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HOW TO KILL TEREDOS’ APPETITE FOR WOOD: Now there is a highly effective answer to this destruction in salt water:hioMeT* TBTO*, one of the many M&T
organotins. Applied easily to boats by brush or dip, its colorless appearance will not affect paintability.Long-term tests of protection of marine piling are under
way. Other uses: water treatment, anti-fouling paints, textile purification, terrestrial wood protection. *Trademarks of Metal & Thermit Corporation

MILD STEEL TURNS TO STAINLESS IN THE ARC: A welder becomes a veritable HOW TO PLATE THE SIDES OF A 1/32-INCH HOLE: Minuteman, Hound Dog, F-104,
alchemist with M&T's “Ferro-core” electrodes. A new addition to the wide Polaris—all have high reliability systems using printed circuit boards plated
MaT welding line, this type has a mild steel core wire, with alloying elements by the M&T Pyrophosphate Copper Process. The deposit is smooth, has fine
in the coating. The deposit turns to stainless steel in the arc. Advantages: grain. It’s just as uniform in every hole as on each side of hoard—assuring
substantially lower electrode cost; more metal deposited per electrode, good, soldered connections. Electroplating chemicals are an M&T specialty.

Uniting imagination in chemicals with know-how in metals, MaT contributes scientific advances to many
fields: marine protection, welding versatility, electronic reliahility. With this background, M&T offers you new methods,
unique materials, proven capabilities—for creative approaches to old and new problems.  METAL & THERMIT CORPORATION

General Offices: Rahway, N. J. « CHEMICALS « COATINGS « CERAMICS « MINERALS « WELDING PRODUCTS « PLATING PRODUCTS . DETINNING
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purposeful imagination....in time

The men of Aerospace apply the full resources of modern science and technology in a timely manner to achieve
the continued advances in ballistic missile and space systems basic to national security. Their mission
includes stimulating the flow of the most advanced scientific information and objectively planning the technical
management programs necessary to generate superior systems in the shortest possible time. O Chartered exclusively to
serve the United States Government in this effort and acting in partnership with the Air Force-science-industry team,
the men of Aerospace contribute: advanced systems analysis and planning; theoretical and experimental
research; general systems engineering and corresponding technical direction of programs. o To aid in reducing the
timetable of advanced systems, from concept through completed mission, more men with advanced degrees are
needed at Aerospace Corporation, an equal opportunity employer. Dedicated interdisciplinary scientists and engineers
who can contribute effectively are invited to contact Mr. Charles Lodwick, Room 120, Aerospace Corporation,
P O. Box 95081, Los Angeles 45, California. O Organized in the public

interest and dedicated to providing objective leadership in the advancement AE RO S PACE
and application of science and technology for the United States Government. CO RPO RATION
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The basic shape of things to come
...1n stlicon planar transistors

Hidden inside the can of every silicon transistor is the tiny silicon

wafer, only a few hundredths of an inch square, which forms the

- \ active heart of the device. Even smaller is

the configuration or geometry of the emitter

and base regions (only .015” wide) which is
laid down on the wafer.

When Motorola invented the Star* silicon
planar transistor, which has a four-pointed
base-emitter pattern as shown above, a high-
speed transistor was available for the first

time with excellent gain characteristics at all current levels...a
transistor vitally needed in modern computer circuits. Recognizing
the advantages of this new transistor design, other manufacturers are
introducing similar devices which utilize the unique geometric con-
cept of the Star transistor.

Why should the pointed geometry of the Star transistor make pos-
sible a device so universally applicable? First, the four-pointed pat-
tern provides a high emitter perimeter-to-area ratio necessary for
combined high current capability and high frequency performance.
Second, the combination of this ratio, the circular symmetry, the
tapered “fingers,” and one central bonding area all contribute to giv-
ing the Star transistor advantages over all other geometries proposed
for a high frequency, low or high current transistor.

From a practical viewpoint, the pointed pattern has called for abil-
ities in precise micromanipulation, photo-resist masking, and align-
ment techniques never before achieved on a production scale. Only

by keeping the emitter area in the center of the pattern as small as
possible (barely larger than the area required for the emitter lead)
has it been possible to achieve such frequency response. And the
spacing between emitter and base is only .0005”.

What about other variations ?

Although for most applications, the
four-pointed pattern is the ideal ge-
ometry, there are special requirements
for higher current and higher power
devices. These requirements are being
met by the new Motorola-developed
industry standard Snowflake* tran-
sistor (six points) and five pointed
structures which provide substantially higher current capability than
even the Star transistor. As is usually the case in transistor design,
one is often forced to compromise, and in spite of our enthusiasm
over the new Motorola “Snowflake” transistor, it appears that in its
field of application the Motorola Star transistor is unequalled by any
device that is likely to be developed for some time to come.

The Basic Shape Of Things To Come is here already ... the
Motorola Silicon Epitaxial “Star” Planar Transistor. If you haven’t
tried these devices in your most demanding circuits, we'd welcome
the opportunity of proving their superiority. Simply call your nearest
Motorola semiconductor field representative and request samples of
the Star transistor.

*STAR and SNOWFLAKE are trademarks of Motorola, Inc.
Patents applied for

M o ' OR OLA Semiconductor Products Inc. 4 sussibiARY OF MOTOROLA, INC.

5005 EAST McDOWELL ROAD « PHOENIX 8, ARIZONA 1987

© 1962 SCIENTIFIC AMERICAN, INC



SCIENTIFIC

Established 1845 ATV[IE RIC

August 1962 Volume 207 Number 2

29

36

44

65

78

90

100

14
22
52
120
128
141
149

BOARD OF EDITORS

ART DEPARTMENT
PRODUCTION DEPARTMENT
COPY DEPARTMENT
GENERAL MANAGER

ADVERTISING MANAGER

ARTICLES

THE THALIDOMIDE SYNDROME. by Helen B. Taussig
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NEW

ACCUTRON
M TIMERS W CLOCKS
B SWITCHES

with 2 sec/day
accuracy

The BULOVA ACCUTRON¥ principle sets
new standards in accuracy, miniaturiza-
tion, and low energy consumption for
timing mechanisms. Instead of oscillating
balance wheel and hairspring, the far
more accurate ACCUTRON element uses
a miniature 360 cps precision tuning fork.

This breakthrough in higher accuracy is
being applied to cameras and instru-
ments. Clocks with 1l-inch or 174-inch
dials, 12 or 24 hour dials, stop and start
terminals and 31 day digital calendar
dates; cycle timers producing switch
closures at second, minute or hour inter-
vals up to 24 hours; and long delay
switches with operation from 2 months
to 5 years, are now available as’ on-the-

shelf items.

For engineering information .
please write: Bulova Watch

Co., Industrial & Timer
Products,Industrial/Defense

Group, Flushing 70, N. Y.

*Bulova Trade Mark

INDUSTRIAL/DEFENSE GROUP

BuLova

4

THE COVER

The photograph on the cover shows a spark chamber, an important new
device of experimental physics (see “The Spark Chamber,” page 36).
Like the cloud chamber and the bubble chamber, the spark chamber
makes visible the tracks of subatomic particles; the two diagonal rows
of pinkish sparks in the cover photograph trace the paths of two-cosmic-ray
particles. Basically the spark chamber consists of a series of metal plates,
each of which bears an electric charge opposite that of the two adjacent
plates. Between the plates is a gas; when a particle passes through the
chamber, the atoms or molecules of gas in its wake are ionized and a spark
jumps between the plates in the ionized region. The spark chamber in the
cover photograph is located at the Brookhaven National Laboratory. It
consists of 90 aluminum plates, each an inch thick and about four feet
square; the entire chamber is about seven by seven by four feet. The gas
between the plates is neon, which accounts for the color of the sparks.
This particular chamber was recently employed in a significant experiment
in which the 30-billion-electron-volt proton synchrotron at Brookhaven was
used to demonstrate that there is not one kind of neutrino but two (see
“Science and the Citizen,” page 52). The experiment was a joint project
of Columbia University and Brookhaven and was supported by the Atomic
Energy Commission. It was performed by Leon M. Lederman, Melvin
Schwartz, Jack Steinberger, Jean-Marc Gaillard, Konstantin Goulianos
and Nariman Mistry of Columbia and Gordon Danby of Brookhaven.

THE ILLUSTRATIONS

Cover photograph by Paul Weller
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FIRST, CATCH YOUR TEMPERATURE

7000°F
~4124°K

ROCKET FUELS
COMBUSTION
RANGE
infrared
Radiamatic
Pyrometers

INDUSTRIAL
PROCESS RANGE

infrared
Radiamatic
Pyrometers,
thermocouples

BIOLOGICAL
RANGE
filled-bulb
thermal systems,
resistance
thermometers,
thermistor probe

ENVIRONMENTAL
RANGE

filled thermal
systems, resist-
ance thermometers,
pencil-type
thermocouples

CRYOGENIC
RANGE
Germanium
resistance
thermometers

There’s an old recipe for rabbit
stew that begins: '‘First, catch
your rabbit.’”” The same could
be said of extremely low, high
and very precise temperature
inputs for data reduction and
data handling systems. Here,
too, acquiring the proper raw
materials for processing is of
fundamental importance. And
in this latter instance, wouldn’t
it save a lot of work, worry and
wherewithal if the same people
who helped you bag your game
in the first place also helped you
cook it to a turn? Here’s what
we mean . . .

ALL THE WAY FROM 1°K.
Honeywell has developed stand-
ard sensors in hundreds of types,
sizes and calibration ranges for
measuring from the very bottom
of the thermal scale to 7000°F,
which is well beyond the com-
bustion range of most rocket
propellants. Even as you read
this, Honeywell researchers are
working to extend the measure-
ment of temperature with stand-
ard sensors nearer and nearer
to absolute zero at one end of
the scale, and into the plasma
range at the other.

AND IF YOU CAN'T FIND IT
IN STOCK, we’ll probably be
able to make a super-sensor for
you. If your project involves
taking temperature under the
most demanding conditions, ex-
tremely close measurement over
a very short span, or meeting
highly exotic research require-
ments, we’'ll custom-tailor a
sensing element to order, and
give you our word it will work.
Some of these super-sensors are
taking profile temperatures of
aircraft engine exhausts; some,
capable of withstanding the
shock of ninety times gravity,
are reporting rocket engine tem-
peratures; others are measuring
atomic reactor temperatures up
to 4000°F with a sensing element
30" long and 0.035" in diameter.

ONLY THE BEGINNING. You
might think that Honeywell
would be content with the crea-
tion of standard and special

temperature sensors for every
conceivable area of scientific in-
vestigation. Far from it. For
Honeywell supplies everything
in the data processing chain.
This includes every kind of sens-
ing device or transducer for accu-
rately measuring variable in-
puts, and this material is then
passed on to Honeywell graphic
recorders, oscillographs, data
loggers, magnetic tape equip-
ment, computers, and other
data handling systems. This
makes it highly practical to
think in terms of an all-Honey-
well system, complete from sens-
ing to readout. Among other
things, this offers the unargu-
able advantage of compatibility:
every element along the way
communicates in the same lan-
guage, with the requisite speed
and accuracy.

SOUND REASONS. There are
many sound reasons for having
an all-Honeywell data system.
One of the most cogent: Honey-
well guarantees that the whole
assemblage will work satisfac-
torily, by taking full responsi-
bility for the performance of
each and every component mak-
ing up a system. Still another:
Honeywell’s experienced man-
power resources, which assure
on-time installation and readily
available follow-up maintenance
service from any of 125 Honey-
well service centers throughout
the U.S. and Canada.

So whether your data handling
system involves an environmen-
tal test chamber, or leisurely
logging the temperature of sea
water four times a day, you’ll
get usable results, faster and
easier, if you’ll put the whole
assignment in the hands of your
local Honeywell field engineer.
He can tell you many ways that
Honeywell can save you time,
money and headaches through-
out the entire area of data
gatheringand handling. Or write
Industrial Products Group,
Minneapolis-Honeywell, 4412
Wayne Avenue, Philadelphia 44,
Pennsylvania.

Honeywell
D, Hawcling S

HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.

© 1962 SCIENTIFIC AMERICAN, INC



He needs time on a computer

Not just any computer but one which has the dual capability of allowing him to solve
his scientific problems and at the same time allows his company’s management to handle
their normal data processing work.

He needs time on the new IBM 7040 Data Processing System—so does his company’s
management.

The new 7040 is a medium- to large-scale computing system, operates in binary mode,
has internal checking, utilizes advanced programming techniques, can be used with a
variety of IBM TELE-PROCESSING® units, and can be expanded into the faster 7044.

Ask your IBM Representative for detailed specification information. Then, evaluate for’
yourself its outstanding price/performance ratio.
© 1962 SCIENTIFIC AMERICAN, INC



MW The new IBM 7040 Data Process-
ing System for scientific computing,
management science, and other data
processing applications. Has a basic
.memory cycle of 8 microseconds.

B The 7044 Data Processing System
has a 2.5 microsecond cycle. Both sys-
tems have memory capacities of 8,192,
16,384, and 32,768 words. The 7040 is
available with a 4,096 word memory.

M An IBM 1401 Data Processing Sys-
tem can be connected on-line to
either of the two systems. Other
data processing units can be added in
building block fashion.

© 1962 SCIENTIFIC AMERICAN, INC
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't,S ObUiO"S that obsolete

experience is as much a stumbling block to
progress as any other factor in our business.
Insofar as precision tubing is concerned, it is
mandatory to often discard many old methods
fast and develop new and
improved cold-drawing

pace with the pioneering spirit in

aviation, nucleonics and instru-

mentation. Here, at TMI, we pioneer our way
ahead of problems and our customers like
our ability to anticipate progress in the most
important small diameter tubing materials:
stainless steels and high-temperature—cor-
rosion-resistant alloys. Try TMI and see for
yourself. Technical sales service throughout
United States and Canada. s

You’ll see

at one technical glance that it pays to
invest in TMI quality. Our tubing
proves it on every metalworking

frontier by improving product
performance and reducing
/’ production costs. Both are —
good reasons to Spec:fy
TMI: .050” to 1.250” in
Stainless Steel and
Special Alloys.

TUBE METHODS INC.

METALLURGISTS «ENGINEERS  MANUFACTURERS
BRIDGEPORT (Monlgomery County), PA.

LETTERY

I found the article on malaria by
Carlos A. Alvarado and L. J. Bruce-
Chwatt [SciENTIFIC AMERICAN, May]
extremely interesting and well informed
from a technical point of view. Knowing
your reputation and that of the authors
for careful objectivity and factual report-
ing, I know you will welcome further
information regarding U.S. participa-
tion in this program, which, in your arti-
cle, was mentioned only in passing. The
U.S. has played a significant role in the
development of this world-wide program
through its technical and industrial
leadership and its financial support. The
Agency for International Development
is responsible for carrying out this pro-

| gram for the U.S. Government.

| and Paraguay. The remainder,

While I appreciate the points of view
of the authors because of their affiliation
with the World Health Organization, as
director of A.L.D. I feel that the picture
of the world-wide campaign in which
the U.S. is collaborating would not be
complete without considering the fol-
lowing facts of U.S. participation in the
pl'ogl'am:

1. The U.S. has bilateral agreements
with 24 countries to provide technical
advisory service, insecticides and other
commodities for their national malaria
eradication campaigns. More than 600
million people are at risk of contracting
malaria in these countries.

2. The U.S. has contributed approxi-
mately $150 million to the world-wide
eradication program through bilateral
and multilateral channels since the
initiation of the Malaria Eradication
Program in 1957. The Eighth World
Health Assembly in Mexico City two
years earlier had requested all member
nations to undertake this effort. Of the
$150 million total U.S. expenditure
through A.LD. and its predecessors,
$123 million has been through bilateral
contributions to the following countries:
Cambodia, Republic of China, Indo-
nesia, Philippines, Thailand, South
Vietnam, Ceylon, India, Iran, Jordan,
Nepal, Ethiopia, Liberia, Libya, Brazil,
Colombia, Bolivia, Ecuador, Guatemala,
Haiti, Honduras, Jamaica, Nicaragua
about
$28 million, has gone to WHO, PAHO
and UNICEF.

3. The U.S. has provided over 90 per
cent of all the funds used by WHO and

© 1962 SCIENTIFIC AMERICAN, INC

PAHO for malaria eradication activities.
It should be noted that the U.S. supports
about 33 per cent of the UNICEF budg-
et, which includes $10 million annually
in commodities for malaria eradication.
A.LD. carefully co-ordinates its activ-
ities with UNICEF so that there is no
overlapping of commodity support or
gaps that would weaken the program.

4. The Agency for International De-
velopment has a total of 75 technicians,
including specialists in epidemiology,
entomology, engineering and adminis-
tration, who are assisting local govern-
ments in the execution of the national
campaigns.

5. American industry has provided
large quantities of high-quality insecti-
cides and equipment essential for the
campaign.

On the occasion of the issuance of
the U.S. Malaria Eradication stamp on
March 30, 1962, President Kennedy
stated: “I am proud of the part which
the United States is playing in the
world-wide malaria eradication cam-
paign. We have conquered malaria in
our own country. Now, through the
Agency for International Development,
we are devoting our technical skills and
financial resources to this greater ef-
fort....”

I bring these facts to your attention,
as I know you are interested in the full
story of the world-wide malaria eradica-
tion effort, which is so vital to the eco-
nomic and social development of many
areas and which benefits so many mil-
lions of people in the world today.

FowLER HamiLToN

Agency for International
Development

Department of State

Washington, D.C.

Sirs:

We wish to congratulate Fowler
Hamilton on having made so authorita-
tively clear the decisive role played by
the U.S. in the development and support
of the global malaria eradication cam-
paign. You will appreciate that in a
relatively short article devoted to the his-
torical outline, technical aspect and gen-
eral appraisal of malaria eradication we
were unable to expand on the subject
mentioned by Mr. Hamilton. We did
recognize it, however, when referring
in our article to the Malaria Eradica-
tion Special Account of WHO and we
said: “By the end of 1960 the total
amount received or pledged amounted



Complex displacements—both periodic and random—can
be thoroughly analyzed by the Bendix Microwave Inter-
ferometer to resolution limits of the order of microinches.

Microwave Interferometry: New Technique

For Noncontacting Measuring

This was the question: how do you
measure amplitude and period, in-
cluding each harmonic, of high speed
dynamic displacements when a sen-
sor’s touch might change the vibra-
tion pattern in question?

From our considerable experience
in microwaves, it appeared that a high
resolution microwave interferometer
might be developed to solve this and
other problems requiring a noncon-
tacting measuring technique.

The interferometer input is a pulse
containing a selected frequency spec-
trum generated by the klystron trans-
mitter. When microwave energy from
the system’s antenna reflects from a
surface to be measured, and then re-
enters the antenna, a standing wave
is generated. Null positions in the
wave are sensed, converted into di-
mensional information, and read out
on a meter or strip chart recorder.

The starting point for this elec-

tronic measuring system was a klys-
tron operating in the high frequency
region (35 kmc). To maintain the
degree of system stability which will
permit resolution in the microinch
range, the klystron is frequency-swept
at a high rate, then the resulting
spectrum sampled with a high-Q
cavity. This solved the difficult prob-
lem of stabilizing klystron frequency
in a simple, direct manner.
Resolution of the instrument for
both static and dynamic measure-
ment is in the order of microinches.
Under any condition, however, the
device offers the advantage of being
useable both close to the target sur-
face and as distant as 24 inches.
Because microwave interferometry
is a new approach to noncontacting
measurement, its full range of ap-
plication can only be theorized. The
device will be particularly valuable
for applications such as: measuring

Research Laboratories Division

© 1962 SCIENTIFIC AMERICAN, INC

dielectric thickness of radomes, meas-
uring runout, out-of-roundness or
roughness of high speed rotating sur-
faces; gauging thickness, smoothness
or waviness of strip stock as it leaves
mill rolls; and analyzing complex
mechanical vibrations.

Bendix research embraces a com-
plete range of disciplines including
acoustics, nuclear, data processing,
microwave, fluid power, lasers and
masers, guidance, electronics, solid
state physics, and mechanics. Moti-
vation: to develop new techniques
and hardware for producing com-
plete, integrated, advanced systems
for defense, industrial and commer-
cial applications. Inquiries are invited.
We also invite engineers and scientists
to discuss career position opportu-
nities with us. An equal opportunity
employer. Write Director, Bendix
Research Laboratories Division,
Southfield, Michigan.

WHERE IDEAS
UNLOCK
THE FUTURE

THE m/jl/

CORPORATION



FOR SUPERFINE

CUTTING OF

HARD,

BRITTLE MATERIALS

THE S.S. WHITE
AIRBRASIVE® UNIT

We don’t know why anyone would want to slice a light bulb up like
an onion. But we do think it is an awfully good demonstration of the
Airbrasive’s ability to cut hard brittle materials. Imagine, for example,
cutting precision slivers like these with a mechanical tool !

This unique industrial tool is doing jobs that were up to now con-
sidered impossible. Its secret lies in its superfine jet of gas-propelled
abrasive particles that are capable of precision cutting without shock,
heat or vibration. Thus the most fragile materials can be shaped,
drilled, abraded, or cleaned with complete safety.

Use it to make cuts as fine as 0.008”...remove surface coatings
...debur tiny parts...wire-strip potentiometers. .. adjust microminia-
ture circuits...cut germanium, silicon, ferrites, glass, ceramics...in
the laboratory or on the production line.

The cost is low, too. For under $1000 you can set up an Airbrasive

cutting unit in your own shop.

Send us samples of your
“impossible” jobs and let us
test them for you at no cost.

S. S. WHITE INDUSTRIAL DIVISION

WRITE FOR
BULLETIN 6006.
Complete information.

Dept. SA -+ 10 East 40th St., New York 16, N. Y. « Telephone MU 3-3015 collect.

i

INDUSTRIAL

AIRBRASIVE
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to $12,772,000, of which $11 million
came from the U.S.” Mr. Hamilton’s let-
ter gives us an opportunity to endorse
his factual statements. It seems, how-
ever, that we should not limit our an-
swer to confirming the number of coun-

| tries benefitting from the U.S. bilateral

agreements or other aid; it is not enough
perhaps to acknowledge the millions of
people protected and the dollar value of
such gigantic assistance to malaria eradi-
cation. Even more important for the
success of this campaign is the unlimited
faith shown by the U.S. with regard to
the humanitarian and economic benefits
of global malaria eradication and its con-
fidence in international collaboration.
It should be remembered that, follow-
ing the recommendations of the Eighth
World Health Assembly in 1955, this
world-wide campaign received its initial
momentum thanks to the early decision
of the U.S. to give it full support. It
is not too much to hope that the con-
tinued faith and assistance of the U.S.
in this greatest international human en-
deavor will help it to reach its end. We
feel that, together with their President,
all American citizens can be proud of
the part plaved by their country in this
difficult but hopeful task, which aims at
lifting the burden of disease first of all
from those countries that are striving for
rapid social and economic advance.

CarLos A. ALvarapo, M.D.
L. J. Bruce-CnwarTt, M.D.

World Health Organization
Geneva
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What data recorder can take pictures under the sea?

So small it can fit into the hatch of a
submarine. So advanced it can capture
visual images, digital data, analog data,
sound waves— all at the same time.That’s
the Ampex AR-300. It records from 10
cycles to 4 megacycles—a wideband per-
formance matched by no other recorder.
It goes down to the sea or up into the
sky. (Needs only 3% cubic feet of space.)
Together with the FR-700 laboratory
recorder/reproducer, the AR-300 pro-

© 1962 SCIENTIFIC AMERICAN, INC

AMPEX AR-300.

vides a remarkable recording system for
many uses: laboratory experimentation,
predetection, radar tracking, oceanogra-
phy, any wideband application of today —
and tomorrow. For more information on
the FR-700/AR-300 write the only com-
pany providing recorders and tape for
every application: Ampex Corporation,
934 Charter Street, Redwood City,
California. Sales and service engineers
in major cities throughout the world.

I'l



DESIGNING WITH MYLAR“ POLYESTER FILM

MYLAR ... in the wafer that grinds hard fillings

This is a dentist’s file.Tough, wafer-thin, flexible. An ab-
rasive disc that smooths down a rough filling at 25,000
rpm! It's backed with moistureproof ‘“Mylar’’ polyester

film ... more durable than thick paper discs that soften
with moisture and snag in the teeth.

Leading dental companies tested every plasticin their
search for a new disc backing. They needed a material
that wouldn’t break down at high speed, one that
wouldn’t get soggy with water sprays. A material strong
enough to shape gold alloys or silicate cement, thin
enough to polish around and between the teeth. They

found the needed combination of propertiesin ‘“‘Mylar’’,
Today,‘‘Mylar'"is a basic material for design. Flexible,
but strong. Thin, but durable. Doing new things that
couldn’t be done before. Doing old things—better.
Try “Mylar’’. Investigate its amazing properties as a
key to solving your design problem. Write or call Du Pont
Co.,Film Department N-10452SA,Wilmington, Delaware.

only DU PONT makes

- MYLAR
REG. U. 5. PAT. OFF.
Better Things for Better living . . . through Chemistry POLYESTER FILM
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NEW PARAMETERS IN PIEZOELECTRICITY

VOLTS

\

Greater accuracy over longer time periods
than any other electromechanical transducer

...and these modern piezoelectric ceramics main-
tain this capability overa broad temperature range.
In addition, Clevite PZT® materials isolate vibra-
tion from environmental stimuli. This is why they
are unequalled in meeting the needs of precise
dynamic measurement in critical military and in-
dustrial applications. m Unique manufacturing
facilities at Clevite maintain strict uniformity of
product and properties on a mass-production
basis. These advanced capabilities have opened
many new fields of piezoelectric design. PZT
ceramics are available in a variety of shapes—
cylinders, discs, bars, blocks, rings, spheres, hemi-

spheres and wedges. Designers can select piezo-
electric action and direction including expansion,
flexure or shear modes in almost any dimension.
m In the conversion of mechanical to electrical
energy, or the opposite phenomenon, Clevite PZT
ceramics accept more—convert more power per
dollar invested than any other piezoelectrics.
m Engineering data and price lists for prototype
or production are

availableonrequest. CLLEWVIT E

We will appreciate ELECTRONIC
hearing from you on COMPONENTS

DIVISION OF ELEVITE CORPORATION
company letterhead. 232 rorees rRoaD. BEDFORD, OHIO
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they asked:

“CAN YOU DUPLICATE
A BANANA LEAF?”

(s0 Pafapar® did just that)

A certain exotic food product has tradi-
tionally been sold wrapped in a banana
leaf. But importing banana leaves is costly.
So Paterson developed a special type of
Patapar Vegetable Parchment that dupli-
cates a banana leaf—and at a fraction of
banana leaf cost.

Of course, beating banana leaves at
their own game is only a minute part of the
Patapar story. Patapar is well known in
the business world for the way it resists the
penetration of oils and greases, separates
plastics, duplicates business forms, serves
many purposes in surgery and keeps sticky
buns from sticking to the pan.

For a technical description of Patapar
Vegetable Parchment, SEND FOR FREE
BULLETIN 104. Chances are a standard
Patapar will improve your product or
process. If not, our Research and Develop-
ment Department will work with you to
develop a sheet precisely suited to your
needs.

PATERSON PARCHMENT PAPER CO.

Bristol, Pennsylvania

NEW YORK,N.Y. PARK RIDGE,ILL. SUNNYVALE, CALIF.
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50 AND 100
YEARS AGO

Sl AR

AUGUST, 1912: “In a brief and revo-
lutionary monograph presented to the
French Academy of Sciences, Prof.
Jean Becquerel announces a discovery
that will prove to be of untold impor-
tance in the practical workings as well
as in the study of electricity. It is well
known that if a thin strip of metal is
fastened to a glass plate placed between
the poles of an electro-magnet in such
a way that the plane of the strip is at
right angles to the lines of force of the
magnetic field, a current passing through
the strip from end to end is deflected to
one side or the other, depending on the
metal of which the strip is composed.
Thus the current in a strip of zinc, iron
or cobalt is deflected toward the right,
but to the left if nickel, gold or bismuth
is used. From its discoverer, Dr. Hall of
Johns Hopkins University, this has been
named the ‘Hall effect.” It has been
held as strong evidence that there are
such bodies as positive electrons. M. Bec-
querel now proves that if the Baltimore
experiment is carried out with a piece
of bismuth in liquid air, the effect is
made more conspicuous. Then, too, if
the magnetic field is increased to above
3,500 gauss, the deflection abruptly
becomes positive instead of negative.
This upsets all known mathematical and
physical theories that would make the
negative electrons the only carriers of
electrons in metals.”

“One of the most noteworthy steps
taken during the International Radio-

Telegraphic Conference, which opened
in London June 4 and closed July 5, is
the laying down of a practical rule for
attendance on the wireless apparatus on
shipboard. It will be recalled that the
distress signals of the Titanic went un-
heard by vessels in the immediate vi-
cinity because the single operators em-
ployed on those ships were off duty at
the time. Under the conference rule a
permanent watch is required on ships
of the first class, which means that two
operators must be employed, and on
ships of the second class, employing
only one operator, the receiving appa-
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ratus must be attended during the first
10 minutes of each hour.”

“The trials for the $5,000 Michelin
prize for bomb-dropping from an aero-
plane at a height of 2,400 feet ended at
Chalons on August 11 in an American
victory, subject to confirmation by the
French Aero Club. The winner was
Lieut. Scott of the United States Army.
Scott dropped the bombs three at a time.
The first three fell outside the target,
which was a rectangular area 170 by
40 feet. Subsequently Scott succeeded
in dropping eight projectiles within the
target.”

AUGUST, 1862: “The siege of Vicks-
burg has been abandoned. The Missis-
sippi is rapidly falling, and Commo-
dore Farragut has withdrawn his vessels
down stream to avoid being caught in
too shallow water, and Commodore
Davis is blockading the mouth of the
Yazoo to prevent any more of the iron-
plated vessels, which it is said the rebels
have up that river, from coming out.”

“We extract the following from
Charles Dickens in the magazine that he
edits, All the Year Round:—We do not
all come out of the photographic studio
alike unhappy. There are those to whom
the process does justice, as well as those
to whom it does injustice. I have myself
sat on two occasions for one of these por-
traits. On the first I was simply occupied
in keeping still and presenting a toler-
able favorable view; but the result was
so tame and unimposing a picture that I
determined on the next occasion to throw
more intellect into the thing, and finding
a certain richly gilded curtain tassel con-
venient to my gaze, I gave it a look of
such piercing scrutiny, and so withered
and blasted it with the energy of my
regard, that I almost wonder it did not
sink beneath the trial. That look has,
I am happy to say, been reproduced
taithfully, and no one could see the por-
trait without giving its original credit
for immense penetration, energy and
strength of character, and a keen and
piercing wit. It is difficult to lay down
rules of general application, but it may
be safely said that the people who come
out of the photographic struggle the
best, and who are least injured in the
engagement, are people of ordinary ap-
pearance, from whom we do not ex-
pect much. It is common to hear some
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Would you like a progress report on our thin
film program? We’re looking into everything
from new masking methods and process con-
trol equipment, to quantum detection and
cryogenics. [J We’re sold on thin film cir-
cuits. We like their promise of new econ-
omies in short-run production. The way you
can hold down tolerances on resistors and
capacitors. The freedom to choose and balance
the newest and best transistors. The way thin
film dissipates both heat and power. The
weight. The size. The speed. The whole new
potential for circuit design. And, most of all,

COLLINS

the reliability. [0 These advantages are evi-
dent from our studies into thin film materials,
techniques and applications. We’re finding
ways to design our thin film circuits into space
communications, transportable communica-
tions, aircraft electronics, computers and other
applications. [0 Already our thin film circuits
are filling contract requirements. [J No
doubt, your toughest development problems
can benefit from our experience

with thin film circuits. To learn /A2

how, Call Collins Radio Company, R Tht

ADams 5-2331, Dallas, Texas. U w
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YT 1323FLASH TECHNOLOGY

fﬂr « Flash-induced chemical catalysis.

« High-speed photography of chemical and proc-
ess reactions.

« Motion studies, shock-wave photography.

« Cloud chamber Physics.

« Deep-sea photography.

« U.V. printing and time-marking.

« Satellite beacon systems.

« Optical Maser (Laser) light pumps.

EG&G’s leadership in flash technology is solidly
based on original contributions to the state of the
art which have produced more than 40 patents for
tubes, circuits and stroboscopic systems.

XENON FLASH TUBES

Model 100 Designed for Laser and other special
I applications. Tube configurationensures maximum
| ‘ light intensity per unit of rod area. Output: 250
HCPS/flash. Input: 100 ws. Price: $50.
FX-31 Internally triggered. Non wandering arc.
Single flash or strobe. Flat-topped for optimum
optical characteristics. Output: 2.5 HCPS/flash.
Input: 5 ws. Price: $30. Standard FX-6A type: $15.

FX-41 Paper-clip size tube now under develop-
ment. Inquiries invited.

FX-6A FX-31 FX-38 3" arc. Output: 400 HCPS/flash. Input:
(e — 200 ws. Also available: FX-1 Output: 2000 HCPS/- |
N— flash. Input: 400 ws. Price: $45. FX-42 Output:

FX-41 2500 HCPS/flash. Input: 600 ws.

Fx-1 offSer—a e . Y

- ! ;-—‘BQE-
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PULSED POWER SYSTEMS |

* FOR LASER STIMULATION FLASH CATALYSIS, ETC. Model 522 Two unit 1280 ws. system

632 provides up to 4 kv. into 80 mfd. or 160 mfd.

Triggered externally or from front panel.

Drives Model 511, 512, 513 Flash Heads |
with 4 to 10 Model 100 tubes. Accommo-
dates crystals 2" long up to %" dia. Input:
110 v. or 220 v. 60 cycle a.c. Price: $3345.00

(complete system with 4 tubes).

531 »

« FOR MOTION STUDIES, CLOUD CHAMBER
PHYSICS, ETC.

Model 5§30 Output: 100 ws. (260 mfd. at
900 v.) Input: 115 v. 60 cycle a.c. Price:
$395.00. EG&G TR-36 external trigger trans-
polished and multicoated ruby rods with  former: $13.95. System drives most EG&G
low threshold. System Price: $1190.00. flash tubes.

ELECTRONIC FLASH EQUIPMENT

Microflash (.5usecduration)for ballistic photography...High-Speed Stroboscope
(6 kc. rate) for photographing shock waves, projectiles, etc. . . . Flash llluminator
for macrophotography and photomicrography . . . Double Flash for silhouette pho-
tography ... Multiple Microflash for superimposition of up to 20 photographs on
single negative at up to 100 kc. rate . . . Mark VI and VIl Sensitometers for rating
film sensitivities, etc.

Model 6§31 Output: 400 ws. (1050 mfd at
900 v.) Input: 115 v. 60 cycle a.c. Price:
$795.00. Model 532 Flash Head with 2
Model 100 tubes: $395.00. System will drive

Further information on request on above products and on: Milli.
mike® Oscilloscopes and accessories, Hydrogen Thyratrons and
Diodes, Triggered Spark Gaps, Transformers, Oceanographic In-
struments, Radiation Detection Devices.

TEL. COPLEY 7-9700 »  CABLE: EGGINC, BOSTON; TWX: BS 1099

Edgerton, Germeshausen & Grier, Inc.
169 BROOKIINE AVENUE, BOSTON 15, MASSACHUSETTS
WESTERN OPERATIONS: P. 0. Box 1912, Las Vegas, Nev. — Santa Barbara Airport, P. 0. Box 98, Goleta, Calif.
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lady who is generally acknowledged to
be pretty urged by her friends to sit
for a carte de visite. “You would make
such a charming portrait,” they say. The
portrait is taken and is, after all, not
charming. On the contrary it is sufficient-

| ly the reverse to make the victim’s fe-

> %

male friends happy.

“Dr. Marcet, in a recent lecture on
the chemistry of digestion before the
London Chemical Society, said:—1It ap-
peared that after a long fast the contents
of the stomach were alkaline and very
small in quantity; and an acid reaction
was perceptible. The object of the action
of the gastric juice was no doubt to ren-
der the food capable of absorption; and
accordingly it was found that albumi-
nous, gelatinous and other similar mat-
ters introduced into the stomach be-
came converted into a substance called
“peptone,” which according to Lehmann
might be viewed as the same body, what-
ever nitrogenous food was employed; it
had been shown, however, that the pep-
tones resulting from the digestion of
cartilage and the mucous membranes ro-
tated the plane of polarization of light,
whereas peptones from albumen did not
have this power.””

“The rapid rise of the sewing machine
business constitutes one of the wonders
of this enterprising age. No industrial
revolution can equal that which has been
produced by it within the short space
of 16 years. The first general notice
given to the public that a sewing ma-
chine had been invented appeared in
SCIENTIFIC AMERICAN in 1847. In 1852
—10 years ago—a few companies had
erected machinery and commenced to
manufacture such machines for sale. In
1853 there were 2,529 made, and up
to the present time more than 200,000.
The three largest sewing machine es-
tablishments are the Wheeler & Wilson
Manufacturing Company, I. M. Singer
& Co. and Grover & Baker. The first
has made about 85,000 machines, the
second 55,000, the third about 55,000.
Willcox & Gibbs since 1859 have manu-
factured 10,714. There are about a dozen
companies now engaged in the manu-
facture of sewing machines, and the
business has given rise to several im-
mense manufactories in which a capital
of several millions of dollars is invested
in buildings and machinery.”

“Martin Van Buren, the eighth Presi-
dent of the United States, died at his
residence in Kinderhook, N.Y., on Thurs-
day the twenty-fourth day of July, in
the 80th year of his age.”



How to
feather
your nest

In our picture, about the only things 7ot made from
Sinclair Petrochemicals are the birds themselves.
And chancesare, they’ve grown fatonseed nourished

with a petrochemical-base fertilizer.

More and more, Sinclair petrochemicals are proving
to be indispensable raw materials for plastics, syn-

thetic fibres, paints, fertilizers, insecticides and

detergents. And through research, completely new

and profitable products are being developed.

Build your plans around Sinclair petrochemicals.
Sinclair supplies petrochemicals in both quality and
quantity. Their purity exceeds industry standards;
shippingand production schedules are set up to meet

the most stringent demands. Write for information.

//]p/g”' SINCLAIR PETROCHEMICALS, INC.

sl”c,”lr m 600 FIFTH AVENUE, NEW YORK 20, N. Y.
| SRt 1565 N. WACKER DRIVE, CHICAGO 6, ILL.

PARAXYLENE — PROPYLENE (99-+ %) — ORTHOXYLENE — DURENE (1,2,4,5-TETRAMETHYLBENZENE) — ANHYDROUS AMMONIA — AMMONIUM NITRATE SOLUTIONS —
AQUA AMMONIA—NITROGEN FERTILIZER SOLUTIONS—ALIPHATIC SOLVENTS —ODORLESS SOLVENTS —AROMATIC SOLVENTS —HEAVY AROMATIC SOLVENT—TOLUENE
(NITRATION GRADE) — XYLENE (FIVE DEGREE) — SULFUR — SULFONATES (OIL SOLUBLE)— CORROSION INHIBITORS — LUBE OIL ADDITIVES — HEPTENES — NONENES
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WHERE ELSE CAN YOU RENT A COMPLETE COMPUTER
SYSTEM WITH THESE CAPABILITIES FOR

S1100 A MONTH?

YOU CAN'T.

The LGP-30 is an unfair competitor. No other computer in its class even comes close. O You can't find
another computer with a memory this large (4096 words—2000 more than the nearest competitor) at such
low cost. O Ease of operation and programming? Even non-technical personnel can master it. You can
learn to program the LGP-30 in hours and free yourself from dependence upon computer programming special-
ists. O Mobile? Completely. It can be used by any number of people in any number of places and depart-
ments. Just plug it into conventional outlet. No expensive installation. O Bonus! The readily available
Program Library for the LGP-30 will undoubtedly include the program you need—and save you a small fortune.
It's the most extensive Program Library in this computer class—and covers problems in gas, oil, and electrical
transmission, civil, highway, and structural engineering, product design, chemical and paint manufacturing,
metal and mineral processing and many more. O If you require a larger computing system, take a look at

the LGP-30's big sister (or brother)—the RPC-4000. Completely transistorized, 8008 word memory, computing
speeds up to 230,000 operations per minute. It's the desk-size computer with room-size computer capacity. For
more information about rental or purchase, write Commercial Computer Division.

@ CERNERAIL
PRECISION

COMMERCIAL COMPUTER DIVISION /GENERAL PRECISION, INC./BURBANK, CALIFORNIA
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IN SAMPLE TESTING . .. X-ray gets to the

core of the quality control problem

Where does quality start? For most industrial proc-
esses, the core of the quality problem can be found
in the crystalline structure of the material being
processed. And this is one area in which x-ray serves
industry especially well.

General Electric, with a broad line of x-ray dif-
fraction equipment, gives you the facility to perform
such studies as qualitative and quantitative analysis,
residual stress and orientation, to name a few. These
and other complex physical investigations are per-
formed routinely by one compact G-E instrument.
Answers are delivered in minutes that might require

GENERAL ELECTRIC MAKES X-RAY “PLANT-PRACTICAL” FOR

(N | <@ [l | ()

MEASURING INSPECTING ANALYZING IRRADIATING

days . . . or would be impossible to obtain with other
analytical techniques.

Flexible, accurate, high-speed results . . . quality
and process control, reported and verified in minutes.
These are the industrial benefits that x-ray diffrac-
tion by General Electric offers to you.

Contact your G-E representative for details on
x-ray diffraction. Ask him how MAXISERVICE®
Rental Plan can provide you with x-ray equipment,
service and parts at no capital investment. Or write
directly to X-Ray Department, Room TT-84, Gen-
eral Electric Company, Milwaukee 1, Wisconsin.

Progress Is Ovr Most Important Product

GENERAL @D ELECTRIC
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A WIDE VARIETY OF BORES AND STACK HEIGHTS, widths and diameters

available from existing laminations. Below are some examples. Let us know your needs.
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CLIFTON PRECISION PRODUCTS CO., INC. Clifton Heights Pa.

Stale Rd., Drexel Hill, Pa, MAdison 2.1000, TWX LNSDWN 1122(l1) or our Repr
© 1962 SCIENTIFIC AMERICAN, INC



THIS IS GLASS

A BULLETIN OF PRACTICAL NEW IDEAS

Precision by the ton—
coming up

For astronomers, for instance.

This 84-inch telescope mirror blank
for the University of La Plata began with
a chunk of glass which weighed 4,000
pounds.

We hoisted it on top of a mold and
melted it to shape.

The geometric honeycomb ribbing
you see on the back of the blank keeps its
weight down without sacrificing strength
or rigidity. There’s considerable pre-
cision there, too.

We don’t get many calls for mirror
blanks 84 inches across and 13 inches
thick, but we’re ready to provide pre-
cision in bulk in whatever you might need.

Precision by the ounce—
automatically

Fordesigners, forinstance.

These happen to be
lighting lenses. One goes
into a sewing machine,
the other goes into a unit
that’s recessed into the
centerline of airport run-
ways.

Both of them come out
of our molds ready to go
right into the product. No finishing oper-
ations are required.

This is particularly significant in the
case of the bulbous little runway lens. It’s
the first time we know of that anybody
has pressed precise contours automatically.
There were those,
but not among
us, who said it
couldn’t be done.

We can give
you this kind of
precision at high
volume and low
cost in small,
pressed compo-
nents of many
kinds.

Precision by the nothing—
cheaply

For people who design foles into metal
castings, for instance.

Now they can be more persnickety
than ever about diameters, lengths, even
curves and angles, and vyet eliminate
costly dies and drills.

They simply use precision VYCOR
core tubes. We make the tubes to the
tightest dimensional tolerances. The
tubes are inserted in the proper pattern
into a refractory mold, and in goes the
molten metal.

Hydrofluoric acid or molten caustic
leaches the glass out of the hardened
metal easily, leaving holes that are
technically and economically impossible
to make by conventional methods.

®

4) B FROM CORNING

The converse of this interests other
designers: they cast plastic or soft-metal
parts or products inside precision VYCor
molds.

If the cost of precision coring and
casting troubles you, Vycor tubes may
well be the answer. Or this high-tem-
perature material may suggest itself for
another application entirely.

Moreover. ..

Precision by the ton, by the ounce, or by
the nothing is just one advantage you get
in components made of glass.

Consider the inherent benefits you get
with this unique material: corrosion
resistance, thermal strength, mechanical
strength, transparency, a wide range of
surface finishes.

Next time you have a problem, think
first of glass. Think of us. Our coupon
awaits.

q, oy
e /’}ﬂiw {HM/ t/m'////w corn /e wors

If you have a yen to write a book on one of the natural or physical sciences, make for
your typewriter. You may win the new $10,000 Corning Science Book Prize. Full
particulars may be had by writing our publisher-partner, Little, Brown and Company,

34 Beacon St., Boston, Mass.

CORNING

CORNING GLASS WORKS, Industrial Components Dept.

4908 Crystal St., Corning, N. Y.

Please send more information on

Name

Company.

Address

|
|
|
|
|
|
|
|
|
I for an application that involves
|
|
|
|
|
|
|
|
|

City.

Zone State
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THE AUTHORS

HELEN B. TAUSSIG (“The Thali-
domide Syndrome”) is professor of
pediatrics at the Johns Hopkins School
of Medicine, where she received her
M.D. in 1927. With Alfred Blalock, a
surgeon at Johns Hopkins, she conceived
the famous “blue baby” operation, first
performed on a human patient in 1945.
The operation alleviates an interrelated
group of congenital heart defects that
lead to inadequate oxygenation of the
blood, producing a characteristic blue-
ness of the skin. Miss Taussig has re-
ceived honorary degrees from more than
a dozen institutions, including Columbia
University, Harvard University and the
University of Athens. Her other honors
include the Lasker Award and the
Feltrinelli prize. She has also been dec-
orated by the French as Chevalier of the
Legion of Honor.

GERARD K. O'NEILL (“The Spark
Chamber”) is associate professor of phys-
ics at Princeton University. After spend-
ing two years in the Navy (1944-1946)
he entered Swarthmore College and re-
ceived a B.A. in 1950. After obtaining a
Ph.D. in physics in 1954 from Cornell
University he began teaching at Prince-
ton. He spent most of the next five years
helping in the design and construction
of the three-billion-electron-volt proton
synchrotron  being built jointly by
Princeton and the University of Pennsyl-
vania. O’Neill became interested in
building spark chambers in 1960. He is
now preparing spark chamber experi-
ments for the three-Bev synchrotron,
which is due to start operation this year.

