIGHTING A KEY SEGMENT OF OPPORTUNITY FROM THE DIVERSE R&D PROGRAMS ALWAYS UNDERWAY AT ITT FEDERAL LABORATORIES 

Right Outside Your Laboratory Window-

The Nation's First Licensed Space Communications Station 

This is no cOincidence, but a direct result of a cause·and·effect 
situation. 

A number of engineers have joined ITT Federal Laboratories 
primarily because of the unusual experimental facilities here 
for space communications work. The company·owned and 
designed 40·foot steerable radio telescope (foreground in 
photo) is an outstanding example. In addition to its use on 
major R&D programs as outlined below, our engineers work 
with it to test new techniques and subsystems, e.g. parametric 
amplifiers; solid state transmitter control circuitry; new modu
lation, multiplex and threshold extension techniques, etc. 

LUNAR BOUNCE STUDIES 

Upon its completion in 1960, the first task of the ITT radio 
telescope was a company-funded study to measure the value 
of the moon as a reflector for transoceanic communications 
between the U.S. and Europe. 

PARTICIPATION IN "RELAY" PROGRAM 

Currently this ground station is being utilized as the fixed 
terminal for North and South America communications via 
NASA's satellite RELAY. The other terminal in Brazil was also 
designed, developed and engineered by the ITTFL staff. It is 
a transportable station (background in photo) which can be 
flown anywhere in the world and set up by 4 men in as little 
as 16 hours after landing. It will operate in the 1,725·8,000 mc 
range with the change of "plug-in" modules. 

NASA handles command and control of RELAY at our Nutley, 
New Jersey site. Experiments have also been carried on here 
with TELSTAR_ 

To apply, or gain more information, forward your resume in 
full confidence to Mr. W. Bieszard, Box 93-MJ, ITT Federal 
Laboratories, 500 Washington Avenue, Nutley, New Jersey. 

ADVANCED SPACE COMMUNICATIONS STUDIES 

Projecting military satellite communication techniques into 
the '70's is the substance of a long·term program now under· 
way. A total systems approach is taken, encompassing space 
environmental research, theoretical analysis, experimental 
operations and hardware design (where the state of the art 
demands it). Under consideration is a multiple-access system 
which would operate reliably in commercial and military com
munications. 

INVESTING IN THE FUTURE 

A substantial portion of ITTFL's work in space communica
tions is company funded. But this is neither altruism nor win
dow-dressing. International Telephone and Telegraph Corpo
ration is an American corporation with an international view
point; with 50 years' experience in global communications, 
ITT takes a strong interest in the commercial aspects of this 
new technology. 

Your own interests in satellite communications, or any other 
area of information transfer systems, are probably well rep
resented in this multi-laboratory organization. Your inquiry 
will receive a prompt and confidential reply. 

IMMEDIATE OPENINGS IN THESE AREAS 

Satellite Antenna Design 0 Microwave Communication and 
Tracking System Design 0 High Power Amplifier Design 0 
Engineering Analysis - Aerospace Systems 0 Microwave 
Communication Equipment Development 0 RF Circuit Design 
Engineering 0 Solid State and Maser R&D 0 Communication 
System Theory and Analysis 0 Electronic Navigational Aids 
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F R E E  B O O K L E T ! 
' Why Investors Look To California ' 

E A R N  M O R E  I N  
S O UTH ERN CALI FO R N I A  

• Savings acco unts i n s u red t o  $ 1 0,000 by a n  
agency of the  U n ited States Government  

• Div idends compounded Q u a rterly 

• Air m a i l  postage paid both ways 

• M a i n  office : lynwood , Cal iforn ia  

• Savings postma rked by the 10th of the month 
earn from t h e  1st  of the same month 

MEMBER TRANS ·WORLD FINANCIAL CO. 
COMBINED RESOURCES OVER $170 MILLION 

F R E E  G I F T !  
WOR L D  G LOB  E BAN K 

A I R  M A I L F U N D S  T O :  W I LS H I R E  O F F I C E  O F  

W O R L D  S AV I N G S  
and Loa n Association 

1 926 W I LS H I R E  B L V D . ,  LOS A N G ELES 57- I ,  
CAL I FO R N I A  

H A Y D N  
"Sheer l iste n i n g  i o y J "  -that ' s  how Leon

ard Bernstein described Library o f  Re
corded Masterpieces exciting V I VA L D I  
recording project.  And now the London 
Times praises L H M ' s  new I-l A Y D N  
S Y M P H O N  Y series.  recorded by the 
Vienna State Opera Orchestra uncler Max 
Goberman : 

" Record i n g s  of excepti o n a l  q u a l ity.  
WI r .  Gobennan has a n  extraordinary 
know ledge o f  Haydn ' s  style . "  And, Roland 
G e latt til Reporter Magazine writes : 
" C oberman ' s  sense of the sonic frame
work proper to H aydn i s  unmatched on 
record s .  " 

1 8  of H a y d n ' s  m a sterpieces a re included 
i ll the first nine releases-ne\\' !Y recorded 
i n  1110no and ste reo-and ranging from 
the " M orning. Noon and Night" cycle 
( X os.  6 ,  7 and 8) to the powerful Kos. 
9 6  and 9 8 .  Some are recorded for the first 
time ; others for the first time i n  stereo ; 
many for the fi ,'st time are correctly 
played from the origin a !  scores with a l l  
t h e  authentic instruments called f o r ,  under 
the supervision of,  and with program notes 
lIy,  the noted H A Y D N  scholar, H. C. 
Robbins Landon. 

"Their fi nest record i n g  to date" says 
H igh Fidelity Magazine o f  L R i\f. ' s  re, 
cording o f  Symphonies 9 8  and 22. " Cobe1" 
mal l  secms to be as a l l t h o ritative a spokes
man as Hayd/l has had il l  m a ll:Y ycars. " 
As with L R M ' s  V I V A L D I  and CO· 
RE L LI series,  the complete orchestral 
scores accompany each record . 

And a l l  this  at l i ttle more than the scores 
alone would cost-beautifully recorded with 
the most advanced fidelity and stereo tech
niques by the V ienna State Opera Orchestra 
with conductor Max Goberman. and avail
able i n  both mono and stereo. Haydn's wide
ranging genius finally receives its due
you are invited to send for full details. 
Write today for free Prospectus .  " HAYD N "  

library of Recorded Masterpieces, Dept. S-3 
1 50 W, 82nd St . ,  N ,  y ,  24, N ,  y, 
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ber of prior extinction trials and the 
length of the recovery interval. 

"If a green or yellow light is used 
in place of the tone as the conditioned 
stimulus, the results remain virtually 
identical. Once a stimulus has acquired 
the capacity to elicit a conditioned re
sponse, however, it can be used to bring 
the response under the control of a sec
ond stimulus. This phenomenon is called 
higher-order conditioning. It was first 
described by Pavlov in 1927. Experi
ments on higher-order conditioning can 
be conducted by developing a condi
tioned response to tone and then using 
the tone, rather than meat powder, to 
condition a response to one of the lights. 

"When a given stimulus has acquired 
the capacity to evoke a given response, 
stimuli like it frequently evoke the same 
response. This phenomenon, called stim
ulus generalization, was also described 
by Pavlov in 1927 and has since become 
the subject of numerous experiments . 
It can be examined with the analogue 
laboratory by conditioning a response to 
a given stimulus and then testing the re
sponse by presenting one of the other 
stimuli. In the analogue laboratory stim
ulus generalization occurs between the 
lights but not between the tone and 
the lights . This is consistent with Pav-
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lov's observation that stimulus general
ization can usually be expected between 
closely related stimuli. 

"These experiments illustrate the va
riety and scope of research experience 
that can be provided by the analogue 
laboratory, but they do not exhaust its 
possibilities . Anyone who builds the 
device is likely to find his greatest sat
isfaction in designing, conducting and 
analyzing his own experiments . Since 
research in psychology (or in any scien 
tific discipline ) never proceeds best in 
an intellectual vacuum, it is well to do 
some reading in the field. Periodicals 
such as the Journal of Expe1"imental Psy
chology, Compamtive and Physiological 
Psychology and Expe1"imental Allalysis 
of Behavio1" are strongly recommended, 
as are the references listed in 'Bibliogra
phy' [page 1 83 ] .  Above all, do not make 
the mistake of assuming that an experi
ment run with the analogue laboratory 
is equivalent to one performed with an 
animal in a full-scale laboratory, and do 
not allow simulated results to strengthen 
or weaken confidence in conclusions 
based on conventional research. Any dif
ferences between 'real' results and sim
ulated data serve to remind one that the 
analogue laboratory is not a perfect 
replica of reali ty." 
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K E Y P O S I T I O N S  AVA I L A B L E I N  A L L I S O N  
NUCLEAR E N E RGY CONVERSION PROJ ECTS 
• The Military Compact Reactor now being developed 

by Allison for the Atomic Energy Commission may also 

serve as the heart of a Nuclear Powered Energy Depot. 

contract for development of a laborato ry model of a 

combined liquid metal and amalgam-air cell for this  use 

was recently awarded Allison by AEC. 

In one Energy Depot concept, the reactor system could 
be used to synthesize a fuel from universally available 

elements, such as air and water. Or, electricity produced 

by the reactor could be used to re-charge a fuel cell which 

would supply electric power for vehicle propulsi on .  A 

The Nuclear Energy Depot concept promises to be an 

. effective solution to the ponderous mil itary logistics of 

petroleum supply for a mechanized army. Finding the 

an swers to problems posed by this  advanced concept 

creates a disti nct opportunity and exciting challenge. 

We n eed p h y s i c i sts, c h e m i sts and e n g i n eers,  some to h ead groups ,  in the fol lowing  areas : 

Scientists 
and 

Engineers 

Physicists 
and 

Engineers 

For  N U C L E A R  SYST E M S  EN G I N E E R I N G · N U C LE A R  
R E A C T O R  D ES I G N  

I n  fi e l d  o f  advanced p ro p u l s i o n  a n d  power  syste m s .  S pec ific areas are : 
N U C L E A R  SYST E M S  A N A LYS I S · SYST E M S  A P P L I C A T I O N S · 
C O M P O N E N T  A N A LY S I S  

K e y  research posit i o n s  a l s o  i n  t h e  fo l l owi n g  d i s c i p l i nes : 

S O L I D STATE P H Y S I C S  
P L A S M A  P H Y S I C S  

.AIlisOI1 
TH E E N E R G Y  C O N V E R S I O N  O I V I S I O N  O F  
GEN ERAL MOTO R S ,  I N D I A N A POLIS ,  I N D IANA 

T H E RM I O N I CS 
P H YS I C A L  C H E M I ST R Y  

O RG A N I C  C H E M I ST RY 
ELECTRO C H E M I STRY 

S e n d  y o u r  resume TODAY, or contact : Mr. V. A. Rhodes, Professional 

and Scientific Placemen t, Dept. 1 403, Allison Division,  General Motors 

Corporation, Indianapolis 6, Indiana. 

An equal opportunity employer 
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G R EAT M O M E N T S  AT C H I C A G O  

1 68 

With l i ghts and m i rrors,  he made the first  precise  measu rement of the speed of 
l ight. H e  raced b\'o pencils of l ight around a Un i \'ers ity of Ch icago lab - and,  d i s 
proving the theory of "ethel' d r i ft ,"  helped J a y  the fou n dation f o r  the theory o f  
relativity.  I n  1920 ,  i n  experiments at Y erkes Obsen'at ory and M o u n t  Wilson,  h e  
w a s  t h e  fi rst  to engineer the measu rement of a stal' : B etelge u s e, di ameter 240 
mill ion miles .  

A l b ert  A.  Mich elson,  first Amedcan sci entist to receive a Nobel P r ize, spent his 
l i fe with l i ght.  H e  "'as noted among s c i entists for the accu racy and authority of h i s  
papers . . .  a tradition honored b y  the Universi ty of C h i cago P l'ess in the vol u mes 
issued under its imp r int.  

THE M EAS U R E  O F  THE M O O N  
B y  Ralph B .  Baldwin. This sequel t o  The Face o f  the 
Moon "is worth a half-dozen trips to the moon by 
any astronaut. "-Ro be1 ·t S.  Dietz, U.S. Navy Elec
t1'onics Labomt01'y, San Diego .  Illus.,  index, $ 1 3 .50 

BASIC ASTR O N O M I CAL DATA 
Edited by K. Aa Strand. Volume III of StaTs and 
Ste lla1' Systems : a review of all available data con
cerning stellar dynamics and characteristics. IUus. ,  
index. Coming this month. $12.50 

T E KTITES 
Edited by John A .  O 'Keefe. Ten experts collaborate 
to summarize existing knowledge about the rounded, 
glassy obj ects which may originate on the moon. 
lllus. ,  index. Coming July. $ 1 0 .95 

The above photograph is 
reproduced from S TUDIES IN 
OPTICS by A. A.  Michelson, 
a Phoenix Paperback, 5 1 .75.  
Mr. Michelson's Light Waves and 
Their Uses is a]50 i n  a Phoenix 
edition, $ 1 .50 

T H E  M O O N, M ET E O R ITES, 
A N D  C O M ETS, 
Edited by Ge1"a1"d P. KuipC1' and Ba1'ba1'a M. Middle
hurs t .  Volume IV of The So iaT System : five chap
ters on the moon, a section on meteorites, and a dis
cussion of various aspects of the . studies of these 
bodies and of comets. lllus., index. Coming this 
month. $1 5.00 

TH E M O O N : 
A R U SS I A N  VI EW 
Edited by A .  V. Markov.  Soviet specialists present 
a thorough summary of data on the motion, struc
ture, and physical properties of the moon, including 
the most probable explanation of the present condi
tion of lunar relief. lllus. $8.00 

U N I V E R S ITY 
OF 
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by J. Brono\\ski. 

THE WOHLD OF LEONAHDO DA VJ;\;CI: 

MAN OF SCIENCE, ENGINEEH, AND 

DHEAMEH OF FLIGHT, by Ivor B. Hart. 
The Viking Press ( $7.95 ) .  