ROBERT S. DIETZ (“The Sea’s
Deep Scattering Layers”) is an oceanog-
rapher at the Navy Electronics Labora-
tory in San Diego. As a member of Ad-
miral Richard E. Byrd’s last expedition
in 1947, he traced the scattering layer
from San Diego to the Antarctic. Dietz
was an early collaborator of Jacques
Piccard’s and was instrumental in bring-
ing the bathyscaph Trieste to the U.S.
In their recent book Seven Miles Down
Dietz and Piccard recount the history of
the Trieste and describe its record-mak-
ing dive into the Challenger Deep off
Guam. Dietz received his Ph.D. in geol-
ogy from the University of Illinois in
1941. After serving as an Air Force pilot
in World War II he joined the Office of
Naval Research, and later he received a
Fulbright Fellowship to study in Japan.

22

In addition to his contributions to ma-
rine geology, his primary interest, Dietz
has made a study of ancient meteoritic
impact scars, or “astroblemes.” He is the
author or coauthor of three earlier arti-
cles in SciEnTiFic AMERICAN: “The Pa-
cific Floor” (April, 1952), “The Bathy-
scaph” (April, 1958) and “Astroblemes”
(August, 1961).

DON D. JACKSON (“Schizophre-
nia”) is director of the Mental Research
Institute of the Palo Alto Medical Re-
search Foundation in Palo Alto, Calif.
He is also associate clinical professor of
psychiatry at the Stanford University
School of Medicine. Jackson received his
medical degree from Stanford University
in 1944 and then served in the U.S.
Army. Following World War II he
worked at the Chestnut Lodge Sanitar-
ium with Harry Stack Sullivan and
Frieda Fromm-Reichmann. He is a re-
cipient (for 1961-1962) of the Frieda
Fromm-Reichmann Award of the Acad-
emy of Psychoanalysis. He is editor of
The Etiology of Schizophrenia, pub-
lished in 1960, and is the author of
Myths of Madness, scheduled for De-
cember publication. Jackson has written
two other articles for SCIENTIFIC AMERI-
can: “Psychotherapy for Schizophrenia”
(January, 1953) and “Suicide” (Novem-
ber, 1954).

KARL vox FRISCH (“Dialects in the
Language of the Bees”) until his retire-
ment in 1958 was director of the Zoologi-
cal Institute of the University of Munich,
with which he had been associated for
various periods since 1910. He became
director of the institute in 1925 and su-
pervised the building of new facilities in
1931-1932 with grants from the Rocke-
feller Foundation. The institute was de-
stroyed in World War II and had to be
rebuilt. Von Frisch’s doctoral thesis in
1910 dealt with color changes in fish.
He then studied color perception in fish
and bees. His famous investigation of the
“language” of bees began in 1921 and
has been continuing ever since. An early
account of von Frisch’s study of com-
munication among bees appeared in ScI-
ENTIFIC AMERICAN in August, 1948. Von
Frisch’s honors include membership in
the Royal Society of London, the Swed-
ish Academy of Sciences and the U.S.
National Academy of Sciences. In 1959
he received the Kalinga Prize given by
UNESCO for popular writing on a sci-
entific subject.

PHILIP MORRISON (“Neutrino As-

tronomy”) is professor of physics and
nuclear studies at Cornell University. He
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obtained his Ph.D. under ]. Robert
Oppenheimer at the University of Cali-
fornia in 1940 and then worked on the
Manhattan Project, first in Chicago and
later at Los Alamos. His present research
interests are on the borderline between
astronomy and particle physics, includ-
ing the subject matter of his article in
this issue. “Neutrino Astronomy” is the
eighth SciEnTIFIC AMERICAN article of
which he has been the author or co-
author.

ARTHUR K. SOLOMON (“Pumps in
the Living Cell”) has headed the bio-
physical laboratory at the Harvard
Medical School since 1946. He is also
secretary-general of the newly formed
International Organization for Pure and
Applied Biophysics. This is his second
article for SciEnTiFic AsEeRicaN. The
first, “Pores in the Cell Membrane,” ap-
peared in December, 1960. Solomon did
graduate work under George B. Kistia-
kowsky at Harvard University, receiving
his Ph.D. in 1937. He then took up
residence at the University of Cam-
bridge, where he studied the applica-
tions of nuclear physics to chemical
problems, working under the direction
of Sir John Cockeroft. Returning to the
U.S. just before World War II, he col-
laborated with Kistiakowsy, James B.
Conant (then president of Harvard) and
A. Baird Hastings on biological applica-
tions of radioactivity. Solomon spent
most of World War II working on the
development of radar.

H. O. J. COLLIER (“Kinins”) is di-
rector of pharmacological research at the
London branch of Parke, Davis & Co. At
Trinity Hall, Cambridge, his teachers
included the Nobel Laureate Sir Ed-
gar Adrian. From 1937 to 1941 Collier
taught physiology at the University of
Manchester and then went into the phar-
maceutical industry, “partly to support
a growing family and partly because I
was interested in applying science to hu-
man welfare.” He worked first for Im-
perial Chemical Industries and for Allen
and Hanburys Ltd. before joining Parke,
Davis. Collier has participated in the
development of several drugs, some of
which are widely used as anesthetics and
disinfectants. Along the way he became
interested in the cause and relief of pain,
which introduced him to kinins, sub-
stances suspected of participating in
pain and inflammation. For the British
Broadcasting Company he has written
dramatizations covering the history and
uses of drugs such as curare and quinine.
He also appears occasionally on a B.B.C.
science-question program.



The people at Aloe Scientific are perfectionists. This gives rise to their
skill in defining your laboratory needs—and their competence in meeting these
needs quickly and effectively.

Aloe specialists select equipment and make the product innovations that
anticipate your requirements. Experts laboratory-test these items before they are
added to the line.

Your Aloe Scientific representative is well trained and has a background
in one of the scientific disciplines. His technical knowledge will be valuable to you
in solving laboratory equipment problems.

Behind him is the only national scientific marketing organization with
stocking points throughout the country. A network of high-speed communications
between these points assures quick delivery of your order.

Men, equipment, systems and policies, the best of their kind, make Aloe
competence many sided. You are well served when you contact Aloe Scientific.
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m will someone design and build a computer system that
schedules and controls its own operations so completely
that operator intervention s the exception rather than
the rule?

B will a computer manufacturer design a system so that
hardware and software—including operating system,
programing languages and compilers—are completely
integrated?

m will a computer eliminate the traditional concept of an
“order code’’ but include in its circuitry and software the
facility to solve problems stated in algorithmic and
common business oriented language?

® will a computer be able to change its information proc-
essing language so that it can easily and rapidly assimi-
late new terms defined by the user?

B in other words, will you be able to order a computer
which meets the specifications set forth by prominent
computer experts as their conception of a “next genera-
tion”” computer?

WHEN

When? Now. The manufacturer? Burroughs Corpora-
tion. The computer? The new Burroughs B 5000
Information Processing System—a development as
revolutionary as was the introduction of the very
first computer.

This totally new computer concept has a Master
Control Program that handles, all by itself, assign-
ment of input/output units, file identification, job
scheduling, machine interrupt conditions and multi-
processing of several programs at the same time.

This Master Control Program, along with the B 5000’s
ALGOL and COBOL Compilers, all other software
and all hardware were conceived and designed as one
integrated entity by Burroughs Corporation.

The B 5000 brings an end to unnecessary intermediate
operations which have heretofore interfered with the
use of problem-oriented languages. It has replaced the
traditional “‘order code” with Polish-prefix logical
notation as its machine language. This, in combina-
tion with a “stack’ or “first in, last out’ information
holding structure, enormously facilitates use of these
languages.

One final “when”: When will you investigate the
advantages of the B 5000 for your company? Just call
our nearby office. Or ask for detailed information by
writing to us at Detroit 32, Michigan.

Burroughs—TM
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Burroughs Corporation

Burroughs
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... because memory systems are our business. The memory is the very essence of a data process system's
speed and efficiency. One significant result of our R and D efforts is the unusual degree of adaptability in
the design of our standardized memory modules. We can combine these standard components to provide memory
storage systems tailored to very specific requirements —in a wide range of capacities, types and cycle times,
both coincident current and word organized. m The proved benefits of our memory systems to designers of
complete EDP programs include reduction in engineering design time, fast memory cycle times, compactness,
and remarkable reliability. m In a business that's still a youngster, we are senior citizens in experience and know-

how — particularly in separating the practical from the possible. Regardless of the program, we can build a
memory system to answer the problem — in surprisingly short delivery times. Write for facilities brochure today
to Indiana General Corporation, Electronics Division, Keasbey, New Jersey.
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these rewards-within-rewards impel men of outstanding
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Polaroid has a new film that is
so fast, it will reproduce scope
traces that are almost invisible
to the naked eye. The one above,
a scintillation pulse, has never
been photographed until now.
Pulse duration was ten nanosec-
onds. Scope sweep speed was 2
nanoseconds/cm.Thenew10,000-
speed Polaroid PolaScope Land
film produced a finished usable
print ten seconds after exposure.

The maximum writing speed
of the 10,000-speed film is about
twice that of the Polaroid Land

2 nanoseconds/cm:
impossible to photograph until now

3000-speed film, which is cur-
rently the standard for high
speed photography. The new film
not only gets “impossible” pic-
tures, it also produces far better
shots of slower pulses and steady
state waveforms. Because of its
high speed, less light is required;
camera aperture and scope inten-
sity can be reduced considerably,
producing sharper pictures.
And besides oscillography, the
PolaScope film opens up new pos-
sibilitiesinapplications where
light is at a premium, such as pho-

POLAROID®

tomicrography and metallogra-
phy. It is not suited, however, for
pictorial work due toits high con-
trast and relatively coarse grain.

PolaScope film (designated
Type 410) is packed twelve rolls
to a carton. The price is actually
lower than the 3000-speed film.

The film can be obtained
through industrial photographic
dealers. For the name of the
dealer nearest you, write to
Technical Sales Department,
Polaroid Corporation, Cambridge
39, Massachusetts.

New Polaroid Land 10,000-speed film for oscillography.
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The Thalidomide Syndrome

A mild and supposedly safe sedative taken by pregnant women

has deformed the limbs and other organs of several thousand
- & .

infants in West Germanyv, England, Canada and other countries

I J Ywo grossly deformed infants were
the subject of an exhibit at the

annual meeting of the pediatri-
cians of the Federal Republic of Ger-
manv held in October, 1960, in the city
of Kassel. Photographs and X-ray pic-
‘tures showed that the long bones of the
infants’ arms had almost completely
failed to grow; their arms were so short
‘that their hands extended almost di-
rectlv from their shoulders. Their legs
‘were less affected but showed signs of
a similar distortion of growth. Both
infants were also marked by a large he-
mangioma (strawberry mark) extending
from the forehead down the nose and
across the upper lip; one of them was
also found to have a duodenal stenosis,
‘that is, a constriction of the beginning
of the small intestine. The physicians
‘who presented these cases, W. Kosenow
and R. A. Pfeiffer, members of the staff
of the Institute of Human Genetics in
Miinster, had never seen quite this com-
‘bination of anomalies in a single infant.
They regarded it as a new clinical entity.
The deformity of the limbs was char-
acteristic of a malformation known as
phocomelia, from the Greek words
phoke, meaning seal, and melos, mean-
ing limb. Phocomelia is so rare that
most physicians never see it in a life-
time; moreover, it usually affects only
one limb. Kosenow and Pfeiffer reported
that they could find no hereditary indi-
cation for the condition in the history
of either family, no incompatibility in
the blood tvpes of the parents and no

by Helen B. Taussig

abnormality in the chromosomes of the
tissue cells of either child. Guido Fan-
coni, a Swiss pediatrician who has long
been interested in congenital deformi-
ties, declared that he too had never seen
infants afflicted this way. Otherwise lit-
tle note was taken of the exhibit. I missed
it myself, although I was at the meeting.

In retrospect it is surprising that the
exhibit did not attract a great deal of
attention. During 1960 almost every pe-
diatric clinic in West Germany had seen
infants suffering such defects. In Miin-
ster there had been 27, in Hamburg 30
and in Bonn 19. There had been perhaps
a dozen cases of phocomelia in 1959,
whereas in the preceding decade there
had been perhaps 15 in all of West
Germany. During 1961 the incidence of
phocomelia increased rapidly; hundreds
of afflicted infants were born.

When the West German pediatricians
gathered for their 1961 meeting in No-
vember at Diisseldorf, almost all of them
were aware of the mysterious outbreak
of phocomelia. At the meeting Widukind
Lenz of Hamburg made the disclosure
that he had tentatively traced the disease
to a new drug that had come into wide
use in sedatives and sleeping tablets.
The generic name of the drug was tha-
lidomide. Under the trade name Conter-
gan, it had been marketed as freely as
aspirin in West Germany from 1959 into
the spring of 1961. Lenz had found that
many mothers of “seal limb” infants ad-
mitted to the Hamburg clinic had taken
this drug early in pregnancy. Contergan
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and other preparations containing tha-
lidomide have now been withdrawn
from sale. But infants injured by the
drug are still in gestation. When the last
of them has been born by the end of this
summer or early in the autumn, thalid-
omide will have produced deformities in
4,000 or even as many as 6,000 infants
in West Germany alone, and probably
more than 1,000 in other countries
where it has been marketed. The one-
third who are so deformed that they die
may be the luckier ones.

Tt happens that thalidomide-containing
4 drugs did not reach the market in the
U.S. This was because of a lucky com-
bination of circumstances and the alert-
ness of a staff physician at the Food and
Drug Administration—not because of the
existence of any legal requirement that
the drug might have failed to meet. If
thalidomide had been developed in this
country, I am convinced that it would
easily have found wide distribution be-
fore its terrible power to cause deformity
had become apparent. The marketing
techniques of the pharmaceutical indus-
try, which can saturate the country with
a new drug almost as soon as it leaves
the laboratory, would have enabled
thalidomide to produce thousands of de-
formed infants in the U.S. I believe that
it is essential to improve both the tech-
niques for testing and the legal controls
over the release of new drugs.

The news that a large number of mal-
formed infants had been born in West
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Germany and that a sleeping tablet was
suspected as the cause first came to me
in late January of this year. I was partic-
ularly concerned because of my lifelong
interest in malformations. That a drug
was implicated was of especial interest,
because little is known about the cause
of the various congenital anomalies that
arise in the course of gestation. I imme-
diately went to West Germany to investi-
gate the situation, and I have also con-
ferred and corresponded with physicians
in other countries where thalidomide,
under various names, has been sold.

In West Germany I was told that a
Swiss pharmaceutical house, interested
in producing a new sedative, had first
synthesized thalidomide in 1954. Be-
cause it showed no effects on laboratory
animals the company discarded it. Then
the West German firm Chemie Griinen-
thal undertook the development of the
compound. Once again thalidomide
showed no effect on laboratory animals.
Since the structure of the molecule sug-
gested that it should work as a sedative,
Griinenthal tried it as an anticonvulsant
for epileptics. It did not prevent con-
vulsions, but it worked as a hypnotic,
acting promptly to give a deep, “natu-
ral” all-night sleep without a hangover.
Given the trade name Contergan, it
became during 1960 the favorite sleep-
ing tablet of West Germany, inexpen-
sively available without a prescription
and widely used in homes, hospitals and
mental institutions. It turned out to be
as safe for humans as for animals. Would-
be suicides who tried it after it came on
the market survived large doses of it
without harm.

Griinenthal combined thalidomide
with aspirin and other medicines. Ger-
mans consumed these compounds—Algo-
sediv, Peracon Expectorans, Grippex
and Polygrippan—for such conditions

THALIDOMIDE is a synthetic drug. In this
diagram of its molecule, carbon atoms are
represented by black balls, hydrogen by
small gray balls, oxygen by white balls and
the two nitrogen atoms by large gray balls.
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as colds, coughs, grippe, nervousness,
neuralgia, migraine and other head-
aches and asthma. A liquid form made
especially for children became West
Germany’s baby sitter. Hospitals em-
ployed it to quiet children for electro-
encephalographic studies. As an anti-
emetic, it helped to combat the nausea
of pregnancy, and of course Contergan
gave many a pregnant woman a good
night’s sleep. Griinenthal was manufac-
turing it almost by the ton.

goon pharmaceutical companies in oth-
A/ er countries began to make or market
thalidomide under license from Griinen-
thal. Distillers (Biochemicals) Ltd. sold
it as Distaval in the British Isles, Aus-
tralia and New Zealand. Combinations
received the trade names of Valgis, Ten-
sival (a tranquilizer), Valgraine and As-
maval. An advertisement in Great Britain
emphasized the safety of the drug with
a picture of a small child taking a bottle
from a medicine shelf. From Portugal it
went into local and international chan-
nels of distribution as Softenon. In Can-
ada Frank W. Horner Ltd. of Montreal
marketed it as Talimol and the Canadian
branch of the Wm. S. Merrell Company
of Cincinnati as Kevadon. In September,
1960, the Merrell Company applied to
the Food and Drug Administration for
clearance to sell Kevadon in the U.S.

At that time no one had reported any
untoward side effects from thalidomide.
During the next few months, however,
German medical journals carried reports
of a new polyneuritis associated with
long-term use of the drug. Patients com-
plained of tingling hands, sensory dis-
turbances and, later, motor disturbances
and atrophy of the thumb. By April,
1961, there was a sufficient number of
ill effects reported in West Germany
following the use of the drug to place
the thalidomide compounds on the list
of drugs for which prescriptions were
required. (It was under prescription
from the beginning in most other coun-
tries.) Nevertheless, thalidomide re-
mained popular and continued in wide-
spread use in the home and in hospitals.

By the summer of 1961 physicians all
over West Germany were realizing with
alarm that an increasing number of ba-
bies were being born with disastrous de-
formities of their arms and legs. In Kiel,
Miinster, Bonn and Hamburg four dif-
ferent investigations were under way.
From a study of 32 cases in Kiel and its
environs H. R. Wiedemann found that
the malformations followed a specific
pattern, although they varied in severity.
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Abnormality of the long bones of the
arms characterizes the great majority of
the cases, with the legs involved in half
of these. The radius or ulna (the fore-
arm bones) or both may be absent or
defective. In extreme cases the humerus
(upper-arm bone) also fails to appear.
Typically both arms are affected, al-
though not necessarily equally. When
the legs are involved, the hip girdle is
not fully developed. Dislocation of the
hip and outward rotation of the stub
of the femur turns the deformed feet
outward. The worst cases have neither
arms nor legs; since they cannot turn
over in the crib or exercise they usually
succumb to pneumonia.

The hemangioma of the face, as Pfeif-
fer and Kosenow pointed out, is possibly
the most characteristic feature of the
syndrome. It is, however, neither harm-
ful nor permanent. A saddle-shaped or
flattened nose is common. In some cases
the external ear is missing and the inter-
nal auditory canal is situated abnormally
low in the head. In spite of this deformity
hearing tends to be fairly good if not
normal. Many of the children display
paralysis of one side of the face. Many
suffered from a variety of malformations
of their internal organs, involving the
alimentary tract and also the heart and
circulatory system. Most of the children
seem to be normally intelligent.

feiffer and Kosenow in Miinster had

found no evidence that the phoco-
melia in their first two cases was heredi-
tary. Eventually they completed de-
tailed studies of 34 cases, with the same
result. This was surprising because many
of the previous cases of phocomelia
could be traced back in the family.
These two investigators concluded that
an unknown agent from the environ-
ment, affecting the embryo at some time
between the third and sixth week of
pregnancy, had caused the damage.
During this period, when most women
do not yet know they are pregnant, the
embryo goes through the principal
stages of development.

Was the unknown agent a virus? An
infection by rubella, or German measles,
during this critical period of gestation
results in severe malformations but not
in phocomelia. That it might be some
other virus seemed to be ruled out by
the fact that the increase in the inci-
dence of phocomelia had been steady,
not abrupt, and by the fact that the cases
were confined within the boundaries of
West Germany. By the time of last year’s
pediatric meeting at Diisseldorf in late



VICTIM OF THALIDOMIDE SYNDROME typically has short,
deformed and useless arms and hands. The actual case shown in
this drawing displays the hemangioma, or strawberry mark, on the
forehead, nose and upper lip, which is the most characteristic (al-

November the range of speculation in-
cluded radioactive fallout.

Lenz meanwhile had formed a new
suspicion. Like the other investigators,
he had been sending out lengthy ues-
tionnaires to the parents of deformed in-
fants and to the physicians who attended
them, asking about X-ray exposure,
drugs, hormones, detergents, foods and
food preservatives, contraceptive meas-
ures and tests for pregnancy. In his in-
itial returns he noted that approximately
20 per cent of the mothers reported tak-
ing Contergan during pregnancy. On
November 8, he recalls, it occurred to
him that Contergan might be the cause.
He now asked all the parents specificallv
about C(mtergun, and 50 per cent re-
ported use of the drug. Many of the
mothers said that they had considered
the drug too innocuous to mention on the
(uestionnaire.

On November 15 Lenz warned Grii-
nenthal that he suspected Contergan of
causing the catastrophic outbreak of
phocomelia and he urged the firm to
withdraw it from sale. On November 20,
at the pediatric meeting, he announced
that he suspected a specific but unnamed
drug as the cause of the “Wiedemann
syndrome” and said that he had warned

the manufacturer. That night a physician
came up to Lenz and said: “Will you tell
me confidentially, is the drug Conter-
gan? I ask because we have such a child
and my wife took Contergan.” Before
the meeting was over the doctors gen-
erally knew that Lenz suspected Con-
tergan.

On November 26 Griinenthal with-
drew the drug and all compounds con-
taining it from the market. Two days
later the West German Ministry of
Health issued a firm but cautious state-
ment that Contergan was suspected as
the major factor in causing phocomelia.
Radio and television stations and the
front pages of newspapers promptly car-
ried announcements warning women not
to take the drug.

On the other side of the world W. G.
McBride, a physician in New South
Wales, Australia, saw three newborn
babies with severe phocomelia during
April, 1961. In October and November
he saw three more. From the histories of
the mothers he found that all six had
taken Distaval in early pregnancy. Mc-
Bride notified the Australian branch of
Distillers Ltd. and it cabled his findings
to the London headquarters on Novem-
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though harmless) feature of syndrome. Other abnormalities that
may occur include deformed legs and feet and a wide variety of
deformations of the ears, digestive tract, heart and large blood
vessels. Most of the afflicted children have normal intelligence.

ber 27. This and the news from Ger-
many caused the firm to withdraw the
drug on December 3. Because of the de-
mand by physicians it has been returned
to limited sale in England, but in Ger-
many it is now illegal to possess thalid-
omide.

The news of the Australian experience
prompted A. L. Speirs, a physician of
Stirlingshire, Scotland, to review 10
cases of phocomelia that he had seen
in his practice during the preceding
months. By checking prescription records
and medicine cabinets in the victims’
homes, he obtained positive proof that
eight of the mothers had taken Distaval
in early pregnancy.

Thus in the last weeks of 1961 cir-
cumstantial evidence accumulating in
various parts of the world indicated that
thalidomide played an important role in
the causation of phocomelia. Physicians
now began asking women who were still
pregnant about their experience with the
drug. One obstetrician in Germany asked
65 pregnant women if they had taken
Contergan in early pregnancy. Only one
said that she had. The physician de-
clared that if she had an abnormal baby,
he would believe Lenz. She did!

Among 350 pregnant women in Lii-
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beck, W. von Massenbach found that
13 had taken Contergan, six during the
second half of pregnancy and seven in
the first four and a half months. Of the
seven, two had babies with phocomelia,
one had a baby with a closed anus and
four had normal infants. By March,
1961, clinical records in Diisseldorf
showed that 300 women who had not
taken Contergan had given birth to
healthy infants, whereas halt of those
who reported taking Contergan bore
deformed infants. At Hamburg,
while, Lenz had set out to investigate the
exact connection between phocomelia
and the drug and to fix reliably the date
or dates of exposure to the (1111(7 in each
case. He considered the usc of (A)ntcﬂgan
to be proved only by a photostatic copv
of a prescription or bv a hospital record.
This was difficult because the drug had
been sold without prescription befole
April, 1961, and because nurses in Ger-
man hospitals dispense sleeping tablets

mean-

as freely as nurses in the U.S. give laxa-
tives. In one case, Lenz told me, the at-
tending phyvsician swore that the mother
had not received Contergan, although
her baby had been bom with phoco—
melia. The physician insisted that he had
prescribed a different sedative. At the
pharmacy Lenz found the prescription
marked by the druggist: “Drug not in
stock. Contergan given instead.”

By the middle of March of this year
Lenz had assembled histories on 50 cases
in which he had established documen-
tary evidence for use of the drug and had
determined the date of the last menstrual
period before pregnancy. He had proof
in each case of the date or dates on
which Contergan had been taken. All
but five of the women had taken the drug
between the 30th and 50th day after the
last menstrual period and the five had
taken it between the 50th and 60th day.
In the 21 instances in which Lenz man-
aged to ascertain the date of conception,

the mother had taken Contergan be-
tween the 28th and 42nd day after
conception. Thus the exact time when
thalidomide can damage the embryo
varies somewhat, but the period in which
the embrvo is especially vulnerable to
the drug appears to be relativelv briet.

In the human embrvo the first signs
of future limbs can be discerned with a
microscope when the embrvo is onlv 10
davs old. By 42 davs the tiny limbs are
visible to the naked eve, although the
embryo is only a little more than an inch
long. The fact that the arm buds dev elop
s]lghtl) earlier than those of the legs mayv
be of significance in accounting for the
greater frequency of arm damage. As the
malformations indicate, the drug arrests
and deranges those processes of devel-
opment that are in progress when the
embryo is exposed to it. Just how thalid-
omide interferes with growth remains to
be determined. Some German doctors
still doubt that Contergan is the sole

TYPICAL PHOCOMELIA, or “

seal limb,”
this X ray of chest, shoulders and arms of West German infant. In
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is readily apparent in

“classic”

© 1962 SCIENTIFIC AMERICAN, INC

phocomelia usually only one arm was affected. Phoco-
melia caused by thalidomide almost always deforms both arms.



cause of the phocomelia syndrome, and
a number of English physicians hold
that some other substance or factor also
causes phocomelia because they cannot
get a history of Distaval or compounds
containing it in every case. Furthermore,
there is apparently no relation between
the amount of the drug ingested and the
severity of the malformation. A single
dose of 100 milligrams appears to be
enough to cause severe phocomelia, yet
in other instances the same doses may
produce only a mild abnormality. This
must be due to a lack of susceptibility or
to the fact that the drug was not taken
in the sensitive period.

A drug with a molecular structure
similar to that of thalidomide is Doriden,
also used as a sedative. Although in a few
cases of phocomelia the mother says she
took Doriden, not Contergan, Doriden
has been widely used in Switzerland
since 1955, and phocomelia did not ap-
pear there until 1961. Almost all the few
Swiss cases have been traced to Conter-
gan from Germany.

Little is known about the metabolism
of thalidomide, how the body excretes it
or how long the deformity-producing
factor persists in the body. About all that
is certain is that it is insoluble in water
and in fat. Obviously the usual labora-
tory animals metabolize it differently
from human beings; it does not induce
sleep in the animals. Investigators at the
Griinenthal laboratories have tried un-
successfully to produce phocomelia in
rats, mice and rabbits. They have shown
that the drug passes through the placen-
ta of rabbits, but the offspring were
normal in these experiments. G. F.
Somers of the Distillers Ltd. laboratories
has fed massive doses to pregnant rab-
bits. The rabbits did not sleep; they did,
however, produce offspring with abnor-
malities remarkably similar to those in
human infants. Since thalidomide makes
a horse sleep, it may be that the horse
will react in other ways as man does.
Experiments with monkeys and apes will
also be of interest. When the proper ex-
perimental animal is found, thalidomide
does offer the possibility of studying the
origin of malformations.

t is not yet possible to determine the
exact number of infants born with
phocomelia in West Germany, but the
outbreak was devastating. The records of
the Institute of Human Genetics in Miin-
ster show three cases of bilateral pho-
comelia in 1959, 26 cases in 1960 and
96 in 1961. Up to this spring 13 pairs of
twins afllicted with phocomelia had been

i,

DEFORMITY OF LEG, here a very short femur, or thighbone (left), characterizes quite
a few cases of the thalidomide syndrome. The bones of the hip girdle are also abnormal

FEET ROTATE OUTWARD in this case. Even though badly deformed, this child may be
able to learn to walk. Widukind Lenz, Hamburg pediatrician, supplied these three X rays.
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registered. Since twins occur once in
every 100 births, the institute estimates
that there will be 1,300 cases in the state
of North Rhine~Westphalia, where it is
located. It is an indication of the preva-
lence of phocomelia that the state’s Min-
istry of Health has set up a registry for
all children with defective hands and
arms who will need orthopedic help. As
of January, 800 had been registered, 80
per cent suffering from phocomelia, and
reports were in from only half the state.
By now the total may have reached
2,000. Applying this experience to the
population of West Germany as a whole,
the country anticipates a minimum of
4,000 cases. I should not be surprised by
a total of 6,000. There is every reason to
believe that two-thirds of the infants will
live for many years; indeed, the children
appear to have a normal life expectancy.

In England, alas, the incidence is also
high. Reports of phocomelia associated
with Distaval appear regularly in The
Lancet, the British weekly medical jour-
nal. Clifford G. Parsons of Birmingham
has advised me that almost every physi-
cian at a medical meeting in England
last spring had seen at least one case.
The total for the country will probably
be in the hundreds, however, not in the
thousands.

Reports are still coming in from all
over the world showing that phocomelia
has occurred wherever thalidomide has

been used. Sweden has had 235 cases,
from Contergan purchased in Germany.
Switzerland has had four cases. The
Portuguese preparation, Softenon, has
caused seven cases in Lebanon. Distaval
has produced a case in Israel. In Peru,
Contergan obtained by the father in
Germany caused a case. Lenz has written
me of an outbreak of phocomelia in
Brazil. As yet I have received no figures
for Portugal.

In September, 1960, when the Merrell
Company applied to the Food and Drug
Administration for permission to distrib-
ute the thalidomide compound, none
of these untoward developments could
have been anticipated. Clearance was
delayed because the initial submission of
papers was found to be “incomplete.”
Over the next few months, while the
manufacturer gathered and filed addi-
tional material in support of the applica-
tion, the first indications of the drug’s
neuropathic side effects were reported in
the German medical press. Frances Old-
ham Kelsey, a physician and pharma-
cologist at the agency, took note of these
reports. She also noted that the proposed
label for the drug recommended its use
against the nausea of pregnancy. From
her work with quinine in connection with
the malaria project during World War
II, Mrs. Kelsey had become “particularly
conscious of the fact that the fetus or
newborn may be, pharmacologically, an

entirely different organism from the
adult.” She therefore requested more
data from the manufacturer to show that
the drug was safe in pregnancy. Before
her questi(ms were answered the out-
break of phocomelia in Germany had
brought withdrawal of the drug from the
market in that country.

If thalidomide had been developed
in this country, the story would have
been quite different. Almost everyone
agrees that with no knowledge of the
delayed neuropathic effects of the drug
and no appreciation of its dangers in
pregnancy, the thought would not have
occurred to anyone that it might injure
the unborn child. Therefore permission
for sale of the drug as a sedative would
have been granted; it was an excellent
sedative and appeared to be safe.

]n the U.S. there have been only a few
- cases of the syndrome—two of them
the twin offspring of a German woman
who had married an American and
brought Contergan with her to the U.S.
Even the families of U.S. personnel sta-
tioned abroad have escaped—with one
exception. At the U.S. Army headquar-
ters in Heidelberg, in March, Thomas
W. Immon was able to assure me that
not one of the 16,000 babies born in U.S.
hospitals in Germany during 1961 had
phocomelia. More recently, however, he
has had to report the birth in a U.S.

THIRD WEEK

DEVELOPMENT OF HUMAN EMBRYO from third week after
conception (far left) through eighth week (far right) is crucial.

34

FOURTH WEEK

© 1962 SCIENTIFIC AMERICAN, INC

FIFTH WEEK

The embryo grows from about a quarter of an inch in length at end
of third week to one and a quarter inches at end of eighth. Thalid-



Army hospital of one infant with phoco-
melia. The mother, a German, reported
that she had taken Contergan in the
early weeks of her pregnancy.
Unfortunately the people of Canada
have had a different experience, even
though the Dominion Government has a
drug-regulating agency like that of the
U.S. With two thalidomide preparations
on the market in 1961, many pregnant
women were exposed to the drug. At
least 12 have delivered offspring afflicted
with deformed arms and legs. The manu-
facturers issued a warning to physicians
in December, advising them not to pre-
scribe thalidomide for pregnant women.
It was not until March, however, that
governmental authorities asked the man-
ufacturers to withdraw the drug entirely.
Between now and the fall there will un-
doubtedly be additional casualties.

generation ago new drugs, particu-
4+ larly those for relatively minor com-
plaints such as insomnia, only gradually
achieved widespread popularity. The
rather small number of people using
them in the first few vears provided,
albeit unwittingly, test cases not only for
the efficacv but also for the long-term
safety of the drug. Today “educational”
representatives of drug houses visit each
physician regularly. Pounds of lavish and
expensive drug brochures assault the
physician by mail. Most medical journals

SIXTH WEEK

omide seems to cause almost all its deformities when the mother
takes the drug during the fourth, fifth or sixth week of pregnancy,

are crowded with handsome advertise-
ments, many printed in full color on
heavy cardboard or metallic paper, ex-
tolling the virtues of this year’s model or
modification of some recently invented
tranquilizer, diuretic or antihypertensive
compound. New drugs thus find huge
markets within a few months.

In most countries, with the exception
of Canada, governmental regulation of
the pharmaceutical trade is less stringent
than it is in the U.S. The Food and Drug
Administration, however, is limited to
considering only the safety and not the
efficacy of a drug, and it exercises no
control until the drug is ready for sale.
During testing, conducted by and for
the drug houses, a new compound may
be distributed for clinical trial to many
physicians. They are supposed to warn
patients that the drug is experimental
and to obtain a release signed by the pa-
tient. Not all physicians keep careful
records of the cases in which they have
distributed such test drugs. Clearance
by the Food and Drug Administration,
which rests on evidence of safety sub-
mitted by drug companies, must often
be based in part on reports from observa-
tions made under clinical conditions that
are, to say the least, not ideal. Certainly
the procedure needs strengthening here.

Until recently no thought had been
given to the need for the testing of drugs
for potential harmfulness to the human

SEVENTH WEEK
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embryo. In my laboratory at the Johns
Hopkins School of Medicine I have not
been able to obtain abnormalities in
baby rabbits with thalidomide primarily
because the massive doses I have used
bring on so many abortions. This illus-
trates one of the problems of testing new
drugs: what size dose in animals makes
for a fair test? As thalidomide shows,
animals may not react at all like humans.

Of course, no drug can ever be certi-
fied as completely safe. But all the
hazards of a given drug should be es-
tablished before it is marketed. In deal-
ing with cancer and other serious dis-
eases there is some justification for tak-
ing chances with new drugs. The less
serious the illness is, the more certain it
should be that the drug is harmless as
well as effective. In the case of thalido-
mide, I wonder how long it would have
taken to determine the cause of the mal-
formations if the drug had produced
some more common but less spectacular
congenital defect. Any drug labeled safe
should be relatively harmless for all
people of all ages, including the unborn.
Married women of childbearing age
should avoid drugs as much as possible,
particularly new ones.

For most people the story of thalido-
mide has ended. The tragedy will go on,
however, for the infant victims of the
“harmless” sedative and their families
for the rest of their lives.

EIGHTH WEEK

as limb buds, ears, intestinal tract, heart and blood vessels are
forming and going through first growth. These embryos are normal.
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TRACKS OF CHARGED PARTICLES are made visible by spark
chamber operated at the European Organization for Nuclear Re-
search (CERN) in Geneva. The chamber contains a series of metal
plates surrounded by neon, in which a charged particle leaves an
ionization trail. If a high-voltage pulse is applied quickly to alter-
nate plates, sparks follow the trail. Here a negative pi meson enters

SPARK CHAMBER INSIDE MAGNET at Brookhaven National
Laboratory was built by the author, F. V. Murphy, Richard B. Watt-
son and Kenneth E. Wright of Princeton University. The diameter
of the magnet is eight feet. The spark chamber has a volume of two
cubic feet and contains 128 metal plates spaced three millimeters
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at left and reacts to give an invisible neutral pion, which decays
into two invisible gamma rays. One gamma ray yields the tra of
an electron and positron, which are curved in opposite directions
by a magnetic field. The chamber was built by Arthur Roberts, G. R.
Burleson, T. IF. Moang, . Kalmus, L. Niemala and T. A. Romanow-
ski of the Argonne National Laboratory and B. Leontic of CERN.

apart. The magnet makes charged particles curve as they pass
through the chamber. The particles originate in the 30-billion-elec-
tron-volt proton accelerator, beyond the wall at right, and enter
through the port at the right side of the instrument. A photograph
made by this device appears at upper right on pages 42 and 43.
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THE SPARK CHAMBER

It 1s a new device to make visible the tracks of subatomic particles.

Basieally it consists of a series of eharged plates. When a particle

passes through the plates, its path 1s traced by sparks between them

he present understanding, imper-
I fect but growing, of the funda-
mental nature of matter has come
largely from observation of the elemen-
tary particles. The protons, neutrons,
electrons, mesons and other particles re-
veal the most when they can be studied
one at a time or when only two or three
of them interact. When larger numbers
are present, the sheer mathematical com-
plexity of their interaction hides the fun-
damental simplicities. For this reason
the efforts of many experimental phys-
icists over several decades have gone
into the development of sensitive meth-
ods for detecting single particles.
There is no single best design for
a particle detector. To obtain certain
characteristics it is usually necessary to
sacrifice others, and the choice depends
on the nature of the experimental
“events” one wishes to observe. Physi-
cists working with the large particle-ac-
celerating machines have increasingly
been concerned with extremely rare
events, epitomized by the recent discov-
ery at the Brookhaven National Labora-
tory that there are two kinds of neutrino
rather than one [see “Science and the
Citizen,” page 52]. To obtain the evi-
dence for this discovery the 30-billion-
electron-volt proton accelerator at
Brookhaven was operated for six months.
Over this period the number of recorded
events caused by neutrinos averaged
fewer than one every three days. The
particle detector used in the experiment
is of an entirely new type: it is called
a spark chamber. Before explaining its
operation I shall describe the general
nature of the particle-detection problem.
The problem is far from easy, because
an elementary particle can pass freely
through many atoms of any substance
without leaving a trace. Even at pres-
ent there is no practical device that
can detect electrically neutral parti-

by Gerard K. O’Neill

cles without destroying or deflecting
them. Charged particles, however, exert
a strong electrostatic force on the elec-
trons of the atoms through which they
pass. Usually the electrostatic force be-
tween the negative electron and the
positive nucleus is enough to keep the
electrons from breaking free, but occa-
sionally—roughly once in every 1,000
atoms through which a charged particle
passes—an electron is jolted loose. In
air, for example, about 100 electrons are
freed along each centimeter of the path
of a charged particle, and for each free
electron a corresponding positive ion is
formed. If the small amount of energy
contained in this “ionization trail” can be
made to produce some visible effect, the
physicist can find out where the particle
went. He can also measure the momen-
tum of a particle by observing the radius
of curvature of its track in a magnetic
field, and he can obtain information
about the way it interacts with other par-
ticles by observing sudden changes in
direction of its track.

In one of the first of all elementary-
particle experiments Hans Geiger and
Ernest Marsden, working in the Caven-
dish Laboratory at the University of
Cambridge, detected the small energy of
an ionization trail without amplification
by using the extreme sensitivity of the
dark-adapted human eye. They observed
the small flashes of light made when
alpha particles went through certain
crystalline materials called scintillators.
From Geiger and Marsden’s observa-
tions of the angles at which alpha par-
ticles scattered from a target into the
scintillator, Ernest Rutherford conclud-
ed by 1913 that the positive charge of
the atom was concentrated in a nucleus.

A fast, singly charged particle—a cos-
mic ray meson, for example—produces
only about a thousandth as many free
electrons per millimeter of track as a
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slow, doubly charged alpha particle
does. The detection of fast particles
therefore requires some kind of ampli-
fication of the energy of the ionization
trail. Since Rutherford’s time the de-
vices used to detect elementary particles
have divided into two broad classes,
both of which amplify. One class consists
of “counters.” Every counter includes a
sensitive volume of gas, liquid or solid
with well-defined dimensions in space.
When a charged particle passes through
the sensitive volume, the counter pro-
duces a brief electric pulse, or signal.
The pulses can be tallied electronic:!ly;
hence the name “counter.”

The other class does not have a well-
recognized generic name, but it can be
called the class of “track detectors.” A
track detector shows where a charged
particle went by indicating many points
in space along the particle’s ionization
trail. Usually the information provided
by a track detector is recorded by
photography. In fact, for certain pur-
poses stacks of photographic film or a
single block of photographic emulsion
can be used directly as a track detector.
A charged particle sensitizes emulsion
grains along its track and amplification
is achieved by means of a chemical de-
veloper. In the next few years some ad-
vanced track detectors may be built that
will put out information in the form of
electrical signals.

If one compares the two classes, it is
apparent that the counter gives only a
limited amount of information, but it
gives it immediately in a simple form
suitable for direct use in electronic cir-
cuits. In modern counters the informa-
tion is often available in less than 10
nanoseconds (10 billionths of a second).
The track detector gives much more in-
formation, but the information goes into
photographic emulsion, where it is un-
available until the emulsion is developed
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CLOUD CHAMBER, invented in 1911 by C. T. R. Wilson, was the first of the particle-track
detectors. A counter, which simply senses the arrival of a particle, triggers the movement
of a piston that expands the gas and vapor inside the chamber. This makes the vapor super-
saturated, and fog droplets rapidly grow along the ionization trail left by passage of the par-
ticle. The droplets form clear tracks, which are photographed stereoscopically for analysis.
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BUBBLE CHAMBER, a track detector invented by Donald A. Glaser, contains a liquid near
its boiling point. When the chamber pressure is lowered, the liquid becomes superheated
and bubbles of vapor grow along the ionization trail left by a charged particle. A timing
mechanism moves a target into the beam of circulating protons in an accelerator, thereby
directing particles into the chamber at the instant it is most sensitive to bubble growth.
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and analyzed. A counter with a sensitive
volume of a cubic foot can only signal
that a charged particle has passed some-
where within that cubic foot. Some track
detectors with the same sensitive volume
can indicate each point of the particle’s
path within a thousandth of a centi-
meter. The space resolution of the track
detector balances against the reporting
speed of the counter.

In modern elementary-particle experi-
ments the experimenter often wants to
trace all or part of the life histories
of particles entering his detectors. He
wants to identify the mass, charge and
frequently the energy of each particle
that enters. In addition he wants to ob-
serve if and in what way the entering
particles react with the atoms in his de-
tector. If new particles are produced by
reactions, he wants to measure the prop-
erties of these product particles and
to see if they decay spontaneously into
combinations of other particles. In most
cases, the rarer the reaction, the greater
its significance. Typically only one in
many thousands of particles entering
a detector will produce an interesting
event. If the experimenter’s apparatus
includes track detectors, it is much to his
advantage to use counters to select those
events that are worth recording in the
track detector. Otherwise he may have
to search through hundreds of thou-
sands of pictures to find the rare events
of interest.

'l‘he first successtul track detector was
1 the cloud chamber, invented by C.
T. R. Wilson in 1911. Wilson recog-
nized that a supersaturated vapor is
unstable and that the vapor will con-
dense into droplets around any available
free ions. In cloud chambers (which
are still used) a saturated vapor is
maintained in a closed volume under
well-controlled conditions of tempera-
ture and pressure. When a charged par-
ticle passes through the chamber, the
ionization trail it leaves persists for a
fraction of a second. Either before or
directly after passing through the cloud
chamber the particle traverses counters,
which produce an electric pulse. The
pulse, signaling the passage of a particle,
is made to initiate the outward motion
of a piston; this allows the gas inside the
chamber to expand and renders the
vapor in the gas supersaturated [see top
illustration at left]. The vapor then be-
gins to form droplets of fog, which
condense around the ions of the charged-
particle track. Droplets also tend to form
around dust particles or droplets left
over from a previous expansion. But
under the right conditions (achieving



them is rather tricky) there forms in the
chamber, in a fraction of a second, a
clear trail of vapor droplets, which shows
with good fidelitv the path of the particle
that triggered the counters. The advan-
tage of the cloud chamber is that it can
be triggered. A chamber may remain idle
for hours waiting for a rare cosmic ray
event, but when the event occurs and is
recognized by the counters, the chamber
operates on demand to record it.
Unfortunatelv cloud chambers have
two rather serious drawbacks. First, the
device is slow to set in operation, and the
ionization trails persist for a large frac-
tion of a second. As a result the number
of incoming particles must be limited
to prevent chamber pictures from being
cluttered with more tracks than one can
“read.” The second drawback is the dif-
ficulty of putting into the chamber ma-
terials with which one might like to see
particles interact. If material is intro-
duced in the form of plates, the plates
must be relatively few and widely
spaced; otherwise the chamber will not
work. If much material is needed, it must
therefore be in the form of thick plates,
with the result that interactions tend to
occur deep in the plates, where the tracks
cannot be seen. It is rather like Greek
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BUBBLE CHAMBER TRACKS (right) were photographed in the
72-inch liquid-hydrogen bubble chamber at the Lawrence Radia-

tragedy, in which all the mayvhem occurs
offstage and the audience is treated only
to a secondhand account of it.

In the early 1950’s Donald A. Glaser,
then at the University of Michigan,
developed a new type of track detector,
the bubble chamber, for which he re-
ceived a Nobel prize in 1960. This de-
tector is also based on an amplification
principle—the growth of bubbles in a
superheated liquid. Some of the energy
from an ionization trail goes into a few
fast electrons, which can give up 1,000
or 2,000 volts of energy in a small vol-
ume to produce rapid local heating. If
the trail is in a liquid that has suddenly
been superheated by expansion, the
bubbles will tend to grow fastest along
the “heat track” and only slowly in other
parts of the liquid. Glaser’s invention
was soon in use in many laboratories
throughout the world, and it is safe to
say that by 1959 more than half of all
experimentalresearch in elementary par-
ticle physics employed the bubble
chamber.

An important virtue of Glaser’s device
is that one can fill the chamber with a
wide variety of liquids, choosing the one
that provides interactions of particular
interest. For many purposes liquid hy-
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drogen is ideal because it presents as a
target for incoming particles only elec-
trons and protons. In all other substances
neutrons are also present. Other useful
liquids are propane—in which the target
atoms are carbon and hydrogen—and
xenon, whose massive nucleus (54 pro-
tons and 77 neutrons) provides high
stopping power. In addition the bubble
chamber produces particle tracks of
higher definition than those made by
any other track detector, except for
tracks made directly in photographic
emulsion.

The bubble chamber shares with the
emulsion method one serious disad-
vantage: it cannot be triggered. Since
there is no way to select rare events one
has no choice but to photograph the
chamber at every expansion cvcle, de-
velop the films and examine hundreds
or thousands of exposures looking for
events of interest. Triggering is impos-
sible because the heat track produced by
a charged particle cools down in much
less than a millionth of a second. This
is far too short a time for the mechani-
cal expansion system to set the chamber
in operation. As a result bubble cham-
bers are used almost exclusively with
large accelerators, where a timing se-

tion Laboratory of the University of California. The map and key
at left identify the particles taking part in the event recorded-
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GEIGER-MULLER COUNTER, invented in 1928, was the first device to use the amplifica-
tion process available in an electric spark to detect the passage of a charged particle. A cen-
tral wire inside a tube is placed at high voltage. Electrons set free from gas atoms by the pas-
sage of a particle are accelerated by the strong electric field and free other electrons in a
chain reaction. The result is a large output pulse that needs no amplification to be detectable.
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SPARK COUNTER was a nontriggered forerunner of the spark chamber. A high constant
voltage is maintained on a metal plate placed hetween two grounded plates. Passage of a
charged particle provides free electrons that initiate sparks in the gas between the plates.
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HODOSCOPE CHAMBER, another forerunner of the spark chamber, utilizes the trigger-
ing scheme usually employed with cloud chambers. The chamber consists of neon-filled
glass tubes stacked between two metal plates. When a charged particle trips the counter,
a high-voltage pulse is sent to the plates, placing the tubes in a strong electric field. Tubes
through which the particle passed contain ions and free electrons and therefore glow.
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quence first expands the chamber, then
sends in a burst of particles to be an-
alyzed [see bottom illustration on page
38]. The chamber must then be given
about a second in which to recover.

[Tnlike the cloud chamber and the

bubble chamber, the spark cham-
ber was the work of many hands. Its de-
velopment was based on one of the
most spectacular methods known for
making ionization trails visible—the elec-
tric spark. The generation of an electric
spark is an extremelv complicated proc-
ess, but it is clear that under some con-
ditions a spark can develop from a type
of chain reaction. The reaction starts
when an electron from an ionized atom,
accelerated by a strong electric field,
bumps into and ionizes other atoms. The
electrons from these atoms cause further
ionizations, leading in a very brief time
to a brilliant electric spark. In 1928 the
amplification process available in the
electric spark was used in the first of all
electrical detectors for single charged
particles, the Geiger-Miiller counter. In
this simple device, named for Hans Gei-
ger and Walther Miller, a central wire
inside a tube is charged to high voltage.
When a particle goes through the count-
er, the electrons of its ionization track
are swept toward the wire. Accelerating
as they approach the wire’s strong field,
they ionize more atoms. The ionized
atoms emit photons (light quanta),
which release additional electrons from
the gas, spreading the discharge. Within
millionths of a second the gas all along
the center wire serves as the path for an
electric spark. Geiger counters make
tremendous pulses, which was a great
virtue when sensitive electronic ampli-
fiers were still difficult to build.

In the 1930’s the standard equipment
of the elementary-particle physicist con-
sisted of a cloud chamber triggered by
Geiger counters. In the late 1940’s, when
Geiger counters had been generally
superseded by the development of scin-
tillation counters (faster and capable of
giving more information), a few physi-
cists began trying to use the mecha-
nism of the electric spark in a detector
that would make visible the track—not
just the presence—of a charged particle.
J. W. Keuffel, working at the California
Institute of Technology and later at
Princeton University, built several spark
counters, consisting of well-polished
condenser plates kept at high voltage.
If the plates were carefully aligned,
clean and dust-free, and maintained just
below the potential needed for a spark to
jump between them, they would some-
times spark preferentially along the trail



of an incoming cosmic ray particle. Keuf-
fel suggested the use of arrays of his
parallel-plate spark counters to obtain
tracks of the passage of a charged parti-
cle, but these counters were so difficult
to build and to operate that it was not
easy to follow up the suggestion.

In 1955 M. Conversi and A. Gozzini
described in the Italian physics journal
Nuovo Cimento an intermediate type
of track chamber somewhat similar to
the Keuffel spark counter. Their device,
called a hodoscope chamber, consisted
of many neon-filled glass tubes stacked
between two parallel metal plates [see
bottom illustration on opposite page].
Within a few millionths of a second after
the passage of a charged particle through
the stack of tubes, a set of counters out-
side the stack triggered an electronic
circuit that placed a strong electric
field on the tubes. Those through which
the particle had passed then glowed,
much as a neon sign glows. Other tubes
remained dark if the applied pulse was
on for only a short time. The hodoscope
chamber was fairly easy to build, and its
inventors had introduced a technique
that was essential for the development of
spark chambers: the use of counters to
pulse the electric field. In their chamber
the high voltage was on only when they
were sure a particle track was there to be
photographed. If the high voltage had
been left on continuously, as it was in the
earlier spark counters, some neon tubes
would eventually have fired even in the
absence of an entering track. The chief
defect of the hodoscope was that it re-
vealed only two dimensions of a parti-
cle’s three-dimensional path.

In 1957 two British physicists, T. E.
Cranshaw and |. F. de Beer, reported in
Nuovo Cimento the next step toward a
practical spark chamber. They combined
the parallel-plate geometry of the spark
counter with the pulse-triggering tech-
nique of the hodoscope chamber to make
an efficient spark chamber with six one-
millimeter gaps. They also introduced
the use of a continuous electric clearing
field to remove from the chamber ioniza-
tion trails older than a few microseconds.
This electric field, well below the thresh-
old needed to make a spark, caused a
slow continuous drift to the plates of
all free electrons and ions released in
the chamber gas. In this way it “erased”
ionization trails in a few microseconds. A
similar clearing field had long been used
in cloud chambers to sweep out the slow-
moving positive ions.

It happened that Cranshaw and de
Beer chose to use air rather than neon in
their chamber, and this small difference
made it impossible for their chamber to

detect two or more simultaneous tracks.
Still, their work was so successful that
several other groups—in Germany, Japan,
the U.S.SR. and the U.S.—continued to
work along similar lines.

he final step—substitution of neon for

air—was taken by S. Fukui and S. Mi-
yamoto of Osaka University and report-
ed in 1959. The two Japanese physicists
were interested in developing a track de-
tector that could be used for cosmic rays.
Bubble chambers are not useful for such
work, since they cannot be triggered.
Fukui and Miyamoto found that in a
chamber containing neon rather than air
several simultaneous particle tracks
could be seen.

One big difference between the be-
havior of air and of neon in spark cham-
bers is that oxygen molecules (O,) in air
can combine with the free electrons of
the ionization trail, whereas neon atoms
cannot. The inertness of neon—and of
other “noble” gases—is explained by the
fact that it has a full complement of
eight electrons in its outer electron shell.
In contrast an oxygen molecule can ac-
quire one electron and thereby become
a negative ion (O3). The electrons are
well anchored to the oxygen molecules,
some 60,000 times more massive than
themselves, and cannot be freed except
by application of a strong electric field.

Consequently an air-filled spark chamber
requires an operating pulse of 7,000 to
10,000 volts for each millimeter of space
between its plates. This is about three
times the voltage needed for a neon
spark chamber.

The formation of oxygen ions also ex-
plains other characteristics of an air
spark chamber. If the electron in an
ionization trail can migrate freely to the
plates of the chamber, its travel time is
brief. But if it is attached to an oxygen
molecule along the way, the velocity of
the resulting ion is much slower than
that of the electron. In fact, if the mass
of a particle is suddenly increased by
60,000 times, its velocity must decrease
by the square root of 60,000, or by a
factor of about 250. Because most of the
electrons liberated in an air spark cham-
ber are slowed down in this fashion, they
require many microseconds to migrate
to the plates of the chamber. Such a
chamber therefore remains sensitive for
a long time, and in it old tracks cannot
be quickly erased.

It is not so clear why air chambers
show only one spark per gap even though
several ionization trails may be present.
It may be that at the high electric fields
needed to operate such chambers the
spark produced by the first electron
freed from an oxygen ion occurs so rap-

idly that the plates are quickly dis-
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SPARK CHAMBER, which became practical with the work of S. Fukui and S. Miyamoto
in 1959, consists of an array of thin metal plates surrounded by neon. It is also provided
with counters and a “logic” circuit for determining when a particle meeting certain criteria
has appeared. When it appears, a high-voltage pulse is sent to alternate plates and sparks
occur along the ionization trails left by each charged particle. In the example shown, a
charged particle interacts in counter A, yielding one neutral and one charged secondary.
The secondary decays in the chamber, producing two charged particles and a neutral one.
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charged below the threshold field, pre-
venting any other attached electrons
from getting free to start other sparks.
This is consistent with an observation
by Cranshaw and de Beer that only one
clectron is needed to start the spark.

Fo]lowing the announcement of a prac-

tical spark chamber by Fukui and
Miyamoto in 1959, the idea was imme-
diately taken up by physicists in the U.S.
and elsewhere. Within a matter of
months Bruce Cork of the University of
California had built a six-gap spark

SPARK CHAMBER PICTURES show the appearance of particle
tracks when the particles are curved by a magnetic field (top right)
and when thiey are not (top left). The maps below each picture
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chamber and had operated it in a beam
of particles from the six-billion-electron-
volt accelerator of the Lawrence Radia-
tion Laboratory. Almost simultaneously
James L. Cronin of Princeton University
built and operated a large 18-gap spark
chamber, which yielded high-quality
pictures of the tracks made by cosmic
rays and by accelerator-produced parti-
cles. Both of these chambers used noble
gases (neon or argon) and employed
clearing fields to erase the ionization
trails. Cork and Cronin were also the
first to conduct actual experiments using

a spark chamber as a particle detector.

In their work, as in most subsequent
experiments using spark chambers, the
occurrence of an interesting event was
recognized by a system of conventional
counters, which then triggered the oper-
ation of the chamber. Typically particles
arrived at the spark chamber at intervals
of a few microseconds and their tracks
were swept to the plates by the continu-
ous clearing field after only one micro-
second. Consequently the pulsing of the
spark chamber had to be carried out in
much less than one microsecond so that
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identify the charged particles, which leave tracks, and the neutral
ones, whose presence is inferred. The reaction at the left was seen
in a spark chamber operated at Brookhaven by James L. Cronin



the interesting track would still be there
to be detected by spark amplification.

Within the past three years a wide
variety of spark chambers have been
built, each designed to exploit certain de-
sirable features. Some have been made
with thick carbon plates to allow in-
teractions of the incoming particles with
carbon. Others have been built in the
form of a cylinder, to study the scattering
of particles by a target located on the
axis of the cylinder.

Along with several other physicists, I
have been particularly interested in the

of Princeton. The picture at right was made
in author’s two-cubic-foot spark chamber
at Brookhaven, shown at bottom of page 36.

design and use of thin-plate spark cham-
bers that can be operated in a magnetic
field. In a uniform magnetic field the
path of a charged particle of constant en-
ergy is a circle whose radius is propor-
tional to the momentum of the particle.
The idea of using a magnetic field to ob-
tain momentum information goes back
to the early davs of the cloud chamber,
and bubble chambers are nearly always
operated in such a field. The measure-
ment of the momentum of each charged
particle in a reaction is alwavs useful,
and frequently essential, for identifving
the particles and learning the details of
their interactions.

When a magnetic field is used in a
spark chamber, the sparks trace the ion-
ization trails more closely if the spacing
between the chamber plates is small. As
the spacing is reduced, however, it be-
comes increasingly important for the
plates to be flat and uniformly spaced,
and the triggering pulse has to rise from
zero to the peak voltage at higher speed.
Fukui and Miyamoto had used spacings
of 10 millimeters. Cork’s chamber had a
six-millimeter spacing. Within a few
months we found in our laboratorv at
Princeton University that the spacing be-
tween spark-chamber plates operated in
neon could be as small as two millimeters.

Unless very close plate-spacing is
wanted, the construction of a spark
chamber is not too difficult and might
make a feasible project for an amateur
scientist. A chamber with an adjustable
plate spacing of two to 10 millimeters,
the first model built bv our group, was
largely the work of college sophomores
majoring in physics. Our second instru-
ment was small but operated in a mag-
netic field. It contained 50 gaps of three
millimeters each, separated bv alumi-
num foil a thousandth of an inch thick. A
third chamber, with 128 gaps of three-
millimeter spacing and a volume of two
cubic feet, can measure the momentum
of particles with good accuracv. When
the tracks cross 100 or more gaps, the
accuracy of momentum measurement
approaches that obtainable in a good
bubble chamber.

X present the advantages the bubble

chamber retains over the spark
chamber are two. First, pure liquid hy-
drogen can be used as the only mate-
rial in the bubble chamber, thereby lim-
iting nuclear reactions to those between
elementary particles and hydrogen nu-
clei (protons). In 1960 we studied the
possibility of imitating a hydrogen bub-
ble chamber by using liquid-hydrogen-
filled hollow plates in an atmosphere
of gaseous helium. We established that
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such a chamber would work but so far
no one has needed its properties badly
enough to build one. The second advan-
tage of the bubble chamber is that it
yields very fine ionization trails, and it
produces them no matter which way the
particle is moving. The bubbles trace a
particle’s path with an uncertainty of
less than a thousandth of an inch. Even
in narrow-gap spark chambers the sparks
scatter in a region 15 or 20 thousandths
of an inch wide. Moreover, in a spark
chamber the path uncertainty increases
as the particle approaches a course
parallel to the plates.

In spite of these drawbacks the spark
chamber has two big advantages over
the bubble chamber. First, the decision
to photograph a given event can be
made after the event has occurred. Sec-
ond, because old ionization trails are
swept to the walls after only one or two
microseconds the spark chamber picture
shows only the tracks produced during
the last microsecond before the chamber
was pulsed. Because of these two fea-
tures one can select and photograph an
interesting event caused by a single en-
tering particle out of many thousands,
all arriving over a few thousandths of
a second. Each ionization trail of the un-
interesting majority of tracks is swept
away and does not remain to confuse
the picture.

The decision as to which events to
photograph is made by “logic” circuits
that analyze the output of counters,
which may be located outside or inside
the spark chamber itself. Frequently the
logic requirements are severe and the
pulses from many counters must be di-
gested and analyzed before a decision
is made whether to pulse the chamber or
not. Ordinarily a time of about 100 nano-
seconds (100 billionths of a second) is
available for the decision. This is not
uncomfortably short with present-day
circuitry. For the past 10 years it has
been practical to use circuits that operate
in 20 nanoseconds or less.

Those of us who have jumped on the
spark chamber bandwagon are naturally
enthusiastic about future prospects for
the instrument. We have found that
physicists who formerly used bubble
chambers are delighted to have a de-
vice that eliminates great masses of un-
interesting pictures. And former counter
physicists are happy to see the tracks
they knew were going through their
counters. We all know that neither bub-
ble chambers nor counters are going to
be put out of business by the new track
detectors, but to a remarkable degree
spark chambers allow us some of the best

of both worlds.
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The Sea’s Deep Scattering Layers

The sound pulses of devices used to measure the depth of the ocean are

often scattered by several “phantom bottoms™ that rise by night and sink

bv day. The animals that make up these lavers are now being identified

_\ autical charts display hundreds
of shoals rising from the deep
sea and marked “ED”—existence

doubtful. Each of them represents an
echo sounding made by some ship pass-
ing through the area. Lacking the time
to make a careful survey and fearful of
running aground, the captain simply re-
ports the reading to a hydrographic of-
fice, where it is duly recorded. More
likely than not the sounding is spurious—
a reflection not from the true bottom
but from a “phantom bottom” now
known to exist throughout most of the
seas. A ship later passing one of the
supposed shoals may find blue water to
depths of two or three miles. But hydrog-
raphers are naturally reluctant to erase
any possible hazard to navigation, so the
charts remain cluttered with fictitious
banks.

The existence of a phantom sound-
reflecting layer was not recognized until
1942. At that time physicists were ex-
perimenting off San Diego with under-
water sound for detecting submarines.
Beyond the continental shelf, over water
several thousand feet deep, their trans-
mitted sound pulses, or pings, regularly
and annoyingly returned an echo from
about 900 feet. Unlike the sharp echo
from a submarine, it was a diffuse, soft
reverberation. On pen tracings of echoes
from various depths it appeared as a
layer of heavy shadowing. The zone con-
founded experiments only during the
day; at sundown it would rise nearly to
the surface and diffuse. With the first
light it would re-form and descend to
its normal depth. It never reflected all
the sound energy striking it; the echo
from the ocean bottom could always be
detected through it, although sometimes
only faintly. The source of the unex-
plained reverberation was named the
deep scattering layer, or DSL (soon
amended to DSL’s because three and
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by Robert S. Dietz

sometimes as many as five layers are
often found).

At first it was supposed that the DSL’s,
like the D layer of the ionosphere, which
fades away at night, had a physical
cause, such as a temperature disconti-
nuity. No one, however, could suggest a
physical effect that would account for the
diurnal migration. Martin W. Johnson, a
zoologist at the Scripps Institution of
Oceanography, surmised almost at once
that the echo must come from marine
animals that rise to the surface at night
and return to the depths in the morning.

This interpretation is now universally
accepted. What animals they might be,
how they survived the enormous chang-
es of pressure and temperature dur-
ing their migrations, what physiological
mechanisms were involved in the proc-
ess—all these were mysteries. Even now
the answers are far from complete. Nev-
ertheless, this nuisance to the physicist
has presented the biologist with a pow-
erful new ecological tool for under-
standing the mass distribution of life in
the sea.

Among the first animals suggested as
a deep sound-scatterer was the squid,
which lives throughout the oceans. Some
investigators have wishfully supposed
that the DSL’s consist of vast schools
of large, commercially valuable fish. It
has been found, however, that such
large fishes, which are sometimes pres-
ent in the scattering bands, return hard
echoes that stand out against the soft
reverberations of the DSL’s. Those of
us who study echograms call the animals
“tent fish” or “blob fish,” depending on
whether their echo is traced as an in-
verted V or an irregular bulge [see illus-
tration on pages 46 and 47]. Almost al-
ways these larger fishes rise to the sur-
face at night. Sometimes they can be
“seen” on the echogram working their
way toward the surface in the evening
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along with the DSL’s. Curiously they
rarely show up in the descending scat-
tering layers of early morning. Instead
they suddenly appear at full depth.

rl’ oday it is clear that the scattering
layers consist of small, nocturnal ma-
rine organisms. They cannot be too

small; at the frequencies used by echo

DEEP SCATTERING LAYERS are well de-
veloped in this echogram, made in the deep




sounders nothing shorter than about an
inchwillscattersound effectively. Among
habitats only the sky offers as little refuge
as the sunlit upper regions of the sea.
An animal sighted by a predator in
either place is almost as helpless as
grass in a meadow. In the open sea many
small organisms conceal themselves by
assuming the same transparency and re-
fractive properties as the water itself.
Others contain poisons or have hard
shells or sharp spines. The animals of
the deep scattering layers hide in the
dark. In the daytime they seek the deep
water, where sunlight hardly penetrates;
they rise only at night to browse in the
plankton-rich surface waters.

During the day DSL’s lie at depths
roughly between 700 and 2,400 feet. At
night they rise almost to the surface and
diffuse, or they may merge into a broad
band extending down to 500 feet. The
nature and the complexity of the bands
vary with time and place. Off California
they generally lie at about 950 feet,
1,400 feet and 1,700 feet. Most places
in the ocean usually have three layers,
the deepest at an average of 1,900 feet.

Pacific off the coast of Peru. The three layers can be seen descend-
ing to depth (starting at right) with the coming of dawn. Echogram

In studying echograms covering about
200,000 miles of ship tracks, the deep-
est one I found was at 2,350 feet south
of the Aleutian Islands. This must mark
the approximate boundary of the twi-
light zone even in the clearest waters.
From bathyscaph dives we know that
the last glimmer of light fades into black-
ness at about 2,000 feet. The twilight
organisms have more sensitive eyes than
ours and their threshold of vision ex-
tends somewhat deeper. Even if their
eyes can respond to single photons of
light, as has been suggested, the greatest
depth at which they can possibly see
anything is no more than 3,000 feet.
Occasionally discrete echoes have
been observed from depths below 3,000
feet. They may be caused by animals that
sometimes descend this deep, but no one
really knows. Scattering bands also ap-
pear in the waters above the continental
shelves, which are no more than 600
feet deep. None of these compare in
importance or stability with the “true”
DSL’s, which may be defined as the lay-
ers between 700 and 2,400 feet, most
of which rise to the surface at night.

LA """.d’ il
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Sometimes the echograms show very dif-
fuse layers that stay at the same depth
day and night. They may in part rep-
resent stay-at-homes among normally
migrating species—immature forms or in-
dividuals that are resting or breeding.
Some of the layers must consist of non-
migrating organisms that always stay in
the twilight zone, probably salps, cteno-
phores, medusae, pteropods, pelagic
worms and others. In any case they too
are less important than the migrating
DSLs.

A]though we are far from knowing all
the animals that make up DSL’s in
all parts of the world, it is clear that two
groups predominate: (1) myctophids,
or lantern fish, so named because of the
luminous spots on their bodies, and simi-
lar small bathypelagic fishes; (2) shrimp-
like crustaceans called euphausiids and
sergestids. Nets towed at night near the
surface commonly pick up from one to
five of these individuals per cubic yard;
exceptionally rich bands bring in as
many as 20 per cubic yard.
Whether the fish or the crustaceans

covers about one hour. This echogram and the ones that follow
were made by vessels of the Scripps Institution of Oceanography.
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play the most important role in sound-
scattering is an open question. Edward
Brinton of the Scripps Institution of
Oceanography has found the euphausi-
ids to be 10 times more abundant than
fish off San Diego. In their effect on
sound pulses the lantern fish may offset
the abundance of the euphausiids by
their larger size—several inches com-
pared with one inch for the crustaceans.
Furthermore, many lantern fish have
swim bladders, each of which contains
a minute bubble of air that can resonate
with the sound waves to make a highly
effective scatterer.

The striking changes in animal popu-
lation with depth in the sea were known
long before the discovery of the scat-
tering layers. Most biologists have tried
to explain the phenomenon in terms of
temperature. The late Danish oceanog-
rapher Anton F. Bruun divided the
oceans into two temperature levels sepa-
rated by the 10-degree-centigrade iso-
therm. The upper, warmer zone he
termed the thermosphere; the lower,
colder region, the psychrosphere. But
the DSL’s suggest that light exerts a
considerably more important control
than temperature does. From the evi-
dence of scattering layers the sea can be
divided into three light zones: the sunlit
zone, inhabited by both plants and ani-
mals, extending down to about 500 feet;
the twilight zone, populated only by
animals, from 500 feet down to 2,400
feet; and the black abyssal region with
its few and highly specialized animals.

FULL DAY’S CYCLE of the deep scattering layers begins at far
upper right with descent from surface at daylight. The organisms
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The lower boundary of Bruun’s thermo-
sphere rises with distance from the Equa-
tor, eventually reaching the surface in the
higher latitudes. The scattering layers
show no such warping. Of course toward
higher latitudes tropical species fade out
and boreal species become predominant,
but all the animals move in response to
light, not to water temperature.

Both the crustaceans and the lantern
fish of the DSL’s display acute sensitivity
to light. On the darkest nights dip nets
pick them up at the very surface, but
even moonlight sends them down many
feet. Echograms occasionally show scat-
tering layers descending to moderate
depth as the full moon rises. With the
first glimmer of daylight, often an hour
before actual sunrise, the various organ-
isms begin their descent. Off San Diego
the myctophids, the most sensitive to
light, generally start down first, because
they must dive to the greatest and dark-
est depth. A short time later the second
layer, probably consisting of euphausi-
ids, takes form and settles, and it is soon
followed by the third layer, probably
composed of sergestid shrimps. (The
order cannot be exactly specified be-
cause it depends on the species present
in a given population at a given time.)
The layers never cross one another; each
appears to be precisely adjusted to some
particular level of twilight. Diving at
speeds of as much as 25 feet a minute,
the scatterers are at least halfway to
their ultimate levels at sunrise. Within
one hour after sunrise they attain their
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preferred depth. As the sun approaches
the zenith, however, they sink a bit low-
er to their maximum depth to avoid the
penetrating light rays. When passing
clouds darken the sky, the scatterers re-
act by rising to somewhat higher levels
than normal for the daytime.

hile aboard the U.S.S. Cacapon in

1947 I traced the DSL’s all the way
from California to the Antarctic. By day
the ever present layers, sometimes dense
and at other times thin, hung like decks
of stratus clouds between 900 and 2,100
feet. Each night the scatterers rose to-
ward the surface and diffused. As the
days grew longer the diurnal migrations
remained precisely synchronized to sun-
rise and sunset. But near Antarctica,
where the nights were reduced to a
mere four hours, the migrations seemed
to break up in confusion. The organisms
of the shadows apparently could not
cope with a 20-hour day.

The DSL’s are almost, but not quite,
universal in the deep ocean. In the near-
ly lifeless central South Pacific the bands
become extremely faint and may even
disappear completely. They do not exist
in the Arctic Ocean, where the perma-
nent cover of pack ice cuts off so much
sunlight that diatoms cannot flourish.
The Arctic Ocean is the most sterile of
all the seas.

Most attempts to photograph the scat-
tering layers on film or by television have
failed. Deep trawling with nets has also
met with indifferent success in catch-

remain at depth throughout the day, in separate layers. At night
they rise again to feed (far lower left). “Tent fish” and “blob fish”
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ing and identifving the DSL organ-
isms. They are too small and too widely
dispersed. Bathvscaph divers looking
through portholes have fared somewhat
better, at least when thev did not ex-
pect to see great schools of fish. Crus-
taceans and lantern fish have appeared
occasionally at the depth of the scatter-
ing lavers but seldom in real abundance.
On a bathvscaph dive to 3,600 feet in the
Mediterranean I saw no organisms big
enough to be effective sound-scatterers.
Down to 2,100 feet there was an in-
creasing abundance of minute suspend-
ed detritus from living plants and ani-
mals called sea snow; it scattered our
underwater light beam as dust motes
scatter a shaft of sunlight. Just below
2,100 feet the water abruptly became
crystal clear; apparently this is the boun-

appear among the layers. The “mountains” represent echoes from
the sea bottom, exaggerated 20 times in the vertical dimension.

EFFECT OF BRIGHT MOON on deep scattering organisms is to
hold them at shallow depth. Deep scattering layer can be seen ris-
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dary between the ocean’s twilight zone
—the realm of the scattering lavers and
their light-sensitive organisms—and the
almost lifeless, eternally dark waters of
the abyss.

In bathyscaph dives off San Diego,
Eric G. Barham of the U.S. Navy Elec-
tronics Laboratory has had better luck
than I have had. He has repeatedly seen
concentrations of four-to-six-inch fish be-
tween 650 and 1,000 feet; thev were
probably young hake. Hard echoes
(tent fish) often come from these
depths. Euphausiids have been found in
the stomachs of these fish, so it seems
likely that the hake feed on the scatter-
ing layer organisms.

In a recent bathyscaph dive into the
San Diego Trough, Barham reported
that he saw much sea snow but no large
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ing to surface (toward left) after moon sets. This echogram was
recorded between 11:45 p.m. and 1:15 a.m. in the eastern Pacific.

organisms between 850 and 1,200 feet.
Then he entered a zone inhabited by
deep-sea prawns. From 1,200 to 1,500
feet he saw so manv of these sergestids
that he could not count them. In the
next 200 feet he encountered a large
number of lantern fish. Below 1,700 feet
the bathvscaph entered a region rela-
tively free of large organisms. Then
trom 2,150 to 2,300 feet it sank through
a zone containing the greatest concentra-
tion of fish he had seen on any dive.
Again these appeared to be lantern fish,
as many as eight in view at a time until
he could not keep count of the sightings.
Most tended to avoid the lighted area,
and Barham saw them only at the edge
of the cone of light. Within the abyssal
zone, from 2,300 feet to the bottom at
3,900 feet, he saw only an occasional red

The echo-recording apparatus repeats its cycle for every 2,400
feet of depth; the bottom echo is actually on the fifth cycle.
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DEEP-OCEAN CHART of a portion of the Pacific between the
Hawaiian Islands and the Marshall Islands displays four “reefs”
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marked “ED” (existence doubtful). Those reported in 1945 were
found by echo sounders and could represent scattering phenomena.
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LIGHT INTENSITY (MICROWATTS PER SQUARE CENTIMETER)

INTENSITY OF LIGHT decreases with depth. The lines “Clear
coastal water” and “Clearest ocean water” refer to sunlight. Coastal
water may appear clear to the eye but is always turbid. Black verti-
cal lines denote amount of light necessary for each function.
“Small light source (man)” is the faintest light source a man can
detect. The broad light field for deep-sea fishes indicates minimum
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quantity of general daylight these fishes can see. More light is needed
to attract crustaceans, and phytoplankton require light many orders
of magnitude more intense in order to grow. The diagram is adapt-
ed from a paper by G. L. Clarke of Harvard University and the
Woods Hole Oceanographic Institution and by Eric J. Denton of the
Marine Biological Association laboratory in Plymouth, England.
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prawn, some shrimplike mysids, medu-
sae and two types of worm.

In spite of their distribution, the
DSL’s can never be a sea-food cornucopia
for man. The echo effects indicate a con-
centration no greater than a few animals
per cubic yard. Nevertheless, the ani-
mals of the scattering layer must consti-
tute an important source of food for
commercially important fish; surely they
are an important link in the food chain
of the oceans.

The DSL forms themselves feed on
tiny surface organisms: euphausiids and
sergestids are herbivores, grazing on PHYTOPLANKTON, tiny drifting plants, are the “grass” of the sea: they form the basis of
diatoms; lantern fish eat other crusta- the food chain. These are diatoms and dinoflagellates, enlarged approximately 200 diameters.
ceans that are nourished by diatoms.
The DSL population in its turn falls prey
not only to larger deep-sea fishes but
also to surface swimmers. One reason
oceanic banks and shelf margins make
good fishing grounds may be that they
are often richly populated by animals
from the DSL’s. During the night, when
they are near the surface, many of the
little creatures must drift over the banks
and shores. In the morning they are
trapped in the shallow lighted waters
and are (uickly devoured by predatory
fishes. Above the submerged tops of sea
mounts the DSL’s sometimes practically
disappear, presumably as a result of such
devastating grazing.

ZOOPLANKTON are tiny animals that feed on phytoplankton and in turn furnish food for
larger animals. These copepods, enlarged about 10 diameters, drift near the sea’s surface.

4\5 human beings we sometimes tend to
+ A forget that we are not the only end
of nature’s branching food chain. Until
quite recently the source of food of the
fur seal was a mystery. Every year dur-
ing the breeding season some three and
a half million of these voracious mam-
mals migrate from their deep-water
habitat far out in the northern Pacific
and come ashore on the Pribilof Islands.
Experience with fur seals in zoos indi-
cates that it must take three and a half

billion pounds of fish a year to feed the
enormous wild popu]ation. Yet the fur “DEEP SCATTERERS” rise from depths at night to feed in photic zone. The myctophids
(lantern fish) eat copepods; the euphausiids (crustaceans) consume the phytoplankton.

seals never seem to compete with com-
mercial fishing. Clearly they are tapping
some vast reservoir of noncommercial @Iﬁ‘@‘_‘
sea food. Recently we have learned that 5
in the deep ocean they feed largely on
lantern fish, probably catching them at
night when they rise to the surface.
Another eventual consumer of the
twilight animals is the cachalot, or sperm
whale. Unlike the seal, it goes down to
hunt for its food. Although it is a mam-
mal, forever tied to the surface, it some-
times takes a single gulp of air and dives
as much as two-thirds of a mile to forage. g‘-—%f
The cachalot does not feed on the scat- :
tering-laver organisms but eats the [LARGER ANIMALS, such as this squid and herring, may well eat the organisms of the
S(illids and larger fishes—the echogram deep scattering layers at night near the surface. Fur seals also feed extensively on myctophids.
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blob fish and tent fish—that do feed on
the scatterers. These constitute its whole
diet. Many rare species of deep-sea
fishes are known only from the stomach
contents of the sperm whales that
abound around the Azores and are still
harpooned from open boats as they
were by the New Bedford whalers of
old. Apparently the animals of the deep
scattering layers are safe during the day
trom foraging by the plankton-sieving
baleen whales. According to the whale
expert Raymond M. Gilmore of the Mu-
seum of Natural History in San Diego,
Calif., these whales limit their dives to

SN

SCATTERING-LAYER ORGANISMS include crustaceans and
fishes. Among them are (top to bottom) a euphausiid, a sergestid
and two forms of myctophid, or lantern fish. The animals range in
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the upper 200 to 300 feet of the sea, or
considerably above the DSL’s.

A basic tenet of oceanography is that
parcels of water throughout the ocean,
although they look exactly the same,
in reality differ from one another. We
do not need precise chemical analyses
to prove the point: the organisms of
the sea are remarkably sensitive indi-
cators. Nothing illustrates variation in
the sea more dramatically than echo-
grams and their DSL’s. For example,
off Peru the echograms are heavily
blackened by the teeming life of the
Humboldt Current, but a little farther

A

I

Y,
N
Nl

out the life dwindles to nothingness.
The scattering is an index of organic
productivity and in turn of those chemi-
cal factors that control the distribution
of living things.

It is unfortunate that the world’s ex-
panding population cannot look to the
deep scattering layers as a direct source
of food. Nevertheless, the organisms of
the DSL’s are well up in the pyramid
that requires 1,000 pounds of diatom
fodder to support the growth of a pound
of commercial fish. The deep scattering
layers play a major role in the biological
economy of the seas.
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size from about an inch for the euphausiid up to three inches for the
lantern fish. The four spots on the euphausiid and the similar spots
on the myctophids are photophores, or light-producing organs.



Kodak reports on:

a decision for infrared optical designers... KODAR—a name with a ring to it...
how to cope with many, many, many oscillographs

Achromat for roasting

We have designed and constructed for
Lockheed-California Company a 2115-
inch f/3.6 lens which is not even trans-
parent by visible light but is a jim dandy
by infrared. The minimum circle of con-
fusion as ‘“‘seen” by the 2u-5u band and
measured at a diameter 859, down from
peak intensity is only .003” larger than
the .002” diameter of an impossible
perfect image of our testing source.
Furthermore, since both elements of
this achromat are made of Kobpak
IRTRAN optical materials, the lens can
get as hot as 500C without blinding
itself by its own radiation.

Anybody else who needs an achromat for
any two infrared wavelengths should decide
whether to buy the IRTRAN blanks and
proceed on his own or whether to have us
design and deliver it ready to go. Eastman
Kodak Company, Special Products Division,
Rochester 4, N. Y., can assist in the decision.

The improvement of capacitors

This is being written by a man wearing a
suit and necktie of blended KobEL
Polyester Fiber. Until we came out with
“KoDEL,” the way to be chemically
specific about polyester fiber, sheeting,
and film without mentioning somebody’s
trademark was to say poly(ethylene
terephthalate).

Whereas p(e t) is

0 0
[-o.c.©-c-o-cx lz-CHz-Jn

KoODEL polyester is

o o
CHa-CH,
-O—C-@-C-O-CH:—CH CH-CHy- |

CH>-CH2

That large added ring preserves the
o

bond between -C and O- against mois-
ture attack and raises the melting point
substantially to as high as 290C. Thence
stem complex consequences that have
encouraged us to market the polymer in
addition in granular form as TENITE
Polyester and to bring into production
a new plant at Orangeburg, N. Y. that
puts it out as biaxially oriented KopARr
plastic film.

You cannot take pictures on KoDAR,
but of the many other things you can
do with it, one of the most impressive
is to roll it up with metal foil into
capacitors.

When the president of Kodak visited

the laboratory where the many electrical
advantages of Kopar were discov-
ered, we set up ten .05-ufd 200-v capac-
itors for him, identical except that five
of them had that cyclohexane ring in
the polyester and five did not. We put
them all in an oven at 185C and applied
700 volts of dc across them. Within
three minutes all five of the p(e t)’s had
shorted out. This was the logicalmoment
for the president to leave, but realism is
company policy. The president wanted
to watch the first of ours fail. It took 10
minutes. With the relief of tension as
soon as he left the room, we absently
turned off the test. Statistically we
calculate that the last of our five would
have detained him 30 minutes. That was
four years ago. Kopar dielectric film
has continued to improve.

On March 26, 1959, having replaced
15 of the regular capacitors in a TV set
with our kind, we set it to running
9 hours a day, 7 days a week. All other
components that failed (naturally, there
were many) we replaced. For the
Electrical Insulation Show in February
this year we removed the set from the
room where the lab manager hides it
and took it to Washington. It was the
hit of the show. The coincidence that it
happened to be the only TV set in the

hall on the day when the first American
was orbiting the earth might have
helped focus attention on it. It would
not have been a good place to have one
of our capacitors go. (Life is full of
tensions. Everybody knows that next to
the tubes, the most likely components to
fail are capacitors.)

On the table alongside the TV set in
the picture above is a tone generator for
an electronic organ. It uses 53 capacitors
made of Kopar dielectric film. It has
been operating 24 hours a day since
10 a.m., April 20, 1959 except for travel
time to the show and outage to replace
other major and minor components that
have failed.

Back home in Tennessee we have a
controller that we built to represent by
capacitor charge the temperatures at 100

points in a chemical plant process. It
senses rates and corrects accordingly.
We couldn’t find any other capacitors
with sufficiently low leak rate, low
dissipation factor, and constancy of
capacitance with temperature, so we
equipped the instrument with 200
KopAR film capacitors.

The remarkable fact is that these capaci-
tors can be cheaper than p(e t) ones because
the inertness of KODAR to high tempera-
ture and humidity lets it act as its own
monolithic case and survive conditions that
crumble even the cased p(e t) variety into
dust. Furthermore, without the variation
introduced by measures necessary to pro-
tect the p(e t), capacitance can be held to
+29% at little added cost to pay for the
rejects. The prominent capacitor manu-
facturers know all about this. If you want to
be one yourself, you can find out a great deal
more from Eastman Kodak Company,
Plastic Sheeting Division, Rochester 4, N. Y.

Feet, not inches

America’s oscillographs are spewing out
paper so fast that processing facilities
are swamped.

To smash the bottleneck, we marketed
last autumn what we called Kopbak
EKTALINE Paper and Chemicals. In-
stant success.

We were a little crafty. We advertised
180 inches/min processing speed and
hoped that would sound fast. (You can’t
hang us, since available oscillogram
processors couldn’t operate much faster.)

How primitive that figure looks, now
that the last link of the EKTALINE
chain is in place!

We hereby offer the new Kobak
EKTALINE 200 Processor that processes
Kobak EKTALINE 12, 16, or 18 Paper at
200 ft/min. (Feet, not inches!) With this
machine in your darkroom, evaluation
of a 475-foot roll of data can commence
less than 3 minutes after the paper has
been brought in from the oscillograph
and placed on the supply spindle. You
can operate the machine slower if
you want to.

It stands 66 inches high by 31 inches wide
by 52 inches long. Threading, cutoff, and
winding are all automatic. The machine pre-
sents you with tight, evenly aligned rolls.
Quality of the result meets our ridiculously
high standards. We'll sell you the machine
for 819,500. If people are standing around
waiting for their data, you can’t afford to go
much longer without addressing an inquiry to
Eastman Kodak Company, Professional
Apparatus Division, Rochester 4, N. Y.

Price subject to change without notice.

This is another advertisement where Eastman Kodak Company probes at random for mutual
interests and occasionally a little revenue from those whose work has something to do with science
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a vacuum pump
as compact as

Yes, designed for compact-
ness . . . and with no costly
extras to buy. Saves up to
509, of your valuable floor
space. But these are just a
few of the revolutionary fea-
tures of the new Stokes
Series H Microvac pump,

Find out why Stokes offers
you more pumping perform-
ance per dollar. Just write:
Vacuum Equipment Division,
F. J. STOKES CORPORATION,
5500 TABOR RD., PHILA. 20, PA.

STOKES

SEND TODAY
for your free
Vacuum Slide Calculator!

el et g ol T

A

m

Two Neutrinos

massive experimental effort, al-
most two years in the planning
and execution, has demonstrated
that two distinct kinds of neutrino exist.
One of them is connected in some way
with the electron; the other, in apparent-
ly the same way, with the mu meson, or
muon. The experiment was performed
with the 30-billion-electron-volt accel-
erator at the Brookhaven National Lab-
oratory by a group of physicists from
Columbia University and Brookhaven.
In 700 hours of actual running time over
the past six months 50 mu-type neu-
trinos were caught, out of an estimated
total of 100 trillion that passed through
a 10-ton detector.

The neutrino is a massless neutral
particle that was first proposed about 30
years ago to explain an apparent dis-
crepancy in the process known as beta
decay—the emission of an electron (or
positron) by a radioactive nucleus. The
energy of the emitted electron is almost
always less than the nuclear energy lost.
It was suggested that the missing energy
is carried away by an undetected parti-
cle emitted together with the electron.
Theory indicated that the particle,
named the neutrino, would be almost
undetectable because of its fantastically
small probability of interacting with
other forms of matter (see “Neutrino
Astronomy,” page 90). The beta-decay
neutrino was directly detected only
seven years ago.

Meanwhile, in studying the decay of
the pi meson, or pion, physicists noted
another energy discrepancy. The pion
turns into a muon, but again with miss-
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ing energy. By analogy the physicists
who first saw the decay assigned the en-
ergy to a “neutretto.” Subsequent experi-
ments showed no differences between
the properties of neutrettos and neu-
trinos, and so it was generally assumed
that they were all neutrinos or, strictly
speaking, neutrinos and antineutrinos,
since every particle has an accompany-
ing antiparticle. (Neutrinos are created
with positrons in beta decay; antineu-
trinos, with electrons.)

There was no theoretical reason, how-
ever, why the particle created with a
muon should be the same as the one cre-
ated with an electron. A few years ago
suspicions began to arise that they were
not the same. Certain reactions that
would be expected to occur if the two
neutrinos were identical could not be
found. In particular the muon should
have decayed occasionally into an elec-
tron and a photon (quantum of light).
Its failure to do so was termed the muon-
decay crisis; several physicists noted that
the crisis would be averted if the muon-
connected neutrino were different from
the electron-connected one.

At the same time the possibility
emerged of putting the question to a test.
Ordinary neutrinos—of either sort—are
so hard to detect at all that the task of
distinguishing between them is virtually
hopeless. But neutrinos with high en-
ergies should, according to theory, inter-
act more strongly and so be easier to
detect. The huge 30-billion-electron-
volt accelerators at Brookhaven and at
the European Organization for Nuclear
Research (CERN) in Geneva were just
being finished, and they were expected
to furnish neutrinos with enough energy
to make an experiment possible.

The experimental phase of the Colum-
bia group was to allow a pure beam of
muon-connected neutrinos to interact
with nuclei in a target material and to
examine the products of all the reac-
tions. If all neutrinos are the same, then
their interactions should produce elec-
trons and muons impartially. If they are
not the same, muon-connected neutrinos
should make only muons.

The target consisted of 10 tons of alu-
minum in the form of inch-thick, four-
foot-square plates in a “spark chamber”
(see cover of this issue). A high voltage
between successive plates caused a spark
trail whenever a muon or electron passed



through the chamber. Muon trails look
different from electron trails.

To obtain the beam of test neutrinos,
the proton beam of the accelerator was
directed against a beryllium target, pro-
ducing a beam of pions. These were
allowed to decay into muons and neu-
trinos over a 60-foot path. Then the
muons and undecayed pions were fil-
tered out through 42 feet of solid iron.
The neutrinos, which passed through the
iron almost as if it were not there, con-
tinued into the spark chamber. Counters
placed around the chamber were ar-
ranged so that sparking voltage was ap-
plied only when the charged particles of
an “event” originated within the cham-
ber and did not come in from outside.
By thus reducing the background of un-
wanted tracks the experimenters were
able to photograph and count the tracks
of the extremely infrequent reactions
they were looking for.

They observed 50 such reactions in
about six months. In 29 reactions a sin-
gle energetic muon was produced; in the
other 21 reactions, muons were produced

together with other particles. There were |

no energetic electrons. Therefore the
muon-connected neutrino is intrinsically
different from the electron-connected
neutrino, although no one as yet has the
faintest idea wherein the difference lies.

The experiment was conducted by
Leon M. Lederman, Melvin Schwartz,
Jack Steinberger, Jean-Marc Gaillard,
Konstantin Goulianos and Nariman Mis-
try of Columbia and Gordon Danby of
Brookhaven.

Another Twisted Molecule

he structure of ribonucleic acid

(RNA), after puzzling investigators
for more than a decade, turns out to
resemble closely the double-stranded
configuration of deoxyribonucleic acid
(DNA) proposed in 1953 by James D.
Watson and F. H. C. Crick. The determi-
nation of the RNA structure is reported
in Nature by M. Spencer, W. Fuller,
M. H. F. Wilkins and G. L. Brown of
King’s College London.

Although DNA and RNA both consist
of the subunits called nucleotides, their
roles in the living cell are quite differ-
ent. DNA is the hereditary material—the
genes. RNA has two well-established
functions. “Messenger” RNA carries in-

at
NORTRONICS

A DIVIBION OF HNORTHRAGP CORPORATION

THEY USE

POTTER

printers for the

POLARIS

¥ Missile Check-out &

Navigation Systems

The Polaris missile tactical and
readiness check-out system
and the navigation system op-
erate on a round - the - clock
schedule to achieve extreme
accuracy.

Potter M3366 high speed print-
ers and associated electronics
were chosen for these demand-
ing systems to provide fast,
accurate print-out of computer
data.

These rugged militarized
printers provide optimum re-
liability at rates exceeding 300
lines per minute in 20-column
format.

Potter produces a variety of printers with speeds
up to 1000 alpha numeric lines per minute and a
range of 20 to 160 columns. Information and speci-
fications on a model for your particular application
are available on request. Write today.
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“Hardened Liyes”
for the Enterprise

The new U.S.S. Enterprise is a ship full of
superlatives. “Queen of the Seas,” she is
the world’s largest ship, the world’s first
nuclear-power carrier. She displaces 8,000
tons more than the Queen Mary, and stood
on end she would be as tall as the Empire
State Building. On her sea trials, Enter-
prise did over 35 knots, leaving her de-
stroyer escort in her wake. Six squadrons
of supersonic interceptors and bombers
give her an offensive punch unmatched in
history. Her “eyes’ are new Hughes long
range detection and 3-dimensional target
tracking radar antennas—hardened to
withstand even atomic blasts. Modern as
the Enterprise herself, these new antennas

Ap-

are a radical flat-faced type. In operation
they make no mechanical movement, in-
stead, they position radar beams electron-
ically. Unlike the conventional “rock and
roll” antennas, these new antennas have
no parts to wear out, no fragile assemblies
to break down. With 8 of these new Hughes

i
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antennas mounted to the 4 sides of her
control tower (see photo below) the Enter-
prise can scan infinitely greater ranges. Her
commanders can keep continuous track of
a great many aircraft flying at supersonic
speeds, at all altitudes and in all directions.
Hughes engineers at the Fullerton facility,

Revolutionary Hughes 3-D, flat-faced radar an-
tennas are mounted on all four sides of the Enter-
prise tower. Each antenna can track many
targets simultaneously—providing range, bearing
and altitude information without physical motion
of any kind.