T
here is something muted about the 
work of Leonardo da Vinci, some
thing private and remote, that has 

always had a special fascination. No oth
er artist seems to conceal, as Leonardo 
does, a talent much larger than his paint
ings reveal. Indeed. no other artist sus
tains so great a reputation with so few 

BOOKS 
Leon aFdo da Vin ci' s scientific interests 
as a clue to the character (�f his genius 

paintings-fewer than 20. This past win
ter the "Y!ona Lisa" was shown in the 
U.S., on loan from France, under a 
guard that would flatter President 
de Gaulle. Last year England subscribed, 
coin by coin, more than $1 million to re
tain the sketch for a Leonardo painting 
of "The Virgin and Child." This extraor
dinary homage is a tribute to the air of 
mystery that surrounds Leonardo . 

Great artists are usually lavish with 
their talent, as Raphael was and Picasso 
is. Lavishness is in fact one touchstone 
of talent, and the work of an artist is 
not valued ( even in money) for its scar
city. Leonardo also lavished his talent, 
but not on his pictures. Painting was too 
obvious for him. He painted with superb 

and almost contemptuous ease, and he 
was too perverse to take pleasure in 
what came so simply to him. The mys
tery in his paintings, the smile of the 
Mona Lisa and the Virgin, comes from 
the absence of personal involvement. 
Leonardo is withdrawn from his paint
ings; he is, as it were, looking through 
them for something that interests him 
more than what he puts on the canvas. 
His pictures are filled with a spectacular 
sense of absence. 

Two things combined in Leonardo to 
form this detachment from his own art. 
One was a matter of emotional char
acter: he would not ( and could not ) 
share his l ife with anyone else on e(lual 
terms. The other was a matter of intel-

Leonardo's drawing of a moving spiu(lle to spin wool illustrates his capacity to visualize machines without building them 
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lectual interest :  Leonardo was not inter
ested in art .  In the most direct sense, he 
was devoted to science . 

It may be that the character and the 
interest are related in Leonardo . At anv 
ratc we ought to understand his char
acter before we study his strange devo
tion to a science that had hardly begun 
to cxist .  Leonardo was illegitimate, and 
his mother was probablv a servant in the 
well-to-do household in which he grew 
up. Some grave and childish memory 
of that divided upbringing seems to have 
shaped his character. He was left-hand
ed to the point of willfulness : all his 13 
notebooks are inscribed with mirror writ
ing. His paintings show that he had no 
personal tenderness for women or chil
clren, and no sensuousness. He was a 
homosexual, and the one lasting relation 
he had was with his male model Andrea 
Salai, whom he certainly despised. Bv 
choice he worked a good deal for ruth
less men of power, and his drawings 
show that he was obsessed bv machines 
of \var. 

All this makes up a character that is, 
by steps, first lonelv, then self-sufficient 
and at last perverse .  The character stood 
between Leonardo and any communitv 
with the people he painted. He was 
fascinated bv the world he saw, but it 
had to be the natural-not the human
world. Even his wonderful and delicate 
drawings of human anatomv use male 
models who look brutal. 

Leonardo's absorption in sciencc had 
tangled roots in historv as well as in his 
character. When he was born, in 1452, 
the Italian Renaissance was just gather
ing speed. In Florence the first great 
i\ledici had begun to build up the 
library of classical works that later be
came

'
the center of Renaissance culture.  

Dv the t ime Leonardo was apprenticed, 
at the age of 14, Florence was under 
the patronage of the greatest of the 
:\ledicis, Lorenzo the Magnificent .  The 
Florentine Academy had been founded, 
humanistic culture flourished and every 
gifted artist could find rich men to com
mission whatever he conceived. 

Yet Leonardo deliberately left Flor
ence at the height of his power, at about 
the age of 30, and for more than 15 years 
worked at the turbulent and sinister 
court of M ilan. During those veal'S he 
turned more and more to science and 
mechanics ; he formed a friendship with 
the mathematician Luca Paciol i ;  he 
Filled his notebooks with drawings of 
machines ; he had to be bullied into fin
ishing even his painting "The Last Sup
per . " 'i\lhen Ludovico Sforza, the usurper 
of Milan, was Finally defeated by the for
eign powers with whom he had long 
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intrigued, Leonardo's best years were 
alreadv over, and thev had been wasted. 
He fled from Milan in the last da\'s of 
1499, in the company of Pacioli and 
Salai, and never again had an assured 
place in the world. He died in 1 5 19 as 
a pensioner of the king of France, filling 
his notebooks with drawings of natural 
disasters and scribbling one sentence 
over and over again : "Tell me if anv
thing at all was done . . . . " 

The notebooks demonstrate that Leo
nardo left the splendor of Florence be
cause he was out of sympathy with the 
subjects in which Florence delighted. 
That golden humanism did not satisfv 
Leonardo, and it made him impatient 
and defiant. True, the Medicis had bro
ken the crust of the closed medieval 
world, destroyed its fears and formalism 
and dogma and opened a new vision .  
And vet  the new vision was still a vision 
of the past, and the School men had been 
overthrown only by another kind of 
scholar. The old texts of the Church 
fathers had given place to older texts 
from the Latin poets and the Greek 
philosophers. Florence had broken the 
authoritarianism of the medieval church, 
but it had not broken with authoritv-it 
had not 'broken new ground. To Leo
nardo and others who thought like him 
this was not a renaissance, not a rebirth, 
but only a recovery : the recoverv of what 
another past had done before Christian
itv came to the 'i\lest. 

Leonardo was ill at ease in the lush 
culture of Florence, by character and 
intellect together. His childhood had not 
fitted him to accept with grace the con
descension of a patron.  He distrusted all 
conventional ideals . He was indifferent, 
even in himself, to those talents that 
merely imitate. He did not want to COPy 
the appearance of nature-least of all as 
the Romans and Greeks saw her. And he 
was not a scholar, either bv education or 
bv temperament. His Latin was never 
good; he barely struggled with Greek; he 
had no taste for philosophy and no head 
for theories and abstract thought. To 
Leonardo the Renaissance in Florence 
was only a palace revolution that de
posed one coterie for another. He want
ed more than the recoverv of what had 
once been known; he wanted discovery . 

There were, of course, others who 
thought like Leonardo and in the end 
thev changed the Renaissance from an 
aristocratic to a popular movement. 
Leonardo is memorable among them, 
and he continues to puzzle and to excite 
us, for two reasons.  First, he was immeas
urabk more gifted in the conventional 
arts than others were. so that his rejection 
of what he could do so wonderfullv well 

has a special tartness, a shrug of muti
nous contempt. Even in his 50's, when 
he peeded the money, he did not finish 
the official war picture that Florence 
had commissioned from him ; instead he 
idled away his visits there in painting 
a nonentity, the "1\lona Lisa . " 

Second, Leonardo entered into dis
coven' with an immediacv and a pene
tration that were matchless .  On everY one 
of the 5,000 pages of his notebooks he 
did something at first hand. He studied 
flowers and anatomv and the flight of 
birds, he conceived the flywheel and the 
machine gun, the parachute and the 
automatic lathe, all in the most practical 
way and almost without a word, simplv 
by drawing what his superb eye saw or 
imagined . 

This is the intellectual and emotional 
background to Leonardo's move from 
Florence to Milan in the 1480's . Milan 
was politically no more democratic a 
city than Florence-it was rather less so. 
But because it had developed later Milan 
fostered a more popular Renaissance 
culture. For example, M ilan in the 
1480's was becoming a center of the art 
of printing, which was almost exactly as 
old as Leonardo . Characteristically one 
of the machines in the notebooks is a 
printing press that is fed automatically, 
It was certainly original and, like Leo
nardo's other original inventions, was 
never built, and perhaps was never in
tended to be buil t .  

In 1\lilan, Leonardo could design and 
invent to his heart's content, in mechan
ics, in architecture, in ships and canals, 
in engines of war and flving machines 
and automatic tovs. He was supposed 
also to be making a mounted statue of 
the usurper's father, the great cOl1dotti
ere Francesco Sforza .  But the notebooks 
show that Leonardo spent his ingenuity 
in devising wavs to cast, transport and 
erect the statue, which in fact was never 
made . 

The crowded notebooks contain in
ventions that anticipate the work of later 
engineers by 200 ;'ears and more . Yet 
Leonardo was not the only ingenious 
mechanic of his age, and there has al
ways been some doubt as to how much 
of what he drew was original and how 
much was inspired by others or bv the 
primitive industrial practice of his dav. 

These questions occupy the most in
teresting part of Ivor D. Hart's new 
book, The book, however, covers more 
ground than this .  It outlines the life and 
times of Leonardo. It discusses both 
medien11 thought and the rise of the 
Renaissance .  It has a long chapter on the 
state of theoretical science in Leonardo's 
time, and another on the state of tech-
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nology. These two chapters set the scenc 
for Leonardo's own inventions, of which 
nearly 100 are illustrated and described. 

The commentary on these drawings of 
Leonardo's machines forms the best part 
of the book. Here Hart is thoroughly at 
home ; i t  is  plain that engineering is his 
love and the main reason for his interest 
in Leonardo. He explains each device 
with care and sympathy and compares 
i t  with later inventions and with modern 
usages. In this wav many details in 
Leonardo's machines are elucidated so 
that for the first time the nonengineer 
is able to perceive their relevance to the 
whole design. 

The picture that Hart's exposition 
forms is impressive. I t  shows that Leo
nardo had a natural grasp of mecha
nisms, an ability to visualize how the dif
ferent parts of a machine Rt and mesh 
together. This gift has always been 
striking in  Leonardo's paintings and in 
his anatomical science : the ability to 
hold the total conception and the de
tailed execution together, to make a 
unity of them. The achievement of this 
book i s  to demonstrate i t  as vividly in 
Leonardo's -designs of mechanisms. 

Hart himself does not draw this con
clusion, and in general his conclusions 
are less interesting than his detailed ex
position. In this respect the book falls 
short of its aim and does not communi
cate a sense of what is original in Leo
nardo's whole work and outlook. But 
Hart's analysis of what is original in  spe
ciRc inventions is admirable, and he 
marshals the most recent Rndings of oth
er scholars as well as his own. 

Two Rndings in  particular depart 
sharply from the accepted canon of Leo
nardo's inventions. One is the suggestion 
that Leonardo's drawings of a gun to Rre 
cannon balls by means of steam was a 
crucial step in the evolution of the steam 
engine. This analysis comes from a re
cent Italian study by L. Reti, who 
showed that there are detailed like
nesses between Leonardo's notes on 
steam and the proposals by later inven
tors that led Thomas Savery to make the 
Rrst practical steam engine in 1698 . 

The other new Rnding, alas, has the 
opposite effect and proves that a favor
ite among Leonardo's inventions, the 
helicopter, was probably not original. 
Charles H. Gibbs-Smith, an English art 
historian whose hobby happens to be the 
h istory of flying, has just shown that 
the helicopter as drawn by Leonardo
that is, a screw or rotor that rises into the 
air when it revolves-appears as a toy 
in pictures of the infant Christ before 
1500. It has long been known that the 
toy ( it is  still made today) originated 
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much earlier in China; it now seems 
most l ikely that it  had come to Europe 
and that Leonardo had seen i t  before 
he drew the helicopter. 

These opposing examples illustrate 
again the unpredictable turbulence of 
Leonardo's gifts. He drew, thought 
about, used and discarded everything 
that came into his vision-everything he 
saw others use and everything he imag
ined for himself. Did he think about 
these things profoundly? Did he truly 
put them to original uses? The two ex
amples I have cited show how oddly 
inept these questions are and how much 
beside the point. Leonardo thought 
about steam, saw some uses for i t  and 
guessed others ; and now it seems that 
the thoughts and the guesses went deep
er, and had more influence, than we had 
supposed. In the same way Leonardo 
saw the principle of the helicopter; and 
now it seems that in fact he saw it in a 
child's toy. The reversals are interesting 
( and there will be others to come), and 
yet so self-contained was Leonardo that 
they hardly change our judgment either 
of him or of the history of these inven
tions. 

Leonardo's mind was so springing, so 
constantly creative and so careless of 
what i t  had once thought that the usual 
criteria of priority are, at bottom, ir
relevant. Nature was an inexhaustible 
source of excitement to him, and the ex
citement was the same in all he did : 
when he worked out how the lens of 
the eye functions, when he for the Rrst 
time calculated the center of gravity of 
a solid Rgure and when he had the idea 
for a centrifugal pump. Invention was 
for him not an engineer's brain storm 
but part of the ferment of understanding 
nature. When he invented the roller 
bearing ( or copied it-we can never be 
sure), he also speculated whether or not 
friction might be the cause of the music 
of the spheres. 

Discovery was as immediate an activ
ity to Leonardo, as personal and as spe
cific, as his painting or his study of 
anatomy. He had above all a highly con
crete mind. He had heard of the quarrels 
about the principles of mechanics be
tween the dissident philosophers of Paris 
and the traditional followers of Aristotle 
and Aquinas. But these abstractions did 
not engage his mind. He was not inter
ested in theories, and he was not capable 
of forming a scientific theory as we un
derstand it today. For example, none of 
the bird machines to which Hart devotes 
a loving chapter were capable of flying, 
simply because they required more 
energy than a man can generate. Leo
nardo did not understand this ; such gen-

eralized concepts as energy were foreign 
to his mind. His best machines are won
derful exercises in automation but sel
dom in the use of power. 

There is nothing wrong with the prac
tical cast of mind that is i l l  at ease with 
general concepts. On the contrary, at 
the time Leonardo lived science could 
not progress until it  purged itself of the 
vague and all-embracing, all-explaining 
generalizations of Aristotle. A new out
look was needed : the outlook of men 
who built machines and made them 
work. Leonardo shared this empirical 
outlook and took it to the court of Milan 
and elsewhere, so that it  began to in
fluence universitv men too. 

The builders of machines thought 
with their hands and the university men 
thought with their heads. Leonardo's 
unique gift was to think with his eve. 
His drawings of birds in flight and 
horses in movement show that he had a 
photographic eye. But the drawings of 
machines show that Leonardo had some
thing more : an eye that could also in
stantlv see what he thought, an inner 
imaginative eye. The most striking pair 
of plates in this book shows Leonardo's 
sketch for a moving spindle to spin wool 
[see illustration on page 169J and a 
working model recently made from the 
sketch. Here in extreme form is  the con
stant theme of these drawings : that Leo
nardo could visualize a complex mecha
nism as meticulously as if he had sat in 
front of it and photographed it. 

Leonardo's imaginative eye was not a 
physical gift but an intellectual one. It 
marked the mind of a man who saw the 
detail and the whole together, and who 
could not be satisRed with the whole un
less the detail was right. That is why the 
core of his best inventions is automatic 
control, the step-bv-step co-ordination 
of a seyuence of operations. What Leo
nardo brought to mechanics was the 
sense that a machine expresses its prin
ciple in the exact integration of its parts. 
What he brought to anatomv was the 
sense that the body works with just such 
mechanical precision as a machine does. 
What he brought to painting was the un
derstanding that the details of nature, 
the bone beneath the skin and the bloom 
on the skin, the shape of a flower and 
the movement of a paw, are the visible 
expressions of the inner order of nature. 
Other Renaissance artists made this last 
discovery; but to Leonardo they were 
all one discovery, which no scientist 
made for another 100 years, until Galileo 
began. This was Leonardo's fundamental 
break with the past : he brought the 
empirical sense from the artist's studio 
into the laboratory-the sense that the 
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l H E W I LD FLOWERS, 
M rs. W. S.  Dana 
Long a family fa,·orite.  t h i s  charm 
i ng field guide present!.: more t han 
1 . 0 0 0  American wild flowers. i l l u s 
trated w i t h  famous t l o r a l  drawings 
hy :\larion S a tterlee. It gh'cS com
plete hotanical information, bits 
of h i s t ory and folklore, uscs,  h a b i 
t a t ,  etc.  No knowledge of botany 
is needed to u s c  it. sincc i t  is or
ganized hy color of flower and sea
son of bloom . As a result you can 
ide nti fy almost any Hower you are 
likely to see-With a fli p  of your 
ti ngers. H a s  delighted hundreds of 
thousands of readers. Indispensable 
to vacationers. campers, chlldren 
and adults interested i n  nature lore. 
for u s e  i n  countn', along roads, etc. 
Illustration i n  this  ad i s  grc a t ly re-
duced i n  size. :\[odernized by C . . T. 
Hylander. 174 f u l l - n age plates.  
xlii  + 438p p .  Papcrhd. S I .85 

1 24.  I O N S  IN S O L U T I O N ,  R.  W .  G u rney. B X l remely 
clear introduction t o  fundamcntal principles.  experi mcnt s .  
43 illustrations.  t l JPP . l'apcrbd. $ 1 . 5 0  

986. E R R O R  & E C C E N T R I C I T Y  I N  H U M A N  B E L I E F . 
O r. J o s e p h  J astrow. Late T'res .. A m .  Psych. As�oc. f ' l a s � i c  
s t u d y  of cranks, frauds, follies : calculating horses.  :\ 1 11 -
dame Bhn'utsky, hoaxer.i . .1 aeger · s  soul-retaining IInderwear, 
IllIl11erology, contracts with t h e  De\'U, fraudulent �J)iri t u 
alists,  scientific cranks, etc. 57 illustrations.  408'J1). 

1 'apcl'hd.  $ 1 .85 

1 52 .  ST R I N G  F I G U R E S A N D  H O W  T O  M A K E  T H E M .  
C .  F .  J ay n e .  'fhe basic.  most easily rollowed work 011 c a t s .  
{'radles and similar string f i g u r e s .  Fa SCina t i n g  self - a lu llsc 
ment. entertainer for children. From Europe, Ilri m i t h' e  
peoples all  o r e  I' world. 9 60 ilIus.  4 4 0 p p .  l 'allcrhd. S2.00 
984. B A T S ,  Prof.  G l over A l l e n .  Haf\'ard. A l l  aspC('I S of 
hat s-folklore. hahits,  evolution. life cycle, distri h u t i on,  
etc.  :\lost. interesting account . 57 i l l u s .  378pp. 

Paperbd. S2.00 
93 1 . 2 .  L I F E  H I ST O R I E S OF N O R T H  A M E R I C A N  
B I R O S O F  P R E Y ,  A _  C .  Bent.  Thorou gh, standard ac-

��\��l,t ,  
e��.

st 
I��?�I;�II��� I;?�' �n :l���i!!�i ��\'e�� . 

a!}'o��fl�r ' J��\���: 
U l 5  p l a t e s .  T\\ o r o l u m e  set,  p a p e r h d .  $4.70 

h o l d  i n  rcglll'd t o  I U f'k,  I'cl'cal!'; fallaf'i (' >:  i n  the lwpular u n ·  
(krs t a nding (of ))I'oba b i l i t y ,  and di scusses the m e a n i n g  of 
hetting odd:s, t h �  law of mathematical cxpectation. the i l l 
e," i t al)le adnl n t a g e  t il e  " b a n k "  holds orer t he gambler. a n d  
I'>pecitic aDPlications of IlrobalJililY l a w s  i n  poker, roule t t e ,  
lotteries .  dice, b r i d g e ,  and o t h e r  games which im'ohe 
(·hance. The second Dart or the book mores from probahility 
1 0  i t s  applications i n  s t a t i s t i c s .  h u t  t h e  stress remains on 
e\'CI'.)'day expcricnce. D r .  Le\'inson discusses the basic 11roh-
1('llls  in s t a t i s t i c s .  the cianger.'i inherent i n  its misuse. the 
COIH'e p t  or s t a t i s t i c'al prohabilits.  norm a l  and skew frc 
( I u c n cy d i S l r i h l l t i on.i. ilnd s t a t i s l i c s  alll) lied to various field.� :  
strategic wHl'fare, I'>porl s.  hirths.  deaths,  immigration,  
� t o('k spcculation.  il1.�urance rales,  operations re:search,  a d 
\ erl i sing, and :so o n .  

One of t h e  rca s o n s  that t h e  a U l hor h a s  b e c n  so completely 
I'iU('l'<'.� s f u l  in explaining h L '>  suhjecL non-technicall ..... a n d  
i n  a n a lyzi n g'  i t s  l I s e s  i s  t h a t  h i s  training i n  a h s t rHtt 
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285 · 6 .  L I F E  H I ST O R Y  O F  N O R T H  A M E R I C A N  W I L D  
F O W L ,  A .  C .  B e n t .  7:1 gee s e .  ducks. swans thoroughb' 
(·I)\·cred. XOl h i n g  hetter en'r printed. 106 p l H t e s .  Total of 
68:) t e x t  pa:;cs. Two rolume set,  paperbd. S4.70 

358.  T H E  M O O N - M A I O . a n d  T H E  L A N D T H A T T I M E  
F O R G O T .  E d g ar R i ce B u r rou g h s .  Two full no\"els .  usuall  ..... 
con.�idered B urroughs' bcst .  ] n t crllianet ary, f u t ure history. 
h i ological .� - r .  .-).-18pp.  l'apcrhd.  $2.00 
1 8 1 .  M A X  & M O R I T Z ,  W i l h e l m  B u s c h .  Germ a n .  all  

illustrations.  EIl�lhh \ 'cr!<e 1 1':lIlSlations of t i t le favor i t e .  
p l u s  8 othcr \\ orks hy B u sch. T i m e l e s s  c l a s s i c  of hUlllor. 
:! :! :!PJ). l 'a{)erbd. S I .OO 

988. C O N T E M P O R A R Y  G E O M E T R Y .  A .  D e l achet.  Only 
S Uf\'ey of modern de\'elo])lllcn t s .  grol lp�.  \·ectors. topology. 
Cl (·. �\ l i d d l c - Ie\·el.  ] l 01)(). l'a])crud. S I .OO 

592.  S P A C E  & T I M E , E m i l e Bore l .  Great French mathe
l I lat i ti a n  i l l  cxtl'cm cly lucid i n tro. t o  relati\,i ty. }.)  i l l u s 
n a t i o n s .  :!;)8pp. l'aperbd. S I .45 

322.  T H E  P H Y S I C S OF M U S I C . A .  WOOd. Latest,  1 !) 6 � ,  
I'e\'i�cd c (l i t i o n  of the s tandard work : function of c a r .  
acou S l i cs .  Ill l L� ical  in�t rllment s .  etc.  Non- technical, h e s t  
s l iney f o r  c i t her l ayman or scienti s t .  2551)J). l'aperbd. S2 .25 
1 5 - 6 .  T R E A T I S E  O N  P H Y S I O L O G I C A L  O P T I C S, H e r·  
mann von H e l m ho ltz.  'file great classic Oil subject,  will 

nc\"Cr he l' u )Jen;cticti.  :-;ells,  when o u t  of print.  up to $:WO .OO  
PCI' s e t .  F i l'st  I l u h l i :s h c d  hy O p t i c a l  Sotiety of America. t h c  
t lcti n i t h' e  CtIH i o l l .  \\ i t h  I l lu('h n o t  i n  Germ an e d i t i o n s .  Jl:!  
ill u s . ,  :! color p l a t e s .  t O l al of li4 !)IlI). 

'1\\ 0 \'ol ume set. clothbound S 1 5.00 
1 1 4.  CA N O N  OF E C L I P S E S ,  T .  von O p p o l z e r .  B a s i c  rer· 

cl't'nce a U l hori l Y  fOI' :solar ;ind lunar eClipses.  from 1 2 0 0  BC 
t o  t 1 6 1  _\ 0 .  L: nahri dged . 1 6 0  .�ky m a p s .  608J)Jl. 8 x 11". 

Clothbound S I O.OO 

1 48 .  H I STO R Y  OF T H E O R I E S OF A T T R A C T I O N  & 
T H E  F I G U R E  O F  T H E  E A R T H ,  I saac Tod h u nter.  S U IIl 
mari ze.i. analyzes. present s everything done in this area 
from 1 7 t h  ('cnlmy up t hrough middle 10th cent ur:\, ;  a whole 
library i n  one book. 1 0 :! O P IJ .  l'aperbd. $ 7 . 5 0  

376.  T H R O U G H  T H E  A L I M E N T A R Y  C A N A L  W I T H  
G U N  A N D  C A M E R A ,  G eorge C h a p pe l l .  Mast erpief'e of 
hiological h U lIlor, as  expedition ventures into unchart e d ,  
p e r i l o u s  area.  1 7  i l l u s t rations by Soglow. 1 2 8ml . 

Pal)erbd. S I .OO 

423.  J O E  M I L L E R ' S  J E STS OR T H E  W I T ' S  V A D E ·  
M E C U  M .  Facsimile rCJ)rint o f  1 s t  cdition o f  most famous 
hl l lllor book e\'er \\ ri l l en : bawdy, som e t i m e s  nilgar, often 
witty classic frOIll l i3!J. 9lpp. Paperbd. S I .OO 

626. M R .  D O O L E Y  ON I V R Y T H I N G  & I V R Y B O D Y , 
F. P. O u n n e .  The be.'it of �Ir .  ])ooley ' s  remarkahle com 

lll ellts  and analyses ; alllong the very best American humor. 
1 0 :!  complcte »ieces.  tj6pJ). Paperbd. $ 1 .00 

1 00 9 .  M A T H E M A T I CS OF G R E A T  A M A T E U R S .  J.  L .  
Coo l i d g e ,  L a t e  ]!rof. of :\ L l t h  . .  lIaf\'ard. Unheralded m a t h e 
m a t i ca l  achic\"Clt\ cll l s  of poet s .  arl i s t. � .  p hilosophers. other 
non-professional.i .  Ollltll' Khayram, Pascal, etc .  :) 6 fi gure 1; .  
21 8P1). l'aperbd. S I .50 
345. T H E  B O O K O F  M Y  L I F E ,  J e r o m e  Card a n _  G r e a t  
Henai .� �ance m a t hematician.  physician, p a r a n o i d ,  i n  one 
of mo:st remarkahle alll ohiograllhical documents e\'er written.  
lJ undreds of years ahead of i t s  t i m e .  3491Jp.  Paperbd.  $ 1 .60 

1 99 .  P I E R R E  C U R I E , Marie Curie_  Madame ('uric presents 
a n  import a n t  �dent itic hiography of her husband, a s  well 
a s  a u t ohiogra p h i cal notes.  " F ll .�ci natil1g, " Dial. "Deli ght 
ful , "  �.Y.  Times.  1 :!8 )))). l'aperbound $ 1 .00 

2 9 5 .  H O W  T O  C A L C U L A T E  Q U I C K L Y .  H.  S t i c ke r .  Kot 
t r i ck s .  b u t  t r i ed .  true m ethod for de\'elol)ing .numher sense.  
doubl i ng, t r i p l i n g  .�Ileed, accuracy.  :!.) 6  PI). J 'aJ)erhd. S I .OO 

277 · 8 .  M A N U A L  OF T H E  T R E E S OF N O R T H  A M E R I ·  
C A .  C .  S .  Sargent.  'l'hc basic work 011 ;\orlh A m .  trees. 
('u\ el' ing e\'Cry n a t h'e tree ; rormer head of A rnold A rbor e -

nc}ds of mathematics i s  COll lbined with aet tl;l l eX))('l' i cnce 
with applied probability for t h e  gO\'ernllH'nt a lH l  i nd u s t ry .  
D r .  LC\'i nson h a s  a w a r m  sense or h u m o r  t h a t  w i l l  c a � c  your 
introduct ion t o  what i s  all  too often a dry al'ea of � l u d y .  
Non-mathem aticians will read hi s b o o k  w i t h  p r o t i t  a n d  
p l e a s u r e .  a n d  students and t e achers of m a l helllatit:s \\ ill  t i n d  
i t  the f i n e 1; t  source of collateral material .  