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY



working with the Navy, pioneered the con-
cept of 3-D radar—the most important ad-
vancement in the art since radar itself was
invented. The first prototype Frescan was
delivered in 1957. Today this advanced
radar is aboard many of the Navy’s latest
missile cruisers and destroyers. Systems

management at Hughes includes proj-
ects in all areas of advanced electronics,
space and missile work. Current activities
include the SURVEYOR lunar landing
spacecraft, Falcon air-to-air missiles, ion
engines for long space journeys, “Missile
Monitor” truck-mounted air defense sys-
tems, airborne controls systems for the
F-106, and VATE computer-controlled
missile checkout systems.

formation from DNA to the cellular par-
ticles called ribosomes, instructing them
how to synthesize proteins. “Transfer”
RNA comes in 20-odd varieties specifi-
cally coded to recognize each of the 20-
odd amino acids that are assembled into
proteins. Transfer RNA delivers amino
acids as needed to the ribosomes.

The British workers focused their ef-
forts on transfer RNA because its mo-
lecular chain contains only about 80
nucleotide subunits. It is therefore con-
siderably smaller than messenger RNA
and easier to purify. They found that
when transfer RNA from baker’s yeast
was obtained in crystalline form, it pro-
duced clear X-ray-diffraction pictures in
which previous ambiguities could be re-
solved. They concluded that the poly-
nucleotide chain of RNA is folded dou-
ble and twisted into a helix. The helix
is about 100 angstrom units (a mil-
lionth of a centimeter) long and is
twisted around its long axis about three
and a half times. As in DNA the two
chains of the helix are cross-linked by
pairs of subunits called bases. In RNA
these pairs are adenine linked to uracil
and guanine to cytosine. Because of this
base pairing, transfer RNA should con-
tain equal numbers of adenine and ura-
cil units and of guanine and cytosine
units, if one ignores the bases at the
folded end of the helix and a small un-
paired remnant at the opposite end. The
equivalence has been confirmed by base
analysis.

The distinctive feature of the RNA
molecule is the fold, or junction, at one
end, which consists of at least three un-
paired nucleotides. These three units
may specify a particular amino acid,
matching the code for amino acid se-
quence dictated by messenger RNA.
The function of the remaining nucleo-
tides may be to react with a specific
amino-acid-activating enzyme so that
the correct amino acid is picked up by
the transfer RNA. The British group has
evidence that extensive helical regions
exist in all other forms of RNA.

Best Clock

An atomic clock has been built with
4} the simplest of all possible “pen-
dulums,” or resonant systems—free hy-
drogen atoms in the ground (lowest
energy) state. As a result it runs more
steadily than any other timepiece in ex-
istence. In its present version it gains or
loses at the rate of a few seconds in
100,000 years, which represents about
100 times the precision of the best pre-
vious atomic clocks.

All such clocks are based on a transi-
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tion from one quantum energy state to
another in a group of atoms or molecules.
Each transition produces (or absorbs)
electromagnetic radiation of a character-
istic frequency. In principle the fre-
quency is unique, but in practice it is
spread over a range of values by inter-
actions among various electrons of the
atoms or molecules. Hydrogen has only
one electron, and free hydrogen atoms
are therefore subject to a minimum of
frequency spread.

In the ground state of hydrogen the
electron can have its magnetic axis paral-
lel to that of the proton of the nucleus
or antiparallel. (Both proton and elec-
tron have magnetism because of their
intrinsic spin.) The parallel alignment
has slightly more energy, and when the
atom shifts to the antiparallel configura-
tion it emits radiation of 1,426 mega-
cycles per second. The difficulty in using
hydrogen for an atomic clock has been
that, in the usual arrangement of the
device, the radiating atoms spend less
than a thousandth of a second in the
resonating cavity where their energy
must be released. This is too short a time
for a significant proportion of atoms
to flip to change alignment and emit a
photon of radiation.

Now Norman F. Ramsey, Daniel
Kleppner and H. Mark Goldenberg of
Harvard University have resolved the
difficulty by trapping hydrogen atoms in
a storage chamber for a long enough
time to obtain useful quantities of en-
ergy. The chamber is a quartz bulb
coated on the inside with a silicone com-
pound with which hydrogen atoms do
not interact. As a result they can collide
with the wall tens of thousands of times
and still retain their energy for an even-
tual spontaneous transition. Hydrogen
atoms are introduced into the bulb after
passing between the poles of a magnet
that diverts atoms in the lower-energy,
antiparallel configuration and admits
only those in the parallel configuration.

When the first storage-bulb maser was
built, it proved so much more accu-
rate than existing atomic clocks that it
could be tested only by building an-
other. Comparison of the two has shown
that the device can maintain a 1,426-
megacycle radiation with an error of
only a few parts in a million million.
The ultimate hope is a precision of one
part in 10'3—a gain or loss of one femto-
second per second (see below).

It’s a Femto- World

The scientific imagination is proving
richly equal to the task of thinking
up new prefixes to accommodate the
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Nozeworthy Notes on Digital Measurement / First in a Series

By SAM PUCKETTE

District Manager

Non-Linear Systems, Inc.

Del Mar, California

and

HENRY W, LAUB

Project Engineer, Cell Development
Diamond Alkali Company

Deer Park, Texas

Digital Measuring Technique
Yields up to $8,000 Annual Saving

A simple, digital measuring technique that
can result in significant savings in AC or DC
power helped solve a production problem
for Diamond Alkali Company.

The problem centered around the ques-
tion:

“How do you measure very small changes
in voltage quickly and accurately?”

The method used by Diamond Alkali to
detect small voltage drops can provide
power savings in such applications as elec-
trolytic processing, electrical power genera-
tion, and in the nuclear sciences. More
broadly, it can serve as a general design
tool by accurately and automatically meas-
uring a wide range of voltages.

In the specific case of Diamond Alkali,
personnel at the diaphragm plant in Deer
Park, Texas, had believed that optimum
placement of internal cell components
would provide more efficient use of power
in producing chlorine from sodium chloride
brines by electrolysis. Also, voltage drops in
bus bar connections had to be minimized
to reduce power loss. In fact, a voltage drop
of 0.01 volt at 30,000 amps would result
in a loss of $8,000 a year. But because the

Digital voltmeter is used to detect small voltage drops.
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voltage changes involved were only several
hundredths of a per cent, it was difficult to
recognize them with existing equipment.

The answer was a bit of ingenuity and
an automatic digital voltmeter made by
Non-Linear Systems, Inc., originator and
world’s leading manufacturer of DVM’s. By
allowing one or two men to make the meas-
urements and observe instantly and acc1-
rately changes as small as one millivolt in
5 volts, the NLS 4-digit voltmeter (now
$1,460) aided in producing power savings
of up to $8,000 annually in this one area.
Of significance was the fact that personnel
making measurements could observe the
digital readings from as far as 30 feet away.
A long cable permits the operator to place
the input probes anywhere along the long
line of chlorine cells.

For information on how digital voltmeters
and other digital measuring instruments
might be of assistance to you, please contact
one of the 19 NLS factory offices or write
Non-Linear Systems, Inc., Del Mar, Calif.

non-linear systems, inc.

PHOTO COURTESY-DIAMOND ALKALI COMPANY
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decimal system to the worlds of the very
small and the very large. A list of pre-
fixes recently approved by the Interna-
tional Union of Pure and Applied Phys-
ics contains some rococo additions to
the vocabulary.

Deci-, centi- and milli- still mean tenth
(1071), hundredth (1072) and thou-
sandth (1073). Micro- for millionth
(107%) is passing into general usage, but
nano- (107?) and pico- (10712) are still
somewhat special. Ready and waiting for
things to get small enough are femto-
(10715) and atto- (10718). In the other
direction the list is sparser, proceeding
from kilo- (10%) and mega- (10%) to
giga- (10?) and tera- (10'2). Compound
prefixes are discouraged. Don’t say
micromicrofarad, say picofarad; it is not
kilomegawatt but gigawatt.

Perfect Crime

GGTVIy death is premature. I have been

-~ assassinated by the English oli-
garchy and their hired murderer....”
Napoleon Bonaparte entered this solemn
charge in his last will and testament,
signed on April 15, 1821, in the sixth
year of his captivity on the lonely island
of St. Helena in the South Atlantic. He
died there three weeks later, not yet 52
years old.

The finding of the autopsy conducted
by his warders was cancer of the stom-
ach. Although Napoleon was endowed
with a robust constitution and enormous
vitality, he had fallen into chronic ill-
ness almost from the time he set foot on
St. Helena. Eyewitness accounts of his
wretchedness have caused many medical
writers to question the official diagnosis.
From such secondary evidence it has
been deduced that the fallen conqueror
suffered from a great variety of diseases,
from epilepsy to syphilis. Last October
in Nature three physicians published
primary evidence indicating that Napo-
leon’s own diagnosis was the right one.

Sten Forshufvud and Anders Wassén
of Goteborg, Sweden, working on the
theory that Napoleon had been mur-
dered by arsenic poisoning, enlisted
Hamilton Smith of the Department of
Forensic Medicine at the University
of Glasgow to test a few short strands of
Napoleon’s hair for the presence of ar-
senic. Smith applied the technique of
neutron-activation analysis. He exposed
the sample of hair along with a control

| sample of arsenic for 24 hours in the

neutron flux of a nuclear reactor at the
British Atomic Energy Research Estab-
lishment at Harwell. He then gauged
and compared the radioactivity of the
two samples for the presence of radio-
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Woof

Warp is the threads that run the long way in woven fabric, and woof is the threads that run the short way. When
they are interwoven, a strong and useful product results. x Let’s say the warp is the Department of Defense and
that the fabric desired is an effective national defense. The Institute for Defense Analyses helps to weave in the
technical inputs that make the fabric strong. x IDA is an association of nine universities, formed at the behest of
the government to serve as a medium by which the academic and scientificcommunity can provide the technical
advice needed in the Department of Defense to develop the fabric of national defense. Many universities that are
not Members also participate in the substantive work. x The 1D A roster is filled from all sources of scientific and
engineering talent from industry, from research laboratories, and from academic faculty and graduates. Therpa
staff grapples with problems of great moment, and often of great urgency, in which science is a principal ingredi-
ent. x Thus IDA weaves separate but interdependent strands into the protective clothing of the national body. Its
work involves the highest level of sophistication in technology, and affects the highest level of responsibility in
the national defense. x IDA seeks highly qualified scientific and engineering talent. A permanent career with 1D A is
a most satisfying possibility for capable people.1DA also welcomes, and due to its unique nature can put to good
use, learned and skillful people for comparatively short periods of time.If you feel you are qualified to makea con-
tribution to this vital work, & wish to do so, let’s discuss the matter.It’s possible that you could bea great help to us.

INSTITUTE FOR DEFENSE ANALYSES Department A, 1 7 10 H Street, Nw,Washington 6, DC An equal opportunity employer
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This beautiful instrument is the result of sixteen
years of single-minded devotion to the idea of
creating the finest and most versatile small tele-
scope in the world.

Questar is the successor to the old-fashioned
single-purpose telescope. No telescope since
Galileo so frees you from the fetters of tradition
in so many ways. Gone are the great long tubes,
the heavy mountings and the counterweights of
18th century instruments. No longer need you
assemble, from coffin-like wooden chests, a 7-
foot contraption that trembles at your every
touch and requires that you observe from several
acrobatic postures. This little fellow weighs but
7 pounds, its case but 4 pounds more. It is the
one you should consider owning, because it is
the one you can take with you, the one you will
use and most frequently enjoy.

The secret of this delightful portability is the
stubby 8-inch barrel into which 4 to 50 feet of
effective focal length are optically folded.
Questar’s superfine optical system represents
the first basic discovery in telescope optics in
200 years.

Questar is not one instrument, but five. Superb
for terrestrial viewing, it will reach out and bring
the world to you with simple ease and conveni-
ence, its great power under fingertip control. It
will read this page at 100 yards, resolve leaf
stems a mile away, and bring to your delighted
eyes a host of distant things you did not know
were there. With Questar you sit in the center of
a circle 2 miles in diameter, where nothing seems
to be more than 33 feet away—the distant bird
almost within your grasp.

But Questar, too, is something wholly new—
the first long-distance microscope. Incredibly
enough, its great magnifying powers may be
focused on things but 10 feet from it, indoors or
out. A whole new world awaits your exploration,
where ants are big as horses.

For celestial use, Questar’s convertible table-
top mounting assumes the full polar equatorial
form. It has every refinement of large observa-
tory instruments: continuous 360° slow motions,
electric drive, circles, sidereal clock, clamp, and
safety clutches. Its deep blue sapphire-plated
perpetual star chart has 340 principal stars upon
its grid, and rotates with the seasons. It pulls
forward to become a dewcap, revealing a large
moon map engraved upon the barrel sheath.
Built-in power changes and a wide-field finder
view are yours at finger flick—you need not even
move your head. The eyepiece is inclinable to
save your neck, while the total comfort of your
seated observing position will surely spoil you
for all other telescopes.

QUESTARS MAY ENTER THE UNITED KINGDOM DUTY-FREE. DETAILS OF PROCEDURE ON REQUEST.
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By day your Questar becomes the safest of all
solar observatories, using the patented Questar
sun filter that keeps the sun’s injurious light and
heat where they belong, outside the instrument.

Finally, Questar’s magnificent resolution may
be utilized for taking pictures at basic focal
lengths of 49 and 56 inches, using 35-mm. single-
lens reflex focal-plane-shuttered camera bodies
axially mounted. You simply flip a small lever
and adjust focus to change from eyepiece to
groundglass viewing.

A recent unbiased report says: ‘‘Questar is one
of the most desirable photographic instruments
ever handled. However, its small size and light
weight may deceive many prospective purchasers
into thinking it can be handled like any 135- to
400-mm. lens. It cannot be. By the nature of its
tremendous focal length, tiny size andlight weight,
the utmost precision and care must be taken to get
good pictures. When the Questar doesn’t deliver
good results, it’s you, your camera or your tech-
nique that’s at fault.”

Turning Questar’s great powers upon the
world lets you see the trembling air that must be
outwitted for very long distance shots. Under-
standing nature’s requirements is the real task
and challenge to your skill.

We believe Questar to be the world’s sharpest
lens system for its 3.5-inch aperture, which
should resolve 1.4 and 1.3 seconds of arc at best
by the classical Rayleigh and Dawes criteria. But
by the time we are through testing and rejecting
(and the final test is on the stars at night) those
Questars that survive are little jewels, each one
a triumph of the gersonal artistry of an optician
who has trained himself to make unmeasurably
fine aspherically figured optics. And each sur-
vivor must resolve to better than 1 second. In
1961 a standard Questar resolved a pair of
double stars only 0.6 second apart, and during
that year we voluntarily rejected 168 finished
Questars to deliver 326. Most of the rejects
would have passed the Dawes test. But we
worked their optics over and over until they
either did far better or became too thin and
were scrapped.

This would be a mighty poor way to run a rail-
road, but it is the only way we know to make
Questars, with skill and sweat and patience with-
out end. It may explain why Questar stands
alone, for no one else seems to attempt the super-
fine high-power compound telescope.

Questar is made and shipped by mail to all
parts of the world from this address, at one net
factory wholesale price to all. We are sorry, but
no dealer inquiries can be answered, for there
are no dealers, and no sales commissions. Prices
start at $995.00. Please write for the famous
Questar 32-page illustrated booklet. Star-tested
instruments are usually in stock for immediate
delivery. Our phone number is 215-862-2866,
and you can call us Mondays through Fridays.

B o o L

QUESTAR

BOX 20, NEW HOPE, PENNSYLVANIA
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active arsenic 16. The hair showed an
arsenic content 13 times higher than
that normally found in human hair. It
was impossible to tell, however, “wheth-
er the arsenic was evenly distributed (as
expected in continuous exposure) or
located in one point (as would be the
case in a single large exposure).”

Their report and its concluding quali-
fication brought the gift of a much more
substantial sample of Napoleon’s hair, a
lock shaved from his head on the day
after his death and long enough to be
tied in an overhand knot. Smith was al-
lowed to select a number of hairs about
five inches long, a length that represents
a year’s average growth. After exposure
in the Harwell reactor these were cut
in short lengths, each representing about
two weeks of growth. The measurement
of arsenic content in each short length,
plotted against time, now yielded a
curve showing that Napoleon must have
been fed arsenic intermittently through-
out the last year of his life.

Reporting their new findings in
Nature, the authors observe that the
“periodicity of the exposures agrees re-
markably well with what can be de-
duced about the course of Napoleon’s
disease from the accounts of eyewit-
nesses.” They declare, however, that “no
estimate of the size of the arsenic dosage
given to Napoleon can be made on the
basis of our results; such very desirable
information could probably be obtained
after exhumation of the corpse.”

Smooth Venus

Radar signals beamed through Venus’
dense cloud cover have revealed
that the surface of the planet can have
practically no great hills or valleys and
very few irregularities of more than a
few feet in height. These conclusions
have emerged from two sets of radar ex-
periments, one carried out at the Jet.
Propulsion Laboratory of the California
Institute of Technology and the other at
the Massachusetts Institute of Technol-
ogy’s Lincoln Laboratory.

In the Jet Propulsion Laboratory
study, reported in The Astronomical
Journal by Gerald S. Levy and Danver
Schuster, Venus was scanned with a
double beam of 12.5-centimeter radio
waves. One part of the beam consisted
of a horizontally polarized wave, the
other of a vertically polarized wave a
quarter of a wavelength behind the hori-
zontal component. When such a com-
bined beam strikes a rough reflecting
surface, the relations of its component
waves are distorted, and the amount of
distortion is a measure of the roughness



IMPACT

Modern simulators are evidence of the impact electronics has had on many
relationships between man and machines. Science has created systems influ-
enced by more factors than the average person can readily visualize and
simulators provide the analogs that pre-determine the effect of variables on
the performance of a system or its human operators.

Tung-Sol components fully meet the exacting requirements of simulators

-~
—as well as the many systems they simulate. Uniformity and reliability are 8 u
steady-state characteristics of Tung-Sol transistors, diodes, electron tubes Wl
and switching and indicating devices. Tung-Sol components are found wher- §3 =

ever critical standards must be maintained in high volume production. In-
tensive experience in the application of both vacuum and solid state compo-
nents, including modules and sub-assemblies, makes consultation with

Tung-Sol engineers a practical starting point for the successful development @ T U N G - s 0 l
of circuit design ideas. Tung-Sol Electric Inc., Newark 4, New Jersey.
ELECTRON TUBES AND SEMICONDUCTORS —LAMPS FOR INSTRUMENTATION
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Display of Integrated Wavelorm
Translormer secondary woltage inte-
grated and plotted against the trans-
tormer primary currenl—for study ol
B-H loops of transformer cores.

Display of Logarithmic Response
Two pulses of widely varying ampli-
tudes—lor observation of 100-volt
pulse and 0.1-volt pulse in the viewing
area.

VOLTAGL

Display of Differentiated Wave-
form —Tunnel diode In ligquid helium
—for detection of quantum phenom-

uNIt
. ena at low temperature.

TYPE O OPERATIONAL QMPIII:‘I!I PlIJG‘I"f.

vouth om

For
OSCILLOSCOPE
MEASUREMENTS
Under
DYNAMIC
CONDITIONS

P -

TYPE O UNIT —for Tektronix Oscilloscopes that accept letter-series
plug-in units.

® Using this new Operational Amplifier Unit in your Tektronix Oscillo-

scope, you can perform precise operations of integration, differentiation, function
generation, linear and non-linear amplification.

You can accomplish many of these operations by simply manipulating the
front-panelcontrols—for the Type O Unitfeatures convenient selection of precision
input and feedback components.

You can use the Type O Unit as a gated integrator ... as a high-input imped-
ance amplifier . . . as a bandpass amplifier . . . as a constant-current drive ampli-
fier...as a peak-memory amplifier...as a function generator...as a capacitance
measuring device . .. as a low-current measuring device ... and for many and
varied other specialized operations—some performed with external circuitry and
some without.

2 Complete Operational Amplifiers—each
featuring 15 mc open-loop gain-bandwidth
product, open-loop dc-gain of 2500, select-
able input and feedback impedances, drift
rejection for ac integration. For combined
operations, output of one can be applied
to input of the other.

1 Complete Vertical Preamplifier—can be
used independently or to monitor the out-
put of either operational amplifier. In a
Tektronix Type b540-Series Oscilloscope,
the passband is dc-to-25 mc, the risetime
is 14 nsec, and the maximum calibrated
sensitivity is 50 mv/cm.

TYPE O UNIT.... ..

U.S. Sales Price, f.0.b. Beaverton, Oregon

s e e e s e

To arrange a demonstration of this highly-adaptable Operational Amplifier
Unit in your Tektronix Oscilloscope, please call your Tektronix Field Engineer.

Tektronix, Inc.

P. 0. BOX 500 - BEAVERTON, OREGON | Mitchell 4-0161 - TWX—BEAV 311 - Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. « Baltimore (Towson) Md. « Boston (Lexington)
Mass. « Buffalo, N.Y.« Chicago (Park Ridge) lil. « Cleveland, Ohio « Dallas, Texas « Dayton, Ohio « Denver, Colo.  Detroit
(Lathrup Village) Mich. « Endicott (Endwell) N.Y. e Greensboro, N.C. s Houston, Texas e Indianapolis, Ind. « Kansas City
(Mission) Kan. « Los Angeles, Calif. Area (Encino « Orange ¢ Pasadena  WestL.A.) « Minneapolis, Minn. « New York
City Area (Albertson, L.I., N.Y. « Stamford, Conn. « Union, N.J.) « Orlando, Fla. « Philadelphia (Bala-Cynwyd) Pa. « Phoenix
(Scottsdale) Ariz. « Pittsburgh (Monroeville) Pa. « Portland, Ore. « Poughkeepsie, N.Y. « San Diego, Calif. « San Francisco,
Calif. Area (Lafayette » Palo Alto) « Seattle, Wash. « Syracuse, N.Y. « Washington, D.C. (Annandale, Va.).
TEKTRONIX CANADA LTD: Montreal, Quebec « Toronto (Willowdale) Ontario.

ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five
overseas countries by qualified engineering organizations.

European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL
A.G., Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative.

Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. O. Box 500,
Beaverton, Oregon, U.S.A. Cable: TEKTRONIX.
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of the surface. The amount of distortion
found in three different sets of scanning
experiments was nearly the same as that
obtained in similar studies of the smooth
areas of the moon.

The Lincoln Laboratory group, which
was headed by G. H. Pettengill and
which also described its results in The
Astronomical Journal, employed a differ-
ent procedure. The surface of the planet
was scanned with a 68-centimeter beam
and the strength of the echo was re-
corded. The latter was then used to cal-
culate the reflectivity and other proper-
ties of the Venusian surface. The results
obtained suggest that Venus has an arid
and rocky but smooth surface.

Lifesaving Locks

minor change in the design ot auto-

mobile door locks is saving at least
800 lives a year in U.S. road accidents.
Contrary to the implication of the phrase
“thrown clear,” the fatality rate among
people thrown from cars has been found
to be about five times higher than among
passengers not ejected from the vehicles.
In 1954, according to a study by the
Cornell University Automotive Crash In-
jury Research project, ejections in col-
lisions were causing about 5,500 deaths
a year.

These findings led to a change in the
door locks on all U.S. cars manufactured
since 1956. A lip was added to hold the
striker lever more securely and lessen
the chance of the door springing open on
impact. By 1961 more than 40 per cent
of the cars on U.S. roads were equipped
with the improved locks, and the Cornell
group undertook a new study to assess
their effectiveness. The results have
been summarized in Public Health Re-
ports by John W. Garrett. An analysis of
several thousand injury-producing acci-
dents showed that one or more doors of
pre-1956 cars opened in 44 per cent
of the cases, compared with 29 per cent
for the newer models. The frequency
with which passengers were thrown
from the cars dropped from 13 to 8 per
cent, a decline of nearly two-fifths. If all
cars had had the new locks, Garrett esti-
mates, about 1,800 lives would have
been saved. As it was, the saving
amounted to almost half that number
and can be expected to rise as the pro-
portion of post-1956 cars increases.
Moreover, although no lock can prevent
car doors from springing open under all
circumstances (in many accidents a
hinge or the door frame itself gives way ),
some manufacturers have developed
still more secure locks, which should
further increase the saving of lives.



Mindpower and Manpower. ..
shaping the future in

COMMUNICATIONS
and ELECTRONIC SYSTEMS

ENGINEERS: Today the men at Motorola
are developing resourceful solutions to the
complex problems of America’s most advanced
communications and electronic systems.
Creative mindpower is being applied to such
vital areas as the Navy's sonobouy and
oceanographic instrumentation programs...the
Army’s VHF single side band radio central
system...the Air Force’s UHF ground-air
communications system...and NASA’s cis-lunar
and deep space tracking programs. Advanced
studies are also being made in random

access digital communications, digital-to-voice
translation, high speed teleprinting, phased
arrays and solid state circuitry.To participate in
this challenging work, write today describing

in detail your experience in the following areas:

Systems Design « analysis and synthesis of
complete systems for operation in hydro-

space, surface and aerospace environments. Human
factors engineering and operations research.

Equipment Design » high performance

solid state receivers, transmitters, frequency
synthesizers and data handling equipment for radar
and communications systems, oceanographic
instrumentation systems and display complexes.

Familiarity with State-of-the-Art » statistical
communications theory, advanced signal processing
techniques, ultra-reliability through application

of low-level redundancy, advanced structural and
thermal designs for severe environments.

We are particularly interested in the programs on
which this experience was obtained, and the extent
of your technical responsibility. Address information
to our Manager of Engineering at the location of
your choice for immediate and confidential attention.

Q MOTOROLA

Military Electronics Division

An equal
opportunity
employer

CHICAGO 51, lllinols, 1450 North Cicero Avenue
SCOTTSDALE, Arizona, B201 East McDowall Road
RIVERSIDE, California, 8330 Indiana Avenue
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New automotive uses of NATURAL-DIAMOND TOOLS
point up new economies in high-speed finishing and grinding

New precision, new savings for auto-
motive component manufacturers—
thanks to the excellent cutting ability
and fantastic endurance of natural
diamonds. Modern dressing tools
made with natural diamonds are now
forming and dressing grinding wheels
in the country’s leading automotive
plants with speed, accuracy and
economy unapproached by any other
method now in use.

Surface-set with natural dia-
monds and made to the exact con-
figuration required, these dressing
tools are able to develop quickly and

accurately both simple and complex
forms on any grinding wheel. Hun-
dreds of small, selected, high-quality
natural diamonds uniformly distrib-
uted throughout the contact area of
the tool deliver high-precision cut-
ting power—even after hundreds of
thousands of dressings.

The dressing operation is often ac-
complished in seconds without inter-
rupting the production cycle. With
tough natural diamonds on the job,
downtime for tool changing on each
shift is eliminated...exact duplica-
tion of millions of parts is assured.

Take a tip from the fast-moving
automotive industry—when you need
excellent cutting ability combined
with endurance, think natural dia-
monds. Test them against the method
you're now using. Discover for your-
self how efficient—and economical —
natural-diamond tools can be, espe-
cially now.

BEST GRIT FOR METAL-BOND TOOLS DE-
VELOPED BY THE DIAMOND RESEARCH
LABORATORY IN JOHANNESBURG A
new impact crushing method for nat-
ural diamonds producing the strong-
est and most durable diamond grit

Industrial diamonds cut practically everything... especially your production costs
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ever obtained. Your diamond tool
manufacturer is ready to help you
select the diamond tool that's right
for your job.

1. Imaginative dressing-tool designs
incorporating natural diamonds have
helped reduce the cost of making a
wide variety of automotive parts.

2. Traversing dressing wheel speeds
production grinding of valve stems.
Dresser traverses grinding wheel
while both wheel and dresser rotate.

b

JOHANNESBURG + LONDON
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3. Special natural-diamond tool si-
multaneously dresses the radii of all
five grinding wheels used in finishing
journal bearings of crankshaft.

4. This matched pair of diamond
dressers is used in developing pre-
cise contours in the high-speed pro-
duction of automatic transmission
linkage. Note the uniform distribu-
tion of hundreds of tiny natural
diamonds on the cutting surfaces.

Photos courtesy Wheel Trueing Tool Co., Detroit

\ . . .
\? Industrial Distributors (SaleS), Ltd. worias leading supplier of diamonds for industry



material in search of an inventor
DOW EPOXY RESINS

Can inventors and designers do without Dow epoxy resins?
It’s not likely.

We know of great numbers of jobs best done by epoxy
resins. Beyond doubt other new applications virtually beg
for the toughness, chemical inertness, moisture resistance,
and dielectric superiority of Dow epoxy resins. Then
there’s the extremely high adhesion and low shrinkage, plus
resistance to mechanical and thermal shock. Why Dow?
Because we make every ingredient that goes into our

resins . . . which means we can offer unusual purity. We
can also offer resins with unusual properties. A Dow epoxy
novolac, for example, with unusual high temperature sta-
bility (up to 500° F.). Or a flame retardant epoxy which
provides top physical and electrical properties. Not to
mention formulations which are almost colorless. And so on.

When you have the problems, we have the epoxies . . .
many types. Chances are one is just right for your job.
Samples available. Write Coatings Sales Dept. 1640EQS.

THE DOW CHEMICAL COMPANY @ Midland, Michigan
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SCHIZOPHRENIA

This grave mental illness now hospitalizes at least 250,000 Americans.

Its investigators have sought to explain it on either a physiologioal

or a psychological basis. The latter explanation 18 curi'ently favored

chizophrenia is a major public
S health problem compounded of
the private and individually
unique catastrophes of its victims. The
diagnosis of schizophrenia accounts for
more than half of the mentally ill pa-
tients who fill more than half of the hos-
pital beds in this country. Typically the
disorder overtakes younger people—“be-
tween the ages of 18 and 28.” Often it
maims them for life: the schizophrenic
entering a state hospital has little better
than an even chance of ever returning
to society as a functioning member. The
symptoms of the disease are behavioral,
and they are as diverse as the personali-
ties of the patients themselves. Of schizo-
phrenics in general it can be said only
that they show little or no response or in-
appropriateresponse to other people and
to their environment. Frequently they
exhibit secondary symptoms, including
hallucinations and delusions, confusion,
fluctuation of mood from manic to de-
pressed, stupor and catatonic rigidity.
In a sense the symptoms are the disease.
There is no agreement among therapists
and investigators as to the underlying
nature of schizophrenia and its cause.
It is not for lack of study that schizo-
phrenia remains a mysterious and in-
tractable disease. Since the turn of the
century it has occupied the forefront of
psychiatry in the U.S. and Europe. From
a survey of the huge literature that I
have recently completed I can testify
that the difficulties arise not only from
the nature of the disease and the unsatis-
factory character of its victims as re-
search subjects but also from the human
frailty of its investigators. The symp-
toms of schizophrenia are ambiguous
and so various from culture to culture
that the consistency of diagnosis and
recorded data must be correspondingly
low. The chronic patients in state hos-
pitals, who are readily available and
therefore the subjects most often stud-

by Don D. Jackson

ied, are members of a subculture: the
mental hospital. The social effect of be-
ing imprisoned and of feeling aban-
doned and the physical effect of poor
diet and lack of exercise bring on be-
havioral problems and even physiologi-
cal and constitutional changes that are
peculiar to this culture.

But the study of schizophrenia must
include also study of its investigators.
They have tended to gravitate toward
one of two extremes: to investigation
of some easily isolated and controllable
aspect of the patient—his urine, for ex-
ample—or to generalized sociological ob-
servations that may be interesting but
that are difficult to prove or to replicate.
On the whole the largest effort has gone
into the search for some neat biological
explanation for schizophrenia, and hence
a cure, at the expense of broader re-
search. Certainly it would be agreeable
if some abnormal biochemical process or
some pathological change in the brain
could be made to explain the malfunc-
tioning of the schizophrenic, because a
drug or an operation could then un-
doubtedly be devised to cure him. If the
accumulating literature proves anything,
however, it shows with increasing clarity
that there will be no such simple answer
to schizophrenia.

Fortunately this bleak conclusion does
not constitute the sole finding of my
survey of the literature. I also note en-
couraging signs in recent years of will-
ingness to encompass broader (uestions.
Instead of chopping the patient into bits
in order to study the variables in isola-
tion, the trend is now toward study of the
many variables involved—physiological,
psychological and social—in their inter-
action.

The Taxonomy of Mental Illness

Schizophrenia is one of the many cate-
gories of mental illness worked out by

© 1962 SCIENTIFIC AMERICAN, INC

19th-century German psychiatrists in the
confident expectation that the laboratory
would soon match diagnosis with specific
cure. In the psychiatric classification of
Emil Kraepelin it was first called de-
mentia praecox, meaning early, as con-
trasted with senile, deterioration of the
brain. In 1911 Eugen Bleuler renamed
the disorder “schizophrenia,” from the
Greek for “split” (schizein) and “mind”
(phren). The term was intended to ex-
press the common observation that pa-
tients exhibit a splitting of psychic func-
tion in which one set of ideas, or “com-
plexes,” dominates the personality for a
time while others are suppressed. Bleuler
also pointed out that there is no ana-
tomical deterioration of the brain and
that the affliction does not occur exclu-
sively or primarily in the young, as Krae-
pelin’s label implied. Bleuler urged that
the disorder be called “the group of
schizophrenias,” because he felt that psy-
chiatrists were dealing with a variety of
disorders linked by certain common
symptoms.

Unfortunately Bleuler’s cautioning too
often goes unheeded nowadays, and
many research reports prove meaningless
because the author tells nothing about
his cases except that they are “schizo-
phrenic.” Kraepelin originally distin-
guished four subclasses of the disorder:
hebephrenic, characterized by undue
concern with the body image, hypochon-
driac symptoms and silliness; catatonic,
characterized by mute, rigid withdrawal;
paranoid, characterized by suspicious,
embittered attitudes and feelings of per-
secution; and simple schizophrenia, char-
acterized by an insidious onset leading
to withdrawal, confusion and secret
grandiosity. The usefulness of Krae-
pelin’s classification is attested by the
fact that it continues in use to this day
in hospital psychiatry. In the standard
nomenclature of U.S. psychiatry schizo-
phrenia is broken down into nine forms,
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to which most psychiatrists add two
paranoid syndromes. Many authorities
now feel that the picture of schizophre-
nia is too mixed to permit such fine-
grained classification. They point out
that it is much easier to classify chronic,
hospitalized patients than to classify
more acute cases at onset.

Next to schizophrenia the most com-
mon diagnoses on admission to state hos-
pitals in the U.S. are senile psychosis and
alcoholism, which respectively account
for roughly 20 per cent and 10 per cent
of all patients. In both cases the be-
Kavioral disorder is usually accompanied
by some observable constitutional de-
fect. Involutional melancholia, which
principally afflicts women at the crisis of
menopause, is the diagnosis in 10 to 15
per cent of the patients. In a dwindling
number of cases the patients are initially
diagnosed as suffering from manic-de-
pressive psychosis. This condition is
characterized by the cyclic emotionality
implied by its name and is distinguished
from schizophrenia because the patient
does not show the flattening or disen-
gagement of emotional response to oth-
ers. In the medical records of the U.S.
today the manic-depressive shows up
increasingly in the depressive phase of
his illness. Whatever the diagnosis on
admission, as Lionel S. Penrose of Uni-
versity College London observed in
1941, the longer a patient remains in a
mental hospital, the more the diagnosis
tends to become that of schizophrenia.

Agreement as to diagnosis may con-
ceal the most diametrically opposed
opinions as to the nature of the disease.
In the view of classical psychiatry
schizophrenia was a “thinking disorder.”
The patient could say, for example,
“Mother is dead,” while smiling because
he lacked all feeling or because his feel-
ings were inappropriate. This lack of
apparent feeling led Sigmund Freud to
the conclusion, early in the century, that
the schizophrenic was too narcissistic—
that is, too self-preoccupied—to be
reached by the psychotherapist. It was
not until the 1920’s that the U.S. psy-
chiatrist Harry Stack Sullivan and his
associates came forward with the view
that the schizophrenic’s apparent lack of
emotion hid an extreme sensitivity; they
found that their patients were able to
form intense relationships in psycho-
therapy. On the other hand, the more
organically minded investigators under-
stand the lack of emotional response as
a defect, and they postulate an anatomi-
cal or physiological cause. One can say
in general that the closer an investigator
is to the medical sciences and to Euro-
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pean traditions in medicine, the more
likely he is to ascribe organic causation
to the symptoms of schizophrenia. Cor-
respondingly, the closer he is to the be-
havioral sciences and to U.S. traditions,
the more likely he is to view schizo-
phrenia as a psychologically determined
condition.

For their part schizophrenics seem to
be obligingly responsive to the attitude
of the investigator. A patient may seem
hopelessly ill to the organically oriented
psychiatrist, and with the same patient
a psychologically oriented psychiatrist
may strike immediate promise and fu-
ture hope. Who is to say how much such
factors may influence the eventual out-
come, not only in particular cases but
also in the ultimate understanding and
management of this cruel disorder?

The Genetic Hypothesis

One of the most fruitful hypotheses,
measured in terms of the volume of work
it has inspired, holds that schizophrenia
is a hereditary disease. Most human ge-
neticists have long since set aside such
primitive notions as “poor protoplasm,”
advanced by 19th-century German phy-
sicians in explanation of many afllictions,
from leprosy to insomnia. They recog-
nize also that the entity of personality
embraces many variables to which the
Mendelian laws of single-factor inherit-
ance are inapplicable. The principal dif-
ficulty in the way of this line of research,
however, remains the fact that the same
individuals who provide the genetic
inheritance of the schizophrenic also

furnish the early environment in the
overwhelming majority of cases. It has
therefore been an impossible task to sort
out the relative influences of nature and
nurture.

The idea of studying identical twins
in order to accomplish this sorting out
was suggested as early as 1885 by the
English mathematician and geneticist
Francis Galton. Today the most widely
quoted evidence for a hereditary cause
of schizophrenia comes from the study
of the disease in identical twins con-
ducted by Franz J. Kallmann of the Co-
lumbia University College of Physicians
and Surgeons. He showed that if one
identical twin is located in a state hos-
pital suffering from schizophrenia, there
is an 85 per cent chance that the other
twin will be found to suffer from the
same disorder. This is an impressive fig-
ure, even discounting the fact that con-
cordant pairs are much more likely to
attract attention than discordant ones.
Identical twins, however, have been the
subject of intensive psychological study,
and it is clear that the relation in-
volves something more than just two
individuals who have a similar genetic
inheritance. In twins, as in other pairs of
individuals who are emotionally close to
each other, the condition known as folie
@ deux has been commonly observed.
The two partners tend to develop shared
delusions and symptoms and to become
mentally ill at about the same time. A
study of the case histories of sibling pairs
reveals a strong homosexual element that
shows up in the content of their delu-
sions and seems related to difficulty in

FIVE PIONEERS in the study and treatment of schizophrenia are, reading from left to
right, the psychiatrists Sigmund Freud of Austria, Frieda Fromm-Reichmann of the U.S.,
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distinguishing “me” from “you.” The
condition is four times more common in
women than in men and typically results
in two spinster sisters living in semi-
seclusion in their 30’s or 40’. This
is undoubtedly related to the fact that
in our culture “closeness” between
brothers is likelv to receive opprobrious
notice because of suspicion of homosex-
uality, whereas intimacv between wom-
en is acceptable. Published reports on
fraternal as well as identical-twin pairs
show a much higher concordance for
schizophrenia among female pairs. One
report, in fact, shows that female frater-
nal twins were nearly 50 per cent con-
cordant, a figure that compares with
Kallmann’s finding for identical twins.
What about identical twins who are
reared apart? There is a fiction rampant
to the effect that schizophrenia tends
to afflict both twins simultaneously. In a
careful search of the literature I have
been able to turn up only two instances
that partially satisfv the terms of this
story. In each case the twins were
adopted by relatives on opposite sides
of their natural families and were well
aware of each other’s existence; in fact,
they were caught in the middle of family
feuding. The effects of heredity and en-
vironment could not be said to have been
separated in these cases. In an intensive
effort to assess the incidence of schizo-
phrenia, without regard to simultaneity,
in pairs of identical twins reared apart,
a group of investigators led by H. H.
Newman and Frank N. Freeman collect-
ed 19 cases after scouring the entire U.S.
This labor came to no conclusion be-

cause the investigating team disagreed
on the relative weight to be accorded to
nature and nurture in these cases.

Apart from identical twins the sta-
tistics show that schizophrenia does tend
to “run in families.” To some investiga-
tors the figures suggest the classical
Mendelian dominant mode of inherit-
ance; to others the genetic factor ap-
pears recessive. But all of these statisti-
cal series betray evidence that cultural
influences are at work. The shadow of
folie a deux is apparent, for example, in
a Swiss study that shows that sister pairs
and mothers and daughters are more
likely to be found in mental hospitals
than brother pairs and fathers and sons.
Two recent Scandinavian studies reveal
an almost complete absence of the dis-
ease in the fathers of schizophrenics and
a significantly higher incidence in moth-
ers. But geneticists do not claim that
schizophrenia is a sex-linked disorder!

Some geneticists have attempted to tie
schizophrenia to other aspects of inherit-
ance: to type of physique or to a pre-
disposing “schizoid personality,” char-
acterized by tendencies to introversion.
These studies have foundered on the ob-
servation that schizophrenics and their
relatives come in all shapes and sizes and
on the discovery that the schizophrenic
patient has been found to be extroverted
as often as introverted prior to his illness.

The more modern idea is that schizo-
phrenia is a hereditarily determined dis-
ease that requires psychogenic stress for
its precipitation. Such a proposition is
difficult to prove one way or the other.
Until the ill-defined abstraction of “per-

sonality” can be broken down into en-
during traits that are shown to have a
genetic basis it is surely fruitless to look
for a genetic mechanism behind the
symptomatic disorder of schizophrenia.
If the apparently unitary and measur-
able “trait” of intelligence comes under
suspicion, as it has in recent years, then
personality must seem even less subject
to hereditary determination. All are
agreed that sick patients come from sick
families, but the uestion of whether this
commonplace observation rests on psy-
chological or physiological grounds or
both has scarcely been broached.

Biochemical Investigation

It would appear that a genetic cause
of schizophrenia would have to mani-
fest itself in some metabolic or other bio-
chemical defect. No such defect has
been uncovered in 60 years of persistent
investigation. Biochemical investigation
of schizophrenia usually pursues one of
two major courses: (1) the body chemis-
try of “normals” is compared with that
of schizophrenics or (2) the same drug
is administered to the two classes of sub-
jects and the difference in effect, if any,
is compared. A review of published re-
ports indicates that work along both
lines has been largely inspired by chance
discoveries or by purely empirical leads.
In the early 1900’s, for example, Sir
David Bruce observed that the adminis-
tration of thyroid-gland extract had an
apparently beneficial effect on schizo-
phrenics. There followed a large num-
ber of papers on the activity of the thy-

Emil Kraepelin of Germany, Eugen Bleuler of Germany and Harry
Stack Sullivan of the U.S. Their researches in this field span a
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period of approximately 75 years, extending from the last quarter
of the 19th century through the first half of the 20th century.
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roid gland in schizophrenia. Manfred
Sakel of Germany made a similar find-
ing with respect to insulin; hundreds of
papers have since explored the carbo-
hydrate metabolism of schizophrenics.

The most recent notable surge of ef-
fort along these lines has surrounded the
role of serotonin in the biochemistry of
the human organism. This substance,
originally discovered in the lining of the
intestine, was found to play an important

LARGEST MENTAL HOSPITAL in the U.S. is the Pilgrim State
Hospital near New York City. Of the 13,991 patients there on March
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role in the function of smooth (invol-
untary) muscle. Eventually it was iso-
lated from various sites in the central
nervous system, in particularly high con-
centration from certain parts of the brain
stem. Some investigators then measured
serotonin in schizophrenics and reported
it to be high, although a few others found
it to be low.

What brought serotonin to the center
of the stage in biochemical studies of
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schizophrenics was the finding that
lysergic acid diethylamide (LSD) is
antagonistic to serotonin in its action on
smooth muscle. LSD had already at-
tracted attention because it induced
hallucinations and other symptoms in
volunteer subjects; investigators were
encouraged to believe that they had
come on a means to induce “experimen-
tal psychoses” [see “Experimental Psy-
choses,” by Six Staff Members of the

31, 1958, 60 per cent were schizophrenic. Of the 535,000 patients in
all public mental hospitals in the U.S. in 1959, approximately 50



Boston Psychopathic Hospital; Sciex-
TIFIC AMERICAN, June, 1955]. It was
postulated that LSD might produce its
peculiar behavioral effects by competi-
tion with serotonin in the central nervous
system. This idea acquired even more
stirring implications from the finding
that reserpine, a tranquilizer already in
wide use in mental hospitals, apparently
produced its effects by a parallel sort of
action. It was only one more step to the

per cent were schizophrenic. Fifty-three per
cent of these were women; 47 per cent, men.

conclusion that schizophrenia was a dis-
order of serotonin metabolism and an-
other step to the use of serotonin in the
treatment of schizophrenics. Some in-
vestigators went so far as to inject the
substance into the ventricles of patients’
brains, a rather difficult neurosurgical
procedure.

The enthusiasm over serotonin was
heightened by the discovery of a break-
down product of adrenalin called
adrenochrome. This substance bears a
structural resemblance to LSD and to
mescaline, the active ingredient in the
hallucinatory mushrooms and peyote
cactus employed in religious rituals by
the Indians of the U.S. Southwest and
the Mexican highlands. The discoverers
of adrenochrome found that it induced
hallucinations when they administered
it to themselves. They proposed, there-
fore, that an excess of adrenochrome
in the biochemistry of schizophrenics
brings on their psychotic symptoms.

Further research has failed to sustain
these ideas and the hopes they excited.
The function of serotonin in the central
nervous system remains unknown. A
serotonin antagonist called 2-bromo-
lysergic acid produces none of the men-
tal symptoms characteristic of LSD.
Chlorpromazine, a tranquilizer more ef-
fective than reserpine in quieting schizo-
phrenics, shows no sign of biochemical
competition with serotonin. Adreno-
chrome has yet to be found in the body
and has been labeled a laboratory arti-
fact. A painstaking study of the turn-
over of adrenal substances in the bodies
of normal and schizophrenic women by
direct measurement from the adrenal
arteries and veins has shown no detect-
able differences. Finally, the much her-
alded experimental psychoses have
turned out to be nothing other than
“toxic psychoses,” familiar to clinicians
for many years and clearly differentiated
from schizophrenic states. In toxic psy-
chosis, whether it is induced by drugs
or by bodily poisons as in uremia, the
patient suffers from depression of higher
cerebral function and deficiency in inter-
personal transactions. The schizophrenic
does not necessarily show such depres-
sion and is often capable of complex in-
terpersonal relations.

Toxic psychosis is familiar to anyone
who has weathered a cocktail party. As
is well known, alcohol affects different
people differently and the same person
differently at different times. By the
same token mescaline might enhance
the religious ecstasy of a member of the
peyote cult and might have quite an-
other effect on an Irishman on a Satur-
day night in a bawdyhouse. Studies that
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set out to compare the reactions of
schizophrenics and volunteers to drugs
must therefore be designed with ade-
quate respect for psychological vari-
ables.

Customarily investigators rely on
placebos (inert substances) as controls
for the drugs being administered. Yet
a recent study has shown that the pla-
cebo and the tranquilizer function with
equal effect in improving the schizo-
phrenic’s ability to stop soiling himself.
Withdrawal of either substance was ac-
companied by regression in behavior,
and restoration was accompanied by im-
provement again. This study casts doubt
on hundreds of previous investigations
that have served to demonstrate the
efficacy of tranquilizers as such in the
management of schizophrenic patients.
It should serve as a caution against hast-
ily conceived programs for testing drugs
without proper regard for the context
in which they are given.

Failure to observe this practical rule
explains most of the false enthusiasms
and disappointments that the biochemi-
cal approach to schizophrenia has en-
gendered in the past. Although much of
importance is being learned about the
mechanisms of the living cell and of the
body, these advances have shed no light
on schizophrenia. It has not been shown
that any biochemical substance is in-
volved in the cause of the disorder. It is
not even known if schizophrenia is ac-
companied by an increase in the produc-
tion of any chemical substance in the
body. These questions are not unworthy
of investigation, but they cannot be use-
fully pursued in isolation.

Psychological Causation

Some of the hopes vested in drug-
induced psychoses have recently been
transferred to purely psychological
methods for producing the so-called ex-
perimental psychoses. One of the most
effective of these techniques is to cut
down environmental stimulation to a
minimum. Apparently the human organ-
ism requires a certain rate of sensory
input in order to maintain the function-
ing of its perceptual apparatus. When
the input is naturally lowered, as it is
in sleep, those projections of already
registered percepts called dreams occur.
That the dreaming process has physio-
logical significance as well has been
shown by Nathaniel Kleitman of the
University of Chicago, who has estab-
lished that dreaming is essential to phys-
ical well-being. Sensory deprivation is
accomplished in a number of ways in
the laboratory—by submerging the sub-
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ject in water at body temperature, for
example, or by confining him in a room
with his hands isolated in special cuffs,
a translucent mask over his eyes and no
sound but the hum of an air conditioner.
After relatively brief periods, in a ma-
jority of cases, the subject begins to
have hallucinations and to experience
the most unpleasant psychosis-like re-
actions [see “The Pathology of Bore-
dom,” by Woodburn Heron; ScieNTIFiC
AMERICAN, January, 1957].

These studies have led some investi-
gators to postulate a psychological
mechanism for the induction of schizo-
phrenia. It is thought that the victim is
driven by severe anxiety to repress and
reject the input of sensory experience
from the environment that has become
so disturbing to him. Such withdrawal,
combined with attempts at restructuring
his experience, leads to hallucination and
the formation of a delusional system. The
psychoses of old age suggest an interest-
ing parallel; in these cases defects in the
sensory system lead to disorientation and
misperception of environmental cues
and therefore to disturbed behavior.
One of the most familiar examples of
this process is the paranoid feeling on
the part of a deaf elderly individual that
“people are talking about me.”

It is difficult to test hypotheses of
this kind, for instance to determine ob-
jectively whether a schizophrenic’s dif-
ficulty in assimilating perceptions is
constitutional or learned. Schizophrenics
are notoriously uncooperative, and one
cannot be sure how to motivate them
properly to do their best on, say, an in-
telligence test. The evaluation of such a
test presents further problems, because
the patient may have been daydreaming
in school and not taking in material that
he “should” have learned and was other-
wise capable of learning at a given
chronological age in school. Psychologi-
cal studies of schizophrenics show a
ruling tendency toward scatter—that is,
toward a chaotic mixture of good and
bad performance.

Family Study and Therapy

Some useful insights have come from
recent studies of the families of schiz-
ophrenics. The so-called Benjamin
proverbs have long been used in making
the diagnosis of schizophrenia. To the
question “What is the meaning of the
old proverb ‘A rolling stone gathers no
moss’?” the sick person characteristical-
ly gives a literal rather than an interpre-
tive answer. Now there are indications
that the parents of schizophrenics also
answer in a literal fashion. Such answers



on the patient’s part may therefore be
regarded as the result of a learning proc-
ess rather than a thinking disorder.

Ordinarily a physician treats just one
person: his patient. In psychiatry the
intimacy of the therapist-patient rela-
tion has reinforced tradition. Psychia-
trists have been slow to think of the dis-
turbed family that may have produced
the disturbed patient. This is not to say
that the importance of family relations
in the genesis of schizophrenia has gone
without recognition. But the early psy-
choanalytic papers, in accordance with
the plot of the Oedipus complex, focused
on the patient’s relation to his mother
and neglected the family system. Many
themplsts today contmue to rely on the
“patient’s-eve view” of the famllv and
conduct only the most superficial inter-
views with parents, siblings and, in the
case of mature patients, spouses.

It was not until the 1950’s that thera-
pists began to see the patient’s family as
a group and to undertake conjoint family
therapy. At the National Institute of
Mental Health, Murray Bowen arranged
for families and patients to live together
at the hospital; at other institutions the
families visit the hospital once or twice
a week for sessions of therapy. As might
be expected, such experience has en-
couraged the formulation of new hy-
potheses. Among these is the “double
bind” theory advanced by Gregory
Bateson, Jay Haley, John H. Weakland
and me, which sees the traumatic situa-
tion of the schizophrenic as arising fun-
damentally from aberration in communi-
cation. The “binder,” who may be parent
or spouse, demands two uite different
and mutually contradictory responses
from the patient at the same time but
on two levels of communication, as by
voice and by action. The patient is so
dependent on the binder that he is
strongly inhibited against acknowledg-
ing or pointing out the contradiction;
vet he can neither ignore nor fail to
respond to this paralyzing injunction.
In a model situation, a mother says
to her child: “Don’t be so obedient!”
She thereby places the child in an im-
possible pamdox If he obeys the injunc-
tion, he is disobedient; if he disobeys,
he is obedient. In a real situation the
contradiction is, of course, covert and
arises perhaps from parental hostility
that is camouflaged by the external cul-
tural trappings of the parent-child rela-
tion. Such disturbed patterns of com-
munication may obtain in other rela-
tions; the motion picture Gaslight, in
which a husband willfully subjects his
wife to such treatment, has added the
verb “to gaslight” to the language. In

a study of a mental-hospital ward Alfred
H. Stanton and Morris S. Schwartz, then
working at the Chestnut Lodge Sani-
tarium, found in every case where a
patient became assaultive or had a psy-
chotic episode there was a covert dis-
agreement between the psychotherapist
and the physician who ran the ward.

Another observation from family
studies relates the patient’s condition
and progress to “familv homeostasis.”
In some cases it has been found that
the family system is able to function
nmmallv onlv at the expense of the
patient’s ‘mental health. Ulcers, heart at-
tacks, gall bladder disfunction and other
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INCIDENCE OF SCHIZOPHRENIA in the total population of a community was studied
both for the island of Formosa and for a small fishing village in Norway. The studies, by

different investigators, were made in the 1940’s. As the graph shows, the incidence of schizo-
phrenia was highest in both communities among members of the 30-to-39-year-old age group.

INCIDENCE OF
NUMBER OF PAIRS SCHIZOPHRENIA
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IDENTICAL AND FRATERNAL TWINS have been studied by several investigators to
discover if schizophrenia has a genetic basis. All agree in finding that both identical twins
are more likely to have the disease than are both fraternal twins. But the figures vary widely
from one study to another, suggesting that factors other than the genetic may be at work.
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RELATION OF CLASS MEMBERSHIP to mental illness in a U.S.
community was studied among patients undergoing psychiatric
treatment, in and out of hospitals, in New Haven, Conn. Class mem-
bership was determined by residence, education and occupation.
As the chart shows, the rate of schizophrenia was nearly nine times
higher in the lowest class than in the two upper classes together.

disorders appear to afflict other members
of the family with suspicious frequency
just at that time in conjoint family
therapy when the patient makes a sig-
nificant change for the better.

These insights from the first tentative
steps in family therapy suggest the
promise of deeper investigation of the
family. There is need especially for
longitudinal study of representative fam-
ilies over long periods of time. In cases
where schizophrenia develops such study
would show not only the character of the
family at the time of crisis but also the
earlier environment and the patterns of
interpersonal relations and personality
structure it promoted.

The Sociocultural Milieu

In undertakings of this kind psychi-
atry must enlist the collaboration of
sociology and anthropology. Without
the broader perspective of these other
disciplines psychiatrists tend to general-
ize their observations of a few atypical
patients into resounding pronounce-
ments about mankind everywhere. A
remarkable example of collaborative en-
terprise is the Nova Scotia study, led
by Alexander H. Leighton of the Cornell
University Medical College, which estab-
lished the incidence and characteristic
symptomatic patterns of mental illness
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in three sociocultural groups in that
community. Another is the Midtown
Manhattan study, initiated by the late
Thomas A. C. Rennie of Cornell, which
has shown that psychiatrists may have
underestimated the incidence of schizo-
phrenia by some 300 per cent.

Considering the dimensions of schizo-
phrenia as a public health problem,
there is a dearth of straightforward sta-
tistics about it. State hospital admissions
apparently offer a poor indication of the
true incidence of the disease in the popu-
lation. A recent survey of a portion of
Salt Lake City indicates an incidence
of 3 per cent, far in excess of the .85
per cent that figures in so many genetic
studies. The work of August B. Hollings-
head and Fredrick C. Redlich of the
Yale University School of Medicine has
demonstrated that the lowest socioeco-
nomic group has 12 times the incidence
of hospitalized schizophrenia compared
with the highest. People living singly
and in an economically deprived condi-
tion in the heart of a large city develop
the illness far more often than their rural
counterparts do.

Such findings barely suggest the in-
sights into the true nature of the disease
that can come from a full picture of its
epidemiology. Sociologists have shown,
moreover, that something more than
mere head-counting is involved in gath-
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FIRST ADMISSIONS of male schizophrenics to mental hospitals
in Great Britain over a five-year period suggests the relation
of class membership to mental illness in that country. Class status,,
as determined by the British census, is based solely on occupation..
Unskilled workers make up the lowest class; professionals and
administrators of various sorts constitute the two upper classes.

ering statistics on mental illness. To
evaluate the incidence of mental illness
in a given social group, it is necessary to
consider the character and degree of
behavioral deviation from the group
norms that will be tolerated by its
members. It is obvious that a widely
scattered rural population may accom-
modate many individuals who in a more
closely knit community would interfere:
with their neighbors’ lives to such an
extent that they would be labeled insane.
The culture of a group also has much to
do with the nature of the disease as it
occurs among the members. The pat-
terns of schizophrenic psychosis that
show up in Irish-American families con-
trast sharply, for example, with those
of Italian-American families [see “Schiz-
ophrenia and Culture,” by Marvin K.
Opler; SCIENTIFIC AMERICAN, August,
1957].

Sociological studies have also illumi-
nated the process of therapy in surpris-
ing ways. It has been shown that therapy
is much more likely to be successful
when therapist and patient come from
similar social backgrounds and share
similar value systems and goals. A
review of the records of a New York
hospital revealed that the social back-
ground, income and age of the patients
were plainly correlated with the kind of
treatment administered, ranging from
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electroshock to psychotherapy. This
study also showed that while the for-
eign-born older patients tended to re-
ceive organic therapies, they also tended
to get out of the hospital sooner than
themiddle-class, youthful schizophrenic.
The longer stay in the hospital was evi-
dently a function of the therapist-patient
relation and not of the severity of the
illness.

Theory and Therapy

Such observations lend support to the
view, held by many, that there is in
practice Tittle or no relation between
theory and therapy in schizophrenia.
One can readily agree that this applies
to the more radical approaches to
therapy that have been advanced from
time to time. Egas Moniz, the Portuguese
psychiatrist and surgeon, designed and
promoted the now discredited prefrontal
lobotomy for schizophrenia on the
strength of the purely empirical observa-
tion that lobotomized cats exhibited
more placid and less excitable disposi-
tions. The surgical interruption of the
tract linking the thalamus and the fron-
tal lobes in the human brain also pro-
duced more manageable patients but no
cure for their affliction [see “Prefrontal
Lobotomy: Analysis and Warning,” by
Kurt Goldstein; SCIENTIFIC AMERICAN,
February, 1950]. An equally narrow and
empirical observation suggested the first
shock therapy. On the strength of the
mistaken observation that epileptics do
not develop schizophrenia it was thought
that schizophrenics might be cured by
subjecting them to convulsive seizures.
The rationale for this kind of therapy
now takes somewhat different forms, de-
pending on the agent employed.

The few groups that relate theory to
therapy on a one-to-one basis today
stand at the extremes of the continuum
from organic to psychological cause.
For example, certain groups in Italy at-
tribute schizophrenia to parasitic infes-
tation, and so they purge the patients.
On the other hand, there are Ameri-
can and a few European workers who
attribute schizophrenia to family inter-
action and treat their patients by con-
joint family psychotherapy. More fre-
quently one finds investigators used the
same techniques but espoused different
theories of the disease. In two differ-
ent centers, for example, large doses of
reserpine and electroshock were em-
ployed to produce profound regression
in schizophrenic patients. Both groups
theorized that by such techniques they
interrupted self-exciting circuits in the
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brain and facilitated reintegration of the
patient. One group, however, viewed
schizophrenia as an organic disorder and
the other viewed it as a psychological
disorder.

No matter what the theoretical view-
point of the therapist, the tool most com-
monly used in the treatment of schizo-
phrenia is the social milieu. In Europe,
Canada and the U.S. mental hospitals
universally stress the importance of work
therapy, group therapy, the therapeutic
community, open-door policies, tele-
vision, dances and afternoon tea. There
are few hospitals where the physicians
do not attribute a large part of the effi-
cacy of other kinds of treatment, includ-
ing insulin-coma therapy as well as tran-
quilizers, to the interpersonal relations
of patients and staff. The basic reorien-
tation in the structure and function of
the mental hospital throughout the na-
tions of the West has had marked effect
in eliminating what were regarded as
usual symptoms of schizophrenia in for-
mer times—incontinence, smearing of
feces and marked catatonic disorder of
motility. Indeed, it seems to be fairly well
recognized that medication of any sort
supports the hospital staff in its tradi-
tional medical role and therefore has an
important effect on therapy, whatever
the direct action on the patient may be.

Progress in therapys, it is clear, has de-
rived from the accumulation of empirical *
lore and not from theoretical foresight.
If present attempts at therapy are to con-
tribute to the improvement of therapy
in the future, the therapist-investigator
must emphasize the design and method
of collecting data. Whatever his private
persuasion, if he carefully reports his
results, his colleagues and his successors
in the work will learn something. As has
been suggested in this discussion, the
behavior of the investigator himself re-
quires study in the investigation of so
complex a subject as disturbed human
behavior. The impulse of the organically
oriented investigator to reduce the sub-
ject to a single cause, on the one hand,
and the soul-saving tendencies of the
psychotherapist, on the other, have on
occasion muddied the waters. The chasm
between them remains unbridged. But
while it is my impression that the evi-
dence for the psychosocial nature of
schizophrenia has been mounting for the
past 10 years, I see little reason to claim
victory for either side, nor much sense
in taking an either-or position. Such
continuing conflict between polar posi-
tions is not strange in science. It is good
evidence that serious effort is being
made to study schizophrenia.



“72222222222...CYclododecatriene. .. mumble... mumble”

The wife of a research chemist hears many mumbles — then
just sighs and goes back to sleep. She knows her husband
and his friends talk, read, write and live a special language.
And its vocabulary is often bewildering: cyclododecatriene
is a good example.

This Enjay chemical is currently being used to add spe-

cial properties to plasticizers, resins and lubricants. It is
one of the bright new stars in Enjay market development —
another example of the way Enjay scientists and marketers
move ahead with new ideas, new methods, new products. If
you would like help in bringing tomorrow’s profits closer to
reality, write Enjay, 60 West 49th St., New York 20, N. Y.

ENJAY CHEMICAL COMPANY, a division of Humble Qil & Refining Company
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United Air Lines believes that people make an
airline. People who know their jobs, who know TH EY

what’s expected of them—but never stop at that.

On any United flight you are on, hundreds of WERE

United people are looking after you ... with true

devotion to their jobs. This devotion to our stand- TH ERE
ards is what we have come to call Extra Care.
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For the first time in his busy day, the Cap-
tain was alone. His passengers had been
gone for some time. His crew had just left
the big DC-8 Jet Mainliner®. And the clean-
up squad had not yet boarded.

For a moment, the Captain allowed him-
self to think of the many people who had
been with him that day—but whom he had
not seen.

The meteorologist in charge of the upper
air. He had forecast the trends from Los




Angeles to New York—and hit them on the
nose. The meteorologist who had forecast
the terminal weather—just as precisely.

The dispatcher at the operations base.
He and the Captain had authorized the
flight plan by which the Captain had flown
from coast to coast. And he had kept in
touch with Flight 816 during the four hour
and forty-five minute trip.

And then there were the experts of the
operations planning center.

Aircraft routers who kept track of every
United plane. Mechanical experts who
knew his big jet like the backs of their
hands. Operations planners who were in
constant touch with every station on the
line, ready to tell him where to go, should
he need an alternate airport.

He hadn’t needed them...today’s trip
across the country had been pleasantly
routine . .. but, the Captain thought, it was
good to know they were there.
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BEES ARE PAINTED with colored dots so that they can be Munich. In this way the feeding station of a bee can be associated
identified during an experiment at the author’s station near with its dance within the hive. The dish contains sugar water.

TWO VARIETIES OF BEE, the yellow Italian bee Apis mellifera their dances do not have quite the same meaning. Accordingly one
ligustica and the black Austrian bee A. mellifera carnica, feed variety cannot accurately follow the feeding “instructions” of the
together. These two bees can live together in the same hive, but other. Both of these photographs were made by Max Renner.
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Dialects in the Language of the Bees

The dances that a honeybee does to direct its fellows to a source

of nectar vary from

clarify the evolution

or almost two decades my col-
Fleagues and I have been studying

one of the most remarkable systems
of communication that nature has
evolved. This is the “language” of the
bees: the dancing movements by which
forager bees direct their hivemates, with
great precision, to a source of food. In
our earliest work we had to look for the
means by which the insects communi-
cate and, once we had found it, to learn
to read the language [see “The Lan-
guage of the Bees,” by August Krogh;
SCIENTIFIC AMERICAN, August, 1948].
Then we discovered that different varie-
ties of the honeybee use the same basic
patterns in slightly different ways; that
they speak different dialects, as it were.
This led us to examine the dances of
other species in the hope of discovering
the evolution of this marvelously com-
plex behavior. Our investigation has
thus taken us into the field of com-
parative linguistics.

Before beginning the story I should
like to emphasize the limitations of the
language metaphor. The true compara-
tive linguist is concerned with one of the
subtlest products of man’s powerfully de-
veloped thought processes. The brain of
a bee is the size of a grass seed and is not
made for thinking. The actions of bees
are mainly governed by instinct. There-
fore the student of even so complicated
and purposeful an activity as the com-
munication dance must remember that
he is dealing with innate patterns, im-
pressed on the nervous system of the in-
sects over the immense reaches of time
of their phylogenetic development.

We made our initial observations on
the black Austrian honeybee (Apis mel-
lifera carnica). An extremely simple ex-
periment suffices to demonstrate that
these insects do communicate. If one
puts a small dish of sugar water near a
beehive, the dish may not be discovered

one kind of bee to another. These variations

of this remarkable system of communication

by Karl von Frisch

for several days. But as soon as one bee
has found the dish and returned to the
hive, more foragers come from the same
hive. In an hour hundreds may be there.

To discover how the message is
passed on we conducted a large number
of experiments, marking individual bees
with colored dots so that we could recog-
nize them in the milling crowds of their
fellows and building a hive with glass
walls through which we could watch
what was happening inside. Briefly, this
is what we learned. A bee that has dis-
covered a rich source of food near the
hive performs on her return a “round
dance.” (Like all the other work of the
colony, food-foraging is carried out by
females.) She turns in circles, alternately
to the left and to the right [see top illus-
tration on next page]. This dance excites
the neighboring bees; they start to troop
behind the dancer and soon fly off to look
for the food. They seek the kind of flow-
er whose scent they detected on the
original forager.

The richer the source of food, the
more vigorous and the longer the dance.
And the livelier the dance, the more
strongly it arouses the other bees. If
several kinds of plants are in bloom at
the same time, those with the most and
the sweetest nectar cause the liveliest
dances. Therefore the largest number of
bees fly to the blossoms where collecting
is currently most rewarding. When the
newly recruited helpers get home, they
dance too, and so the number of foragers
increases until they have drained most
of the nectar from the blossoms. Then
the dances slow down or stop altogether.
The stream of workers now turns to
other blossoms for which the dancing is
livelier. The scheme provides a simple
and purposeful regulation of supply and
demand.

The round dance works well for flow-
ers close to the beehive. Bees collect their
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nourishment from a large circuit, how-
ever, and frequently fly several miles
from the hive. To search at such dis-
tances in all directions from the hive for
blossoms known only by scent would
be a hopeless task. For sources farther
away than about 275 feet the round
dance is replaced by the “tail-wagging
dance.” Here again the scent of the danc-
er points to the specific blossoms to be
sought, and the liveliness of the dance
indicates the richness of the source. In
addition the wagging dance transmits
an exact description of the direction and
distance of the goal. The amount and
precision of the information far exceeds
that carried by any other known com-
munication system among animals other
than man.

The bee starts the wagging dance bv
running a short distance in a straight
line and wagging her abdomen from side
to side. Then she returns in a semicircle
to the starting point. Then she repeats
the straight run and comes back in a
semicircle on the opposite side. The
cycle is repeated many times [see middle
illustration on next page]. By altering
the tempo of the dance the bee indi-
cates the distance of the source. For
example, an experimental feeding dish
1,000 feet away is indicated by 15 com-
plete runs through the pattern in 30 sec-
onds; when the dish is moved to 2,000
feet, the number drops to 11.

here is no doubt that the bees under-
stand the message of the dance.
When they fly out, they search only in
the neighborhood of the indicated range,
ignoring dishes set closer in or farther
away. Not only that, they search only
in the direction in which the original
feeding dish is located.
The directional information contained
in the wagging dance can be followed
most easily by observing a forager’s per-
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ROUND DANCE, performed by moving in
alternating circles to the left and to the
right, is used by honeybees to indicate the
presence of a nectar source near the hive,

WAGGING DANCE indicates distance and
direction of a nectar source farther away.
Bee moves in a straight line, wagging her
abdomen, then returns to her starting point.

SICKLE DANCE is used by the Italian
bee. She moves in a figure-eight-shaped pat-
tern to show intermediate distance. A danc-
er is always followed by her hivemates.

80

formance when it takes place out in the
open, on the small horizontal landing
platform in front of the entrance to
the hive. The bees dance there in hot
weather, when many of them gather in
front of the entrance. Under these con-
ditions the straight portion of the dance
points directly toward the goal. A va-
riety of experiments have established
that the pointing is done with respect
to the sun. While flying to the feeding
place, the bee observes the sun. During
her dance she orients herself so that,
on the straight run, she sees the sun on
the same side and at the same angle.
The bees trooping behind note the
position of the sun during the straight
run and position themselves at the same
relative angle when they fly off.

The composite eye of the insect is an
excellent compass for this purpose.
Moreover, the bee is equipped with the
second navigational requisite: a chro-
nometer. It has a built-in time sense that
enables it to compensate for the changes
in the sun’s position during long flights.

Usually the wagging dance is per-
formed not on a horizontal, exposed plat-
form but in the dark interior of the hive
on the vertical surface of the honeycomb.
Here the dancer uses a remarkable meth-
od of informing her mates of the correct
angle with respect to the sun. She trans-
poses from the ability to see the sun to
the ability to sense gravity and thereby
to recognize a vertical line. The direction
to the sun is now represented by the
straight upward direction along the wall.
If the dancer runs straight up, this means
that the feeding place is in the same
direction as the sun. If the goal lies at
an angle 40 degrees to the left of the
sun, the wagging run points 40 degrees
to the left of the vertical. The angle to
the sun is represented by an equal
angle with respect to the upright. The
bees that follow the dancer watch her
position with respect to the vertical, and
when they fly off, they translate it back
into orientation with respect to the light.

We have taken honeycombs from the
hive and raised the young bees out of
contact with older bees. Then we have
brought the young bees back into the
colony. They were immediately able to
indicate the direction of a food source
with respect to the position of the sun,
to transpose directional information to
the vertical and to interpret correctly
the dances of the other bees. The lan-
guage is genuinely innate.

When we extended our experiments to
the Italian variety of honeybee (Apis
mellifera ligustica), we found that its
innate system had developed somewhat
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differently. The Italian bee restricts her
round dance to representing distances of
only 30 feet. For sources beyond this
radius she begins to point, but in a new
manner that we call the sickle dance.
The pattern is roughly that of a flat-
tened figure eight bent into a semi-
circle [see bottom illustration at left].
The opening of the “sickle” faces the
source of food; the speed of the dance,
as usual, indicates the quality of the
source.

At about 120 feet the Italian bee
switches to the tail-wagging dance. Even
then she does not use exactly the same
language as the Austrian bee does. The
Italian variety dances somewhat more
slowly for a given distance. We have put
the two varieties together in a colony,
and they work together peacefully. But
as might be expected, confusion arises
when they communicate. An Austrian
bee aroused by the wagging dance of an
Italian bee will search for the feeding
place too far away.

Since they are members of the same
species, the Austrian and Italian bees
can interbreed. Offspring that bear the
Italian bee’s yellow body markings often
do the sickle dance. In one experiment
16 hybrids strongly resembling their
Italian parent used the sickle dance to
represent intermediate distances 65 out
of 66 times, whereas 15 hybrids that re-
sembled their Austrian parent used the
round dance 47 out of 49 times. On the
other two occasions they did a rather
dubious sickle dance: they followed the
pattern but did not orient it to indicate
direction.

Other strains of honeybee also ex-
hibited variations in dialect. On the other
hand, members of the same variety have
proved to understand each other per-
fectly no matter where they come from.

Our next step was to study the lan-

guage of related species. The only
three known species of Apis in addition
to our honeybee live in the Indo-Malayan
region, which is thought to be the cradle
of the honeybee. The Asian species are
the Indian honeybee Apis indica, the
giant bee Apis dorsata and the dwarf
bee Apis florea. Under a grant from the
Rockefeller Foundation my associate
Martin Lindauer was able to observe
them in their native habitat.

The Indian honeybee, which is so
closely related to ours that it was for a
long time believed to be a member of
the same species, has also been domes-
ticated for honey production. Like the
European bees, it builds its hive in a
dark, protected place such as the hol-
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New window on the stars...by Grumman

The Orbiting Astronomical Observatory (OAQ), when
launched, will be the largest unmanned satellite to be
put into orbit. Being developed by Grumman for the
National Aeronautics and Space Administration, OAO
will provide our scientists with a new window on the
stars. The 3,000-pound satellite with its highly sophisti-
cated equipment will relay to earth long-awaited infor-
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Grumman
in Space
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low of a tree. Its language is also much
like that of the European bees. It em-
ploys the round dance for distances up
to 10 feet, then switches directly to the
tail-wagging dance. Within its dark hive
the Indian bee also transposes from the
visual to the gravity sense. The rhythm
of the dance, however, is much slower
than that of the European bees.

The giant bee also exhibits consid-
erable similarity to its European cousins
and to the Indian species in its com-
munications. It changes from the round
dance to the wagging dance at 15 feet.
In its rhvthm it moves at about the
same rate as the Italian bee does. The
hive of the giant bee, however, is built
on tree branches or other light, ex-
posed places. The inhabitants dance on
the vertical surface of the comb, con-
verting the angle with respect to the sun
correctly into an angle from the vertical.
But since the comb is out in the open, the
dancers can always find a spot that com-
mands a clear view of the sky. The fact
that they do this indicates that the fol-
lowing bees can understand the instruc-
tions better when they have direct in-
formation about the position of the sun.

In the case of the dwarf bee, Lindauer
found a clearly more primitive social
organization and a correspondingly less
highly developed language. The dwarf
bees, which are so small that a layman
would probably mistake them for winged

| ants, build a single comb about the

size of a man’s palm. It dangles from
an upper branch of a small tree. When
the dwarf bees return from feeding, they
always alight on the upper rim of the
comb, where their mates are sitting
in a closely packed mass that forms a
horizontal landing place for the little
flyers. Here they perform their dances.
They too use a round dance for dis-
tances up to 15 feet, then a wagging
dance. Their rhythm is slow, like that
of the Indian bee.

The dwarf bee can dance only on a

10-15 FEET 120 FEET
HIVE 3¢ iihman S R
INDIAN :

GIANT

AND

DWARF ITALIAN
HONEYBEES HONEYBEE

horizontal platform. Lindauer obtained
striking proof of this on his field trip.
When he cut off the branch to which a
comb was attached and turned the comb
so that the dancing platform was shift-
ed to a vertical position, all the dancers
stopped, ran up to the new top and tried
to stamp out a dancing platform by run-
ning about through the mass of bees.
When he left the hive in its normal posi-
tion but placed an open notebook over
its top, the foragers became confused
and stopped dancing. In time, however,
a few bees assembled on the upper sur-
face of the notebook; then the foragers
landed there and were able to perform
their dances. Then, to remove every
possible horizontal surface, Lindauer
put a ridged, gable-shaped glass tile on
top of the comb and closed the tile at
both ends. In this situation the bees
could not dance at all. After three days
in this unnatural environment the urge
to dance had become so great that a few
bees tried to dance on the vertical sur-
face. But they continued to depend on
vision for their orientation and did not
transpose the horizontal angle to a verti-
cal one. Instead they looked for a danc-
ing surface on which there was a line
parallel to the direction of their flight.
They tried to make a narrow horizontal
path in the vertical curtain of bees,
keeping their straight runs at the same
angle to the sun as the angle at which
they had flown when they found food.
Under these circumstances only a very
few bees were able to dance. Obviously
the dwarf bee represents a far more
primitive stage of evolution than the
other species. She cannot transpose from
light to gravity at all.

ln trying to follow the dancing instinct

- farther back on the evolutionary scale,
we must be satisfied with what hints we
can get by observing more primitive liv-
ing insects. Whereas a modern fossil rec-
ord gives some of the physical devel-

275 FEET

AUSTRIAN
HONEYBEE

CHANGE FROM ROUND TO WAGGING DANCE occurs when nectar source lies beyond
a certain radius of the hive. Change occurs at different distances among different bees. Be-
cause the wagging dance shows direction as well as distance, the Indian, giant and dwarf
bees can give more precise information about a nearby source than the European bees can.
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opment of insects, their mental past has
left no trace in the petrified samples.
The use of sunlight as a means of
orientation is common to many insects.
It was first observed among desert ants
about 50 years ago. When the ants creep
out of the holes of their subterranean
dwellings onto the sandy and barren
desert surface, they cannot depend on
landmarks for orientation because the
wind constantly changes the markings
of the desert sands. Yet they keep to
a straight course, and when they turn
around they find their way home along
the same straight line. Even the chang-
ing position of the sun does not disturb

DWARF HONEYBEE

GIANT HONEYBEE

them. Like the bee, the desert ant can
take the shift into account and use the
sun as a compass at any hour, compen-
sating correctly for the movement of the
sun in the sky.

Perhaps even more remarkable is the
fact that many insects have developed
an ability to transpose from sight to
gravity. If a dung beetle in a dark room
is placed on a horizontal surface illu-
minated from one side by a lamp, the
beetle will creep along a straight line,
maintaining the same angle to the light
source for as long as it moves. If the
light is turned off and the surface is
tilted 90 degrees so that it is vertical,

INDIAN HONEYBEE

AUSTRIAN HONEYBEE

the beetle will continue to crawl along
a straight line in the dark; it now main-
tains the same angle with respect to
gravity that it earlier maintained with
respect to light. This transposition is ap-
parently an automatic process, deter-
mined by the arrangement of the nervous
system. Some insects transpose less ac-
curately, keeping the same angle but
placing it sometimes to the right and
sometimes to the left of the vertical with-
out regard to the original direction with
respect to the light. Some are also im-
partial as to up and down, so that an
angle is transposed in any of four ways.
Since the patterns do not transmit in-

ITALIAN HONEYBEE
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DIALECTS in the language of the bees are charted. The dwarf bee
dances on a horizontal surface. All others dance on a vertical sur-
face. The speed of the wagging dance carries distance instructions.
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The more rapidly the bee performs its wagging runs, the shorter
is the distance. The figures in the squares represent the num-
ber of wagging runs in 15 seconds for each distance and kind of bee.
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COST & LEAD
TIME REDUCED

Development And Production
Costs Cut 509

FARMINCDALE, L. I, N. Y.—
The record-size  rocket motor

| cases of HYSTRAN reinforced

plastic made by Lamtex Indus-
tries, Inc. substantially reduce
costs and delivery time as com-
pared to conventional cases
made of steel.

Development costs for a typ-
ical HYSTRAN ease are one-
quarter those for a similar steel
case, Production costs for the
plastic cases (after all develop-
ment, tooling, and design modi-
fications have been completed )
are expected Lo be one-half those
for comparable steel cases. Tool-
ing costs for the HYSTRAN
cases  are  approximately  one-
quarter those for steel cases.

Plastic: 5 Months
Steel: 24 Months

The large reinforced plastic
cases produced at Lamtex were
delivered five months after the
start of the program, including
all development, tool design, and
fabrication, By contrast, the de-
livery lead time required for
comparable steel cases is in the
area of 24 months. While the
delivery time for production-
model steel cases (after all tool-
ing and final designs have heen
completed ) is abont nine months
after ordering, Lamtex can de-

| liver production-run’ HYSTRAN
“ cases in two to three months.

i
i -
Wound in one piece, Lamtex's
HYSTRAN rocket motor case in-

cludes precisely located, wound-

" in aft ports fitted with nozzle

blast tube hardware.

LARGEST ROCKET MOTOR CASE made of Lamtex HYSTRA
filament winding machine applies final layers of fiberglass and epoxy resin to attach handling and
supporting skirts at both ends of case.

Lamtex Produces Largest Fiberglass
Reinforced Plastic Rocket Cases

o Ly

nears pletion as ic

plastic.

These lightweight structures
were  produced  for  Thiokol
Chemical Corp, as part of a
| Process Development Program
to investigate reinforced plastics
for use in large rocket motor
cases. The program is sponsored
by the Air Force Systems Com-
mand, Manufacturing Technol-
ogy Laboratory, Chemical Engi-
neering Branch.

Greater Strength Per Pound

An oputstanding advantage of
the HYSTRAN reinforced plas-
tic cases over conventional cases
made of metal is their much
higher strength-to-weight ratio.
In a conservative, prototype de-
sign, Lamtex reinforced plastic
cases carry a weight only 87%
that of comparable steel cases.
A more sophisticated, Hight-

] 2

of steel cases.
Design And Performance
Additional advantages result-

ing from the use of HYSTRAN
for rocket motor cases include:

< Thermal insulation, inherent in
reinforced plastic, as contrasted
to the conductivity of metals.
During flight, HYSTRAN also
resists scorching friction heat—
usually without any special ex-

ternal insulating materials.

FARMINGDALE, L. I, N. Y.—=Solid propellant rocket motor cases of reinforced plastic larger than any
previously produced have been developed and manufactured here by Lamtex Industries, Inc. The 22-
foot long, 5%-foot diameter cases are made of HYSTRAN, Lamtex’s exclusive filament wound reinforced

Superior corrosion  resistance.
The same resing used in HY-
STRAN are frequently applied
to metallic structures to improve
corrosion resistance.

Safety lacking in metals, because
this reinforced plastic is non-
magnetic and non-sparking.

Impact and shatter resistance.
A basic characteristic of HY-
STRAN is its relative flexibility,
providing high impact resist-
ance to shocks and blows,

Built-in insulating liners are an
integral part of HYSTRAN fila-
ment wound cases. Additional
special inside liners are not re-
quired prior to casting of the
propellant.

No notch sensitivity exists in
HYSTRAN structures, alleviat-
ing a problem which plagues all
high strength-to-density metallic
structures,

Make Own Equipment

Lamtex Industrics, producer
of these record-size rocket motor
cases, designed and built its own
filament winding machines, since
no stiundard machinery or proven
procedures existed, As an indus-
try recogunized leader in this new
field, Lamtex has pioncered the
design of  Alament  winding

equipment, including new servo-
controlled machines.
Quality And Reliability
Are Important

With new materials and tech-
niques being developed almost
daily, continuous testing and
quality control are necessary to
insure the high degree of re-
liability required. A typical ex-
ample of this involved the
actual filament winding of a sub-
scale model to test a new, super-
high-strength fiberglass for use
on the large case.

Other Plastic Produets

Lamtex is currently producing
high quality reinforced plastic
products for a wide range of in-
dustrial, commercial and military
applications. Included are such
products as filament wound pipe
and tubing, torpedo  battery
cases, radomes, nose cones, high
voltage insulators, pressure ves-
sels, high strength undersea
structures, antenna towers, com-
pression and vacuum molded |
parts, rocket launcher tubes. A |
host of vital space-age programs
utilize Lamtex products — in-
cluded are POLARIS, PER-
SHING, MERCURY, VORTAC,
BOMARC, MINUTEMAN,.
RANGER, SCOUT, NIKE-
ZEUS, LAW and a variety of
NASA projects.
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Motor Avenue, Farmingdale, L.1., N.Y.
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DIRECTION of a nectar source from the hive is shown by the
direction in which a bee performs the straight portion of the wag-
ging dance. The top section of the drawing shows flowers in three
directions from the hive. The colored arrows represent the sun’s
rays. The middle section shows the dwarf bee, which dances on a
horizontal surface. Her dance points directly to the goal: she
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orients herself to see the sun at the same angle as she saw it while
flying to her food. The bottom section shows the bees that dance
on a vertical surface. They transpose the visual to the gravitational
sense. Movement straight up corresponds to movement toward the
sun («’). Movement at an angle to the vertical (b’, ¢’) signi-
fies that the food lies at that same angle with respect to the sun.
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formation, their exact form makes no
difference. Among the ancestors of the
bees transposition behavior was probably
once as meaningless as it is in the dung
beetle and other insects today. In the
course of evolution, however, the bee
learned to make meaningful use of this
central nervous mechanism in its com-
munication system.

Both navigation by the sun and trans-
position, then, have evolved in a num-
ber of insects. Only the bees can use
these abilities for their own orienta-
tion and for showing their mates the
way to food. The straight run in the
wagging dance, when performed on a
horizontal surface, indicates the direc-
tion in which the bees will soon fly to-
ward their goal. Birds do something
like this; when a bird is ready to take
off, it stretches its neck in the direction
of its flight. Such intention movements,
as they are called, sometimes influence
other animals. In a flock of birds the
movements can become infectious and
spread until all the birds are making
them. It is possible that among the
honeybees the strict system of the wag-
ging dance gradually developed out of
such intention movements, performed by
forager bees before they flew off to-
ward their goal.

rr he most primitive communication
* system we have found among the
bees does not contain information about
distance or direction. It is used by the
tiny stingless bee Trigona iridipennis, a
distant relative of the honeybee. Lin-
dauer observed this insect in its native
Ceylon. Its colonies are less highly or-
ganized, resembling bumblebee colonies
rather than those of honeybees.

When a foraging Trigona has found
a rich source of nectar, she also com-
municates with her nestmates. But she
does not dance. She simply runs about in
great excitement on the comb, knocking
against her mates, not by chance but
intentionally. In this somewhat rude
manner she attracts their attention to
the fragrance of blossoms on her body.
They fly out and search for the scent,
first in the nearby surroundings, then
farther away. Since they have learned
neither the distance nor the direction of
the goal, they make their way to the
food source one by one and quite slowly.

We probably find ourselves here at
the root of the language of the bees.
Which way the development went in
detail we do not know. But we have
learned enough so that our imagination
can fill in the evolutionary gaps in a
general way.

F—————————

Big 3-D views simplify
micro-welding at EECO

Digital welded circuit modules, manufactured by Engineered
Electronics Company, of Santa Ana, California are so small
that Bausch & Lomb StereoZoom® Microscopes are needed in
performing the welding operations.

EECO chose B&L StereoZoom Microscopes because “. . . their
excellent optical clarity and vivid, 3-D magnification of the
tiniest parts permit all-day viewing without eye fatigue. Qual-
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See how B&L StereoZoom Microscopes can make easy work
of your precision assembly or inspection operation. There’s a
complete line of industrial 3-D microscopes to choose from,
including zoom models that cover the entire range from 3.5X
to 120X, for scanning or critical close-up study.
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NO. 5 IN A SERIES OF SCIENCE-FICTION ORIGINALS CREATED
EXPRESSLY FOR HOFFMAN ELECTRONICS CORPORATION

By Robert A. Heinlein

“Will she hear you?”

“If she’s on this face of the Moon.
If she was able to get out of the ship.
If her suit radio wasn’t damaged. If
she has it turned on. If she is alive.
Since the ship is silent and no radar
beacon has been spotted, it is unlikely
that she or the pilot lived through it.”

“She’s got to be found! Stand by,
Space Station. Tycho Base acknowl-
edge.”

Reply lagged about three seconds,
Washington to Moon and back.
“Lunar Base, Commanding General.”

“General, put every man on the

Moon out searching for Betsy!”

Speed-of-light lag-made the answer
sound grudging. “Sir, do you know
how big the Moon is?”

“No matter! Betsy Barnes is there
somewhere —so every man is to search
until she is found. If she’s dead, your
precious pilot would be better off
dead, too!”

“Sir, the Moon is almost fifteen mil-
lion square miles. If I used every man
I have, each would have over a thou-
sand square mil€s to search. I gave
Betsy my best pilot. I won’t listen to
threats against him when he can’t
answer back. Not from anyone, sir!
I'm sick of being told what to do by

people who don’t know Lunar condi-
tions. My advice—my official advice,
sir—is to let Meridian Station try.
Maybe they can work a miracle.”

The answer rapped back. “Very
well, General! I’ll speak to you later.
Meridian Station! Report your plans.”

Elizabeth Barnes, “Blind Betsy,”
child genius of the piano, had been
making a USO tour of the Moon. She
“wowed ’em” at Tycho Base, then lifted
by jeep rocket for Farside Hardbase,
to entertain our lonely missilemen be-
hind the Moon. She should have been
there in an hour. Her pilot was a
safety pilot; such ships shuttled unpi-
loted between Tycho and Farside daily.

After liftoff her ship departed from
its programming, was lost by Tycho’s
radars. It was...somewhere.

Not in space, else it would be radio-
ing for help and its radar beacon
would be seen by other ships, space
stations, surface bases. It had crashed
—or made emergency landing —some-
where on the vastness of Luna.

“Meridian Space Station, Director
speaking——" Lag was unnoticeable;
radio bounce between Washington and
the station only 22,300 miles up was
only a quarter second. “We’ve patched
Earthside stations to blanket the
Moon with our call. Another broad-
cast blankets the far side from S\tation
Newton at the three-body stable' posi-
tion. Ships from Tycho are orbiting
the Moon’s rim—that band around the
edge which is in radio shadow from us
and from the Newton. If we hear——"

“Yes, yes! How about radar
search?”

“Sir, a rocket on the surface looks
to radar like a million other features
the same size. Our one chance is to
get them to answer...if they can.
Ultrahigh-resolution radar might spot
them in months—but suits worn in
those little rockets carry only six
hours’ air We are praying they will
hear and answer.”

“When they answer, you’ll slap a
radio direction finder on them. Eh?”

“No, sir.”

“In God’s name, why not?”

“Sir, a direction finder is useless for
this job. It would tell us only that the
signal came from the Moon —which
doesn’t help.”

“Doctor, you’re saying that you
might hear Betsy —and not know where
she is?”

“We’re as blind as she is. We hope
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that she will be able to lead us to her
...if she hears us.”

“How?"

“With a Laser. An intense, very
tight beam of light. She’ll hear it—"

“Hear a beam of light?”

“Yes, sir. We are jury-rigging to scan
like radar—that won’t show anything.
But we are modulating it to give a
carrier wave in radio frequency, then
modulating that into audio frequency
—and controlling that by a piano. If
she hears us, we’ll tell her to listen
while we scan the Moon and run the
scale on the piano——"

“All this while a little girl is dying?”
“Mister President—shur up!”
“Who was THAT?”

“I’'m Betsy’s father. They’ve patched
me from Omaha. Please, Mr. Presi-
dent, keep quiet and let them work. I
want my daughter back.”

The President answered tightly,
“Yes, Mr. Barnes. Go ahead, Director.
Order anything you need.”

In Station Meridian the director
wiped his face. “Getting anything?’

“No. Boss, can’t something be done
about that Rio station? It’s sitting right
on the frequency!”

“We’ll drop a brick on them. Or a
bomb. Joe, tell the President.”
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“I heard, Director. They will be
silenced!”

“Sh! Quiet! Betsy—do you hear
me?”’ The operator looked intent,
made an adjustment.

From a speaker came a girl’s light,
sweet voice: “——to hear somebody!
Gee, I'm glad! Better come quick—
the Major is hurt.”

The Director jumped to the micro-
phone. “Yes, Betsy, we’ll hurry. You’ve
got to help us. Do you know where
you are?”

“Somewhere on the Moon, I guess.
We bumped hard and I was going to
kid him about it when the ship fell
over. I got unstrapped and found
Major Peters and he isn’t moving. Not
dead—1I don’t think so; his suit puffs
out like mine and I hear something
when I push my helmet against him.
I just now managed to get the door
open.” She added, “This can’t be Far-
side, it’s supposed to be night there.
I'm in sunshine, I’'m sure. This suit is
pretty hot.”