Hc\'iews of the first edition : "Of broad i n t crc.il and i m 
portance.  Style i s  clear and lively. '1'he t r e a t m e n t  i s  rcmal'k
ably accurate.  In short i t  i s  a good hook. " :-;, · ient ilit·  :\ l ollt l l -

:�:e ::�;�,
e�������f 

i�\I��sttl��� \!"�:ln?l7.l,l� ]���}�s���i �t ;.,��I
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lndustrial  Quality l'ontrol. 

lTnahri dl!ed. redsed ( 1 £1 6 3 )  edition.  Formerly l i t l e d  "'I'he H(' i cnce or ('hance · · .  Kew l)reraCe and two new a p p e n d i c c s  
by t h e  a u t hor. xi\' + ;J;)8pp.  5 %  x 8 .  1 007 l 'aJlcrhO U l l t i  $ 1 . 7 5  

• 

t ll m  demlc(\ 44 years to creating i t .  Detailed tle�('ri p l i o n � .  
Ilre(' i s c  locations, e\'erything you n e e d  t o  know ; each t ree 
jllustrated : learcs, fruit.  Hower, etc.  "1any ti nding keys. 
You need not he an expert t o  find this a n  indispensahle s u m 
m e r  vacat ion companion. 1 8 3  illustrations. 9 8 :!))1). 

Two \'01. set, paperbd. S4.00 
740. H O W  T O  K N O W  T H E  F E R N S ,  F _  Parso n s _  True n a 
l ure c l a s s i c  i de ntities ferns nontechni caIly ; much p l a n t  lore. 4:.!  p l a t e s .  243»P . l'l1pcrb d .  $ 1 . 2 5  

6 2 .  H O W  D O  Y O U  U S E  A S L I D E  R U L E ?  A .  A .  M e rr i l l .  
H a s i c  opera t i ons : m ultiplication. division. explained w i t h  
IIl Hxi lllUIlI lucidity ror person who h a s  difficulty using rule.  
high school student,  etc. 42pp. J'a»crbd. 60t 

749.  T H E  BAD C H I L D ' S  B O O K OF B E A STS, M O R E  
B E A STS F O R  W O R S E  C H I L D R E N .  A M O R A L  A L P H A · 
B E T ,  H i l a i re B e l loc.  All 3 hUlllor favori t e s ,  cOlllp let e .  
1 :·) 71)1) .  " lIper!)d.  S I .OO 

338·40. T H E  M E M O I R S O F  J A C Q U E S  C A S A N O V A .  
lUos sorn edition of Machcn translation ; great class i c  o f  
a U l ohiography, 11raised by Goethe, Stendhal.  e t c .  'ro t a l  o f  
� :! 631lJ). 3 \'01. ,  boxed sct., llaJ)crboullll $6,00 

I .  F L A T L A N D .  A R O M A N C E  OF M A N Y  D I M E N S I O N S ,  
E .  A .  A b bott. Classic fictional account or l i f e  i n  a 2 - d i 
lIlcnsional world. 1 2 81l1) .  .Papel'bd. $ 1 .00 
487. T H E  D E V I L ' S  D I C T I O N A R Y ,  A m brose B i erce.  
"Some or the most. brilliant witticisms i n  Engli s h , "  H. L .  
Mencken. 144pp. Paperbd.  $ 1 .00 

7 1 3 _  P A P E R  F O L D I N G  F O R  B E G I N N E R S .  W. M u rray. 
F. R i gney.  :easicst,  clearest. in�t ructiolls 011 origa m i : 
scores of beautiful,  unusual  ohjects.  9:Jpp.  I 'apcrbd. $ 1 .00 

69 1 .  T H E  W I ZA R D  OF OZ, L .  Frank B au m .  Only edition 
w i t h  a l l  1 4 j  Denslow illustrations i n  full <'0101'. :!75pp. 

l 'aJ)erhd. $ 1 .45 

39.  T H R E E  M A R T I A N  N O V E LS, E d g a r  R i ce B u r 
rou g h s .  ('om p lete : 'J'hu\' i a .  "Jail! or )'Jars : f"hessmen o f  
:Mars ; Mastcr - ).Und of :\ l a r s .  50jJ)J). I 'aperhd. $ 1 . 7 5  

1 1 9 .  B E ST P U Z Z L E S  I N  L O G I C  A N D  R E A S O N I N G . 
H .  P h i l l i ps .  1 0 0  tricky. i ngenious J)roblelll s i ll\'oh' i n g  ahi l i l Y  
t o  t h i n k  straight.  Solutions. 1 1 7P il .  J 'aperbcl. $ 1 . 0 0  

587.  G R E A T  I D E A S  OF M O D E R N  M A T H E M A T I C S. 
T H E I R  N A T U R E  A N D  T H E I R  U S E ,  J .  S i n g h .  n i ff e l' 
ent i a l  e q u a t i o n s .  m a t rices. g r o u p  t heory, nOIl - E lwlilieilll 
geolll et r:y, etc.  explai ned \'erbally for intelligent layman. 
� :! :! Jl P .  Pa,)crhd. S I .65 
8 1 .  T H E  P R I N C I P L E  O F  R E L AT I V I T Y .  A .  E i nste i n .  
H .  Lorentz. M .  M i n kowsk i .  H .  W e y l .  1 1  basic napcrs t h a L  
founded socci a l  and general theori es.  Xotes hy :O;onllnel' 
feld. 2 2 4 p p .  1'a))erh(l.  $ 1 . 7 5  

r - - - - - - - - - - - - · - - · - - - - - - - - - �  
D e pt .  439, Dover P u b l i cat i o n s, I n c . ,  1 80 V a r i c k  St. ,  

N e w  Y o r k  1 4, N . Y .  :I 'lease send lIl e : 

I am cnclosing � . . . . . . . . . . .  i n  full  payment.  Payment i n  
fnll should acc01llpany a l l  orders except fOL' librari e s  
o r  Iluhlic institut ions, w h o  may he hilled. !'Ieilse add 
lOt  per book to co\'Cr iJostage and handli ng (;han�es i f  
your order i s  less than $ ;) . 0 0 .  P l e a s e  pl'i nt.  

::\"ame 

Addrcss 

l'ity . . . . . . . . . .  Zolle . . . . . . .  S t <1 t e  . . . .  . 

G U A R A N T E E : All Dover books guarall l e c d  to s a t 
i sfy yOll ; ret urnable w i t h i n  1 0  d a y s  f o r  any I'ca.�oll 
whaterer, ror full refund. Xo questions asked. 

� - - - - - - - - - - - - - - - - - - - - - - - - -
W r i te for free cata l o g u e s .  N o  o b l i gat i o n .  S p e c i fy fi e l d  o f  
i nterest. 
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SCIENCE 

Yesterday
AND 

tomorrow 
T H E  PHYS ICAL 
GEOGRAPHY OF THE SEA, 
AND ITS M ETEOROLOGY 

by Matthew Fontaine Maw·y. 
Edited by John Leighly. One 
of t h e  1 9 t h - c e n t u r y ' s  m o s t  
widely read books - the first 
attempt to formulate a gen
eral system of circulation of 
the atmosphere - stimulated 
research by provoking a heated 
s c i e n t i f i c  c o n t r o v e r s y, b u t  
Maury's lively accounts of sea 
experiences and descriptions 
of oceanic phenomena remain 
as v i v i d  now a s  t h e y  w e r e  
when first written . A John 
HM'va?'d Libmry Book.  $8.50 

THE EVOLUTION O F  
STARS A N D  GALAXIES 

by Waite?' Baade . Edited by 
C e c i l i a  P a y n e - G a p o s c h k in . 
One of the world's greatest 
astronomers assesses the state 
of our knowledge of the proc
esses of development in stars 
and galaxies, starting with a 
historical  discussion of the 
Herzsprung-Russell diagram, 
Shapley's work on globular 
clusters, and Hubble's study 
of extra-galactic nebulae. In
cludes chapters on classifica
tion and observation of galax
ies, detailed examination of 
the two great stellar popula
t i o n s ,  how t h e y ' r e  d i s t i n 
guished in terms o f  age, and 
their relation to classes of 
galaxies. $6 .75  

PROCEEDINGS O F  A 
HA RVARD SYMPOSIUM ON 
DIGITAL COM PUTERS AND 
THEIR APPLICATIONS 

Edited by A nthony G.  O e t
tinge?·. 30 contributors - in
c l u d i n g  d o c t o r s ,  e d u c a t o r s ,  
economists and psychologists 
-provide an enlightening pic
t u r e  o f  the m a n y  a r e a s  i n  
which computers are, o r  will 
be, in use. The papers range 
from the general effect of com
puters on our way of thinking 
to abstract analyses of the 
quantification theory. Annals 
of the Computation Lab m'a
t o?·y, 31 . $ 1 5.00 

Orde?' throug h y our bookseller 
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laws of nature express themselves not 
vaguely but exactly, in the detail of her 
smallest movement. 

Short Reviews 

NARCOTIC ADDICTION IN B RITAIN AND 

AMERICA, by Edwin M. Schur. In
diana University Press ( $7 .50). The au
thor of this book, a lawyer and a teacher 
of sociology, spent two years in England 
studying the British system of narcotics 
control. Their methods differ consider
ably from ours, as do their results .  Basi
cally the U . S .  position is rigid, punitive 
and vindictive . Drug addiction is treat
ed by the courts and authorities as if it 
were a crime to be extirpated.  This is 
somewhat contradictory : although the 
Federal Narcotics Control Act specifies 
mandatory minimum sentences for users, 
the U . S .  Supreme Court has twice held 
that addiction is a disease and a proper 
subject of medical care . The majoritv 
of the officials who in one capacity or 
another deal with addicts oppose the 
Control Act provisions, and the most in
Huential medical groups in the country 
share this attitude . In Great Britain phy
sicians are allowed to give addicts con
trolled doses of drugs and to continue 
the practice in each case for as long as 
the doctor thinks the patient needs the 
drug in order to function. In some cases 
this may go on for years and years . 
Great care is exercised, however, to see 
to i t  that the intake is limited, that it 
does not have to be steadily increased 
because of tbe user's growing tolerance . 
It seems to be well established, accord
ing to Scbur, that tbe medical profession 
in Great Britain has not abused its 
privileges, and that addiction is not, as 
it is in tbe U . S ., a major-let alone a 
growing-problem . One of the fruits of 
British policv is that there is compara
tively little illicit narcotics peddling, an
otber circumstance that stands in glar
ing contrast to U . S. experience . As Max 
Lerner once observed : "The British have 
achieved, with common sense and with
out any fuss and bysteria, what we are 
trying for with all our thunder and 
sleuthing and crackdown ."  A thoughtful 
and provocative book about a contro
versy-ridden subject that deserves the 
most serious attention.  

!;\EQUALITIES, by P .  P .  Korovkin ; GEO-

METRICAL CO:\:STHUCTIONS USING 

COMPASSES ONLY, by A .  N. Kostovski i ;  
THE RULEn 1;\ GEO:\1ETHICAL CO:-;STHUC

TIO"S, by A. S .  Smogorzbevskii ;  THE 

METHOD OF M ATHEMATICAL INDUCTION, 

by 1 .  S. Sominski i ;  SO:\1E ApPLICATIONS 

OF MECHANICS TO M .�THEi\[ATICS, by 

V.  A.  Uspenski i ;  FIBO;\ACCI NUMBEHS, 

by N. N. Vorob'ev. Blaisdell Publishing 
Co .  ( 95 cents each). A stimulating col
lection of paperbacks in this publisber's 
"Popular Lectures in M athematics 
Series. " Each volume, originally pub
lished in Russian, was designed for sec
ondary school students, for teachers and 
for laymen who appreciate mathematics. 
Parts of the material, it must be ad
mitted, may tax even U . S .  college stu
dents who are matbematics majors, but 
much of it will suit a wider audience . 
Korovkin assumes previous knowledge 
of the basic properties of inequalities, 
but he gives a brief introductory review, 
which is followed by discussions of 
such topics as inequalities relating to 
( l  + x ) a ,  maxima and minima and the 
calculation of certain limits . S ixty-two 
problems are included, with worked-out 
solutions of many of them . The volumes 
on geometric constructions are well 
handled and can be recommended to 
geometry lovers ; if not to beginners, at 
least to tbose who have a degree of so
phistication in geometrical reasoning and 
in the uses of ruler and compass . An at
tractive item in Smogorzhevskii's book 
is a proof that, using ruler alone, it  is 
impossible to construct the centers of 
two given nonconcentric circles if the 
circles have no common point. Although 
it is well known that "proofs of impossi
bility " belong mostly to tbe class of diffi
cult mathematical problems ( e .g . ,  prov
ing the transcendental character of pi) 
and are usually based on profound and 
intricate sequences of reasoning, this 
elegant little demonstration does not 
demand a high level of expertise .  For 
mathematicians who find tbe method of 
mathematical induction an elusive pim
pernel, Sominskii's book furnishes both 
understanding and peace of mind. He 
explains lucidly what is involved and 
gives many examples of applications of 
the method, togetber with step-by-step 
solutions of characteristic problems .  The 
lectures by Uspenski i deal with prob
lems for whose solution one can success
fully use the laws of phySiCS, for example 
tbe laws of equilibrium . He shows how 
mechanics can be used to determine the 
relation of a tangent to a circle, an 
ellipse, a parabola and a hyperbola ; how 
to determine the center of gravity ; how 
to unravel problems in the tbeory of 
numbers ; how to elucidate the prin
ciple of least potential energy. Vorob'ev 
on Fibonacci numbers is a deligbt .  Tbe 
theory of tbese numbers, which goes 
back 

'
many centuries, will fascinate anv

one with even slight mathematical tastes 
and aptitudes. Their simple properties 
are described, their connection with 
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THE 

POPULATION 

CRISIS 

VS. 
PEACE 

" I ncreasing evidence from around the world AND and s h o u l d  in tensify research for im proved 
adds emph asis to the grim "'arn i n g  issued ' methods of regul ating ferti l i ty - m e th ods 
last year by Mr. Eugene B l ack,  

PRO GRE S S 
acceptable  to peoples of d iverse 

in  h is capacity as President of c u l t u r e s ,  c r e e d s  a n d  w a y s  o f  
the ':\Torld Bank : ' Population ' l i fe.  And we s trongly urge that  
growth threatens to nul l ify a l l  f r o m  t h e  D e c l a r a t i o n  b y  A m e r i c a n  N o b e l  the U n i ted N ations tak e t h e l ead � L a u r e a t e s  a n d  B u s i n e s s  L e a d e r s  
o u r  efforts t o  raise l iving stand-
ards i n  many of  the poorer coun tries . . . .  U n l ess popu
l ation growth can be restrained,  we may h ave to 
a b a n d o n  for t h i s  g e n e r a t i o n  o u r  h o p e s  of e c o 
nomic progress i n  the crowded l ands of A s i a  a n d  the 
M iddle East. ' 

" C l early ,  the urgent,  indisputabl e  need today is for 
intensified action to decelerate worl d pop u l ation 
grow th . Popul ation trends must  become a cen tra l 
consideration i n  a l l  n ationa l and in terna tion a l  plans 
for h ea l t h ,  econom ic development and worl d peace. 