“Betsy, you must stay outside.
You’ve got to be where you can see
US ”

.She chuckled. “That’s a good one.
I see with my ears.”

“Yes. You'll see us, with your ears.
Listen, Betsy. We’re going to scan the
Moon with a beam of light. You’ll hear
it as a piano note. We’ve got the Moon
split into the eighty-eight piano notes.
When you hear one, yell, ‘Now! Then
tell us what note you heard. Can you
do that?”

“Of course,” she said confidently,
“if the piano is in tune.”

“It is. All right, we’re starting—"

“Now!”

“What note, Betsy?”

“E flat, the first octave above mid-
dle C.”
“This note, Betsy?”’
“That’s what I said.”

The Director called out, “Where’s
that on the grid? In Mare Nubium?
Tell the General!” He said to the mi-
crophone, “We’re finding you, Betsy
honey! Now we scan just that part
you’re on. We change setup. Want to
talk to your Daddy meanwhile?”

“Gosh! Could 1?7

“Yes indeed I

Twenty minutes later he cut in and
heard: “—of course not, Daddy. Oh,
a teensy scared when the ship fell. But
people take care of me, always have.”

“Betsy?”

“Yes, sir?’

“Be ready to tell us again.”

“Now!” She added, “That’s a bull-
frog G, three octaves down.”

“This note?”

“That’s right.”

“Get that on the grid and tell the
General to get his ships up! That cuts
it to a square ten miles on a side!
Now, Betsy —we know almost where
you are. We are going to focus still
closer. Want to go inside and cool
off?””

“I’m not too hot. Just sweaty.”

Forty minutes later the General’s
voice rang out: “They’ve spotted the
ship! They see her waving!”
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HOW SCIENCE FICTION BECOMES
SCIENTIFIC FACT

Matching the feat of the distin-
guished Mr. Heinlein in finding a maid
on the moon won’t be easy, yet that’s
just the sort of thing we at Hoffman
are working toward daily.

The serious business of military
hide-and-seek, for example, is among
our specialties—though our customers
usually call it reconnaissance, surveil-
lance or electronic warfare.

Lately, we completed a multi-mil-
lion-dollar job as prime contractor on
a major reconnaissance system. This
involved leading an eight-company
team, including people at Cornell,
Stanford and Lockheed, to successful
delivery of the prototype systems. It’s
been our recent privilege to develop
advanced reconnaissance systems for
all three branches of the Armed Forces.

Now our experts in this field have
turned their minds toward similar sys-
tems in space—conceiving new ways
to play hide-and-seek with unfriendly
satellites and manned spacecraft.

More immediate: the problem of
finding and supporting our country’s
men on the moon, should they land
somewhere other than where planned.
Maybe we’ll have something like
“Searchlight” foresees ready in time
to provide the answer. The laser re-
search now being done by the people
at our Science Center could furnish
some of the necessary waysand means._

Our business is converting science
fiction into scientific fact:. solving
“impossible” problems within the
broad areas we know most about.
These are communications, naviga-
tion, reconnaissance, surveillance,
semiconductor devices and solar en-
ergy conversion to electricity.

If you have a problem that might
relate to what we do, drop us a line.

-

Scientist inserts KDP crystal in cav-
ity resonator to produce electro-
optical laser beam modulation at Hoff-
man Science. Center, Santa Barbara.

Hoffman /zszememss
CORPORATION

3761 S. Hill Street, Los Angeles 7, Calif.

89




NEUTRINO DETECTOR ASSEMBLY was designed by Frederick Cleveland. The detector is located 2,000 feet underground to shield
Reines of the Case Institute of Technology to measure the flux of out particles other than neutrinos. The tank in foreground, which
high-energy neutrinos in cosmic rays. It is photographed in posi- is the detector proper, is eight feet eight inches high and eight
tion in the Fairport Harbor Mine of the Morton Salt Company near feet in diameter. Structure behind it houses electronic apparatus.
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NEUTRINO ASTRONOMY

A flood of the penetrating particles called neutrinos pours down

on the earth from the sun and stars. If they could be detected,

they would constitute a rich source of astropllysi(:al mformation

f the dozens of “fundamental par-
O ticles” with which physics is
seized, only two nowadays bear
the name without any skeptics’ (uota-
tion marks. These are the photon and the
neutrino. Each stands at the base of one
of the two hierarchies to which all
known particles belong. The photon, or
quantum of the electromagnetic field, is
the simplest and lightest of the bosons:
particles with an integral number of spin
units. The neutrino occupies a corre-
sponding place among the fermions:
particles with half-integral spin. (The
familiar proton, neutron and electron
are all fermions.) Neither the photon
nor the neutrino possesses a measurable
mass, and they have energy only by vir-
tue of their motion, which is always at
the speed of light. The photon is familiar
to everyone; all the light by which we
live and know the world is nothing but a
flood of photons. The neutrino lies al-
most entirely outside human experience.
Yet it would be strange if nature’s other
most fundamental particle did not con-
ceal a fair share of nature’s secrets. Re-
cent theoretical calculations indicate,
in fact, that the unfamiliar neutrino may
turn out to be the major actor in an
unseen drama of the physical world.

Everything the astronomer knows
about the regions beyond the earth he
has learned from photons. The faintest
star that can be seen with the naked eye
rains some 1,000 photons per second into
the wide-open, dark-adapted pupil. Sun-
light delivers to the same area a million
billion times as many. The signals picked
up by the radio astronomers’ huge an-
tennas are also photons, but photons of
much lower energy.

Neutrinos, it is now realized, must
also stream down on us out of the heav-
ens. From the sun they bring a tenth as
much energy as does the visible light.

by Philip Morrison

From many stars they convey vastl_v
more energy than comes in the form of
light. Yet this enormous flux of particles
passes wholly unnoticed. Suppose that
somehow we could build a neutrino tele-
scope. What could we expect to see of
the sun and stars? What might we hope
to learn of the universe? This article will
sketch some of the hopes.

The task of a would-be builder of a
neutrino telescope is not to gather or
concentrate the particles; there are
plenty of them. What he must do is in-

duce them to interact with the material
of his instrument and deliver up their
energy, as photons deliver theirs to the
retina of the eye or to the photographic
emulsion. The catch is that neutrinos in-
teract practically not at all-with any
kind of matter. At the most conservative
estimate 102% neutrinos pass through the
body of a man during his lifetime. Just
one is likely to interact and be absorbed
there. Neutrinos from the sun come up
through the solid earth at midnight as
plentifully as they rain down from the
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CROSS SECTION OF DETECTOR is shown schematically. The liquid scintillator responds
to products of reactions between incoming neutrinos and nuclei in surrounding iron plate
(hatching) or in scintillator itself. Scintillations are detected by photomultiplier tubes
at top of inner chamber. If scintillation is accompanied by visible Cerenkov radiation in the
surrounding water, the event is not counted because it was produced by a charged particle.
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NEUTRINO REACTIONS are characterized by their extremely
slow rate. Of the three reactions shown here, a and b have been
observed, whereas c is known only from theory. In a a free neutron
(n) disintegrates spontaneously into a proton (p), an electron

noonday sun. How then do we know

them at all?
A generation ago the neutrino made
its debut, not in the laboratory but
in the mind of the theoretical physicist
Wolfgang Pauli. He was concerned with
the problem of beta decay: the emission
of electrons by certain radioactive spe-
cies of atomic nuclei. Quantum theory
indicated that every nucleus of a given
species has precisely the same set of
discrete energy states. A beta ray elec-
tron carries away some nuclear energy,
and accordingly all electrons ejected
from nuclei in a given state were expect-
ed to have the same amount of energy.
This was indeed true of the other two
kinds of radioactive emission: alpha par-
ticles and gamma ray photons. But it
was not true of the electrons. They ex-
hibited not a single energy for each de-
caying nuclear type but a whole spread
of energies, from zero up to the maxi-
mum that was characteristic of the
nuclear state. There were three ways
to account for this: (1) the product
nucleus for each individual electron
emitted had an energy content that de-
pended on the energy of the electron
its parent nucleus had emitted, which
would imply that one electron or one
nucleus is intrinsically different from
another, (2) energy was not conserved
in electron emission, (3) a varying por-
tion of the energy of the decay went
off in some undetected form.

Only the third alternative was less
than revolutionary. So physicists, always
conservative, began to look for the miss-
ing energy. It had to be carried in a neu-
tral particle, since there was no missing
charge. A gamma ray was the first guess,
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but it was simply not there. It was Pauli
who realized that the comparative rates
of electron and gamma emission fur-
nished a clue to the elusiveness of the
hypothetical particle. The release of
energy by beta decay is unimaginably
slower, or less probable, than the re-
lease of energy by gamma rays. The
ratio is something like 108 to one.
If a new, light neutral particle were
created with each beta ray electron,
this particle would be almost impossible
to detect: the slowness of its emission
implied an analogous and matching
improbability of absorption in the nuclei
of any matter it penetrated. Enrico
Fermi made detailed calculations show-
ing that the shape of the electron spec-
trum agreed with these assumptions,
and he gave the new particle the name
neutrino (in Italian “little neutral one”).

Physicists sighed with relief: energy
conservation was safe. More and more
indirect evidence piled up: momentum
too was missing, but in just the way it
would be missing if the elusive neutrino
bore it away. Still, the profession was a
bit uneasy. It is one thing to satisfy con-
servation laws; it is quite another to have
a particle with some reality, a particle
that could again be made to yield up
the energy and momentum it had been
given license to steal away.

t was not until modern skill and scale
became available that the first neu-
trino was caught and the validity of the
theory founded by Pauli and Fermi
proved in a direct way. Six years ago
Frederick Reines and Clyde L. Cowan,
Jr, then at the Los Alamos Scientific
Laboratory, set up an enormous detector
and counter apparatus in the avalanche
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(e”) and an antineutrino (v).In b a proton and an antineutrino ()
combine to form a neutron and a positron (
a positron combine to produce a neutrino and an antineutrino. This
reaction is believed to occur in stars that become supernovae.

e*).In c an electron and

of neutrinos coming from one of the
world’s largest nuclear reactors in Sa-
vannah River, Ga. The neutrino density
there was perhaps 30 times larger
than the density of neutrinos from the
sun and stars.

Once or twice an hour, on the average,
the experimenters caught a neutrino in-
teracting with a proton in the huge tanks
of water of their detector. Then and
there appeared the lost energy and mo-
mentum of beta decay, as had been
calculated.

In June a second type of neutrino was
detected [see “Science and the Citizen,”
page 52]. It is born not with an electron
in beta decay but with a mu meson in
the decay of a pi meson. I mention it
here only to rule it out of the discussion.
This article is concerned exclusively
with the beta-decay neutrino.

In addition to its original function as
a carrier of energy and momentum, the
neutrino has come to play a wider role
in the schemes of the theoretical physi-
cist. There seems little doubt that all
fermions (and their corresponding anti-
particles) can emit or absorb a neutrino
(or antineutrino) in any reaction that
obeys the various conservation laws of
physics: conservation of energy, of mo-
mentum, of electric charge and a few
more. In the process any pair of fermions
can turn into any other pair. Such trans-
formations have a small but definite rate,
depending very much on the energy re-
leased but not at all on which particular
fermions are involved. Another rule of
this particle game is that the birth, or
emission, of any antiparticle is exactly
equivalent to the death, or absorption,
of the corresponding particle and vice
versa.



As an example of a fermion trans-
formation, consider the case in which a
neutron and a neutrino are converted
into a proton and an electron. In the
shorthand of the particle physicist, in
which the neutrino is designated by the
Greek letter v (nu), we can write

n+v—>p+€ .

The equation states that a neutron ab-
sorbs a neutrino and changes to a proton
and an electron. (The electron carries a
minus sign to distinguish it from its anti-
particle, the positron, which is written
e’.) Although the conversion is one of
the most common of all neutrino reac-
tions, it is usually not seen in this form
but in the exactly equivalent form where
the birth of an antineutrino (written as
v replaces the death of a neutrino:

n—>p+e +V.

This reaction is observed. It is the arche-
type of all beta decays, the neutron being
the simplest radioactive nucleus. On the
average it takes 10 minutes and releases
about 750,000 electron volts of energy.
A gamma emission with the same energy
available would take place in some 10716
second. That relative slowness is the
clear mark of a neutrino reaction.

If we continue to follow the rule about
particles and antiparticles, the trans-
formation might also involve the absorp-
tion of a positron by the neutron rather
than the emission of an electron:

n+e — p+7.

Moreover, like all particle reactions, this
one can be reversed if the energy it re-
leases is supplied from outside. If that
were done, we would have a proton ab-
sorbing an antineutrino and turning into
a neutron and a positron:

p+v—>n+e'.

This is the very process that Reines and
Cowan observed in their Savannah River
experiment. The necessary energy was
supplied by the kinetic energy of the
neutrinos coming out of the reactor.
Physicists firmly believe there are
many other neutrino reactions that have
never been observed, because the theory
suggests that any fermion pair can turn
into any other. Which of the various
processes would supply the material of
neutrino astronomy? Armed with the
rules of interaction already mentioned,
and with more quantitative formulae
from which the rates of each reaction
can be predicted, some physicists have

ARTISAN FOR THE SPACE AGE

As the need grows for more sophisticated electronic components, the
requirement for human skill and accuracy in their manufacture also
increases. Many of our master craftsmen have been making precision
electromagnetic cores to consistently closer tolerances year after year,
since the earliest days of the radio industry. Our die makers, for in-
stance, are accustomed to working to an accuracy of + 1/10,000 inch.
Each of our operations is marked by painstaking precision, from selec-
tion of raw materials to final annealing.

Pioneers in the manufacture of motor and transformer laminations,
electromagnetic shields, powder and tape-wound magnetic cores, we
pride ourselves on the craftsmen who make up our work force. We
welcome the opportunity of putting them, and our advanced research,
manufacturing, and test facilities at your disposal. MAGNETIC METALS
CompPANY, Hayes Avenue at 21st Street, Camden 1, New Jersey.

AGNETIC transformer laminations « motor laminations
tape-wound cores + powdered molybdenum
ETALS permalloy cores « electromagnetic shields
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p+p—=>d+v+et
REACTION IN CORE OF SUN, in which two protons (p) come together to form a deu-

teron (d), also releases a neutrino (v) and a positron (e*). Because three particles carry
away momentum, the energy and direction of neutrinos vary. Two possible cases are shown.

o9

p+p+e —>d+v

RELATED REACTION, in which two protons and an electron (e”) coalesce to form a
deuteron and a neutrino, has a smaller but finite probability. With only two product par-
ticles, they can move off only in opposite directions, so that neutrinos have constant energy.

p+p-+e”

NUMBER OF NEUTRINOS

p+p

ENERGY
ENERGY SPECTRUM OF NEUTRINOS from the sun has two parts: a continuous band

from the reaction shown at top of page and a line from the reaction shown in middle. The
line has some width because of thermal motion of the electrons participating in the re-
action. This chart is based on the work of Hubert Reeves of the University of Montreal.
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set out to identify the neutrino sources
in the stars.

The long-lived thermonuclear furnace
that is our sun derives its heat from
a neutrino-emitting reaction. For some
years it has been clear that the combina-
tion of two protons to yield the lighter
deuteron (a compound of one proton and
one neutron) is the first step in the re-
lease of solar energy. The reaction is

p+p— d+v+et.

Since d (the deuteron) is simply a close
association of n and p, what has hap-
pened from the point of view of the
elementary fermions is simply that one
proton has turned into a neutron:

p—n (in the deuteron) + v+ ct.

The energy release is made possible only
by the presence of a second proton.
Occasionally two such protons, which
cannot form a stable nucleus at all, col-
lide and remain close together for a tiny
fraction of a second. If during that time
a neutrino is emitted, one proton has
become a neutron, and the neutron and
proton, still close together, can bind into
the stable deuteron nucleus, releasing
the needed energy. The process takes
place, so to speak, en passant. And
yet so numerous are the collisions at
the 15-million-degree temperature and
the density (10 times that of lead) of the
hot hydrogen gas of the sun’s core that
this infrequent neutrino emission makes
the sun glow. An average proton makes
more than 1016 collisions each second
under central solar conditions. Only
once in a few thousand years will it have
the luck to penetrate the electrostatic
repulsive barrier so deeply that the col-
lision will permit a try at the formation
of a deuteron. And of these lucky close
collisions, only one in 10 million will
emit a neutrino and form a deuteron in
actual fact. It is the neutrino emission
that determines the time scale for the
evolution of the sun and thus for the
development of life on earth.

r]*he turbulent, hot, dense core of the

sun is, then, a source of neutrinos. In
the first step of the nuclear reactions
there—the formation of a deuteron—
about half the energy leaves the sun at
once in the straight flight of a neutrino.
Subsequent steps rapidly burn the deu-
terons to helium without anv neutrino
emission. The over-all part of the nuclear
energy spent in the form of the impal-
pable neutrinos is about 10 per cent.
Even this tithe represents great power,
and it would delineate the core of the



sun if we could only “see” the neutrinos.

The light of the sun is also born in
the core, but it reaches us in quite a
different way than do the neutrinos.
The difference underscores some of the
reasons for dreaming of a neutrino
astronomy. Light originates as high-
energy X-ray photons deep in the solar
interior. Ricocheting again and again, it
works its way out to the surface through
the enormous bulk of the sun, taking
about a million years. In the process
each original photon has given birth to
a couple of thousand progeny, all of
which share the original energy. Neu-
trinos, on the other hand, interact so
little that although they are born in the
very core of the star they pass out as
though the rest of the great mass were
not present. In a neutrino te]escope the
sun would appear not as a disk but as a
tiny hot spot, less than a hundredth the
diameter of the sun we see, but emitting
about a fourteenth of its power.

Hubert Reeves of the University of
Montreal has given a still stronger
reason for trying to build a neutrino
telescope. He has reminded us that the
reaction

p+p—>d+€e +v

must always be accompanied by the less
probable reaction

p+p+e —>d+v,

in which the protons absorb an electron
instead of emitting a positron. This will
take place only once in a couple of hun-
dred of the standard neutrino emissions.
But there is a remarkable difference. In
each case the energy is shared among the
final particles. The process

P+p—>d+et+y

produces three particles to share the
energy. The motion of any two, say e*
and v, is balanced by the motion of the
third: the recoiling deuteron [see top
illustration on opposite page]. Therefore
the direction and energy of the output
particles, including the neutrino, are
variable. But in the case

p+p+e >d+v

the two final particles, d and v, can only
have equal and opposing momentum.
There is no angle to vary, so the emitted
neutrino always carries off the same
momentum and hence the same energy.
This means that the neutrino energy
spectrum is a line spectrum and not a
continuous one. The neutrino spectrum

NOW. .. ANOTHER FIRST

FOR ALLIS-CHALMERS/

The ‘Self-Fluxing Pellet

for the Iron and
Steel Industry

For the first time, successful
commercial production of pre-
mixed limestone and ore pellets
has been achieved. This major
breakthrough promises signifi-
cant potential benefits . . . less
coke for every ton of ore . ..
reduced costs and increased
capacity at the blast furnace.
It's another contribution by
Allis-Chalmers to the profitable
use of huge reserves of low
grade ore, offers new efficiency
to the nation’s steelmakers.

Iron ore pelletizing plant

ALL/S-CHALMERS/MILWAUKEE 1, W/S./POWER FOR A GROWING WORLD
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On January 12, 1959 the National Aeronautics and Space Administration
- (NASA) selected McDonnell Aircraft Corporation for the design and construction
of a manned spacecraft to be launched by an Atlas booster, placed in a controlled
orbit around the earth and returned safely. This project was called Mercury.
Twelve months and 3 days later the first spacecraft was delivered for flight
| testing.
Ak L. - On January 31, 1961 a chimpanzee was boosted into space in a Mercury
| Spacecraft. After a 418 mile flight down range, the spacecraft and Astro-Chimp,
slal Ham, splashed into the Atlantic and were recovered safely.
a& 1 “ Two years, three months and 23 days after the contract was announced,
| &8 Astronaut Alan Shepard climbed into a Mercury Spacecraft for a down range
3 ' a | flight witnessed by the world. Eleven weeks later, Astronaut Gus Grissom dupli-
g . cated the feat.
B 1 B On November 29, 1961, another high flying Chimpanzee, named Enos, rode
@ ~ i ! twice around the earth and was successfully recovered.

... the Evolution of a Spacecraft

Three years and 39 days after the project began, a Mercury Spacecraft carrying
Astronaut John Glenn was launched by an Atlas booster and placed in a con-
trolled orbit. After three orbits, spacecraft and astronaut returned safely to the
Earth and were recovered. It is significant to note that the initial assignment
has been completed. The Mercury Spacecraft is now operational, a literal laboratory
for astronauts as they continue the study of man’s capabilities in space. McDonnell
is now designing and building a two-man spacecraft for NASA. Called Gemini,
it will be capable of long term orbital missions and rendezvous with another space
vehicle while in orbit. Chapter 1, Book 1 of a great new American enterprise has
now been written. Chapter 2 is just beginning.

MCDONNELL

Employment opportunities exist on projects in the national interest such as
Mercury, Gemini and Asset Spacecraft; FAH, F-110A and RF-110 aircraft.
An equal opportunity employer. For information, write: Employment Manager,

MCDONNELL AIRCRAFT
Box 516, St. Louis 66, Missouri
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from the sun therefore contains both
the continuous spectrum of neutrinos
from p + p and the distinct line from
p + p t e [see bottom illustration on
page 94]. The line has a small energy
width that depends on the thermal mo-
tion of the particles, and its height de-
pends on the relative probability of the
reaction producing it and therefore on
the density of the gas where the reaction
occurs. To observe the neutrino spec-
trum would be to determine experimen-
tally the central solar conditions and to
fix exactly which reactions are going on.
The neutrinos provide the only possible
experimental substitute for the “analyti-
cal boring machine” of which the British
astrophysicist A. S. Eddington wrote,
the only way to penetrate the massive
shield of a star’s body and see what the
center is like. It is tantalizing that this
message comes constantly to us riding a
beam as bright, in order of magnitude,
as sunlight itself, and yet we cannot de-
tect it at all!

Evidently neutrino stellar astronomy,
if it ever arrives, will bring from the
cores of stars experimental information
we can now obtain only by analysis of
the emitted starlight, many generations
removed from the source of energy.
Here is an experimental challenge if
there ever was one.

It is nearly 25 years since the role of
beta-decay neutrinos has been under-
stood in stellar energy release. On that
basis alone the emission of neutrinos was
a somewhat strange accessory to star-
light, but only an accessory. To produce
radioactive nuclei that could emit neu-
trinos nuclear processes were required,
which themselves always emitted more
energy in particle or photon form.

Some of the other neutrino reactions—
recognized in the more powerful theory
of recent years—are remarkably differ-
ent. The simplest and most important
process of this still unseen but firmly
predicted type turns an electron-positron
pair of fermions into a neutrino-anti-
neutrino pair, at a rate easily calculated
from the theory of the fermion transfor-
mations that are observed. The equa-
tion reads

—>V+V.

All the conservation laws are fulfilled
nicely. But if one were to look for this
process in the laboratory he would notice
an electron pair disappear with no de-
tectable progeny once in about 1020
trials. No one will be that patient.

In such an emission of a neutrino-
antineutrino pair no nucleus whatever is

involved. The emission does require
electron-positron pairs, which might
seem an unusual constituent of stellar
matter. In fact, however, the pairs are
not rare. At high enough temperatures,
beginning, say, with a few hundred mil-
lion degrees centigrade, any volume
whatever, even a good vacuum, is popu-
lated spontaneously with electrons and
positrons. They come from the tempera-
ture radiation itself. The photons of
this radiation, once they have energy
enough, collide with one another to pro-
duce electron-positron pairs. Of course
the pairs will quickly annihilate back
to radiation again. The pair of equa-
tions that represent this sort of radiative
chemistry are

Y+tr—>€+6;
e+e —=>7+7.

Here the Greek letter y (gamma) rep-
resents a high-energy photon. At thermal
equilibrium one reaction takes place
just as often as the other. The short life-
time of the electron pairs is a guarantee
that there are not many present at any
time, but they are constantly made and
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destroyed by collisions in obedience to
the general laws of equilibrium. This
would have very little importance for
the behavior of hot matter and radia-
tion if it were not for the neutrinos.
What can it matter if such pairs are
transiently formed in the deep stellar in-
terior? Their presence is a mere detail.

The neutrino emission changes all
this. Once in a great many collisions an
electron pair will not annihilate back
into the pair of gamma rays that made
it but rather into a neutrino-antineutrino
pair. Those particles will never again
collide. They escape the region even if
its walls are a star, and they seek the
depths of space, robbing the hot re-
gion of their energy forever. The possi-
bility of neutrino formation means that
there is no way to retain thermal energy
intact once high enough temperatures
are reached to make this reaction impor-
tant. There are related neutrino-photon
processes too, important for somewhat
lower and for still higher temperatures.
Such energy loss is a newly recognized
but fully general feature that the neu-
trinos give to hot matter of arbitrary
composition; the matter loses heat at
a definite and by no means negligible

N

SUPERNOVA e

LIGH

F STARS T

Il RED GIANTS |=—

RATIO OF LIGHT ENERGY

|
2 4 6

TEMPERATURE AT CENTER OF STAR (BILLIONS OF DEGREES KELVIN)
NEUTRINO “LUMINOSITY” of stars is plotted against the temperature at their centers.

Luminosity is expressed as the ratio of energy emitted by stars in form of neutrinos to the
light energy emitted by the sun. Some optical luminosities are shown at right. This chart is
based on the work of Hong-Yee Chiu of the National Aeronautics and Space Administration.
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rate. Any walled box at these extreme
temperatures must lose all its thermal
energy in a matter of minutes by neu-
trino loss.

In the latter stages of stellar evolu-
tion—those stages in which elements of
medium weight are formed—tempera-
tures suitable for the emission of neu-
trinos are expected. The stages are
short-lived because the nuclear reac-
tions that maintain the supply of energy
are rapid, unlike the slow reactions at
the coolish center of modest stars like
the sun. Now we realize that they must
be still more rapid than had been
thought, because they must furnish not
only the energy sent out as light but
also that sent off in invisible neutrinos.
The neutrino luminosity far exceeds the
photon luminosity as the temperature
rises.

Hong-Yee Chiu of the Institute for
Space Studies of the National Aeronau-
tics and Space Administration has shown
that at a central temperature of a few
hundred million degrees the energy shed
by a star becomes dominantly neutrino
energy. The hotter the star, the more
it is a neutrino star and not merely a
visible star. In the last centuries of
their lives those few very hot stars head-
ed for explosive death—presupernovae—
seem likely to emit billions of times
more power in the imperceptible neu-
trino than they send out as light. Indeed,
it appears that the neutrino loss would
of itself account for the pre-explosion
collapse, although before the collapse
can reach really explosive speeds other
nuclear events regain control of the fate
of hot compressed matter.

It is to be noted that the center of
a massive star does not cool when it
emits energy but rather collapses and
heats. The tendency to cooling implied
by energy loss is overbalanced by the

“NEUTRINO SUN” would appear as a
small, intense spot (dot) about one-hun-
dredth the diameter of visible sun (circle).
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gravitational pull, which causes the hot
matter to contract whenever it loses
energy. The contraction releases enough
gravitational potential energy to supply
the lost energy radiated—as light and as
neutrinos—and a surplus to heat the
compressed star-stuff still more. The
heating increases the rate of energy loss
by neutrino emission, so the collapse is
faster and the loss still greater. Evidently
the material has become unstable and
is headed toward calamity, of which
supernovae are one sign. It is quite pos-
sible that we still have not grasped the
full meaning of supernovae collapse,
which may go well beyond the forma-
tion of the most stable nucleus (iron)
to produce strange new regions in
which not matter but gravitational en-
ergy contributes most to the energy
account.

We can now see that neutrinos will
take away nearly all stellar energy re-
leased in the rare but important hotter
stages of star evolution. Light removes
the energy made available by the burn-
ing of hydrogen to helium, and that
made by burning helium to carbon as
the elements evolve. Neutrinos do almost
all the rest, at least until supernova col-
lapse. At that point we are unsure; it is
not to be excluded that in gravitational
collapse energies as great as all the en-
ergy of familiar matter are thrown off in
still undetected neutrinos. We can surely
assign at least a quarter of all the energy
released by stars to neutrinos, and per-
haps even the dominant part. The stars
that became the supernovae of Tycho
Brahe and his student Johannes Kepler,
and the star that the Chinese astronomers
of the Sung dynasty saw by day, had
been invisibly “brightening” in the im-
perceptible glow of neutrinos for cen-
turies before they finally grew bright for
a few months in visible light when the
slowly diffusing, much scattered photons
finally worked their way to the surface.
Neutrino detectors would make possible
a supernova-early-warning service.

he end of the neutrino story is still

uncertain. It may be that this newly
discovered means of removing energy
works even in the common smaller and
cooler stars, allowing them to cool to the
white-dwarf stage without ever reach-
ing giantism and heavy-element-burning
temperatures. It may be (as John A.
Wheeler and his associates at Princeton
University and Bruno M. Pontecorvo,
I. B. Zeldovitch and Y. Smorodinsky in
the U.S.SR. have conjectured) that
there is as much energy in the impal-
pable neutrino flux as in matter itself,
placed there either by some supercol-
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lapse or by strange processes that go
back to a possible explosive creation of
all matter. It is even possible to see in the
neutrino a relation with the very ex-
pansion of the universe, an expansion
perhaps caused by the pull of an enor-
mous total mass of very low-energy
neutrinos. None of these matters is
settled, and presumably none can be
until the natural stream of neutrinos is
detected. Then we might be able to
reach some cosmological decisions in the
nuclear laboratory.

At the present moment Reines, now at
the Case Institute of Technology, and
Cowan, now at Catholic University, are
mounting schemes that at least point
toward a neutrino astronomy. They are
setting out to detect neutrinos produced
not by stars but by cosmic rays and that
have substantially higher energies than
those treated in this article. The higher
the energy of the neutrinos, the greater
their probability of interacting with
other matter.

Already Reines and his student
Charles C. Giamati have been able to
set a new limit on the higher energy
cosmic ray neutrino flux that is close to
the rate actually expected. The big de-
tector with which this was accomplished
was located 2,000 feet underground in
a mine of the Morton Salt Company
near Cleveland [see illustration on page
90]. Their next step, now in the design
stage, is a counter containing 1,000 or
more tons of the purest and most limpid
water, set deep underground to shield
out electrically charged cosmic ray par-
ticles and scanned by large photomul-
tiplier tubes. They seek to detect the
light radiated by fast particles secondary
to the high-energy neutrinos entering
the counter.

To be sure, even this heroic effort
will fall short of revealing the still more
elusive, star-born, electron-associated
neutrinos. The experimenters are set too
hard a task by the weakness of the neu-
trino interaction at low energy, the very
weakness that allows the particles to
signal us so directly from the center of
the stars. But perhaps a way can be
found. Maybe one day we can use as
detectors not the nearly stationary pro-
tons and electrons of matter but fast-
moving particles, made highly energetic
in our own accelerating machines. Some-
day we may watch for events occurring
from collisions of our fast particles
against invisible partners, the neutrinos
from the depths of space.

Suffice it to say for now that the
message is there, bearing information on
the cores of the stars and perhaps on the
very bounds of space and time.
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Pumps in the Living Cell

One of the main activities of most animal cells and many animal tissues

is the excretion of sodium. How is this “active transport” accomplished?

Here the answer is sought in the kidney of the amphibian Necturus

ne of the main tasks of the living
O cell is simply to maintain its
physical integrity: to keep itself
from bursting open. In its normal liquid
environment the cell is subject to an
inexorable force acting to push water
across its enclosing membrane from out-
side to inside and thereby increase the
pressure inside. Some plant cells resist
the force by structural means. The strong
outer wall of such a cell contains the
pressure, which, incidentally, furnishes
the rigidity that gives the cell its shape.
Animal cells have evolved a different an-
swer. In effect they hold back the water
with pumps.

Biological pumping, or “active trans-
port,” plays other fundamental roles in
the functioning of both individual cells
and multicellular organisms. The proc-
ess has attracted the interest of bio-
physicists in many laboratories. They
have undertaken to isolate its mecha-
nism and to identify the source of the
energy that drives it.

In preventing the cell from bursting,
the pump is working against the force of
osmosis. This force results from the uni-

AuTHOR’S NOTE

The author wishes to acknowl-
edge the collaboration of his as-
sociates in the work reported in
this article. They are: Irwin B.
Hanenson, Joseph C. Shipp, Hi-
sato Yoshimura, Erich E. Wind-
hager, Hans ]. Schatzmann,
Guillermo Whittembury, Don-
ald E. Oken, W. J. Flanigan,
Nobuhiro Sugino, Francisco C.
Herrera, Raja N. Khuri, Charles].
Edmonds and David L. Maude. |
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by Arthur K. Solomon

versal tendency of solutions on each side
of a semipermeable membrane to reach
equal concentration. The membrane of
the cell is freely permeable to the mole-
cules of water and to other small mole-
cules, but not to large molecules such as
those of proteins. In general the con-
centration of large molecules is higher
inside the cell than it is in the surround-
ing liquid; therefore water tends to flow
in to equalize the concentration. Almost
all animal cells are thought to offset the
effect by pumping out sodium. They ex-
pend a substantial fraction of their total
energy budget in maintaining a lower so-
dium concentration inside the cell than
outside. The result is that the total con-
centration of large and small molecules is
the same inside the cell and out, and
therefore there is no osmotic pressure.

Since the sodium is tranferred as posi-
tively charged ions, its outflow leaves
the interior of the cell electrically nega-
tive with respect to the outside. The
potential difference across the mem-
brane is only about a tenth of a volt,
but the membrane is only about a mil-
lionth of a centimeter thick. Hence the
field amounts to 100,000 volts per centi-
meter, which is quite a respectable fig-
ure. Among its various physiological
roles the electrical potential difference
makes possible the transmission of im-
pulses along nerve fibers and the trigger-
ing of contraction in muscle.

Under certain circumstances a system
of cells pumps sodium to move water
rather than to prevent it from mov-
ing. For example, approximately seven
quarts of water enter the human intes-
tinal tract every day, mostly in saliva
and secretions of the stomach and pan-
creas. Here the problem is to return
most of the water to the body fluids. It
appears that the lining of the gut con-
tains a pump that moves sodium, and
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water along with it, out of the intestine
and back to the bloodstream.

In our laboratory at the Harvard Medi-
cal School we have been studying a
somewhat similar system in the verte-
brate kidney. The kidney is the organ
that regulates the composition of the
blood plasma and hence the extracellular
environment of all the cells in the body.
In an adult human being some 50 gal-
lons of blood a day pass through the
little capsules in the kidney called
glomeruli. Here the proteins are filtered
out, remaining behind in the blood, and
the rest of the solution passes through
the filter into the kidney tubules. In the
first, or proximal, section of the tubule
80 per cent of the salt and water and
all the glucose are pumped out and re-
turned to the bloodstream. The rest of
the material, which includes all the
waste, travels on to the more distant
segments of the tubule, which exercise
fine control over the composition of the
urine. Our interest has centered on
the proximal section of the tubule,
where the bulk of the work is done.
The experimental animal we have
been using is the large fresh-water am-
phibian called Necturus or the mud
puppy. The kidney tubule of Necturus is
relatively large: its internal diameter of
about a two-hundredth of an inch is big
enough to admit a special micropipette.
Moreover, the proximal section of the
tubule starts and finishes near the sur-
face of the kidney, providing access to
both its ends even though its middle
portion descends into the kidney and
cannot be seen [see illustrations on op-
posite page]. These advantages have
attracted a number of workers. The pio-
neers were Alfred N. Richards and his
group at the University of Pennsylvania
School of Medicine, who carried out a



BEGINNING OF PROXIMAL TUBULE
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DISTAL TUBULE BLAMERULUS
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TUBULE PROXIMAL TUBULE WOLFIAN DUCT

(TO URETER)

PROXIMAL TUBULE of the Necturus kidney runs from the other. For most of its length it is within the kidney. Both ends, how-
glomerulus at one end to the narrower intermediate tubule at the ever, are near the surface and are accessible to the experimenter.

NEPHROSTOME PROXIMAL TU‘..BULE

- NOLFIAN DUCT
GLOMERULUS \ % . (TO URETER)

DISTAL
TUBULE

NECTURUS KIDNEY is estimated to contain approximately 800 shown in dark red and the arterial in light red. Much of the water
tubules. In this schematic drawing the venous blood vessels are and salt flowing through the kidney returns to blood via tubules.
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classic series of studies on the Necturus
kidney in the 1930’s.

Taking up the investigation in 1953,
we hoped to extend Richards’ results
with the help of certain new theoretical
ideas on active transport and new meth-
ods, particularly the use of radioactive
tracers. At first we were interested in
the outward movement of solutions
through the wall of the proximal tubule.
It should be emphasized that we were
not then studying the activity of the
membrane of the individual cell but of
a wall composed of a layer of cells.

By means of a technique known as
stopped-flow microperfusion we can
measure preciselv the amount of water
and dissolved molecules that are ab-
sorbed from a single kidney tubule.
Working with the exposed kidney of an
anesthetized living animal, we insert a
micropipette into a glomerulus and in-
ject colored oil until it enters the upper

part of the proximal tubule. Then a sec-
ond pipette is inserted into the drop of oil
and a solution containing a radioactive
tracer is injected, splitting the oil drop in
two. As fluid begins to fill the tubule, it
pushes the “front” part of the oil drop;
this disappears from view, descending
into the kidney, and finally reappears
at the end of the proximal tubule. We can
identify the end because at this point the
tubule abruptly narrows, and the drop
assumes a characteristic shape. Now the
tubule is filled with fluid in the process
of being perfused. We isolate the fluid
completely by injecting a little more
oil through the glomerulus to seal the
hole by which the tubule was filled.

In 20 minutes a measurable amount of
salt and water has disappeared from the
tubule. Then another micropipette is in-
serted into the beginning of the tubule
and a second drop of oil is sent
through, pushing the perfusion fluid in-
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20 MINUTES

STOPPED-FLOW MICROPERFUSION technique, by which many of the results described
in this article were obtained, is illustrated schematically. In drawing at top a micropipette is
inserted into a glomerulus (left) and oil is injected until it fills the narrow neck and enters
the proximal tubule. In second drawing from top perfusion fluid is injected through a sec-
ond pipette into middle of oil, forcing a droplet ahead of it. Tubule is full when droplet
reaches the far end of the tubule (third from top) . After about 20 minutes the fluid is collect-
ed (bottom) by injecting a second liquid behind the oil remaining at near end of tubule.
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to a collecting pipette. The amount of
fluid we collect is only about a ten-
thousandth of a cubic centimeter, a
quantity just visible to the naked eye.
We measure the volume by transferring
the fluid under the microscope to a small
capillary tube of constant bore, a tech-
nique devised by Richards. Evaporation
presents a problem in dealing with such
small amounts of solution, and we have
to be careful to keep the droplet away
from the extreme ends of the capillary.

To determine how much water has
been lost from the tubule, we put into
a perfusion fluid the inert substance
inulin, the molecules of which are too
large to pass through the tubule wall.
The increase in the concentration of
inulin in the fluid collected from the
tubule is then a measure of the decrease
in water volume. Fortunately we were
able to obtain inulin labeled with the
radioactive isotope carbon 14. As a re-
sult we can measure changes in inulin
concentration by radioactive techniques,
which are simpler than chemical ones.

Richards had found that as fluid
moves down along the tubule, some of it
passing out through the wall, the con-
centration of dissolved salts (chiefly
sodium chloride) remains almost con-
stant. Evidently salt and water move
together. But which is actively pumped
and which follows along passively? It
had generally been assumed that salt,
or rather sodium, is the actively trans-
ported material in situations of this kind,
but we wished to take nothing for
granted.

| t took three and a half years before we

mastered the techniques sufficiently
to conduct a successful experiment. We
found that 27 per cent of our perfusion
fluid water was absorbed in 20 minutes,
a figure that agrees fairly well with
the observation of Richards’ group that
19 per cent is absorbed when fluid passes
through the tubule under normal condi-
tions.

We attacked the problem of identify-
ing the actively and passively transport-
ed materials by varying the salt concen-
tration of the perfusion fluid. To offset
osmotic-pressure effects from changes in
salt concentration, any sodium chloride
removed was replaced with mannitol,
another inert substance. When the so-
dium chloride concentration inside the
tubule was reduced (but the osmotic
pressure held constant), the outflow of
water also decreased. A further reduc-
tion stopped all water movement; at a
still lower concentration water moved
into the tubule. These results indicated
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outer sections of the membranes of the tubule wall are measured through calomel electrode. After measurement colored solution is
by inserting microelectrodes into the tubule (top) and into the injected into tissue, where it marks the point of measurement.
INNER FACE RELATIVE SODIUM
ELECTRICAL POTENTIAL SODIUM CONCENTRATION ELECTROCHEMICAL POTENTIAL
—20 l —73 ’ 53 98 37 l 61 —20 —98 78
OUTER FACE
—73 l 0 73 37 ! 98 62 —98 0 98
POTENTIAL DIFFERENCES, both electrical and chemical, that of cells of tubule wall are indicated by gray arrows. Numbers
sodium ion encounters at inner face (top) and outer face (bottom) are units appropriate to each type of potential or concentration.
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INSERTION OF MICROPIPETTE into a kidney tubule is accomplished with the aid of a

pair

of micromanipulators located at each side of a tray on which the anesthetized animal is

placed (center). The experimenter monitors the operation through binocular microscope.
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EZING-POINT APPARATUS, designed by J. A. Ramsay and R. H. J. Brown of the

University of Cambridge, is contained in the box at right. The experimenter is about to in-

sert
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the sample-holder. Freezing is observed through microscope eyepiece at top of box.
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that water movement is dependent on
salt movement.

Although sodium chloride was by far
the most abundant substance dissolved
in the perfusion fluid, the fluid also con-
tained other molecules, in particular
mannitol, that might leak back and
forth across the tubule wall. This or any
other molecule would transport some
water. To establish that water movement
is completely passive we had to take into
account the leakage of all molecular
species, known and unknown. The sim-
plest way to do this is to measure the
freezing point, which is lowered by an
amount proportional to the concentra-
tion of independent dissolved particles.
In a series of experiments we varied the
salt concentration of the perfusion fluid,
causing water and dissolved molecules
to move into the tubule in some cases
and out of it in others. In each case we
measured the small change in the freez-
ing point of the fluid before and after
the experiment, and the total water
transferred. We were able to show that
water movement is strictly proportional
to solute movement: when there is no
net transfer of dissolved substances,
there is no flow of water. Therefore the
movement of water through the wall of
the tubule is entirely passive.

We were now ready to look for the
pump; that is, to find the substance that
is actively transported. Before describ-
ing the experiments let us consider in
more detail what is meant by the term
“active transport.”

If a weight is moved uphill, it is
moved from a lower gravitational po-
tential to a higher one. Such a motion,
which is opposite to the natural ten-
dency of the weight, requires active
transport. Now think of a sugar solu-
tion that is more highly concentrated at
one side of its container than it is at the
other. It is obvious that the transfer of
sugar from the more concentrated to the
less concentrated side is a downhill proc-
ess. If sugar is seen to move en masse the
other way, it must be actively transport-
ed against a chemical potential differ-
ence. In the case of charged atoms or
molecules (ions) the electrical potential
must also be considered. A positive ion
moves downhill from a region of higher
to a region of lower electrical potential;
for it to move the other way implies
active transport. The laws of physical
chemistry show how to combine the two
effects: at 37 degrees centigrade an elec-
trical potential difference of 61 millivolts
(thousandths of a volt) is equivalent to
a 10-fold concentration difference. It is
just as hard to move a positive ion such



as sodium “upward” across a 100-fold
concentration difference as across a 10-
fold concentration difference and an
electrical potential difference of 61 milli-
volts. One student of active transport,
Thomas Rosenberg of Denmark, defines
it as net movement up an electrochem-
ical potential gradient.

]n view of what is known, or at least

suspected, about sodium in many
cellular systems, we first turned our
attention to this element. Our first per-
fusion experiments, in which we pro-
gressively lowered the concentration of
sodium chloride, had shown that water
and presumably sodium moved out of
the tubule even when the inside sodium
concentration was only 67 per cent of
the outside concentration. Evidently so-
dium is transported up a chemical con-
centration gradient.

Next we had to know about the elec-
trical potential difference between the
inside and the outside of the tubule. Ger-
hard H. Giebisch of the Cornell Univer-
sity Medical College had already meas-
ured the potential and found it to be 20
millivolts more positive outside than in-
side. Hence it appeared that the sodium
ion also travels up an electrical potential
gradient. Giebisch’s determination, how-
ever, was made under conditions some-
what different from those of our experi-
ments, so we thought we should make
the measurement ourselves. We adopted
his technique, inserting microelectrodes
into the tubules [see top illustration on
page 103]. The tips of the electrodes are
much smaller than those of the micro-
pipettes and cannot be seen under the
microscope. Therefore we had no direct
way of telling whether or not they
were correctly placed in the tubule. To
check their location we filled the hollow
microelectrodes with colored salt solu-
tion (the solution served as an electrical
conductor). When a measurement had
been completed, we forced the colored
liquid out of the electrode and into the
tubule, a process that requires consider-
able pressure to overcome the capillary
forces in the minute electrode tips. If
the colored solution could be seen in the
tubule, the measurement was accepted;
if not, the figure was discarded. To our
gratification we obtained a potential dif-
ference of 20 millivolts. We could now
say unequivocally that sodium is active-
v transported through the tubule wall
up an electrochemical potential gradi-
ent, in agreement with Rosenberg’s defi-
nition.

A more thm‘oughgoiﬂg analysis of PIPETTE AND CAPILLARY are photographed in close-up, magnified three diameters.
active transport has been made in the Bore of capillary (left) is uniform, so length of liquid column is measure of its volume.

TRANSFER OF FLUID from micropipette, extending from apparatus at right, to measur-
ing capillary tube is also carried out under microscope with aid of a micromanipulator.
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past few years by Hans H. Ussing of
the University of Copenhagen. He rec-
ognized that processes other than net
uphill transport require an immediate
energy supply. One example is downhill
motion at faster than equilibrium rate.
An automobile coasts downhill at a
speed governed by the steepness of the
grade and the various frictional forces
involved. If it goes down faster, it must
be taking power from the engine. To
take this kind of motion into account
Ussing derived an equation in which
the ratio of uphill to downhill movement

is compared with the known electro-
chemical potential difference.