" Th erefore, as Americans, we most s trongl y urge the 
U n i ted States Government to adopt forthrigh t pol 

icies w h ic h  w i l l  perm i t  t h e  resources a n d  sk i l l s  of our 
nation to be concen trated on t h e  pop u l a tion prob
lem.  Our government shoul d assist o ther na tions 
w h ich request h e l p  on volun tary pop u l ation con tro l ,  

in  world-wide programs t o  cope 
with overpopulation.  

"In recent decades, the partnership of industry and 
science has contributed immeasurabl y  to many fi e l ds 
of h uman activ i t y ;  i t  is t ime that  this  partners h i p  
address i tse l f  square l y  t o  the popul ation dilemma.  
We therefore urge formation of a strong union be
tween l eaders i n  the sciences and humanities and 
leaders of commerce and industry, to the end that  
act ion may be st imulated on a l evel commensurate 
w i th the  magn itude of  the problem.  

"The actions we suggest require that  the  t imidi ties 
and confl icts of t h e  past b e  cast qside.  We appeal to a l l 
men to have fai t h  that existing di fferences can be re
solved,  so that rapid progress can be made in  ch eck ing 
excessive popul ation growth , and so that  c h i l dren 
everywh ere may grow up in a worl d that o ffers t h e  
prospect of  peace and progress . "  

NOBEL LAUREATES 
J OH N  B A R D E E N  

F E L I X  B LO C H  

E D W A R D  A .  D O I S Y  

J O S E P H  E R L A N G E R  

F R A N K  W .  A B R A � r s  

R U S S E L L  H .  B E N N ETT 

H A R R Y  A .  B U L L I S  

H E N R Y  B .  C A B OT 

CASS C A N FI ELD 

W I L L I A M  F .  G I A U Q U E  

D O N A L D  A .  G L A S E R  

E D WARD C. K E N D A L L  

P O L Y K A R P  K U S C H  

I\, I L L C LAYTON 

R .\ :'oI D O L P H  P .  C O M P T O N  

LA � I � r oT d u  P .  C O P E L A N D  

J O H N  COWLES,  S R .  

W I LL I A M  H .  D R A P E R ,  J R .  

M A RR I N E R  S.  E C C L E S  

J O S H U A  L E D E R B E R G  

H E R M A N N  J .  M U L L E R  

J O H N  H .  N O R T H R O P  

E D W A R D  M .  P U R C E L L  

D I C K I N S O N  R I C H A R D S  

IV I L L I A � r  S H OC K LE Y  

W E N D E L L  � r .  STAN LEY 

H .\ R O LD C .  U REY 

BUSINESS ENDORSERS 
L E L A N D  H A Z ARD DA VID E .  L I L I E N T H A L  

F .  P E AVEY H E F FE L F I N GE R  T H o � r A S  M c C A B E  

H A N S  W .  H U BE R  

W A LTER J O H N SO N  

T H O � L\' S  S .  L A M ON T  

F O W L E R  � r ccoR M I C K  

P H I L I P  R .  � r A T H E R  

H U G H  M O O R E  

J O H N  N U VEEN 

SELMAN A .  W A K S M A N  

T H o � r A s  H .  W E L L E R  

C. H .  W H I P P LE 

C H .\ R LES H .  P E R C Y  

E U I O  R O P E R  

D O N A L D  R O Y C E  

S I D :'oI.EY A .  S W E N S R U D  

W I L L I A � I  H .  V A N D E RB I LT 

The Decla ra tion was presen ted in I}e h a lf of a l l  t h e  signers by Pro · 

fessor Kendall  {md Dr. Sh ock ley to t h e  Conferellce al l  t h e  Eco n o m ic 

Conseq uences of t he  Pop u la t ion Explosio n ,  s/Jollsored by t h e  Pla n n ed 

Paren th ood Federa t iol l  of A m e rica- J IIorld Po/mlat iOIl E m ergency 

C a m /Jaign . TV" ite (11 0 ch a rge) for t h e  co m /Jlete text  of t i l e  Dec/m·a· 

tion and a n y  of t h ese n ew tJa mph lets: 

American Population and Prosperi ty by A D O L P H  W. S C H M I D T  

w i t h  a foreword by L A � [ � [ O T  d ll P .  C O P E L A N D  

Inside the Population Problem by J O H N  G U N T H E R  

Population, the U.N.  and the  U.S. 
hy FR.·\ ;\i C I S  T. P .  P L I � [ P T O N  

Population and Human Progress by C H R I S T I A N  A .  HERTER 

PLANNED PARENTHOOD FEDERATION OF AMERICA- WORLD POPULATION EMERGENCY CAMPAIGN 
50 1 i\ladiso l l  :-\ " e l lue ,  New York 22, N.Y.  

1 7 5 
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I n  r e c e n t  y e a r s , c o n c u r
r e n t  w i t h  t h e  r e f i n e m e n t  
o f  e l e c t r o n i c  c o m p u t i n g  
e q u i p m e n t ,  l i n e a r  pro
gramming and i ts  exten
s i o n s  h a v e  p l ay e d  a c e n 
t r a l  r o l e  i n  t h e  n o t a b l e  
advances made i n  mathe
matical methods for deter
mining optimal decisions 
in e c o n o m i c ,  i n d u s t r i a l ,  
a n d  a d m i n istrative s itua
t ions .  In this  volume a pio
neer in the field presents an 
important  study for the 
mathematic i a n ,  the stu
dent,  and anyone i nterested 
i n  large-scale problems of 
optimization. 

Linear 
Programming 

and 
Extensions 

By George B. Dantzig 
A RAND Corporation Research 
Study. 640 pages. $ 1 1 .50 

Order through your bookstore, or�. 
Princeton Unh'ersity Press , ' 

Princeton, New J e rsey . . 

PHOENIX 
GOODYEAR AI RCRAFT 

(Arizona Division ) 
Offers career opportunities that w i l l  chal
lenge your talent in the technical areas 
l i sted below . 

RADAR SYSTEMS 

P rovide systems concepts and conduct 
analysis and experimental systems work. 

C I RC U IT D E S I G N  & D E V .  

Radar Circuits,  IF, video, pulse ci rcuitry, 
D.C Amplifiers, CRT, ground range, 
Sweep C i rcuits,  networks , 

M IC ROWAVE 

Research, original i nvestigations in m icro
wave ci rcuits and devices, design and de
velop microwave amplifier, modulators, 
osci l lators.  parametric  amplifiers and an
tennae design. 

SERVO 

Design & develop of Antenna stabiliza
tion.  positioning servos and navigational 
systems.  

T H E R M ODYNA M I C S  

Perform thermo analysis of airborne elec
tronic equipment. Make tests to assure 
optimum equipment cooling. 

PACKAG I N G  ENGR. 

Packaging of airborne electronic and 
mechan ical equipment. 

Request Appl ication o r  Send Resume to : 

M. J. McColgan 
Engineering Personnel 

Goodyear A i rcraft Corporation 
L i tchfield Park, Arizona 

An equal  opportuni ty employer 

Simi lar  positions at Goodyea r A i rcraft 
Corporat ion, Akron, Ohio 
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continued fractions, geometry and the 
structure of our number system. Authors 
and publisher alike deserve thanks for 
these enjoyable booklets , 

THE EXPLORATION OF OUTEH S PACE, 

by Sir Bernard Lovell. Harper & 
Row, Publishers ( $3 ) . Based on popular 
lectures given in 1961  at the University 
of Wales, this small book presents an 
excellent account of the techniques of 
investigating outer space . The emphasis 
is on radio astronomy, in which field 
Lovell is of course an eminent figure, 
and on space probes bv rockets and 
satellites .  Lovell sketches the history of 
radio astronomy, recounts its brilliant 
growth in the postwar years and de
scribes what it has added to our knowl
edge of the solar system and the struc
ture of the universe, and how it has 
modified cosmological theOt·v . In the last 
chapter he allows himself some reflec
tions on ethics and the cosmos .  He urges 
that the new opportunities for exploring 
other planets, many of which he be
lieves are populated by living organ
isms, be treated with the utmost circum
spection and restraint. "Ve have no right, 
he asserts, to "contaminate" extrater
restrial space and the planets of the solar 
system. We know little about tbeir bio
logical situation and if by our actions we 
interfere with the course of organic 
evolution in other parts of tbe cosmos, 
we are offending both morals and sci
ence. Photographs and diagrams.  

WHALES, by E:  J .  Slijper. Basic Books 
Inc. ( $ 12 .50 ) . A large book on a 

large subject. Whales are of interest not 
only because of their majestic size but 
also because of their remarkable phys
iology, their speed and method of loco
motion, their feeding habits, their mat
ing, their distribution and migration, 
their importance to man as a source of 
food, fuel and many other products, and 

I : their role in fact and fiction since earliest 
recorded times , ( In northern Norway 

I I there are rocks on which are scratched 

� Stone Age drawings showing a man in a 
boat hunting a seal and two porpoises ; 
near Knossos on the island of Crete, the 
site of the Palace of Minos, there is a 
drawing of a whale dating from about 
1 200 B.C . ;  the bones of whales found 
in the remains of settlements of tbe origi
nal inhabitants of Alaska show that tbe 
Eskimos found whales as early as 1500 
B ,C . ;  and ancient Greek vases, coins and 
buildings were frequent I\' decorated 
with whale and dolphin motifs , ) The 
author, a Dutch anatomist, has devoted 
his life to the study of whales , When his 
book first appeared several years ago in 

Dutch , experts pointed out many errors, 
particularly in the historical section . 
Slijper enjoys colorful writing, some
times at the expense of accuracy, and he 
likes to enliven his account with anec
dotes of doubtful authenticity. Never
theless, even his critics agree that he has 
written a highly informative survey. Pro
fusel�' illustrated and with a good bib
liograpby. 

I RIHTIOX.-\L
. 

DESPAIR, by Benjamin 
Wolstein . The Free Press of Glencoe. 

The � lacmillan Co,  ( $6 ) . An ably writ
ten critique of the theory and practice of 
existential analysi s .  The pOint i s  made 
that,  although existentialist analysts have 
added fresh insights into the tormenting 
anxieties and dilemmas of 20th-century 
man, the confirmation of their observa
tions by anything approaching scientific 
method is impossible. Thus, Wolstein 
concludes, one cannot expect existential 
therapy to add much to systematic 
knowledge of human behavior or to be
come a workable alternative to either 
Freudian or Neo-Freudian systems ,  

l'HE GHOWTH OF THE AMEH ICAN RE-

PUBLIC, bv Samuel Eliot Morison and 
Henry S teele Commager. Oxford U ni
versity Press ( $30 ) . First published as 
a single volume in 1930, Morison and 
Commager's history now appears in a 
two-volume Bfth edition , The work has 
been entirely rewritten, with the nan'a
tive carried through the presidential 
election of 1960.  This is a disinterested, 
scholarly and clear survey, forthright in 
its expression and free of the nervous 
treatment of controversial issues, past 
and present, that so often characterizes 
histories intended for adoption as text
books in our schools and colleges .  

I NFOHMATIOX STOHAGE AND NEUHAL 

CONTHOL, edited by William S. Fields 
and Walter Abbott. Charles C Thomas, 
Publisher ( $ 13 .75 ) ,  Proceedings of the 
lOth annual meeting of the Houston 
Neurological Society, with papers and 
discussions covering such topics as the 
coding of information, genetic informa
tion transfer, communication in human 
society, feedback and redundancy prob
lems , An introductory paper gives the 
elements of information theory ; an ap
pendix reprints the well-known article 
by Warren S, M cCulloch and 'Walter 
Pitts that sketches a calculus of the 
"ideas immanent in nervous activity . "  

NoBEL : THE M Al' A N D  H IS PmzEs, 
by H. Schiich, R. Sohlman et al. 