In an attempt to apply Ussing’s equa-
tion, we have tried to measure the back-
ward flow of sodium in the tubule. By
adding some radioactive sodium to the
fluid injected into the tubule and deter-
mining the amount of radioactivity re-
maining in the fluid collected at the end
of the experiment, we hope to get a direct
measure of the outflow of sodium. Com-
bining this figure with the net change in
sodium content in the tubule would en-

able us to calculate a net return flow. But

this method turns out to be incapable
of showing whether or not individual
ions have accumulated in the cells of the
wall and then leaked back into the
tubule several times during the course of
the experiment, and so we cannot really
say what the total uphill or downbhill
motion is. At present, therefore, we can-
not subject our results to Ussing’s more
fine-grained analysis.

Although the results were disappoint-
ing, the quantitative methods required
to deal with such small amounts of ma-
terial are worth mentioning. It is easy

END OF
PROXIMAL

TUBULE

KIDNEY TUBULES in Necturus have been injected with mercury
to make them visible in the two photomicrographs at top. The two
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drawings at bottom indicate what parts are seen. Photomicrographs
were made by Bradford D. Pearson of Harvard Medical School.



enough to assay radioactive sodium by
ordinary counting techniques; determin-
ing total sodium content less than a mil-
lionth of a gram is another matter. The
measurements were made in a flame
photometer specially adapted for ultra-
micro quantities. The solution is placed
in a flame and the yellow sodium line is
isolated by a spectroscope. The intensity
of this line, which gives an indication
of the amount of sodium present, is then
measured with a photomultiplier tube.

The experiment did confirm, in any
case, that the net movement of sodium
in the Necturus kidney tubule is upward
against an electrochemical gradient. It
remained to find out if any of the other
important ions in the system are also ac-
tively pumped. The migration of chlo-
ride ions has been studied by Giebisch
together with Erich E. Windhager, for-
merly of our group. They found no need
for active transport. The 20-millivolt
potential difference across the wall is in
the right direction to pull the nega-
tively charged chloride ion out of the
tubule.

In our laboratory we tackled the rather
difficult problem of potassium. The con-
centration of this element in the blood
of Necturus is about a thirtieth that of
sodium. Like sodium, it passes through |
the glomerular filter and forms a part of
the normal tubular fluid. Because of its
much lower concentration, and because
photomultiplier tubes are much less sen-
sitive to the purple light it emits than
they are to yellow light, potassium is ‘
harder to measure than sodium. Even
with the flame photometer tuned to its
highest efficiency, we were unable to de-
termine the potassium concentration in
the fluid collected from a single tubule;
we had to pool several samples in order
to obtain enough material for analysis.
We found that as water passed out of the
tubule, the potassium concentration in- |
side rose in exactly the same ratio as the |
inulin concentration, indicating no net
movement of potassium. We therefore
concluded that potassium transport is
also passive. This left sodium as the ac-
tive component.

\Tow we could go on to the exciting
~ \ task of localizing the transport proc-
ess within the cells of the tubule wall.
We assumed that the pumping is done
somewhere on the cell membrane, either
on the part that faces the inside of the
tubule or on the part that faces outward.
Giebisch had already measured the elec-
trical potential difference across the ‘

separate faces of the cell in living ani-
mals. We now began to work with slices

The Lincoln Laboratory is a center
of research and development in ad-
vanced electronics, with responsi-
bilities in national defense and
space technology. Scientists of
many disciplines participate in a
program directed toward extending
the range and depth of scientific
knowledge and solving problems
fundamental to the security of the

nation.
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Wind Speed, 5.34 Volts

The U.S. Weather Bureau’s prob-
lem was: to evaluate and establish
micro-diffusion climatology for con-
trol of exhaust from nuclear or con-
ventional power plants.

Systron engineers are not weather
experts. But they were able to tell
weather bureau meteorologists in
their own language how an elec-
tronic system could provide, almost
instantly, multiple samplings of wind
direction (horizontal and vertical),
wind speed and temperature. And
do it using the Weather Bureau’s
own transducers as inputs.

Systron’s meteorological data log-
ging system accepts up to 40 inputs
representing wind and temperature,
converts them from analog to digital
form, selects those readings desired,
visually displays results which can
be read directly, and produces a
punched tape record with time of
day for computer analysis. Sampling
rate is 10 readings per second; meas-
urement accuracy is within =0.2%.

Systron’s ability to bridge the gap
between one discipline and another
is shared by all divisions of Systron-
Donner Corporation. To mention
just a few examples, you will find
Donner accelerometers in missile
guidance systems but also measuring
sway of skyscrapers; Donner analog
computers simulating airframe de-
sign and building models of the
human system; and Greenleaf gyro-
scopes stabilizing gun platforms and
aiding oil exploration.

—Svstron —TIONNER

CONCORD, CALIFORNIA
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of kidney in which we could determine
the concentration of sodium, potassium
and chloride inside the cell. In this work
the two groups collaborated very closely.
When we checked the electrical poten-
tials in the cells of our kidney slices, we
obtained results in striking agreement
with Giebisch’s.

Combining the electrical and chemi-
cal measurements gave the following
picture [see bottom illustration on page
103]. In the case of sodium the concen-
tration inside the cell is much less than
the normal tubular fluid concentration.
In addition, the 53-millivolt potential
difference across the inside face of the
cell membrane is in the direction to pull
sodium ions from the tubule into the
cell. Therefore sodium moves into the
cell down both an electrical and a chem-
ical concentration gradient, and the
process appears passive. At the outside
face of the cell the electrical potential
difference is 73 millivolts, but in a direc-
tionopposed to the motion of the sodium.
The movement also goes against a
chemical concentration gradient. There-
fore sodium must be actively transport-
ed. The sodium pump, the only active
process so far identified, appears to be
located at the outside face of the cell.
The beauty of this system is that it
accounts for a host of apparently un-
related phenomena. The sodium pump
at the outside face provides the force
to pump the water out of the tubule and
incidentally to preserve the cell’s os-
motic integrity. At the same time it con-
trols the sodium concentration within
the cell and the observed electrical po-
tential differences.

Electron microscope studies have re-
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cently produced a picture consistent
with our hypothesis. It has long been
known that a major energy source for
cellular reactions of all kinds are the
small bodies called mitochondria. Since
the sodium pump requires energy, our
model suggests that there should be a
concentration of mitochondria at the
outer face in kidney proximal tubule
cells. Recent electron micrographs
show, most dramatically in frogs and to
a lesser extent in Necturus, that this is
indeed the case. Modern anatomy places
the energy source just where it is needed
according to our biophysical studies.

y way of conclusion I might point out
that the term “active transport” in
a sense betrays ignorance. A naive mem-
ber of a primitive society, seeing an
automobile climb a hill, might conclude
that the body of the car is somehow en-
dowed with the energy to move it.
We can trace the energy to the engine,
to the cylinder and to the chemical
bonds in the fuel. The body of the auto-
mobile moves passively under the power
of the drive shaft. The drive shaft is in
turn passively actuated by the cylinders.
They are passively pushed by the ex-
pansion of burning gases, and so on.
Our results, then, represent only a
first step. The localization of the sodium
pump within the cell is exciting, but the
major problem still faces us. What is
the detailed molecular mechanism by
which sodium is transported, and how
is this mechanism coupled to its en-
ergy supply? When these questions
are finally answered, we shall be able
to drop the phrase “active transport”
from our vocabulary.

CELL OF FROG KIDNEY TUBULE shows rich concentration of mitochondria (dark ob-
jects) near the outside face (curved line at bottom left) . This electron micrograph, magnifi-
cation 18,000 diameters, was made by Morris J. Karnovsky of Harvard Medical School.



SCIENTIFIC PROBLEM-SOLVING:

In tank warfare . . . how much advantage
goes to the force that fires first? m Combat
tank units in Korea were six times as effective when they
fired first as when they returned fire. This is one of many
conclusions drawn from scientific examination of dis-
abled tanks by our operations research teams in Korea.
Typical additional determination: a true measure of the
combat effectiveness of various anti-tank weapons.

Lightening the burden for military decision-makers—
whether in the field or the Pentagon—is the prime
objective of the Research Analysis Corporation. RAC
works in a wide range of problem areas underlying major
decisions, many of which must anticipate the needs and
circumstances of 1965, 1970, and beyond.

RAC is a nonprofit, multidisciplinary organization
whose expansion of responsibility has created new per-
manent positions of high challenge and reward. We offer
physicists, engineers, mathematicians, econometricians,
and programmers the opportunity for exciting and
satisfying work within a stimulating environment.
Remuneration is consistent with the contribution we
expect from you, and employment benefits are compre-
hensive and liberal.

Please send your resume to: Mr. John G. Burke,
Research Personnel Officer, Research Analysis Corpora-
tion, 6935 Arlington Road, Bethesda 14, Maryland.

(Residential suburb of Washington, @

D.C.) An equal opportunity employer

Research Analysis Corporation
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New NCR rod

switches computers
in billionths

of a second

110

The essential action that takes place in man’s
most complicated machine, the computer, is
a simple one.

An electric current turns on ... and off...
that’s all.

But in solving a typical problem, the com-
puter performs this switching operation mil-
lions and billions of times. That's why
computer technicians speak of millionths of
a second when they discuss switching speeds.

Under the ever pressing need for greater
speed and capacity they are now coming to
talk in terms of nano-seconds—literally bil-
lionths of a second.

The NCR thin film rod memory element
you see here can switch in billionths of a
second — an unprecedented speed — many
times faster than core memories in existing
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computers.

Developed in NCR’s Research and Devel-
opment division, it is going to work in new
computers — increasing capacity, reliability
and flexibility. ..shrinking size and multiply-
ing speed. Since this amazing rod operates
efficiently over a wide range of tempera-
tures, it will find use in applications other
than business computers.

The rod, a cylindrical magnetic thin film
component, is an EXCLUSIVE with NCR. ..
another reason why we say —

Look to NCR for research that is dedi-
cated to providing the finest in total sys-
tems ... from original entry to final report
— through accounting machines, cash reg-
isters, adding machines and electronic data
processing.

New sign of The National Cash Register Company,
Dayton 9, Ohio—1,133 offices in 120 countries—
78 years of helping business save money



KININS

They are a class of local hormones, produced in blood or tissues

where and when needed. They dilate the blood vessels and move

smooth muscles. They also give wasp venom much of 1ts sharp sting

that the smooth functioning of the

body depends in large measure on
hormones, the “chemical messengers”
secreted by particular glands and trans-
ported to their site of action in the
bloodstream. More recently physiologists
have discovered that various substances
with hormone-like properties are in
effect manufactured on the spot, from
the blood or other fluids, precisely when
and where they are needed. These active
substances, made without the aid of
special glands, have been called local
hormones. Because local hormones are
released near their sites of action and
are usually destroyed rapidly, their
physiological roles have been hard to
establish. In the past few years, how-
ever, good progress has been made in
defining the activity and nature of a
number of these elusive hormones.
Among them is the group of substances
called kinins.

Kinins can be regarded as miniature
proteins. Ordinary proteins are giant
molecules built up of hundreds or thou-
sands of amino acid subunits, of which
there are 20-odd varieties. The prop-
erties of a protein depend on the number
and kind of amino acids it contains, on
the order in which they are linked to-
gether and on the cross links between
them. Proteins containing fewer than
100 or so amino acid units are commonly
called polypeptides, or simply peptides.
The kinins are peptides, but because the
study of kinins is so new there is no gen-
eral agreement as yet on the number and
kind of amino acid units that character-
ize a kinin. Until more kinins have been
thoroughly investigated the outline of
the group will probably remain vague.
The core of the group is nonetheless
already formed by several well-defined
peptides with similar biological prop-
erties. These are kinins that were first

It has been known for half a century

by 11 O. J. Collier

obtained from the plasma of mammalian
blood and from mammalian urine. Later,
surprisingly, similar substances were
found in the venom of wasps. Study of
a few of these substances provides most
of what is so far known of the genesis,
nature and action of kinins. The knowl-
edge growing around this core should
lead to the definition of a group of
highly active peptides and to an ex-
planation of their role in the working
of the body.

l “inins were discovered as biologically
\ active products of blood many years
before their chemistry was known. They
were revealed by an experimental tech-
nique familiar in physiology. A segment
of intestine, cut from an animal’s body
immediately after death, is suspended in
a warm, oxygenated solution resembling
blood in salinity and alkalinity. The seg-
ment is suspended from a lever; this
transmits the movements of the intes-
tine to a stylus that rests on a revolving
drum covered with a sheet of smoked
paper. As the intestine contracts and
relaxes, the stylus draws a curved trace
on the paper. A number of biologically
active substances will make the intes-
tine contract or relax. These responses
are exquisitely sensitive and their am-
plitude varies directly according to the
dose of active substance applied.

In 1937, using this technique, E.
Werle, W. Gotze and A. Keppler, then
at the Diisseldorf Academy of Medicine,
first demonstrated that such a thing as
a kinin existed. When they treated a seg-
ment of guinea pig colon with human
blood serum or an extract of salivary
gland, nothing happened. But if the two
fluids were mixed and applied immedi-
ately, the tissue contracted sharply [see
illustration on page 116]. If the mixture
was left standing for a few minutes, it
lost its activity. The German workers
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concluded that an enzyme in salivary
gland released from some component in
blood a highly active but unstable sub-
stance. Eleven years later, in 1948, Werle
named the substance kallidin. (The
generic term “kinin” came later.)

The enzyme in salivary gland that re-
leased kallidin from blood was kallikrein,
a protein that had been studied in Ger-
many even before the discovery of
kallidin. Kallikreins had been extracted
from pancreas, urine, the wall of the
gut and other sites, and were known by
their ability to lower blood pressure
when injected into the veins of an ani-
mal. This effect, it is now believed, is
due to the release of kallidin within the
body.

We owe to Werle and his group not
only the first demonstration of a kinin
but also the concept of how it is re-
leased in the blood. Normally no kallidin
can be detected in the bloodstream of
man or other animals. But the release
mechanism can be set off by a variety
of physical or chemical changes, such
as acidification, dilution with salt solu-
tion, addition of acetone or papain (an
enzyme derived from the papaya plant)
or by allowing the blood to come in con-
tact with glass. Some, if not all, of these
treatments activate the kallikrein, which
is normally present in blood in an in-
active form. The kallikrein in turn chops
off molecules of kallidin as peptide frag-
ments of one of the large plasma pro-
teins (alpha-two globulin). These events
take place in plasma or serum obtained
from blood, and they can also be set off
in the body by injecting kallikrein or one
of the agents that activate it [see illus-
tration on page 115].

hen a mechanism exists in the body
tor release of a highly active sub-
stance, a second substanee is usually
provided to destroy or inactivate the



first. Such inactivating agents are en-
zymes that are often given names with
the suffix “-ase.” For example, blood and
tissues contain potent esterases that
quickly destroy acetylcholine, a sub-
stance that stimulates the contraction of
a muscle when liberated from a certain
kind of nerve ending. It is not surpris-
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ing, therefore, that blood contains in-
activators of kallikrein and enzymes—
carboxypeptidases—that destroy kalli-
din. For this reason stored plasma or
serum does not contain much free kinin.

There is a striking similarity between
the release of kallidin and the deposition
of fibrin, which is the main event in
blood clotting. In both cases there exists
a natural mechanism that is set in mo-
tion by abnormal conditions. The end
products of each come from the action
of enzymes (kallikrein and thrombin)

PROLINE

-~

on globulins normally present in plasma.
Both of these end products may later be
destroyed by other enzymes present or
released in blood—kallidin by carboxy-
peptidase and fibrin by plasmin (some-
times called fibrinolysin).

The mechanism that releases kallidin
and that which forms fibrin not only
seem modeled on a similar pattern but
also share some of the same cogwheels.
One of these is the Hageman factor,
named after the patient in whom its
lack was first observed. In the absence
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SIX AMINO ACIDS, of 20-0dd found in proteins, appear as sub-

units in the two kinins whose structure has been established within
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bloodstream as a “local hormone.”
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BRADYKININ (KALLIDIN I) is a peptide that appears in the
Related peptides are also
found free in the venom of certain wasps. A peptide linkage is
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the past two years. Bradykinin (kallidin I) is a peptide chain that
is created from the linkage of nine amino acids, as shown below.

LALANINE

PROLINE

Xa d

formed between two amino acids when the hydroxyl (OH) group of
one acid links up with a hydrogen (H) atom in the amino group
(NH,) of asecond acid to form water. The water splits away, allow-



PHENYLALANINE

of the Hageman factor, blood brought
into contact with glass fails to clot at a
normal rate and also fails to yield kinin.
Both clotting and kinin release can be
brought about by adding the Hageman
factor from normal blood. The part this
tactor plays in both processes under-
lines their likeness and shows how com-
plex is the system of activators and
inhibitors that make it likely that clots
and kinin will form when a blood vessel
is broken.

Probably because of World War II,

SERINE
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s

Proteins are similar chains containing hun-
dreds or thousands of amino acid subunits.

ARGININE

ing the two amino acids to be joined. Kalli-
din II and other kinin and Kkinin-like
structures are illustrated on the next page.

the first studies on kinins passed almost
unnoticed outside Germany. Then in
1949 M. Rocha e Silva, W. T. Beraldo
and G. Rosenfeld of the University
of Sio Paulo published an unexpect-
ed observation. They were studying the
effects of the venom of the South Ameri-
can snake Bothrops jararaca on the
dog. They noticed that the venom re-
leased from dog’s blood a substance
that was highly active on pieces of in-
testine isolated from the guinea pig. At
first they suspected that the venom had
triggered the release of histamine, a sub-
stance frequentlv produced when tissues
are irritated and undergo an allergic re-
action. They found, however, that the
effect of the substance was not abolished
by antihistamines and that the response
took about seven times as long to reach
a peak as did the response to histamine
[see top illustration on page 117]. They
called the new substance bradykinin
from the Greek words bradys, meaning
“slow,” and Kkinein, meaning “to move.”
The relation between bradvkinin and
kallidin was not to be clarified until 1961.

The Siao Paulo group showed that
bradykinin could be liberated by the
action of the digestive enzyme trypsin
on plasma globulin; this meant that
bradykinin could be made from raw
materials available in bulk. Bradykinin
was therefore the first of the kinins to
be prepared pure, to have its chemical
structure worked out and to be synthe-
sized from the amino acids that com-
pose it, but this is getting ahead of the
story.

Globulins that yield kinins exist not
only in blood but also in other fluids of
the body, such as lvmph, ascites (an
abnormal accumulation of fluid in the
abdomen), amniotic fluid (which sur-
rounds the fetus in the uterus) and
colostrum (the first milk after child-
birth). Little is known as yet about the
kinins that can be liberated from these
fluids. They are a mine in which inves-
tigators may still strike rich deposits.

The discovery of kallidin and brady-
kinin showed that salivary glands and
snake venom both contain enzymes that
can release kinins from blood. Since the
poison glands of snakes are modified
salivary glands, this is understandable.
More surprising is the fact that the
venom of some insects contains free,
active kinins.

In 1954 R. Jaques and M. Schachter,
then at the National Institute for Medi-
cal Research in London, found the first
venom kinin in the common wasp
(Vespa vulgaris). The London workers
removed the sting apparatus from hun-
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dreds of wasps to get enough material
to show the main properties of the new
substance. Schachter’s group coined the
word “kinin” by chopping “brady” from
“bradykinin,” which the wasp substance
most  closely  resembled.  Although
Schachter and his colleagues have been
unable to find a kinin in bee venom, they
have just detected another kinin in the
venom of the European hornet (Vespa
crabro). In due course other species of
the genus Vespa will no doubt yield
kinins, and probably kinins will even-
tually be found in the venom of other
genera and even of other orders.

If wasp venom is kept for some time,
the kinin disappears, but it stays active
if the venom is first heated. This sug-
gests that venom contains an enzvme
that can destroy kinin. The kinins of the
wasp and the hornet are highly concen-
trated in the fluid that these insects
inject into their victims. Also con-
tained in the fluid are other interesting
substances: histamine and serotonin in
the wasp fluid, and both these sub-
stances plus acetylcholine in the hornet
fluid. The three substances, the mole-
cules of which are smaller than those
of the peptides, are also local hormones
that occur naturally in the mammalian
body. There they act on nerves, muscles
and blood vessels, in some ways just as
the kinins do.

']‘hc inactivation of kinins by enzvmes

such as chvmotrypsin shows that
kinin activity depends on a molecular
structure containing peptide links. By
means of such links the basic amino
(NH,) group of one amino acid joins
the acidic carboxyl (COOH) group of
another to make a larger molecule. This
linkage scheme is common to both pep-
tide molecules, which contain relatively
tew amino acids, and proteins, which
contain hundreds. It is not difficult to
show that kallidin and bradykinin are
peptides and that they are smaller, for
example, than the several varieties of in-
sulin, each of which consists of 48 amino
acid units. Two forms of the pituitary
hormone corticotrophin have 39 amino
acid units. Two other pituitary hor-
mones, oxytocin and vasopressin, con-
tain eight amino acid units and are com-
parable in size to the kinins.

Because living tissue can sometimes
detect a single change in the type or
even order of the amino acids in a pep-
tide, the exact structure of each kinin
is important and also bears on the ulti-
mate definition of the group. Before the
structure can be determined, the peptide
must be completely purified. In 1959
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D. F. Elliott, G. P. Lewis and E. W.
Horton of the National Institute for
Medical Research in London prepared
pure bradykinin. Following the method
of Rocha e Silva, they obtained their
starting material by reacting crystalline
trypsin with globulin from ox blood.
After analyzing the pure compound,
Elliott and his co-workers proposed, in
April, 1960, that bradykinin consists of
eight amino acid units in the follow-
ing sequence: arginine-proline-proline-
glveine-phenylalanine-serine-phenylala-
nine-arginine.

Within two months three independent
teams of industrial scientists had svnthe-
sized this octapeptide and found it in-
active. R. A. Boissonnas of the Swiss
firm Sandoz Ltd. discussed this with

ARGININE
PROLINE

Elliott. Boissonnas’s group then began
to make other peptides of related struc-
ture, while Elliott’s group reviewed its
own work, looking for errors. Boissonnas
and his co-workers found that when one
of the prolines of the inactive octapep-
tide was put in another position, the new
compound had weak bradykinin-like
activity. They then made a nine-amino-
acid peptide with prolines present in
both positions; this had all the activity
of pure bradykinin. More or less simul-
taneously Elliott’s group found that they
had missed a third molecule of proline
in reaching their proposed structure.
They called the inactive octapeptide
“boguskinin” and assigned to bradykinin
the structure of the nonapeptide that
Boissonnas had synthesized.

PHENYLALANINE

PROLINE

GLYCINE SERINE

"

PHENYLALANINE

Meanwhile the chemical structure of
the original kinin, kallidin, was still un-
known, but it resembled bradykinin so
closely in biological activity that many
workers thought it must be the same
substance. A year ago |. V. Pierce and
M. E. Webster of the National Institutes
of Health in the U.S. reported that thev
had obtained two different kallidins
from human plasma treated with human
urinary kallikrein. Their analysis showed
that kallidin I was identical with brady-
kinin, whereas kallidin II was a 10-
amino-acid peptide in which the amino
acid lysine was attached to the arginine
in position 1 of bradykinin. Soon after-
ward Ernest D. Nicolaides, Horace A.
DeWald and Duncan A. McCarthy, Jr.,
of Parke, Davis & Co. synthesized this

ARGININE

C C

L)

i,

C (

BOGUSKININ

e - =— = = o e e e T ey

WEAK KININ

Faa.0,40F

BRADYKININ (KALLIDIN 1)

LYSINE

'.#4 " ‘ & 4"

KALLIDIN 1l

SIGNIFICANCE OF STRUCTURE emerges from a comparison
of four peptides closely resembling one another. The octapeptide
at top was the first structure proposed for bradykinin. When it
proved inactive, it was named “boguskinin.” Moving one of the pro-

line units to the right, between serine and phenylalanine, gave a
peptide with weak kinin activity. Addition of a third proline, to
replace the one moved, produced bradykinin, or kallidin I. Ad-
dition of lysine to left end of the chain produced kallidin II.
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decapeptide, which showed high kinin
activity.

These adventures in peptide synthesis
show not only the problems and sur-
prises in this field of work but also the
apparent capriciousness of living tis-
sues in discriminating between chemical
structures. Whereas the loss of a proline
in position 7 inactivates bradykinin, the
addition of a lysine to position 1 hardly
affects its potency. Switching a proline
from the position on the left of glycine
to that on the right of serine makes a
weak kinin from the inactive octapep-
tide [see illustration on opposite page].

The discovery that bradykinin, first
detected as a product of the action of
foreign enzymes on globulin, is released
naturally in human plasma as one form
of kallidin throws the terminology of
plasma kinins into some confusion.
While the difficulty stays unresolved, the
term “kinin,” qualified by site of re-
lease, provides a useful description.

et us return, then, to the biological
activity of the kinins. As we have
seen, their profound effect on isolated
pieces of intestine led to their discov-
ery. The muscles that show such sensi-
tivity belong to the category of smooth
muscle. This type of muscle provides the
motive power not only of the intestines
but also of most of the other tubular sys-
tems of the body: the blood vessels
(except capillaries), the air passages of
the lungs and the ducts that carry the
reproductive cells, urine and digestive
juices. Isolated pieces of smooth muscle
associated with such tubes usually re-
spond sensitively to kinins, some by con-
traction, some by relaxation.

When injected into the bloodstream
of man or animals, kinins also have pow-
erful effects on the smooth muscles as
they exist in the body. For example, in
some species they affect the smooth
muscles in the walls of the bronchioles
of the lung. In the guinea pig less than
one microgram (a millionth of a gram)
of bradykinin, injected into a vein, will
make the bronchioles constrict and so
increase resistance to the flow of air into
and out of the lungs. Injection of hista-
mine, serotonin or acetylcholine has a
similar effect, but the response to kinin
develops more slowly [see second illus-
tration from top on page 1171].

In all mammals tested, kinins from
blood and venom relax the muscles of
the blood vessel walls, causing more
blood to flow to the area involved and
blood pressure to fall. In a recent ex-
periment at the National Institute for
Medical Research one microgram of

KALLIKREIN PRECURSOR

KALLIKREIN

+

KALLIKREIN INHIBITOR

!

INHIBITED KALLIKREIN
UQ‘ " .LJL&M

KALLIDIN 1l

L] 1L

KALLIKREIN + ALPHA-TWO GLOBULIN

AMINOPEPTIDASE + KALLIDIN 1l

e A+ Nao-0,00FK

LYSINE KALLIDIN I (BRADYKININ)

Noo-0:000

KALLIDIN | + CARBOXYPEPTIDASE

}
; Haa fnal . ¥

INACTIVE OCTAPEPTIDE ARGININE

KININ RELEASE AND INHIBITION can occur rapidly in the blood in response to local
requirements- Release of kallidin II is a two-step process. Blood contains a protein
(a) that is a precursor of kallikrein. When kallikrein is released or activated (b), it chops
a short peptide fragment, kallidin II, from one of the large globular proteins, alpha-two
¢lobulin (c¢). The blood also contains an inhibitor for kallikrein (d). Another enzyme,
aminopeptidase, can remove lysine from kallidin II, producing kallidin I (e). Finally,
kallidin I can be inactivated by carboxypeptidase, an enzyme that removes arginine (f).
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pure bradykinin was injected into an
artery in the arm of a healthy volunteer.
For a short period after the injection
blood flowed through the forearm more
than six times faster than before.

Kinins can also dilate the capillaries
to the point where they become leaky.
This can be shown by injecting a dye
such as Pontamine blue into a vein of
a guinea pig. Normally the dye circu-
lates in the blood without passing out

into the tissues, but if a kinin is injected
into the skin, a blue patch quickly ap-
pears because the capillaries become
permeable to the dye. Such an increase
in the leakiness of capillary walls is the
direct cause of wealing in response to
injury. A like effect is seen after the in-
jection of histamine, but kinins are more
potent.

Another characteristic of kinins is that
they cause pain in human skin. C. A.

LL WRITING LEVER

|

KYMOGRAPH

(O]

GUINEA PIG COLON —~

SALINE BATH

TEMPERATURE-CONTROLLED BATH

THREAD

UBSTANCE

Keele and his colleagues at Middlesex
Hospital in London first showed this
by a handy method. A small cantharidin
plaster is left on the surface of the skin
overnight and raises a blister. The loose
skin over the blister is cut away and sub-
stances to be tested for their ability to
cause pain are applied in dilute solu-
tion to the raw surface underneath. The
subject presses on a rubber bulb with a
force corresponding to the intensity of

SALINE SOLUTION

<— OXYGEN

)

T

— THERMOSTAT

BIOLOGICAL ASSAY METHOD is the type used in 1937 by the
discoverers of kallidin: E. Werle, W. Gotze and A. Keppler of the
Diisseldorf Academy of Medicine. They observed the reaction of a
section of guinea pig colon suspended in a saline bath. Movement of
the colon was recorded by a kymograph. When an extract of
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salivary gland was added to the bath, there was no response (trace
1). When the gland extract was mixed with human serum, the
colon segment contracted sharply (2). When the mixture was left
standing six minutes, the response was slight (3), showing that
the active substance, later named kallidin, was being inactivated.
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pain felt, and this pressure is transmitted
to a pen writing on moving paper. By
this method the Middlesex workers
showed that blood plasma and fluids ex-
uding into inflamed or injured tissues
can vield a pain-producing substance.
This is probably kallidin. They also
found that weak solutions of acetylcho-
line. of serotonin and of several peptides,
including bradykinin, cause pain. Need-
less to sav, wasp kinin is also a potent
pain provoker.

Most of the biological actions of
kinins parallel those of histamine. But
tests with pure bradvkinin show that,
molecule for molecule, it is a much more
potent substance. The table on the next
page lists a number of biological prepa-
rations together with the dose of brady-
kinin needed to evoke a response. One
can see that for a sensitive tissue such
as rat uterus, bradykinin is effective at
a concentration of .1 nanogram (one-
tenth of a billionth of a gram) per milli-
liter of solution.

So far kinins have shown one charac-
teristic interaction with drugs. Aspirin,
phenvlbutazone, amidopvrine and phe-
nazone, which belong to the group of
agents variously described as analgesic-
antipyretic, antirheumatic and anti-in-
flammatory, potentlv suppress the con-
striction of bronchioles that bradykinin
evokes in guinea pigs. This action is
selective, since the same drugs do not
affect the constriction due to histamine,
serotonin or acetylcholine [see bottom
illustration at right]. Such studies are
providing a clue to the mode of action
of aspirin, which has so long remained a
mysterv. When we first observed this
drug antagonism in the pharmacological
laboratory of Parke, Davis & Co. in Eng-
land, we thought it might explain in a
simple way both what kinin does in the
body and how these anti-inflammatory
drugs act. Unfortunately our hopes of
a simple explanation have been dis-
appointed, because the drugs did not
selectively antagonize other actions of
kinins in experimental animals or in iso-
lated organs.

\_' "Il research has revealed so far

about kinins can be summarized in a
paragraph. Applied at appropriate sites,
these peptides cause pain, wealing, dila-
tion of blood vessels and movement of
smooth muscle. Within the bodv they
are released as local hormones, where
needed, when kallikrein circulating in
the bloodstream is activated locally by
the appropriate enzyme. Kinins can also
enter the body in the venom injected by
certain insects. Mechanisms that inacti-

132

1 STANDARD BRADYKININ
2 TEST BRADYKININ
3 HISTAMINE

EFFECT OF BRADYKININ on isolated guinea pig intestine is compared with faster act-
ing histamine. This kymograph trace was made by M. Rocha e Silva, W. T. Beraldo and
G. Rosenfeld of the University of Sao Paulo, who discovered bradykinin in 1948. They
found that the substance was released from dog’s blood by the venom of a certain snake.

i?- RADYKININ J:"
(.4 M r Al II !

STAMINE l/RRADYKII'\IIF-J \Lnﬂ’( TONIN
ROGRAM) (.4 MICROGRAM) (1 MicROG

TIME (10 SECOND UNITS)

CONSTRICTION OF BRONCHIOLES in the lungs of a guinea pig is evoked by brady-
kinin, histamine and serotonin, administered intravenously. The constriction is measured
by resistance of lungs to inflation, shown by height of trace. Experiment was performed by

J. A. Holgate, M. Schachter, P. G. Shorley and the author at Parke, Davis & Co. in London.

ACETYLCHOLINE ACETYLCHOLINE WASP KININ

WASP KININ

TIME (MINUTES)
RECORDS OF PAIN were made by a volunteer who pressed a series of switches indicating
the intensity of pain produced by acetylcholine and wasp kinin, applied to an exposed
blister base on his forearm. The first two test solutions contained one milligram per
milliliter of active substance. The last two were only one-tenth as concentrated. Study was
conducted by D. J. Holdstock, A. P. Mathias and Schachter at University College London.
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TIME (10 SECOND UNITS)
EFFECTIVENESS OF ASPIRIN in suppressing the action of bradykinin and serotonin is
determined by measuring resistance of guinea pig lungs to inflation. First two traces show
normal rise in resistance after intravenous injection of the two substances. Aspirin is then
injected intraperitoneally. Four minutes later bradykinin is again injected, followed by
two injections of serotonin and two more larger doses of bradykinin. Aspirin suppresses
action of bradykinin but not of serotonin. The study was made by the author and associates.
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vate kinins exist in the blood and else-
where. Kinins resemble some other
physiological substances in action or in
mechanism of release. For example, they
are like histamine in many of their effects
on living tissue; kallidin resembles fibrin
in how it is produced and destroyed.
Finally, anti-inflammatory drugs specifi-
cally antagonize kinins in their bron-
chiole-constricting action in guinea pigs.

Obviously there is much to be learned
about the full role of the kinins as thev
come and go in blood and tissue fluids.
Nonetheless, two minor parts played by
these peptides can be discerned, and
several reasonable suggestions have been
made as to their major roles.

One minor part is that plaved by the
kinins in wasp venom. Here they keep
company with other pain substances, all
of which are amply enough concentrated
to hurt when injected into skin. Wasps
and hornets display warning coloration,

which may be expected to protect them,
provided the warning is occasionally
reinforced by a sharp pain. Although the
individual insect that inflicts this pain
may perish, most members of the spe-
cies are thereby more likely to escape
molestation.

More complicated is the possible role
of kallikrein and kallidin in the mam-
malian body. So far only one part that
thev play has been elucidated. This is in
the rare disease hereditary angioedema.
People with this disease are subject to
localized swellings in skin, muscle,
larynx or digestive tract, which are tran-
sitorv but liable to recur. These swellings
are caused byv fluid passing from the
blood into the tissues, usually at places
where pressure has been applied or a
blow has been received. If the larynx
is involved, there is danger that the pas-
sage of air will be blocked.

In 1960 N. S. Landerman, E. L.

DOSE
TEST OBJECT ACTION OR CONCENTRATION
A o SMOOTH-MUSCLE 1 NANOGRAM

ISOLATED RAT UTERUS

Gl

ISOLATED RAT DUODENUM

— CONSTRICTION
OF BRONCHIOLES

LOWERED
BLOOD PRESSURE

CONTRACTION

SMOOTH-MUSCLE
RELAXATION

DILATION
OF BLOOD VESSELS

s INCREASED
CAPILLARY

PER MILLILITER

.8 NANOGRAM
PER MILLILITER

.5 MICROGRAM
PER KILOGRAM
(INTRAVENOUS)

100 NANOGRAMS
(INTRA-ARTERIAL)

400 NANOGRAMS
PER KILOGRAM
(INTRAVENOUS

.1 TO 1 NANOGRAM
(INTRADERMAL)

PERMEABILITY

HUMAN BLISTER BASE

PAIN

.1 TO 1 MICROGRAM
PER MILLILITER

POTENCY OF PURE BRADYKININ is shown by the extremely small dosages or highly
dilute concentrations needed to evoke its principal effects in a variety of test objects.
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Becker and H. E. Ratcliffe of Walter
Reed Army Hospital showed that the
serum of a patient with this disease in-
creased the permeability of blood capil-
laries more than normal serum did, when
each was diluted in order to activate
kallikrein and then was injected into the
patient’s own skin. They attributed this
effect to an unknown factor in the pa-
tient’s serum, which they and M. E.
Webster have recently identified as the
inherited lack of a natural kallikrein in-
hibitor. In short, hereditary angioedema
results from an inborn defect in the
mechanism of kallidin release.

\part from these two instances, the
LA roles of the kinins remain uncertain.
Some biologists have suggested that re-
lease of kallidin provides a way of in-
creasing blood supply to parts of the
bodv that need it, such as muscles or
glands that are working hard or regions
in which circulation is blocked. Another
suggestion is that kallidin is released in
allergic states such as asthma and urti-
caria, in which it contributes to some of
the symptoms. A third hvpothesis, which
the work on angioedema makes particu-
larly plausible, is that kallidin plays a
part in the blistering or swelling of skin
that commonly follows burns, blows or
infections by microbes. The swelling
arises from an increase in the leakiness of
capillary blood vessels. This probably
helps to combat injury by allowing pro-
tective antibodies (which are large
molecules) and white cells (which are
many times larger) to pass from the
blood into the affected tissue.

Kallidin has the actions needed to
fulfill these roles, and the mechanism for
its release exists. The probability that it
actually takes part is increased by the
recent demonstration that kallikrein is
activated during the natural event. Even
so, it is still hard to prove that kallidin
is essential, because a similar mech-
anism, such as the release of histamine,
might work in parallel. In some impor-
tant reactions the body has more than
one means of achieving the required ef-
tect—like a man wearing both a belt and
suspenders to keep his pants up. In this
situation it is hard to say which is the
essential device.

Research workers would be helped in
getting the evidence needed to make the
role of kallidin clear if they had drugs
that more potently and specifically
stopped its being inactivated in the body
and others that antagonized its main
biological actions. Meanwhile specula-
tion on the possible role of kinins is a
useful step toward finding the end of the
main thread.



Scientists and engineers, living in Los Alamos, daily
cross this Bridge to Tomorrow to unequalled lab-
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USEFUL RANGES OF HANDY & HARMAN
HIGH-TEMPERATURE BRAZING ALLOYS
2000

1500

1000

TEMPERATURE °F
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LITHO- HI-TEMP PREMA- PREMA- PREMA-
BRAZE 30 BRAZE BRAZE BRAZE
925 128 130 101

HOW T0 LICK
JOINING PROBLEMS
when the heat’s on

Now, engineers can achieve strong, ductile brazed
joints in equipment for high-temperature use with-
out sacrifice of other properties. Handy & Harman
high-temperature brazing alloys are being uti-
lized to make joints that can absorb vibration
and stress while providing high resistance to oxi-
dation. Since they involve minimum solution and
penetration of the base metals, these alloys are
particularly advantageous in joining thin sections.
They effectively join stainless steels, low-alloy
steels, nickel-base alloys, cobalt-base alloys and
other elevated-temperature metals.

With this group of brazing alloys, manufacturers
are producing such equipment as jet engines,
rocket motors, honeycomb structures, heat ex-
changers and similar equipment with new freedom.
Some Typical High-Temperature Brazing Alloys are:
LITHOBRAZE 925 (92.5 Ag, 7.3 Cu, 0.2 Li)—For
short time operation to 900°F. Very ductile, vir-
tually no solution of base metal. Melting Point
1435°F; Flow Point 1635°F.

HI-TEMP 30 (7C Mn, 30 Ni)—For continuous service
900°-1000°F. Fairly ductile, moderate general so-
lution of base metal. MP. 1885°F; FP. 1920°F.
PREMABRAZE 128 (72 Au, 22 Ni, 6 Cr)—Continuous
service up to 1500°F. Ductile, moderate solution
of base metal. Tensile strength at 1600°F in 304
stainless steel is 20,000 psi (short time test).
Used in brazing Rene’ 41. MP. 1785°F; FP. 1900°F.
PREMABRAZE 130 (82 Au, 18 Ni)—Same properties
as PREMABRAZE 128, but freer flowing and lower
brazing temperature. MP. and FP. 1740°F.
PREMABRAZE 101 (54 Pd, 36 Ni, 10 Cr)—Contin-
uous operation in 1800°-2000°F range (based on
limited oxidation tests). Ductile, moderate solu-
tion and penetration of the base metal. MP.
2250°F; FP. 2300°F.

Write for data sheets on any of the above alloys.

Your No. 1 Source of Supply
and Authority on Brazing Alloys

HANDY & HARMAN

General Offices: 850 Third Ave., New York 22, N.Y.
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MATHEMATICAL GAMES

A variety of diverting tricks collected

at a fictitious convention of magicians

by Martin Gardner

very summer, usually in July, sev-
E eral thousand members of the
imaginary Brotherhood of Ameri-
can Magicians descend on a Middle
Western hotel for their annual conven-
tion. This year it was the Sherman Hotel,
at the northwest corner of Chicago’s
Loop. For three days and nights the
hotel lobby was a phantasmagoria of
riffling cards, clicking coins, cut and re-
stored ropes, fluttering doves, vanishing
bird cages and even one or two levitated
ladies.
I attended the conclave partly because
magic is my principal hobby, partly in

| search of offbeat material for this depart-

ment. Many professional mathematicians
are amateur conjurers and many con-
jurers have a lively interest in mathe-
matics. The result is mathemagic, surely
the most colorful of all the branches of
recreational mathematics.

On the mezzanine floor about 20 mag-
ic dealers had set up booths for the pur-
pose of hawking their wares. I paused
in front of the booth where the Great
Jasper (a Chicago magic dealer who
performs under that name) was demon-
strating a large-sized version of what
magicians call “tumble rings” Thirty
steel rings are linked together in the
curious manner shown in the illustration
on page 122. To operate the tumble
rings, first hold the top ring of the chain
in the left hand. Directly below the top
ring is a pair of rings. With the right
thumb and index finger take the back
of the ring on the right exactly as shown
in the illustration. When the ring held in
the left hand is released, it appears to
tumble from ring to ring all the way
down the chain, finally linking itself to
the bottom ring.

To repeat the effect, hold what is
now the top ring in the right hand. With
the left thumb and index finger hold the
front of the ring on the left of the pair
that links through the top ring. When
the top ring held in the right hand is
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released, it tumbles down the chain as
before.

“Do you suppose any of my readers
could make a set of these rings?” I asked.

“Why not?” said Jasper. “Five-and-
ten-cent stores sell steel key rings four
for a dime. With 30 key rings and a
strong thumbnail you can make a set of
tumble rings in about 20 minutes. But
don’t tell any of the other dealers I
said so0.”

Jasper was right. Key rings of the
familiar coiled type make excellent tum-
ble rings. To save your thumbnail, use
a nail file to pry open the ends of the
coils. A twist of the blade will keep a ring
open until another ring can be slipped
into the gap. The least confusing pro-
cedure is to start with the top ring, hang-
ing it on a projection, then work down
ring by ring, following the illustration.
The rings tumble smoothly, with a pleas-
ant clicking rhythm, unless you have
made a mistake in the linkage.

While Jasper and I were chatting,
Fitch Cheney, a mathematician at the
University of Hartford, came over and
joined us. “If you’re interested in linkage
effects,” he said to me, “I've invented a
new one that might be of interest to your
readers.”

From his pocket Cheney pulled a long
piece of soft rope. Jasper and I each
took an end, then with the index finger
of our free hands we bent the rope into
the shape shown at a in the illustration
on page 125. Cheney tied a silk hand-
kerchief tightly around the rope by mak-
ing a single knot as shown at b. Both
ends of the handkerchief were then
tucked down through a loop, as indi-
cated by the arrows, and the ends were
tied twice below the rope to make a
secure square knot [c].

“Please release the loops you are hold-
ing with your index fingers,” Cheney
said, “and remove all the slack from
the rope by pulling it straight.” We
did so, with the result shown at d.
Cheney rotated the knotted silk 180
degrees to bring the square knot to
the top.

“It’s a strange thing,” he said. “Al-
though that handkerchief has been knot-



IBM® asks basic questions n space
Where will 1t be next?

This plotting board, driven by an 1Bt compuler, lells
PROFECT MERCURY conlrol personnel the exact location of the
MERCURY Spacecraft al any lime in ils orbil.

Manned satellite tracking requires up-to-the-second
information. To tell us where a MERCURY spacecraft
1s now and where we should look for it next, an 1Bm
computer system at the NASA-Goddard Space Flight
Center has been linked to ground tracking stations.
This system connects sensors, real-time communica-
tions channels, data processors, and displays into an
information network. It transforms data from space
into continuous predictions of flight—from launch-
ing, through orbit, to impact.

Space information systems must squeeze thousands
of complex computations into split seconds. To re-
duce computation time requirements, IBM engineers
are investigating the application of advanced com-
puting techniques—such as associative memory and
auxiliary storage of precalculated data—to space sys-
tems. To enable tracking systems to operate in real
time, they have developed special communications
channels for pProjEcT MERCURY and other projects,
speeding data into central computers and back to
tracking stations around the world. In another area,
under contract to the Radio Division of the Bendix
Corporation, 18M has designed a data processing sys-
tem for real-time control of an Electronically-Steer-
able Array Radar (ESAR). Thisnew approach to han-
dling data in radar systems makes it possible to switch
the direction of radar beams with far greater speed

Throughout each orbital flight, the proyecT aercurr Con-
trol System continuously predicts the point where the sercury
spacecraft will eventually return lo earth.

than was possible by using mechanical methods—so
that one radar can track many satellites and space
vehicles simultaneously.

Tracking systems will improve as we learn more
about space. Present atmospheric models are static.
Their failure to reflect the ebb and flow in the den-
sity of the air forces us to approximate orbital per-
mutations due to atmospheric drag. By feeding data
from satellites traveling through the atmosphere
into an 1M 7090 computer at the Smithsonian
Astrophysical Laboratory, 1BM scientists are plotting
air density as a function of deceleration. The dy-
namic atmospheric model which emerges from their
work will make predictions of space flight in the
region lying between 50 and several hundred miles
from earth more accurate . . . an important step
toward the precise control needed for the space
systems of the future.

If you have been searching for an opportunity to
make important contributions in space, software de-
velopment, manufacturing research, solid-state de-
velopment, or any of the other fields in which 1BM:
scientists and engineers are finding answers to basic
questions, please contact us. 1BM is an Equal Oppor-
tunity Employer. Write to: Manager of Professional
Employment, IBM Corporation, Department 659 U,
590 Madison Avenue, New York 22, New York.
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The tumble rings

ted tightly around the rope, the rope
is now outside the closed curve formed
by the cloth.” He took hold of the knot-
ted handkerchief, lifted it up and oft
the rope as shown at e! The effect is self-
working if vou follow the illustrations
carefully.