American Elsevier Publishing Co . ,  Inc. 
( $ 10 ,95 ) , A revised and much enlarged 
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SCIENTIFIC a n d  
TEC H N ICA L BOO K S  

imported from U . S . S . R .  translated into English 

R E C ENT A R R IVALS 
al l  i l l u strated with c h a rts and p h ot o g ra p h s  

Barka n ,  V. a n d  Zhd a n ov,  V. ,- R a d i o  
R e c e i v e rs . . . . . . . . . . 5 82  p p .  2 .75 

K o l o b kov, N .-O u r  Atm o s p h e r i c  O ce a n  
. . . .  3 30 p p . 2 , 2 5  

K o m p a neyets,  A. S.-T h eoret ica l P h y s i c s  
. .  59 3  p p .  6.50 

K o n d r a tyev, V.-T h e  S t r u c t u r e  of Ato m s  
a n d  M o l e c u l e s . . . . . . . . . .  5 30 p p .  3 .2 5  

Korsunsky ,  M .-T h e  Ato m i c  N u c l e u s . 
. . . . . . . . . .  4 1 1 p p .  2 .00 

Koste n k o ,  M. et _ I .-E l e c t r i c a l  M a ·  
c h i n e s  . . 500 p p .  3 .2 5  

Lakhti n ,  Y.- E n g i n e e r i n g  P h ys i c a l M et a l - 3 .25  l u rg y  . . . .  47 1 p p .  
R u m y a n t s e n ,  S.-I n d u st r i a l R a d i o l o g y . 2 .2 5  . . . . . 2 6 5  p p .  
S i g a l ov,  E .  e t  a l .- R e i n forced Co n c rete 3 .00 . . . . . . . . . . . . . . 393 p p .  
Ste p i n ,  P.-St r e n g t h  o f  M a te r i a l s  3 7 5  p p . 2.50 
S u s h k o v ,  V. V .-Te c h n i c a l  T h e r m od y -

n a m i cs . . . . . . . . 3 95 p p .  3 .00 
Zh d a n ov,  G. and T i n d o ,  I .- S p a c e  L a b o -

r a t o r i e s  . . . . 1 9 7 p p .  1 .2 5  
M E D I CA L  BOOKS FROM U . S . S . R .  i n  English 

Frolov,  Y .-Wo r k  a n d  the 8 r_ i n  . . . .  230 p p .  $ 1 .65 
Oral Live Poliovirus Vaccin�th Sci-
e ntific Conference of t h e  I n stitute of 
Poliomyel itis and Virus Encephal itis-
M a y  1 7-20,  1 960,  M oscow . . . . . . . . . . . . . . . . .  638 p p .  B . 5 0  
Lurye, Z.-Le s i o n s  of the N e rv o u s  System 
Associated with I nt e r n a l  D i seases .  225 p p .  1 . 75 
Makeyeva. O . - P revention of M ate r n a l  
a n d  I nf a n t  D i seases  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 2  p p .  1 . 75 
Zelenin, Y .-Stre n g t h e n  your hea rt . . .  

. . . . .. .. . . . . . . . . .  . . . . . . . . . . . . .  1 34 pp.  1 . 00 
A vemge sh ipp illg charges approx. 10'70 for 
postage alld ha ll dlill g .  Order by mail 

WRITE FOR C O M PLETE CATALOG 1 55 
FOUR CONTINENT BOOK CORP. 
D E PT. 1 55,  1 56 F I FT H  AV E N U E, N EW Y O R K  1 0, N .Y.  

Science in  the 
Cause of Man 

by GERARD PIEL 

'f h e  P u b l i s h e r  of 
S C I E N T I F I C  
A M E H I C A N  p r o 
\'oca t i \'ci}' presents 
t h e  choice between 
s e l  f - a  n n i  h i l a t i o n  
a n d  f u l f i l l ment that  
now confronts man. 

LIFE TODAY is quite as feasible as death . 
The choice of life involves ali kinds of 

ethical , aesthetic, pOlitical , economic,  and 
social considerations, along with the sci
entific and technological . Some contradict 
received wisdom and demand re-examina
tion of buried premises. "  

Thus Gerard Piel begins his brilliant ex
amination of the choice we must make now . . .  of why we cannot escape catas
trophe unless we take up the cause 0/ man. 
Mr. Piel discusses the pursuit of knowl-
edge and happiness . . .  human ecology and 
the American dream . . .  public patronage 
of science . . the thermonuclear arms 
race . .  the economy of abundance and 
underdevelopment . . .  secrecy and secur-
ity . . .  security and heresy . . .  our indus-
trial culture . . .  population . . .  resources 

. .  revolution . . .  a stable peace. 

Lavishly praised by Vannevar Bush, J. 
Bron<>wski , C .  P .  Snow, Lord Boyd-Orr, 
Warren Weaver. 

A t  )'0111' bookseller, or mail $5 . 95  ( check or 
money ord e r )  t o :  ALFRED A .  KNOPF, Inc . ,  
Dept . N9- 1 l4 ,  2 3 9  Great Neck Rd" Great 
Neck, L .  1., N .  Y. 

Name . . . .  

Address . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  N9- 1 l 4  
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version of a book first published in 1950.  
It includes longish articles,  by various 
contributors, on the life of Alfred Nobel, 
the setting up of the Nobel Founda
tion and the history of the prizes in the 
five categories : literature, physiology or 
medicine, chemistry, physics and peace . 
The essays on the prizes are of consider
able interest because they explain the 
achievements for which the individual 
awards were made, thereby providing a 
compact history of the subject over more 
than half a century, and also because 
they often give details about the delib
erations, the politicking, the disputes and 
the jockeying that preceded the giving 
of a particular prize . 

T EXTILES OF ANCIENT PERU AND 

THEIR TECHNIQUES, by Raoul D'Har
court. Edited by Grace G. Denny and 
Carolyn M. Osborne . University of 
Washington Press ( $22.50 ) . First pub
lished in Paris in 1934 in a small edition 
of 600 copies, this now classic work on 
Peruvian textiles and on the techniques 
of pre-Columbian weaving, network, 
needle-made fabrics and plaiting here 
appears translated into English, revised 
and enlarged, with the collaboration of 
the author, to incorporate additional 
articles and monographs as well as addi
tional plates .  An engrossing volume, with 
handsome plates ( four in color ) ,  that 
pays the tribute of modern scholarship 
to a beautiful art form that has fallen 
into complete oblivion. 

T HE \VORLD OF ARCHAEOLOGY, by M ar-
cel Brion. The Macmillan Co. ( $ 15 ) . 

A two-volume translation from the 
French of a general survey of contem
porary archaeological research and of 
the major archaeological advances of the 
20th century. The first volume covers 
India, China and America;  the second, 
Central Asia, Africa and the Near East. 
Well written, ably translated and de
pendable, but unfortunately there is no 
bibliography. The reader will have to 
fend for h imself if he wants to learn 
more about subjects that Brion has 
opened up but has not had the space to 
develop . Plates and diagrams. 

p SYCHOLOGY : THE SCIENCE OF MEK-

TAL LIFE, by George A.  M iller. Harper 
& Row, Publishers ( $6 .95 ) . This book 
tells the story of psychology : what the 
science is and how it evolved. The con
tributions of the major pioneers are dis
cussed, among them Wilhelm \Vundt, 
William James, Francis Galton, 1. P .  
Pavlov, S igmund Freud and Alfred 
Binet, and there are vivid b iographical 
sketches of each. M iller courses a wide 

field from experimental psychology to 
psychoanalysis ,  from the concept of con
sciousness to the study of communica
tion, from memory to .psychological test
ing. All this is handled with authority 
and with an easy informality that invites 
the reader to press on. Throughout there 
is a sound appreciation of the difficulty 
of understanding the concepts of psy
chology, and the skill of the exposition 
matches the author's candor. As a gen
eral h istory of the subject for the ordi
nary reader and student and as an ex
planation of the texture of this branch 
of knowledge M iller's book is without a 
rival . Illustrations and diagrams .  

N EAR ZERO, by D.  K .  C .  M acDonald . 
Doubleday Anchor Books ( 95 

cents ) .  A relaxed and informative little 
book on the physics of low temperature. 
MacDonald explains why low tempera
tures are of scientific interest ; describes 
the intricate and ingenious methods and 
apparatus that have been devised to 
"suck out" the entropy of a substance 
so as to reduce its thermal energy, in
crease its orderliness and make it colder; 
discourses on superconductivity and the 
strange properties of liquid helium . He 
also goes into the many uses of low 
temperatures .  These include the study of 
free radicals in chemistry and of the 
creep of metals, the measurement of 
very small voltages and the detection by 
exquisitely sensitive instruments of faint 
signals in radio astronomy. The presen
tation is lucid and engagingly modest. 
Recommended . 

ACTIONS OF RADIATIONS ON LIVIKG 

CELLS, by D. E. Lea. Cambridge 
University Press ( $2.95 ) .  A soft-cover 
reprint of the late D. E. Lea's p ioneering 
and masterly account of certain of the 
simplest and most fundamental actions 
of X rays and other ionizing radiations 
on living cells .  The bulk of the book is 
concerned with the effect of radiation on 
viruses and on the genetic material of 
cells . Clearly written and abounding in 
fascinating detail, Lea's work, although 
intended for specialists in medicine, 
genetics and biology and for physicists 
interested in biology, can be read by any 
student of science as a model report of 
a research undertaking. Photographs and 
diagrams.  

Notes 

DOCUMENTS ON FUNDAMENTAL Hu
MAN RIGHTS, by Zechariah Chafee, Jr. 
Atheneum Publishers ( $3 .90 ) .  A two
volume soft-cover edition of the late 
Zechariah Chafee's valuable collection 
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Objective : 
Constant acceleration of progress . . .  in aerospace technology 
The p rob l e m s  become cont i n u o u s l y  more c o m p l ex a n d  sop h i st i 

cate d .  T h e i r  reso l ut ion  i s  u rgent .  

The U n ited States Air  Force h a s  designated t h e  Air  Force Sys

tems Com m a n d  as the s i n g l e  overa l l  manager fo r t h e  m a n y  

s t e p s  i nvolved i n  the a c q u i s i t i o n  of aerospace systems-i n c l u d

i n g  resea rc h ,  advanced tec h n o l ogy, deve l o p m e n t ,  test,  p rocu re

ment ,  contract management a n d  m i s s i l e  s i te act ivati o n .  

T o  provide esse n t i a l  d i rect ion a n d  su pport to t h i s  broad spec

trum of c h a l l e n g i n g  p rogra ms,  AFSC m a i n t a i n s  its own i n-house 

c a pa b i l i ty t h rough a n u mber of d i v i s i o n s ,  centers a n d  contract 

ma nagement regi o n s  l ocated t h roughout  t h e  nat i o n .  The respon

s i b i l i t ies  and m i ss ions  assigned to t h ese h i g h l y  spec i a l i zed or

ga n i zat ions e m b race most of the basic sc ient i f ic  and e n g i n e e r i n g  

d i sc i p l i nes a n d  the i r i nterre lat ions p l u s  p roc u re m e n t ,  contract 

AIR FORCE SYSTEMS COMMAND 

has i m me d iate open i ngs for eng i neers a n d  
sc ient ists i n  these a reas .  

AEROSPACE ENGINEER - M ust have a b i l ity to eva l uate 
p resent a n d  proposed m i s s i l e  system s .  

ELECTRONIC ENGINEERS - Feasi b i l ity a n d  

a p p l icabi l i ty s t u d i e s  of n e w  a n d  n o v e l  tec h n i ques 

in systems a n d  e q u i p ment  a na l ys i s .  

RESEARCH ENGINEER - M ust h ave i ntensive 
backgro u n d  i n  f l u i d  a n d  f l ight mec h a n i c s .  
I NSTRUMENTATION ENGINEER - M ust be a b l e  to 
design a n d  perform operat i o n a l  mai ntenance o n  
i nstru mentat ion u t i l ized i n  g u i dance systems test i ng. 
I NDUSTRIAL ENGINEER - W i l l  have respo n s i bi l i ty for 
eva l u a t i n g  product ion syste ms a nd/or 

q u a l ity contro l  proce d u res .  
H EALTH PHYSICIST - Wi l l  perform resea rc h ,  
eva l uat ion a n d  m o n i tor i n g  o f  env i ron menta l  factors 

as a p p l i e d  to advanced n u c l e a r  a n d  

rad i o l og i c a l  p rogra m s .  

Sc ient ists a n d  e n g i n eers i nte rested i n  
j o i n i n g  t h e  staff o f  A F S C  a re i nv ited t o  s e n d  t h e i r  
res u m e  o r  A p p l icat ion f o r  Federa l E m p l oyment 

( S F- 5 7 )  with  geogra p h i c a l  p refe rence a n d  

s a l a ry req u i re m e n t  

to :  
U nited States Air Force 

AFSC-AFLC Joint  Professional  Placement Office 

527 M a d ison Ave n u e ,  Dept . A ,  New York 22, N. Y. 
An E q u a l  Opport u n ity E m p l oyer 

management  and related s u pport act iv ity.  

The c i v i l i a n -m i l i tary staff of AFSC ma kes d i rect contr ibut ions  to 

some of this nat ion 's  most c o m p l ex and vital  aerospace p ro

gra m s .  T h i s  provides an opport u n ity for t h e  s c i e nt ists a n d  en

g i neers of AFSC to work ac ross a broad spect r u m  of tec h n i c a l  

a reas .  M a n y  of t h e  b a s i c  i deas,  tec h n i q u e s ,  a n d  conce pts o n  

w h i c h  futu re A i r  Force syste ms a re b a s e d  come f r o m  AFSC's 

own staff. 

AFSC e m p l oyment  benefits i n c l u de patent p rotect ion for i nven

tions,  opportu n i ty for advanced study,  a u t h o rs h i p  credit o n  sci

ent i f ic  papers,  honora ry, acade m i c  a n d  cash awa rds,  p romotion 

based o n  mer i t ,  hea lth a n d  ret i re m e n t  benef it  p rogra ms,  low 

cost l i fe i n s u ra n c e ,  p a i d  vacat ions and s ick l eave. p lus a l l  the 

benefits of c iv i l service.  
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pbi's 
. . .  idea stimulators 
pbi's ? They're the ideas that stimulate 
new ideas . . . the scientific specula
t i o n s  t h a t  a l w a y s  p re c e d e  the b i g  
breakthroughs : n o t  totally baked ideas, 
but partially b aked ideas - pbi's. 

p b i ' s ,  a l w a y s  t h o u g h t - p r o v o k i n g ,  
can be a m u s i n g ,  too : The deliberate 
"misplint" to improve reading skills. 
The explosive inserted in the butt of a 
cigarette to prevent the smoking of the 
last, and most carcinogenic, inch. The 
m i c r o - o r g a n i s m  b r e d  to f e r m e n t  -
petroleum ! 

pbi 's  cover the entire s p ectrum of 
scientific thought : from a new theory 
of nuclear structure to the logic of 
logic . . .  from the use of germanium as 
a carbon analogue to the UN control 
of the seas . . .  from a method for pro
ducing artificial enzymes to a topologi
cal formulation of the quantum theory. 

Where can you find pbi's ? The only 
collection is  The Scientist Speculates, 
written by the scientists themselves, 
edited by the well-known mathemati
cian, I. J. Good. 

Reading these pbi's is  like sitting in 
on a brainstorming session with their 
creato r s : H arlow S hapley,  Michael 
Polanyi, J.  D .  Bernal,  C. H .  Wadding
ton, Fred Whipple . . .  and 60 other 
eminent scientists. You'll come away 
instructed , entertained,  inspi:red -
s t i m u l a t e d ,  p e r h a p s ,  to p r o d u c e  a 
to tally baked idea. 

SPECIAL PRE-PUBLICATION 
DISCOUNT 

BASIC B O O K S ,  I N C . ,  Publishers 
Dept. SA663 
404 Park Ave. S . ,  New York 16,  N. Y. 

Send me the collection of pbi's - idea 
stimulators - entitled The Scien tis t 
Speculates. I am attaching my check or 
money order for $5.95* - the special 
p re-publication price. If I am not com
pletely satisfied, I may return the book 
within ten days for complete refund. 

o Payment enclosed ( postage free ) .  

o Bill my firm ( $5.95 plus postage ) .  

Name . . . . . .  Title 

Company 

Address 

City . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . .  State . .  . 

" Until June 29, 1963, then $6.95. 
SA663 
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of documents illus trating the Anglo
American tradition in human rights . The 
documents span a period from the 14th 
century to the U .S .  Supreme Court de
cisions of 195 1 .  

A PHECIS O F  M ATHEMATICAL LOGIC, 

by J .  M. Bochenski. Gordon and Breach 
Science Publishers, Inc. D.  Reidel Pub
lishing Co. ( $5.25 ) . This capsule ac
count covers the general principles of 
mathematical logic and the logic of sen
tences, predicates and classes and rela
tions. It appears here for the first time 
in an English translation, having been 
originally published in French and later 
put out in a somewhat enlarged edition 
in German. 

C ANOi\' OF ECLIPSES , by Theodor Rit
ter von Oppolzer. Dover Publications, 
Inc. ( $ 1 0 ) . An English translation of 
von Oppolzer's standard reference for 
eclipses, past and future, first published 
in German in 1887.  The book tabulates 
8 ,000 solar and 5,200 lunar eclipses go
ing back as far as 1200 B . C .  and includes 
predictions up to the year 2 1 6 1 .  

A N  INQUIHY INTO M EANING AND 

TRUTH, by Bertrand Russell. Penguin 
Books, Inc. ( $ 1 .25 ) .  A soft-cover reprint 
of Russell's well-known essay on defin
ing knowledge and truth and relating 
these concepts to our own experience 
by applying the methods of psychology 
and logic. 

ANALOGUE COMPUTING AT ULTRA

HIGH S PEED, by Donald M. MacKay 
and M ichael E. Fisher. John Wiley & 
Sons, Inc. ( $ 1 1 .50 ) .  This work is de
signed to draw attention to "the versatil
ity and reserves of power still latent in 
analogue techniques." 

THE GEOMETHICAL SEAMAN, by 
E. G .  R .  Taylor and M. W. Richey. St  
Martin's Press ( $7 .95 ) .  An illustrated 
guide to early nautical instruments, from 
the lead and line-the oldest for which 
there i s  any record-to the sextant and 
the chronometer. 

THE ROLE OF SCHOOLS IX MEi\'TAL 

HEALTH , by Wesley Allinsmith and 
George vV. Goethals. Basic Books, Inc . 
( $7.50 ) .  The seventh volume in the 
"Joint Commission on Mental Illness and 
Health Series" is an inquiry into the 
things being done in schools-curricu
lum design, special teachers in classes, 
teacher training and kindred matters
that influence a s tudent's mental health 
for better or for worse .  
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K O P P E R S  C O M P A N Y ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 3 6 ,  3 7  
-" !!e n c y : B a t t e n ,  B a r t o n ,  D u rs t i n e  & Osborn , I n c .  

K N O P F ,  A L F R E D  A . ,  I N C . . .  . . . . . . . . . . . . . . . .  1 78 
A g e n c y : S c h w a b ,  B e a t t y  & ? o r t e r ,  I n c .  

K U L I C K E  A N D  S O F FA M A N U FA CT U R I N G  
C O M P A N Y  30 

A g e n c y : R o he r t  S .  K a m p m a n n ,  J r . ,  A J ,'erl i s i n g  

L I N C O L N  L A B O RA T O R Y ,  M A SSAC H U S ETTS 
I N ST I T U T E  OF T EC H N O L O G Y . . .  . 1 50 

A g e n c y : R a n d o l p h  A s s o c i a t e s  

L OC K H E E D  M I SS I L E S  A N D  SPACE C O M 
P A N Y ,  A G R O U P  D I V I S I O N  O F  L O C K -
H E E D  A I R C R A FT C O R P O R AT I O N . .  1 58 

Agen c y : H a l  S t e b b i n s  I n c orporated 

M & T C H E M I C A L S  I N C  . . . . . . . . . . .  I n s i d e  Front  Cov e r  
\ g e n e )' : .\ I a r s t e l l e r  I n c .  

M A G N ET I C  M ETALS C O M P A N Y ,  M ETA L L U R-
G I C A L  S E R V I C ES D E P A RT M E N T . . . .  1 0  

·\g:e n c y : T h e  A i t k i n · K y n e t t  C o . ,  I n c .  

M A R Q U A R DT C O R P O RAT I O N ,  T H E . . .  7 9  
-\ g c n e y : C H i l l I  A c l v e r t i s i r l g ,  1 1 1 ( ' .  

M A RT I N  M A R I ETTA C O R P O R AT I O N ,  D E N V E R  
D I V I S I O N  1 64 

Ag:e n c y : B a l l  S. D a v i d s o n ,  I n c .  

M c G RAW- H I L L B O O K  C O M P A N Y . . .  . 1 7 1  
A g e n c y : D a v i d  A l t m a n  ;\dve r t i s i n g ,  L n e .  

M ET A L S  & C O N T R O L S  I N C . ,  A C O R PO RATE 
D I V I S I O N  OF TEXAS I N ST R U M E N TS I N -
C O R P O RA T E D  1 04 

Ag:eIH' Y : H o r t o l l ,  C h u r c h  S. G o ff ,  I n c .  

M OT O R O LA S E M I C O N D U C T O R  P R O D U CTS 
I N C . ,  A S U BS I D I A R Y  OF M OT O R O L A ,  
I N C .  

Agen c y : I.a n c  a n d  B i r d  ;\ d \' c r t i s i n g ,  I n c .  

N A T I O N A L  C A S H  R E G I ST E R  C O M P A N Y ,  T H E  1 57 
A g e n t : )' : l\I c C a llr l · E r i e k s o ll ,  I n c .  

N EW J E R S E Y  B U R E A U  O F  C O M M E R C E  . . .  
A g e l l l' )  : H o b e r t  C o n a il a ) , I n c orporated 

PAN A M E R I CA N  W O R L D  A I RWAYS,  I N C O R 
P O RAT E D ,  G U I D E D  M I S S I L E S  RA N G E  D I -

1 02 

V I S I O N  1 63 
[\ gc n e y : D c u t s c h  & S h e a .  I n e .  

P O LA R O I D  C O R P O R AT I O N ,  T H E  . . . . . . . . . . . . . . . . . .  1 36 ,  1 37 
Age n c y : D o }  l e · D a n e · B c r n bal' h - l ll c .  

P R I N C ET O N  U N I V E R S I T Y  P R E S S  . . . .  . 1 76 
A g e n c y : F r a n k l i n  S p i e r ,  I n c .  

Q U ESTA R C O R P O RAT I O N . . 1 06 

R A D I O  C O R PO R AT I O N  O F  A M E R I C A ,  E L EC -
T R O N  T U B E  D I V I S I O N . .  7 5  

A g e n c y : A l  P a u l  Lefton C o m p a n y  T n e .  

R E EV E S  S O U N D C R A FT ,  D I V I S I O N  O F  R E EV E S  
I N D U ST R I E S ,  I N C .  1 3  

Agen c y : T h e  W e x t o n  C O l n p a n y ,  I n c .  

R E P U B L I C  A V I AT I O N  C O R P O R AT I O N . . . .  . . .  1 43 
A g e n c y : tie Carmo I n c o r p o r a t e d  

ROVER M OT O R  C O M P A N Y  OF N O RT H  
A M E R I CA L I M I T E D ,  T H E . . . . . .  29 
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A g e n c y : A u l d  A dv e r t i s i n g  

T H O M AS & B ETTS CO . .  2 3  
A J,! e n q : '\ r l n a I H I  R i c h a r d s  A d ,·c rt i s i n g  Ag-e n c y  

U LT E K  C O R P O RAT I O N  . .  2 0  
;\ l!e n l' Y : H a l  La\\ re n c e .  I n e o r p o r a t f' 4 1  

U N D E R W O O D  C O R P O RAT I O N  . . . . . . . . . . . . . . . . .  1 07 
A g e n c y : G e ) e r . l\Iore)  · B a l l a rd - I n c .  

U N I O N C A R B I D E  C O R P O R AT I O N  . .  3 1  
A g e n c y : J . 1\ [  . . Ma t hcs I n c orporated 

U N I T E D  A I R  L I N ES . . . . . . . . . . . . . . . . . . . . . . . .  1 22 ,  1 2 3  
A g:e n {'} : N .  \"\' . A y e r  &. SOil , I l i c .  

U N I T E D  C O N T R O L  C O R P O RAT I O N  . . .  1 2  
A g c n c y : B o t s ford , C O l1 s ta n t i n e  &. Gard n e r ,  I n c .  

U N I T E D  S T A T E S  A I R  F O R C E ,  A FSC-A F L C  
J O I N T P R O FESS I O N A L  P L AC E M E N T  . . . . . . . .  1 79 

;\ g; e n c y : G a y n o r  &. D ll c a s ,  I l l c .  

U N I T E D  S T A T E S  D E P A RT M E N T  O F  T H E  N A V Y ,  
T H E 1 35 

.·\ge n e y : 1\1 . B e l m u n t  \Tcr S : a n d i g .  1 1 1 c ,  

U N I V E RS I TY O F  C H I CA G O  P R ES S  . . .  
.;\gc n l' Y : F r a n k l i n  S p i e r .  I l l e .  

. . . .  1 68 

W ES T E R N  G E A R  C O R P O R AT I O N  . .  . . . . .  1 44 ,  1 45 
A g e n c y : l\lac.l\i a n lls,  J o h n  & A d a m s .  I n c  . 

W E ST I N G H O U S E  E L ECT R I C  C O R P O R AT I O N ,  
A I R  A R M  D I V I S I O N  . . . . .  

A g e n c y : K e t c h u m ,  l\IacLeod & Grove,  I n c .  

W H I T E ,  S .  S . ,  D E N T A L  M FG .  C O . ,  I N D U S-
T R I A L  D i V i S i O N . . . .  9 0  

Age n c y : W .  L .  T o w n e  COl!l p a n } .  I l l c .  

W O R L D  SAV I N G S  A N D  L O A N  ASSOC I AT I O N  1 66 
A g e ll t· )  : D a v i s ,  J O ll ll�OIl ,  1\logld &. Colol ll b a l l o ,  l l l c .  

1 8 1  
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· . . today's promise . . .  

To c r e a t i ve s c i e n t i s t s  a n d  e n g i n e e r s ,  t h e  

tasks a s s i g n e d  t o  C H RYS LE R C o rporat i o n  S PAC E 

D iv i s i o n  h o l d  o u t  a t e m pt i n g  l u re .  

A p r i m e  c o n t r a ct o r o n  t h e  l o n g - r a n g e  

SATU R N  I S pa c e  Prog ra m ,  C h rys l e r  h a s  b e e n  

a s s i g n e d  a d d e d  r e s po n s i b i l i t i e s  fo r ADVAN C E  

E N G I N E E R I N G  a n d  P R O D U CT I M P R OVE M E NT. 

C h rys l e r ' s  l o n g  record of expe r i e n ce a n d  

s u ccess i n  t h e  a e ro s p a c e  f i e l d ,  co u p l e d  w i t h  ex

c i t i n g  present  and futu re m i s s i o n s  add up to t h e  

st i m u l a t i n g  p rofe s s i o n a l  e nv i ro n m e nt so s o u g ht 

aft e r  by t h e  t h o u g htfu l .  

I f  yo u l o o k  b eyo n d  today's  a ct i v i t i e s  t o  t h e  

h o r i z o n s  o f  t o m o rrow, a c a r e e r  w i t h  C h rys l e r  c a n  

ca rry y o u  to t h e  fu l l  exte nt o f  yo u r  pote n t i a l .  

tomorrow's fulfilment . . .. 

C h rys l e r  act iv i t i e s  o n  t h e  S a t u r n  I a re d iv i d e d  

a m o n g  t h re e  c o n g e n i a l  a n d p l e a s a nt S o u t h e r n  

l o c at i o n s  - N EW O R LEAN S ,  H U NTSVI L L E ,  a n d  

CAPE CANAVE RAL. 

I f  yo u h ave a d e g re e  a n d  expe r i e n c e  in  o n e  

o r  m o re o f  t h e  d i s c i p l i n e s  l i sted o n  t h e  p a g e  

o p p o s i t e ,  i nvest i g ate t h e  pot e nt i a l  o f  a c a re e r  

w i t h  C h rys l e r . 

S e n d  yo u r  r e s u m e ,  i n  co m p l ete conf i d e n c e ,  

t o  S e ct i o n  L- 1 ,  Perso n n e l  D e p a rt m e nt ,  at t h e  

l o cat i o n  o f  yo u r  c h o i ce : 

P . O .  Box 2 6 0 1 8 ,  N ew O r l e a n s  2 6 .  La . 

P . O .  Box 8 5 7 ,  H u ntsvi l l e ,  Al a .  

1 1 1 1  S h e r i d a n  R o a d ,  M e l b o u r n e ,  F l a .  

A n  e q u a l  o p p o rt u n ity e m p l oyer .  

SPACE DIVISION �� CHRYSLER � C O R PO RATI O N  
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See the lUngs or Saturn. 
the fascinating planet 
Mars, huge craters on 
the Moon. phases of 
Ve n u s .  E q u a t o r i a l  
mount with lock o n  both 
axes. Aluminized and 
O\'ercoaled 3" diameter 
high·speed f/10 mirror. 
T e l e s c o p e  c o m es 
equipped with a 60X 
eyepiece and a mounted 
Harlow Lcns. Optical 
Finder 'l'e!escope in
cluded. Hardwood. port
ahle tripod. FREE with 
Scope: '-aluable STAB 

CHART plus 272-page "II:\:\'DBOO[';: OF' HEAYEXS" 
f)Ius "HOW 'rn T"�F. YOUR Tr.LF:Rf'OPE" BOOK. 
Stock No. 85,050-5 .......................... $29.95 Postpaid 

4114" Astronomical Reflector Telescope! 
255 Power. Nel\' ,'ibration- Free "Ictal Pedestal :\Iount. 
Stock No. 85.105-5 $79.50 F.O.B. Barrington. N. J. 

SUPERB 6' REFLECTOR TELESCOPE! 
Inc. electric cluck drh'e, setting circles, equatorial mount. 
pedestal base, 4 eyepieces (or up to 576X, 
5tock No. 85.086-S .......... $195.00 F.O.B. Barrington, N. J. 

'FISH' WITH WAR SURPLUS MAGNET 
Go Treasure Hunting On The lottom 

Great idea! Fascinating fun and sometimes t��u� 
tremendously profitable! Tie a line to our 5 - -" 
lb. Magnet-drop it orerboard in bay. rirer. lake or 
ocean. Troll it along the bottom-your "treasure" 
haul can be outboard motors, anchors, fishing 
tackle. all kinds of metal valuables. 5-lb. Magnet 
is war surplus-Alnico V "['ype-Go\'· .. Cost, ��O, 
Lifts orer 125 Ibs. on land-much greater weights 
under water. Order now and try this new sport. 
Stock No. 70,571-5 5 lb. Ma.net.. . ..... , .. , ......... 512.50 Postpaid 
Stock No. 70,570-5 31(2 lb. size.. .. ............ $8.75 Postpaid 
Stock No. 70,572-5 71(2 lb. Magnet .. .. .... $18.75 Postpaid 
Stock No. 85,152-5 15 lb. size, lifts 250 Ibs . ..... . $33.60 FOB 

MINIATURE SUBMERSIBLE WATER PUMP 

FOR HOBBI ES, EXPERIMENTS 
Sturdily built. self·priming. elec
tric water pump. Ideal for science 
classes, advertising exhibits. mini
ature waterfalls. fountains. etc. 
Operates under water on 8 10 20'
AC. At 20\'. pumps 1 pint per 
minute at 12" head, Spare \'ull'e, 
spring and instructions inclUded, 

Plastic, 2"h" Ig., 1" dia., wt. 1� oz. 
Stock No. 60,307·5 .......................... $2.98 Postpaid 8j SCIENCE TREASURE CHESTS 

For Boys-Girls-Adults! 

Science Treasure Chest-Extra'pollerful 
magnets. polarizing fllters. compass. one

-- way-mirror film, prism, difTraction grating. 
and lots of other items {or hundreds of 
thrilling experiments, plus a Ten-Lens Kit 

for making telescopes, microscopes. etc. }"ull instructions 
included. 
Stock No. 70,342-S .......................... $5.00 Postpaid 
Science Treasure Chest DeLuxe-E\'erything in Chest above 
plus exciting additional items for more adl'anced experi· 
ments, including crY1jtal-growing kit, electric motor, molec
ular models set, firsl·surface mirrors, and lots Illore. 
Stock No. 70,343·S ........................ $10.00 Postpaid 

ANALOG COMPUTER KIT 

f(.):�� -
• 

- -...-- ...... .--.. - science. Demonstrates baSIC ana· 
log computing principles-can be used for �ultiplic�· 
�i

r
O
or;;lell��ris���slctO�����la!�O ��iect���ity o���atll���ne�\��� 

problems. Easily assembled With screwdrll'er and plIers. 
Operates on 2 flashlight. batteries. Electric meter and 
3 potentiometers mounted on die�cut box. ·Answer indicated 
on dial. 20" long. 9" wide, 2" deep. 
Stock No. 70,341·5 .......................... 514.95 Postpaid 

MAil COUPON FOR FREE CATALOG' 
YOURS FREE FOR THE ASKING 
"Trite today for free 164 page 

catalog full of interesting optical 

and scientific items. Includes a 

wide variety of optical parts (im

ported, war surplus) and hard to 

get items for the experimenter and 

hobbyist. Request catalog "S". 

EDMUND SCIENTIFIC CO .• Barrington, N.J. 
Name .............................................................................................. . 

Address ......................................................................................... . 
City ................................................ Zon •........ 5t.t •....................... 

War Surplus! 
American-Made 7x:50 Binoculars 
Big sa\'ings! Brand new! Crystal· 
clear \'iewing-7 PO \\cr. Ever;.' opliea! 
element is coated. An cxcellent nil!ht 
glass-the size recollnnended for 
satellite riewing. Indh'idual eye 
fo('us.. Exit pupil 7 1111'1. Apprnx, fte�d 
at 1,000 yds. is 376 ft. Carrying 
('ase included. Amcri<.'all 7xjO'� nor
mally cost $274.50. Our war surplus 

price sUI'es you real monel'. 
Stock No. 1544-S ........................ only 574.80 pstpd. 

IT ,x include'\) 
8 X 30 Binoculars-similar to abore and a terrific bargain. 
Stock No. 963-5 .. , ....... $33.00 pstpd. (T"x included) 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 

Kits contain mirror IJlallk, tool, abrabi\'es, diagonal mirror. 
eyepiece lemes. You build in!:>trlllllents valued from $.;').00 
10 hundreds of (jollar�. 
Stock No. Dia. Mirror Thickness 

3/4" 
Price 

70,003-S 41/4" 
70,004-5 6" 
70.005-5 8" 
70,006·5 10" 
70.007·5 121/2" 

." 
13/8" 
13/4" 
21/8" 

$ 7.50 postpaid 
11.95 postpaid 
19.50 postpaid 

��:�� {Btri-?ri:ton 
-------

American Made
Over 50% Saving 

STEREO MICROSCOPE 
Years in derelopment. I;;(jllals $300 to $400 
illstrUiuCIH. I'recision AtIleri{"an Illade. 
(:sed for cilecldng. inspecting'. small as· 
setllbh' norle. L'p to 3" working distance. 
{'lear. sharp. erecl image, \ride 3 dimen
sional field. 2 sets of ohkctil'es on rotating 
turret. 23X ancl 40X. I n nay Free 'l'ria1. 
Stock No. 85,056-S ................ $99.50 

NEW! STATIC 

ELECTRICITY GENERATOR 
Sturdy, Improved Model 

See a thrilling spark display as YOli 
set ofT a miniature bolt of lightning. 
Absoiutely safe and harmless. Sturdi· 
Iy made-stands 14" high, Turn the 
handle and t\\O !Y' plastic discs rotate 
in opposite directions. "Metal collector 
brushes pick up the slatic electricity, 
store it in the l.eydcn jar type can· 
denser until discharged by the jump
ing spark. Countless tricks and es· 
periments. 24 page instruction book
let included. 

Order Stock No. 70,070·S .............. 512.95 Postpaid 

• • •  Accurate Weather 

Forecasting for Schools. 

Homes. Hobbyists 

New ",,"eat her Station" i!o: highly sensith'e to weather 
changes. Consistently accurate thermometer, barometer 
and humidity meIer. Foretells weather changes from I:! 
to 24 hours in ad\'ance. Humidity metcr calibrated in 
"percent relative humidity", Thermometer accurale to l°l". 
Exccilent for teaching weather phenomena and mcteorological 
hobby work. 1nstruments mounted on handsome wood
grained panel lfi1,6" x fi%", .Meter cases heavily mctalized 
-combine beauty and protection. Dialg. in etched alumi
num, made with micrometer precision . .Full instructions. 
Stock No. 70,607-8 "." ....... , ........... " .. " .. "." ... " .. $9.95 Postpaid 

... -c 8UILD A SOLAR ENERGY FURNACE �. A fascinating new field. Build your own Solar 
Furnace for experimentation�manr Ilractlcal uses, 

-... �as���ct����:
e

�'iN�e !su�S�OI�����
\\'t��ac�\'�'irl

r
�I;�I� 

crate terrific heat-2000° to 30000• I;'useg enamel to metal. 
Sets paper aflame in seconds. l.'se our Frcsnel Lens-14" 
diameter • . .  f.1. 14". 
Stock No. 70,130·S Fresnel Lens ..... "."" .. ""." ... $6.00 Pstpd. 
11" SQ. Fresnel Lens f.1. 1!}". Slight second 

Stock No. 70.533-5.. . ... " ... " .. " ... , .. ", .... , 54.75 Pstpd. 

ADJUSTABLE SPANNER WRENCH 
Remove Your Retaining 

Rings, Disassemble Lenses. 
Cameras. etc. 

Made for 1;,. S. Air Force-
8\'ailable at a fraction of 
G OI'ernment cost. A top 
grade, "ersatile tool that e\'ery 
instrument and camera repair 

man or ju�t plain tinkerer should own. Adjustable for Ih" 
to 12" diameter retaining rings. Complete with six different 
pairs of points to fit all types of slots and holes. 3", 6" and 
12" main bars. All steel and nicely plated. The flnest tool 
\Ie ha\'e el'er come across for this type of retaining ring 
.Iork AXD a real bargain at our lo\\' price. 
Stock No. 70,355-5 ....... ..... ....................... $12,.50 Postpaid 

oaDIlI BY HOCK NUM8fA • SIND CHrCK oa MONIY O�DfII. SAlIHACTION GUAUN1ffD! 

EDMUND SCIENTIFIC CO., BARRINGTON, N. J. 
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DESClUPT[O'\ OF CREECE . Pausanias. 
English translation by W. H. S. Jones. 
Harvard University Press, 1954. 

MACHINE TRANSLATION 
OF CHINESE 

MACHIKE THAKSLAT[OK. P1'Oceedings of 
the Institute of Precision Mechanics 
and Computer Engineering, Academy 
of Sciences of the U.S.S.R., No. 2; 
Moscow, 1961. English translation in 
Foreign Developments in Machine 
Translations and Information P1'Ocess
ing, No. 94. U.S. Department of 
Commerce, Office of Technical Serv
ices, JPRS 13543; April 24, 1962. 

A TABLE LOOK-UP MACHINE FOH PROC

ESSIKG OF NATUHAL LANGUAGES. J. L. 
Craft, E. H. Coldman and W. B. 

Strohm in IBM journal of Research 
and Development, Vol. 5, No. 3, 
pages 192-203; July, 1961. 

EARLY EXPERIENCE 
AND EMOTIONAL DEVELOPMENT 

AN ATTEMPT TO ISOLATE THE CRITICAL 

PEHIODS OF DEVELOPMENT IN THE 

RAT. Victor H. Denenberg in jouTnal 
of Comparative and PhYSiological 
Psychology, Vol. 55, No. 5, pages 
813-815; October, 1962. 

EFFECTS OF ENVIRONMENTAL COi\-1PLEX

ITY AND SOCIAL GHOUPINGS UPON 

MODIFICATION OF EMOTIONAL BE

HA VIOR. Victor H. Denenberg and 
John R. C. Morton in journal of Com
parative and Physiological Psychol
ogy, Vol. 55, No. 2, pages 242-246; 
April, 1962. 

EFFECTS OF MATEHNAL FACTORS UPON 

GHOWTH AND BEHAVIOR OF THE RAT. 

Victor H. Denenberg, Donald R. Ot
tinger and Mark W. Stephens in Child 
Development, Vol. 33, No. 1, pages 
65-71; March, 1962. 

MATHEMATICAL CAMES 

DESIGN IN NATUHE, VOL. II. J. Bell Pet
tigrew. Longmans, Creen, and Co., 
1908. 

THE AMATEUR SCIENTIST 

BEHA VIOH THEOHY AND CONDITIONING. 

Kenneth W. Spence. Yale University 
Press, 1956. 

CONDITIONED REFLEXES: AN INVESTIGA· 

TIOK OF THE PHYSIOLOGICAL ACTIVITY 

OF THE CEHEBRAL COHTEX. I. P. Pav
lov. Oxford University Press, 1927. 

PRINCIPLES OF BEHAVIOR. Clark L. Hull. 
Appleton-Century-Crofts. Merideth 
Publishing Co., 1943. 
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Probability 

At the very heart of free enterprise is the element of risk. 

It is the willingness of industry to back its judgment with 

the fruits of past labor-and possibly to lose -that is the 

moral basis of profit. 

It follows that successfully building a company is a 

matter of influencing the "odds," of "managing the prob

abilities." At Celanese we try to surround each project 

with all the research techniques, marketing methods and 

organizational patterns available to help assure success. 

As these techniques become more scientific, the odds in 

favor of success improve. 

And it is further the mark of a well-run company 

that it can take an occasional loss without losing its 

corporate courage. Celanese® 

CHEMICALS, FIBERS, PLASTICS, POLYMERS 
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"To the eyes of the man of imagination, 

Nature is imagination itself." 

William Blake 

The creation of imaginative, fresh 

patterns through studying the nature 

and behavior of matter is the heart 

of our research effort. 

Sometimes it leads to the expected, 

sometimes to the not-so-expected. 

Always, it leads to stimulation of 

the intellect through the stimulation 

of the creative drive. 

�ied 
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