The hotel’s cocktail lounge before
the dinner hour was noisy with presti-
dlgltatols At the bar I ran into myv old
friend “Bet a Nickel” Nick, a b]d(l\]dC]\
dealer from Las Vegas who likes to keep
up with the latest in card magic. The
nickname derives from his habit of per-
petually making five-cent bets on pecu-
liar plOpOSlthnS Everybody knows his
bets have “catches” to them, but who
cares about a nickel? It was worth five
cents just to find out what he was up to.

“Any new bar bets, Nick?” I asked.
“Particularly bets with probability an-
gles?”

Nick slapped a dime on the counter
beside his glass of beer. “If I hold this
dime several inches above the top of
the bar and drop it, chances are one-
half it falls heads, one-half it falls tails,
right?”

“Right,” T said.

“Betcha a nickel,” said Nick, “it lands
on its edge and stays there.”

“O.K.,” I said.

Nick dunked the dime in his beer,
placed it against the side of his glass
and let it go. It slid down the straight
side, landed on its edge and stayed on
its edge, held to the glass by the beer’s
adhesion. I handed Nick a nickel. Ev-
erybody laughed.

Someone in the crowd took a small
plastic top from his pocket. “Have vou
seen these ‘tippy tops’ that the dealers
are selling? T'll bet vou a nickel that if
you spin it, it will turn upnde down
and spin on the tip of its pin.’

“No bet,” said Nick. “I bought a tippy
top myself. But T'll tell vou what Tl
do. You spin the top clockwise. T'll bet
you a nickel vou can’t tell me now in
what direction it will be spinning after
it flips over.”

The man with the top pursed his
lips and mumbled: “Let’s see. It goes
clockwise. When it turns over, it will
have to keep spinning the same way.
Obviously it can’t stop spinning and
start again in the other direction. But
if the ends of its axis are reversed, the
spin will be reversed when vou look
down on the top. In other \xmds, after
the top flips over it should be spinning
counterclockwise.”

He gave the top a vigorous clockwise
spin. In a moment it turned upside
down. To everybody’s vast astonishment
it was still spinning clockwise when one
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looked down on it. If the reader will
buy a tippy top (they are sold in many
dime stores and toy shops), he will dis-
cover that this is indeed what happens.
As a particle physicist might say, the
top actually alters its parity as it turns
over. It becomes its own antitop or mir-
ror image!

After the banquet and evening show,
conventioners clustered in various hotel
rooms to gossip, swap secrets and talk
magic. I finally located the room in
which the mathemaglcmns were in ses-
sion. A friend from Winnipeg, Mel
Stover, was explaining how the binary
svstem could be applied to a familiar
method of revealing a chosen card.

In many card tricks the selected card
is disclosed when the spectator is hand-
ed a small packet of cards and asked to
shift the top card to the bottom of the
packet, deal the next card to the table,
shift the next card to the bottom, deal
the next to the table, and so on, until
only one card remains. It proves to be
the selected card. At what position in
the packet must this card originally be
placed so that it will become the last
card? The position will vary, of course,
with the number of cards in the packet.
It can be determined by experiment, but
for large packets experimenting is tedi-
ous. Fortunately, Stover explained, the
binary svstem provides a simple answer.

This is how it is done. Express the
number of cards in the binary system,
shift the first digit to the end of the
number, and the resulting binary num-
ber will indicate the position that the
chosen card should be in from the top of
the original packet. For example, sup-
pose an entire deck of 52 cards is used.
The binary expression for 52 is 110100.
We move the first digit to the end:
101001. This new number is 41, there-
fore the chosen card must be the 41st
card from the top of the deck.

What size packets can be used if we
want the top card of the packet to be the
card that remains? The binary number
for the position of the top card is 1,
so we must use packets with binary
numbers of 10, 100, 1000, 10000... (in
decimal notation packets of 2, 4, 8, 16. ..
cards). If we want the bottom card of
the packet to be the remaining card,
then the binary numbers of the pack-
ets must be 11, 111, 1111, 11111... (or
8,7,15,31... cards).

Is it possible for the second card from
the top of a packet to be the remaining
card? No. In fact, no card at an even
position from the top can ever be the
remaining card. The position of the
chosen card, expressed as a binary num-
ber, must end in 1 (because after the



The world’s smallest satellite has been developed by Space
Technology Laboratories. Its shape will be different from all
other satellites before it. STL engineers and scientists have
used a tetrahedral configuration to bring about some remark-
able characteristics in a space vehicle. There will be no need
for batteries nor regulators in flight. The satellite will have
no hot side, no cold side. It will require no attitude control
devices. No matter how it tumbles in space it will always
turn one side toward the sun to absorb energy, and three
sides away from the sun to cool instrumentation and telem-
etry equipment inside. It can perform isolated experiments
in conjunction with other projects. Or it can be put into
orbit by a small rocket to make studies of its own, up to five
or more separate experiments on each mission it makes.

——
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STL is active on hardware projects such as this and as prime
contractor for NASA’s OGO and an entirely new series of
classified spacecraft for Air Force — ARPA. We continue
Systems Management for the Air Force’s Atlas, Titan and
Minuteman programs. These activities create immediate
opportunities in: Space Physics, Radar Systems, Applied
Mathematics, Space Communications, Antennas and Micro-
waves, Analog Computers, Computer Design, Digital
Computers, Guidance and Navigation, Electromechanical
Devices, Engineering Mechanics, Propulsion Systems,
Materials Research. For So. California or Cape Canaveral
opportunities, please write Dr. R. C. Potter, Dept. J, One
Space Park, Redondo Beach, California, or P. O. Box 4277,
Patrick AFB, Florida. STL is an equal opportunity employer.

SPACE TECHNOLOGY LABORATORIES, INC.
a subsidiary of Thompson Ramo Wooldridge Inc.

Los Angeles * Vandenberg AFB ¢ Norton AFB, San Bernardino ¢ Cape Canaveral ¢« Washington, D.C. « Boston ¢ Huntsville ¢ Dayton
WESCON delegates: Los Angeles interviews August 21-24. Call F. C. Nagel, Dunkirk 7-5130. Visit STL booth 3607.
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Who has the facts about
looking things over

‘ from down under?
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Official U. S. Navy photograph taken
through the Kolimorgen 8B Periscope
of a nuclear submarine.

KO KOLLMORGEN may already have

C the answer to your next question
in optics or electromechanics.
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The Engineers who
create Kollmorgen
Periscopes

They’ll tell you that the accompanying
photograph was taken under difficult
conditions. The obstacle? The water
over a completely submerged subma-
rine. The object? An S2F Tracker flying
an ASW mission . . . so close that it was
in the Kollmorgen 8B Periscope’s field
of view for just a fraction of a second.
Only a precise combination of electro-
mechanics and optics could track such
a fleeting target with such definition.

You’ll also learn that Kollmorgen peri-
scopes serve as the “eyes” of virtually
all U. S. submarines . .. that Kollmor-
gen bunker-type periscopes monitor
most missile testing and launching
operations . . . that Kollmorgen hot-cell
and underwater periscopes are on duty |
in almost every major nuclear installa-
tion in North America!

What is your question? If it is in the
area of remote viewing, aligning, test-
ing, measuring or controlling, the
answer may be among the growing
number of optical/electronic/mechan-
ical devices, instruments and systems
engineered by Kollmorgen.

Write for literature describing the
combined capabilities and facilities of
Kollmorgen and its subsidiaries, Instru- ‘
ment Development Laboratories and
Inland Motor Corporation.

NORTHAMPTON, MASSACHUSETTS |

first digit, which must be 1, is moved
to the end it forms a number ending in
1). All binary numbers ending in 1 are
odd numbers.

Victor Eigen (whose tricks were dis-
cussed in this department in August,
1960) took the floor to demonstrate a
remarkable new card trick that involves
the coding of information. “I want to
explain in advance exactly what I intend
to do,” he said. “Anyone may shuffle his
own deck of cards and from it select any

a

five cards. From those five he must
choose one. I am allowed to arrange
the remaining four cards in any order
I please. These four cards, squared into
a packet, are to be taken to myv hotel
room by whoever selected the card. My
wife is in the room, waiting to assist in
the trick. The person carrying the packet
will knock three times on the door, then
push the packet of four cards, held face
down, under the door. No words will
be spoken by either person. My wife
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HOW DO YOU
MEASURE ROUNDNESS

DiAMETER BERCH CEMTER

Out of roundness consists of an odd
or even number of lobes or bumps
with regular or random spacing about
the part circumference. Not all of
these types can be measured or even
detected by the more common meas-
urement methods.

Measurements by diametrical or
“V” Block methods are a calculated
risk — they seldom tell the full or
correct roundness story. Both methods
are completely insensitive to certain
types of part lobing.

Center type measurements are sen-
sitive to all types of out of roundness—
but the measurements are questionable
in the high or ultra-precision fields.
Very few plants have the means or
program to control center and center
hole error factors to the necessary
degree.

Radial measurements using an
ultra-precision spindle and in some
cases using a master round, are the
only method which give a full and
accurate measurement of out of round.
Write for “Roundness Measurements”
and determine the reliability of your
present method.

C Lowvolan o INSTRUMENT COMPANY

A SUBSIDIARY OF THE BENDIX CORPORATION

6220 East Schaaf Road ¢ Cleveland 31, Ohio

will examine the packet and name the
selected card.”

I asked permission to do the selecting.
The procedure was carried out exactly
as Eigen had directed. I took five cards
from mv own deck and selected from
them the six of spades. Eigen did not
touch the cards. He wanted to rule out
the possibility that he might mark them
in some way and so provide additional
information. Moreover, most cards have
backs that vary in minute details when
turned upside down. By taking advan-
tage of these “one-way backs” (as magi-
cians call them) it would be possible
to arrange the cards in a pattern—some
turned one way, some the other—that
would convey a large amount of in-
formation. If the cards had been placed
in a container of some sort, say an en-

Advanced Coatings
for
Advanced Projects

White Room Cleanliness

Where ultra-cleanliness is of utmost impor-
tance, consider TILE-COTE® as a mainte-
nance-free finish. TILE-COTE® provides a
high-density, readily-decontaminated film
with an inert, virtually impermeable
surface of ceramic-like appearance and
permanence.

Sample specifications . . .

e Adhesion: excellent to wood, metal,
masonry and mortar, glass and most
plastics

e Pot life: min. 8 hrs. at 75° F.
e Temp. range: 250° F. to —40° F.

e Unaffected by: steam, alcohols,
lubricants, carbon tetrachloride,
detergents and cleansers, aromatic
and aliphatic hydrocarbons and
other corrosives.

Versatility is an important feature of TILE-
COTE®, which may be applied as a filler-
finish system over bare wood and masonry
or as a finish over painted surfaces. Fif-
teen bright high-reflectance colors are
available with identical service criteria.
Write for bulletin P-52B with full data,
specifications, and color standards.

@ THE WILBUR & WILLIAMS CO., INC.
=3 752 Pleasant St., Norwood, Mass.

CRE}\TORS OF ADVANCED COATINGS FOR INDUSTRY
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velope, still more information could be
coded. For example, the cards could be
put in the envelope either face up or face
down, the envelope could be sealed or
left unsealed, and so on. Even the choice
of a container or no container could
convey information. It was to rule out
all these possibilities that Eigen had de-
scribed the procedure in advance and
had been careful not to touch the cards
in any way.

After T had arranged the four cards
in an order specified by Eigen, I asked
for his room number and was about to
leave when Mel Stover spoke up. “Hold
on a minute,” he said. “How do we know
that Eigen isn’t sending information by
the time he picks to send you to his
room? By conversation he delays your
leaving until the time is within a certain
interval that is part of the code.”

Eigen shook his head. “No time inter-
vals are involved. If you like, wait awhile
and let Gardner go whenever he wishes.”

We delayed about 15 minutes, watch-
ing with awe while Ed Marlo, a Chicago
card expert, showed how a flawless series
of eight faro shuffles would bring a full
pack back to its original order. A faro
shuffle—in England it is called a weave
shuffle—is a perfect riffle shuffle in which
single cards alternate from left and right
halves, each half containing 26 cards.
If the first card to fall is from the former
bottom half, it is called an out-shuffle.
If the first card is from the former top
half, it is an in-shuffle. Eight out-shuflles
or 52 in-shuffles will restore the deck’s
original order. Only the most skillful
card hustlers and magicians can execute
such shuffles rapidly and without er-
ror. In recent years many articles analyz-
ing the faro shuffle in the binary system
have been published in both magic and
mathematical journals. Ed Marlo has
| published two books about the shuffle
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and the brilliant mathematical card
tricks that can be based on it.

After Marlo’s demonstration I carried
my packet of four cards to Eigen’s room,
knocked three times, pushed the face-
down packet under the door. I heard
footsteps. The packet was pulled out of
sight. A moment later Mrs. Eigen’s voice
said: “Your card is the six of spades.”

Exactly how did Eigen convey this
information to her? He later explained
his method, and I will pass it on in this
department next month.

Est month’s problem of slicing a cube
to obtain a plane section of maxi-
mum area is answered as shown in the
illustration below. The shaded section
is a rectangle with an area of \/2, or
1.41+. It is possible to slice a cube so
that the section is a regular hexagon,
but the area is only 1.29+. The largest
hexagonal cross section is an irregular
hexagon with an area of 21/16, or
1.31+.

The answer to the flatcar problem is
that only one circle will roll over the
flatworm. When there are n equally
spaced circles and n is even, the number
of circles that roll over & flatworm placed
anywhere on the track (except at spots
where a circle goes directly on the worm)
is n/2. When n is odd, the situation is
more complex. The track ahead of the
front circle must be divided into seg-
ments that are each equal in length to
the spacing between two adjacent
circles. A worm on any alternate seg-
ment, beginning with the segment im-
mediately ahead of the tront circle, will
be run over by n/2 + 1/2 circles. A
worm on any of the other alternate seg-
ments will be run over by n/2 — 1/2
circles. Again, one assumes that the
worm is not at a spot where a circle is
placed directly on top of it; or, as the
mathematician would say, one ignores
“boundary conditions.”

Answer to last month’s cube problem



ENGINEERS/SCIENTISTS JOIN US IN GIVING A NEW DIRECTION TO AEROSPACE TECHNOLOGY

73° 25 W, 40°44'N
on orbital track

Ol‘bltal I‘endeZVOllS = Only One of the Critical Aerospace Problem
Areas for which REPUBLIC'S PAUL MOORE RESEARCH CENTER has R & D Contracts

Republic is deeply engaged in a diversity of investigations aimed at achieving successful rendezvous in
orbit of manned and unmanned space vehicles. This work explores the full spectrum of theoretical and
experimental research and advanced development...from new basic concept to systems and structure
design, and new fabrication techniques for final hardware. The Paul Moore Center is admirably equipped
.to assist Republic scientists and engineers in this great effort. The most sophisticated and integrated research
complex in the East today, the Center is rapidly becoming a primary source for new knowledge, not only in
re-entry but in all urgent areas of aerospace science and engineering.

A SAMPLE OF AEROSPACER & D IMPORTANT POSITIONS OPEN
PROGRAMS AT REPUBLIC Structural Research (elastic & inelastic regimes) /

Structural Computer Analysis / Stress Analysis /

-« - Re-Entry Test Vehicles for the Apollo program Hypersonic Gasdynamics Research / Re-entry & Satel-
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Conducted by C. L. Stong

xperimenters and physics teachers
traditionally use mechanical mod-
els as aids in making abstract
concepts concrete. Direct electric cur-
rent, for example, is often seen in the
mind’s eye as water flowing through a
pipe. Alternating current can similarly
be visualized as the cyclic flow of water
in a loop of pipe attached to a cylinder
fitted with a double-acting piston. Few
experimenters or teachers actually re-
duce such analogies to hardware. Even
fewer develop analogues in the absence
of an immediate need. Why fiddle away
time on purposeless gadgets, real or
fancied? One interesting reason is sug-
gested by the experience of Murray O.
Meetze, Jr., a high school student in
Heath Springs, S.C.

Meetze set out to devise an improved
analogue of the triode vacuum tube. Al-
though triodes have no moving parts,
all triode analogues he had encountered
(or that have come to my attention)
consist of assemblages of motor-driven
pumps, valves, tanks and pipes, or of
such imaginary arrangements as air guns
that shoot pellets at fluttering Venetian
blinds. Meetze sought a working model
in which nothing moved except a fluid
representing the electric current. He
not only designed and built such a model
but also used it in a series of experiments
that led to the construction of a fluid
diode, a fluid oscillator and a variety of
hvdraulic “circuits,” including one that
has no electronic counterpart. As a re-
sult he was invited to the National Sci-
ence Fair, held this year at the Seattle
Century 21 Exposition. There his project
won an award.

Meetze writes: “A substantial number
of pure fluid amplifiers have been de-
vised. Most of them consist of channels
or holes in blocks of metal, plastic or
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How streams of water can be used to create

analogues of electronic tubes and circuits

ceramic, depending on the application.
The technology of designing pure hy-
draulic circuits was announced a few
years ago by the Army’s Diamond Ord-
nance Fuze Laboratories, but most of
the work is classified. To qualifv as a
pure fluid device a design must have no
moving parts. The hydraulic ram does
not (ualify, because it requires a pair
of flap or ball valves, nor does the auto-
matic clothes washer, because its cycles
are governed by valves actuated by elec-
tric or hydraulic motors. The active ele-
ments of my circuits consist of nozzles
and the passive elements of tubes and
chambers. The pure fluid analogue of
the triode vacuum tube, for example, is
an arrangement of three nozzles. A jet of
water issuing under a head of pressure
from one nozzle corresponds to the evap-
oration of electrons from a heated cath-
ode; the pressure corresponds to the
electric potential set up by the B bat-
tery. A second nozzle pointing toward
the first nozzle receives the jet and
corresponds to the plate of the triode. A
third nozzle located in the plane of the
first two but at right angles to the jet
functions as the grid of the triode. In
the absence of a jet from the control
(grid) nozzle, water flows from the
power (cathode) nozzle and enters the
output (plate) nozzle. Because the noz-
zles are located in the same plane, a
jet issuing from the control nozzle col-
lides with the jet from the power nozzle
and diverts it away from the output noz-
zle, thus interrupting the transfer of
fluid between the power and output noz-
zles. This action is analogous to the
effect of a negatively charged grid on the
plate current of a vacuum tube. A pure
fluid triode connected for operation as
an oscillator is shown in the accompany-
ing illustration [top of opposite page].
Here the conducting phase is at the left
and the nonconducting phase at the
right.

“The operation of a pure fluid oscil-
lator is much easier to grasp than its
electronic analogue. Water entering the
power nozzle under pressure and flowing
from it as a jet is received by the output
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nozzle and fed back through circuit tub-
ing to the control nozzle. The resulting
jet from the control nozzle momentarily
deflects the power jet away from the out-
put nozzle. The action is not instanta-
neous. Initially the control circuit is
empty and a little time is needed for
it to fill up. Even a full control tubing
contains a few bubbles of air that must
be compressed before the jet forms. The
springiness of the bubbles corresponds
to capacitance in the electrical analogue.
In addition, the column of water in the
control circuit has mass and is therefore
characterized by inertia. The column
cannot be instantaneously accelerated
from rest to maximum velocity. The in-
ertia corresponds to electrical induct-
ance. As a result the power jet flows
into the output jet for a finite interval
and is then diverted for another finite
interval, depending partly on the mo-
mentum of the control stream and partly
on the energy stored in the compressed
bubbles. The cycle is then repeated. The
output consists of a series of unidirec-
tional pulses, as does the output of a
triode oscillator. I have not attempted
to couple the oscillator to a ‘tank’ circuit
tor converting the unidirectional pulses
into alternating flow. Such a tank might
consist of a U-shaped tube. The output
of the pure fluid oscillator would be fed
into one arm of the U. Periodic pulses
of incoming water would make water
standing in the U tube oscillate at a
trequency determined by the ‘induct-
ance’ represented by the mass of the
water column and the ‘capacitance,” in
this case represented by the force of
gravity.

“When these experiments were first
undertaken, I spent a lot of time trying
to design completely enclosed systems.
It seemed obvious that a jet of water
could not possibly enter a facing nozzle
without excessive splashing, particularly
if it had to work against a head of pres-
sure in the facing nozzle. One day I
directed a small stream from one eye-
droppernozzle into another nozzle about
two inches away. The diameters of the
nozzles were about equal. To my surprise



the arrangement worked about as ef-
ficiently as a closed system. When the
stream is laminar, the jet narrows some-
what as it comes from a nozzle. Hence
it readily enters an opening with the
same diameter as that of the exit noz-
zle. On entering the second nozzle the
jet is capable of building up a head of
pressure because of its momentum. The
disadvantage of using a receiving nozzle
with a diameter smaller than that of
the exit nozzle is obvious. On the other
hand, pressure will not develop in a
receiving nozzle so large that the jet
simply splashes off the inner wall and
runs out.

“I use the glass parts of eye droppers
for nozzles, the kind without the little
glass bulb at the dropping end. Pairs
of nozzles with apertures of matching
size could be made by softening a short
length of glass tubmg at the middle in a
gas flame, removing the tubing from the
flame and quickly pulling the ends apart.
The narrow portion could then be nicked
lightly with a three-edged file and brok-
en to form two nozzles of identical
diameter. I connect the nozzles into cir-
cuits by means of transparent plastic
tubing and interconnect sections of tub-
ing with copper L’s, T’s and straight
couplings as required. These details are
omitted in the accompanying illustra-
tions. The nozzles and associated tubing
can be mounted on any firm support,
such as an apparatus stand or a vertical
grid made of wooden dowels. The tub-
ing can be wired to the supports, but
clamps of the thumbscrew type make
adjustment easier. Glass parts should be
slipped into a sleeve of rubber tubing
for protection at points where thev are
clamped. A basin equipped with a drain
must be provided to catch the spent
water. Any watertight box with low
sides will do. The experimenter can make
one of wood easily. Mine is made of
sheet metal with soldered corners.

“In the course of experimenting with
the oscillator T found that the deflected
power stream could be used to control
another power stream. Thus an oscil-
lator operating from a source of low
pressure can exert direct control over a
second triode operating from an inde-
pendent power supply, as shown in the
accompanying illustration [second from
top at right]. Amplification is observed
if the pressure of the second power
supply is higher than that which drives
the oscillator. A pinchcock of the screw
tvpe installed on the tubing of the
second power supply will function as a
‘volume’ control. The action of the oscil-
lator is entirely independent of the am-
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Explorers
in
the shape
of
things to come

An ideain the mind of man ...that’'s where
every achievement in the world begins.
Peer into the minds of Lockheed Scien-
tists and Engineers. There you see
ideas in the making—ideas that some
day will take on form and substance.
Not all, of course. Some are too ‘‘far
out.” But, no matter how visionary, all
ideas win serious attention.

As a result, this freedom of imagina-
tion has led to many distinguished ac-
complishments at Lockheed. And the
future holds still more. For, among Lock-
heed's ever-expanding programs are:
Spacecraft; Satellites; Man-in-Space
Studies; Hypersonic Manned Aircraft;
Advanced Helicopter Design; Sophisti-
cated ASW and Ocean Systems.

Scientists and Engineers who thrive in an
atmosphere of freedom; whose creative
processes flourish through liberal ex-
change of ideas; who relish the excite-
ment of exploring the unexplored —to
such men we say: Lockheed has a place
for you. For example: In Human Factors;
Electronics Research; Thermodynamics;
Guidance and Control; Stress; Servosys-
tems; Reliability; Dynamics; Manufactur-
ing Engineering; Astrophysics; Astrody-
namics; Advanced Systems Planning;
RF Equipment Engineering; Bioastro-
nautics and Space Medicine; Weapons
Effects; Aerophysics; Digital Com-
munications; Antennas and Propagation
Engineering; Tracking, Telemetry and
Command Engineering; Communica-
tions Analysis. Send résumé to: Mr.
E. W. Des Lauriers, Manager Profes-
sional Placement Staff, Dept. 2908, 2405
N. Hollywood Way, Burbank, California.
An equal opportunity employer.

LOCKHEED

CALIFORNIA COMPANY

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
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plifier. The frecuency remains constant
at all settings of the volume control.
“While experimenting with the oscil-
lator-amplifier circuit in an attempt to
make a hvdraulic motor control itself,
I hit on a bi-stable circuit, an analogue
of the electronic “flip-flop.” In one of
the two stable states a power jet drives
a control jet that deflects a second power
jet against a shield, as shown at the
left in the accompanying illustration
[third from top on preceding page]. An
output jet connected to the control cir-
cuit of the first power jet delivers out-
put, in the form of a miniature fountain,
as long as the circuit remains in this
state. If you interrupt the first power
jet, for instance by sticking vour finger
momentarily into the stream, the circuit
flips to its alternate stable state. The
second power jet deflects the first power
jet from the control circuit. Interrupting
the second power jet returns the circuit
to its initial stable state. The switching
intervals are approximatelv equal, al-
though the circuit is asvmmetrical.
“After learning that electronic flip-
flops are symmetrical I undertook the
development of a svmmetrical analogue.
This proved to be rather easv: it is sim-
plv a pair of triodes cross- connected so
that the output of one controls the input
of the other and vice versa [see hottom
illustration on preceding page]. Observe
that the control nozzles are directed up-
ward toward the power jets from the
same level as that of the output nozzles.
This makes the circuit change state
quickly when the operating power jet

Water is conducted
in this direction

is interrupted, because water stands in
the feedback tubes even when they are
not conducting. The switching time can
be increased (frequency lowered) by
adding the analogue of capacitance to
the control circuits. Just tip the feed-
back tubes so that the output nozzles
are higher or lower than the control
nozzles. The resulting bubbles in the
control branches after each operating
cycle will introduce delayv.

“Both versions of the flip-flop were
triggered, or flipped, by interrupting the
power jet by hand. Electronic counter-
parts use a triggering circuit. My next
series of experiments was aimed at de-
veloping a pure fluid analogue of the
electronic trigger circuit. The problem
appeared to be rather simple at first:
a pair of triggering nozzles powered
from a common source would be posi-
tioned so that jets of short duration
could divert either the control jets or the
power jets. The first triggering pulse
would “flip” the circuit for conduction by
one stage; the following pulse would
“flop” conduction to the alternate stage. I
decided to trigger the control jets. Ex-
periment quickly showed that the prob-
lem was not so simple. At certain times
the circuit flipped and at other times it
remained in the initial state, depending
on the duration of the triggering pulse.
A sufficiently short pulse triggered a
change in state every time. A long pulse
\vou]d in effect trigger both the flip
and the flop, because the twin jets of the
trigger could divert either or both of the
control jets. Positive action was provided

Water is not e
conducted in this d\rectlon

Pure fluid diode
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GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE UP

"AMAZING SCIENCE BUYS:

for FUN, STUDY or PROFIT

ASSEMBLED
AND
READY TO USE

An

detail,

Photographerst This is an actual, photograph
O

the moon taken through our Astronomical
Telescope by a 17-year-old student.
with our planet rotating simultane-

\) : (i
A
ously. With this instrument, the ob-

gerver sees a three-dimensional moving demonstration of
how seasons, day and night, and moon pha%es occur. This
fhandsome gear-and-chain-driven unit is supported by a
smartly finished wood base. The sun is 6” in diameter, and
the earth is 4”. Planetarium stands 12” high, is 8” wide;
arm is 18” long. A completely illustrated, delightfully in-
formative handbook included.
$29.95 ppd.

Stock #70,415-S

Stock No.

THE PLANETARIUM PORTRAYS THE
FASGINATING STORY OF
EARTH IN ACTION
Here is the story of cosmic motions—

how the moon revolves around the
earth, and the earth around the sun,

Professional Idea Men
Researchers, Designers . .
A GREAT NEW COLOR
EXPERIMENTAL KIT!

Grimaldi, Newton and Young—all
experimented with diffraction grat-

_ @ ing ... now, for the first time, avail-

] able in both transmission and reflect-

ing replica at small fraction of

original cost. Fascinating possibilities for new product
ideas, rejuvenation of old items. This wonder material

of the century (13,400 grooves per inch) opens vast new
vistas of color-utilization, exciting new architectural and
decorative material; determine re.ractive index of crystals
w/diff. wave ]emzths change contrast of stained specimens;
measure particle size of pigments; precise microscope scale,
etc. Kit contains 8” x 24” pieces of transmission and re-
flecting grating; 4 m‘fracuon circles—2 transmission and
2 reflecting types; finished pieces of excitingly different
diffraction jewels; round pieces of mounting glass; double-
faced mounting tape; stereo viewer; Edmund Diff. Grating

Idea Book.
Stock No. 70,564-S... 10.00 Postpaid

SPELLBINDING EXPERIMENTS with
SILICON SOLAR CELL AND SUN BATTERY!

Experience endless fascination in
converting sunlight into electricity to
power small motors, amplifiers, etc.
Ideal for scientific student projects.
Plastic case 1%8” x 1%%” x 3/16” Pro-
duces .3 to .45 volts—10-16 milliamps.
24-page Handbook gives full data on
12 pat experiments.

Stock No. 60-216-S ..
Selenium  Photocell.
Silicon Cell.

$2.25 Postpaid
lower price than

Stock No. 30,411-S .. $1.50 Postpaid
Solar Cell and Photocell Handbook. Fascinating 112-
page Handbook on Silicon-Cell and Selenium projects,
demonstrations, etc. Explains photovoltaic theory per-
formance. Gives infrared and ultra-violet applications.
Paperbound 6” x 97,

Stock No. 9230-S.. $2.00 Postpaid

MINIATURE WATER PUMP

Wonderful for expenmenls, miniature water-
falls, fountains, age railroad backdrops,
ete. Tiny (254 X 1%") electric motor and pum
ideal for hobbyists, labs, schools. Pumps con-
tinuous flow of water at rate of one pint

minute at a 12” head. With 2 D batteries in
series will pump to 24” high. Runs 48 hrs. on
battery. Works in either direction. Self priming.
Stock No. 50,345-S. $2.25 Postpaid

power,

"Lower

Remove Your Retaining Rings—Disassemble Lenses,
Cameras, etc.

ADJUSTABLE

SPANNER WRENCH

Made for U.S. Air Force—
available at a fraction of Gov-
ernment cost. A top grade,
versatile tool that every in-
stroment and eamera ropair man or just plain tinkerer
hould own, Adjustable for 4% Lo 12”7 diameter retaining
mplete with ais Jiffe pairs of points to fit all
{ holes, %7, 67 and 127 main bars. All steel

The finest Loul we have ever come across
siaining ring work AND a real bargain

Sfock No. ?0 355-5. .$12.50 Postpaid

See the Stars, Moon, Planets Close Up!
3” MAstronomical Reflecting Telescope 60 to 180 Power
You’ll see the Rings of Saturn,

huge craters on the Moon, Star Clusters,
Galaxies!

41/3” REFLECTING TELESCOPE—Up to 255 Power.
85,105-S

Buy! F Mt. Pal Type

P
the fascinating planet Mars,
Moons of Jupiter in
lock on both axes.

Equatorial mount with

.$79.50 F.0.B., Barrington, N.J.

NEW Z0OM MICROSCOPE EYEPIECE
Z0OMS POWERS FROM 30X TO 2000X

Greatest microscope accessory yet!

Priced amazingly low. Combines all
eyepiece powers from 10X to 20X in one embly. Twist
of dial . . . without more focusing . . . without extra eye-
piece changing and you command powers up to
2000X. Professional all-metal quality construction, heav-
ily plated, anodized. Fits any standard .917” dia. mi-
croscope tube. Built-in, adjustable clamping ring insures
tight, mar-free attachment. Stops eyepiece changing.
Coated elements, 23;4” lg., 1%” max. dia., 5 0z. wt.

Stock No. 60,270-S..........ccccoeuveuenne $25.00 Pstpd.

SCIENCE TREASURE CHESTS

For Boys—Girls—Adults!

Science Treasure Chest—Extra-powerful
magnets, polarizing filters, compass, one-
way-mirror film, prism, diffraction grating,
and lots of other items for hundreds_of
thrilli riments, plus a Ten Lens Kit
for making telescopes, microscopes, etc.

Full mstrucunns included.
Stock No. 70,342-S ..$5.00 Postpaid

Science Tre'\surc Chest DeLuxo—Evmythmg in Chest above
plus exciting additional items for more advanced experi-
ments including crystal-growing kit, electric motor, molec-
ular model_set, lnst surface mirrors and lots more.

Stock No. 70,343-S. 10.00 Postpaid

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Kits contain mirror blank, tool, abrasives, diag-
onal mirror and eyepiece lenses. You build instru-
ments ranging in value from $75.00 to hundreds
of dollars,

Stock No. Dia.

ror Thickness Price

34" $ 7.50 postpaid
1" 11.95 postpaid
19.50 postpaid
30.75 { F.0.B.
59.95 1 Barrington

. ¥,
70,007 S 12'," 2'/8"
OFFSPRING OF SCIENCE REALLY
BEAUTIFUL CIRCULAR DIFFRACTION GRATING

JEWELRY 1” DIAM

A Dazzling Rainbow of Colorl
As a scientific phenomenon, this new
kind of jewelry is capturing atten-
tion everywhere. Shimmering rain-
bows of gem llke color in jewelry of
exquisite beauty—made with CIR-
CULAR DIF FRACTION GRATING
REPLICA. Just as a prism breaks up
light into its full range of individual
colors, so does the Diffraction Grating.
Stock No. 1704-5 Earrings ..$2.20 Pstpd.
Stock No. 1714-5 Cuff Lmks $2.20 Pstpd.
Stock No. 1729-5 Pendant $2.20 Pstpd.
Stock No. 1727-5 Tie-Clasp $1.65 Pstpd.
Stock No. 1735-5 Bracelet

Six 34" Grotings)....57.70 Pstpd.

American Mode—Over 50% Saving
STEREQ MICROSCOPE

Years in development. Equals $300 to $400
instrument. Precision American made.
Used for checking, inspecting, small as-
sembly work. Up to 3” working distance.
Clear, sharp, erect image. Wide. 3 dimen-
sional field. 2 sets of objectives on rotating
turret. 23X and 40X. 10 Day Free Trial.

Stock No. 85,056-S. $99.50

f.o.b. Barrington,

BUILD A SOLAR ENERGY FURNACE
Easy! Inexpensive! We furnish instructions.
This sun powered furnace will generate ter-
rific heat—2000° to 3000°. Build with your
scrap ylood and our Fresnel Lens—14” diam-
£/1.14”,

Stock No. 70 130-S, Fresnel Lens......$6.00 pstpd.

ORDIR BY STOCK NUMBER .SIND CHICK OR MONIY ORDIR .

EDMUND SCIENTIFIC CO.,BARRINGTON, N. J.

11" Sq. Fresnel Lens F.L. |
Stock No. 70,533-S. $4.75 Ppd.
SATISFACTION GUARANTEED!

© 1962 SCIENTIFIC AMERICAN, INC

Stock No. 70,341-S.

TREE ATALOG

ANALOG COMPUTER KIT

e e i s || ?deal introduction to the mcreasl‘ngly
ey important electronic computer field.
L] ® | ® ! For bright students, or anyone inter-

ested in this new science. Demonstrates

Aluminized and overcoated 3” diameter high-speed f/10 mirror. basic analog computing principles—

Telescope comes equipped with a 60X eyepiece and a mounted P 5 Soiad y

Barlow Lens, giving you 60 to 180 power. An Optical Finder can be used for multiplication, division, powers, roots, log.

Telescope, always so essential, is also included. Sturdy, hard- operations, trig problems, physics formulae, electricity and

wood, portable tripod. magnetism problems. Easily assembled with screwdriver and
FREE with Scope:—Valuable STAR CHART plus 272 page ‘'HAND- pliers. Operates on 2 flashlight batteries. Electric meter and
BOOK OF HEAVENS’’ plus *‘HOW TO USE YOUR TELESCOPE’’ BOOK 3 potentiometers are mounted on die-cut box. Answer is
Stock No. 85,050-S $29.95 Postpaid indicated on dial. Computer is 20” long, 9” wide, 2" deep.

$14.95 Postpaid

NEW! STATIC ELECTRICITY
GENERATOR

Sturdy, Improved Model!

See a thrilling spark display as you
set off a miniature bolt ol light-
ning. Absolutely safe and harmless.
Sturdily made—it stands 14” high.
Turn the handle and two 9” plastic
discs rotate in opposite directions.
Metal collector brushes pick up the
static electricity, store it in the
Leyden jar type condenser until dis-
charged by the jumping spark.
Countless tricks and experiments.
24 pageinstruction booklet included.

Sh:l: Neo. 70,070-S. $12.95 Postpaid

Once-in-a-lifetime Buy!
HIGH SPEED AERIAL
CAMERA LENS

Est. Gov’t Cost Well In Excess of
$10,000. Yours for $495

(=]
4

-
L1

- Perkin-Elmer make, designed by

*ﬂ Dr. J. G. Baker. Suited to spectral
ballistic camera for missile re-

entry, satellite and asteroid pho-

tography, lab collimater for large field of view, 4%
f/4. Covers 20” dia. field (14”7 x 14”). Color-correct-

ed for TRI-X with a dichroic filter coated on element
#4, peaking at approx. 5100-6900 Angstroms Well cor-
rected even at full aperture. Angle of view 31°. Aperture:
relative f/4. Front opemng 12”. Focusing range: fixed at
infinity with provision for fine focusing. Back f/1 20%”.
Transmittance (through orange filter) 62%. Flange f/1
10”7 + .003”. 337" total lgth. Total dia. 223”. T ele-
ments. Wt. 257 1bs. Shipping wt. 713 lbs.

Stock No. 85,149-S.....................5495

B

Special Reduced Price for '62!

LIFE SIZE VISIBLE HUMAN HEAD

Precise, Full Color, Take-apart Model
Study the most complex organ easily, inex- 1
pensively. Ideal for student, hobbyist, profes-
sional. You will be amazed at the detail.
Molded from actual human skull. Eyes, ears,

and teeth easily removed and disassembled ,.
for complete study. Entire brain, spinal cord sy
and organs of mouth and throat presented in -
vivid detail. Amazingly low price—conforms i

to rigid laboratory standards. 16-page fully .
illustrated medical handbook included. I J
Stock No. 70,447-S.........covvvrmreeeeeenns $8.95 Postpaid

OTHER VISIBLE TAKE-APART MODELS
Stock No. 70,470-S Heart . $3.00 Pstpd.
Stock No. 70,228-S Man .. $4.98 Pstpd.
Stock No. 70,283-S Woman .. ..$4.98 Pstpd.

6x30 WAR SURPLUS
AMERICAN MADE BINOCULARS
Big savings—brand new. Crystal clear
viewing—6 power. Optics fully coated. In-
dividual focus. Exit pupil 5mm. Approx.
field—445 ft. at 1000 yds. Excellent for
spectator sports, races, hunting, etc. Nor-

mally costs $100 up. Complete with carrying case and strap.
Stock No. 963-S $33.00 Postpaid

WIIITE

SCIENTIFIC CO.
Barrington, N. J.

1]
W
160 Pages! Over 1000 Bargains!
’ Huge selection of lenses, prisms,
| war surplus optical instruments,
parts and accessories. Telescopes, -
| Microscopes, Binoculars, Sniper-
scopes, science experiment items, math
| learning and teaching aids. Request Catalog-S.

IName. .
IAddress, .

’Ch‘y. it

|
I
|
I
I
|
I
|
I
I
I
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Information from countless sources, stag-
gering amounts of it. New information
that changes from moment to moment, old
information that must be retrieved from
storage in seconds. Information of world
importance. This is what command deci-
sions are based on: This is what a new
science-technology must cope with to
help make command decisions possible.
The science-technology of which we speak
involves the development of far-reaching
man-machine systems to provide informa-

tion processing assistance for military and

PHOTOGRAPHS BY USAF, NASA AND UPI

132

government leaders. The needs of this field
have created a number of new positions at
System Development Corporation. Our
scientists, engineers and computer pro-
grammers applied this science-technology
to help develop SAGE. We now apply it to
our work on the SAC Control System and
other command and control systems being
developed. At SDC, our staff participates
in key phases of system development; anal-
ysis, synthesis, computer instruction, sys-
tem training and evaluation. Human Factors
Scientists, Operations Research Scientists,

Engineers and Computer Programmers
interested in joining this expanding new
field are invited to write Dr. H. L. Best,
SDC, 2430 Colorado Ave., Santa Monica,
Calif. Positions are open at SDC facilities
in Santa Monica; Washington, D.C.; Lex-
ington, Mass.; and Paramus, N.J. “An equal

opportunity employer.”

ASDC

System Development Corporation
Systems that help men make decisions and
exercise control

Decision-making

in the Sixties
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Negative-pulse flip-flop

by a second pair of jets located between
the triggering jets and their correspond-
ing control jets. These can be thought
of as cutoff jets. Their location is shown
in the accompanying illustration [top of
page 130]. The cutoff jets block the trig-
gering pulse on the conducting side and
prevent its twin from hampering the
action of the ‘cff’ control jet. Observe
that the output plC]\ll > nozzles, the con-
trol and cutoff nozzies are located on a
common level to prevent the circuits
from draining in the flipping interval.
“One can construct a variety of flip-
flops, some that require diodes as their
electronic counterparts do. Although
these are interesting both as analogies
and as experiments, they do not oper-
ate more effectively than the circuits
described earlier. Diodes are interesting
and simple to construct, but the nozzles
must be almost perfectly matched and
aligned or they will not operate reliably.
Diodes consist of two nozzles, one aimed
directly toward the other and the second
canted slightly. In the accompanying il-
lustration [hottom of page 130] conduc-
tion is shown at the left and nonconduc-

tion at the right. The sensitivity of the
circuit to adjustment can be Towered
somewhat by flaring the canted nozzle
so that the tip resembles a miniature fun-
nel. The flaring can be done easily with
the aid of a special tool. Remove the car-
bon rod from a size C flashlight battery,
insert it into the chuck of an electric drill
and. with the drill running, file the un-
capped end of the carbon to a tapered
point. Then soften the glass tip in a gas
flame, remove the glass from the flame,
quickly insert the carbon point into the
opening of the nozzle and spin the glass
between finger and thumb until it cools.
With a bit of practice it is possible to
produce a svmmetrical flare about an
eighth of an inch long with an outer
dlametel about twice that of the bore of
the nozzle. By blowing a small bulb in

one side of the flared nozzle it should be |

possible to make a pure fluid analogue of
the variable-capacitance diode and set
up a parametric oscillator.

“While examining electronic circuits
closely I concluded that triggering in-
volves a negative pulse: taking energy
away from the circuit rather than add-

valve l

open

Single-trigger flip-flop

© 1962 SCIENTIFIC AMERICAN, INC

RYOGENIC

Refrigerator-
Liquefiers

1
a'a% CRYENCO e'xperience
~  covers capacities of 500 watts

to 4,000 watts
In these temperature ranges:
300-40° K-NEON
L\l 200-30° K-HYDROGEN
100-200 K-HELIUM

At the present time, CRYENCO is building
three hydrogen refrigerator-liquefiers for asso-
ciation with bubble chamber research. Cryenco
engineers have had major responsibilities for
production of five of the six largest hydrogen
refrigerator-liquefiers designed for bubble
chambers in the free world. Experience covers
refrigerator-liquefiers used in testing rocket
| motors at 106, space chambers for satellite

and space vehicle environmental studies at
109, as well as bubble chamber applications in
particle accelerators. Production of related
items include: nitrogen liquefier, high pres-
sure cryogenic purifiers, refrigerated dryers,
low tempe.ature absorbers ortho-parahydrogen
catalyst, etc. Free your physicists and engi-
neers for fundamental research! Let Cryenco
engineers design and build your custom equip-
ment, meeting your exact requirements. Write
Cryenco for full details on their low-tempera-
ture high-vacuum capabilities and experience.

CRYENCO

Cryogenic Engineering Co.
- 246 W. 48th Ave., Denver 16, Colo,
Low Temperature, High Vacuum
Equipment and Engineering

PHOENIX
GOODYEAR AIRCRAFT

(Arizona Division)
offers career opportunities that will chal-
lenge your talent in the technical arcas
listed below.

SR. DEV. ENG'RS.
Develop wideband i-f amplifiers, i-f oscil-
lators, i-f isolation amplifiers, and related
circuits.
Develop microwave circuits and equip-
ment including wave-guide assemblies,
and rela ed circuits.
Servomechanisms. Develop and design of
antenna stabilization servo sysiems. Film
drive control systems.

Develop radar transmitters and modula-
tors including pulse forming networks.
transformers, protection circuits, X-band
amplifiers and related circuits.
Display and pulse circuits. Develop dis-
play circuits and controls. Bomb naviga-
tion cross hair circuitry.
SR. DESIGN ENG'RS.

Optical design and development. Design
lenses and complete optical systems.

SR. PACKAGING ENG'RS.
Layout packaging and detailing layout of
electronic sub-assemblies including i-f and
r-f units.

Request Application or Send Resume to:
M. J. McColgan,

Engineering Personnel

Goodyear Aircraft Corporation
Litchfield Park, Arizona

| An equal opportunity employer.

Similar positions at Goodyear Aircraft
Akron, Ohio.

Corporation,
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THEORETICAL

PHYSIGISTS

Here at the Research Laboratories, exceptionally attractive oppor-
tunities are now available for theoretical physicists (at the doctoral
levell whose scientific abilities lie in any of the study areas in-
dicated below.

Our long-range, corporate-sponsored programs in physics are
aimed at significantly improving man's understanding of the funda-
mental nature of matter. Commensurate with the enormous challenge
inherent in that objective, we take every practical measure to
create for members of our staff a professional environment con-
ducive to successful research.

With us, for example, you would have the continuing opportunity to
initiate your own programs and carry them through to completion,
utilizing any of a wealth of supporting services when needed. You
would be encouraged to publish papers on your work, encouraged
to consult with other staff scientists whose fields of interest are
complementary, and to maintain close contact with related

university research.

Endowed with an outstanding cul-
. AREAS
tural environment and an unusually UNDER INVESTIGATION

high concentration of professional Plasma Physics

people, central Connecticut s Gas-Surface Interactions

known for the quality of its educa- Magnetohydrodynamics

tional facilities and for the variety Low Temperature Physics

of its recreational and residential Physical Electronics

attractions. Typically, Hartford has Chemical Physics

its own symphony orchestra and

Nuclear Physics

one of the nation's oldest and
finest art museums.

Inquiries are invited from senior physicists with backgrounds in any of
the fields indicated. Please address Mr. E. H. Ciriack . . .

United

Research Laboratories

.
Q I rC raft EAST HARTFORD, CONNECTICUT

An Equal Opportunity Employer
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| trigger " This switch

~Jet l/ will replace
) > valve in
1 flip-tlop

Pure fluid trigger

ing it. With this in mind I returned to
the symmetrical bi-stable circuit and
equipped the control feedbacks with
drains in the form of pinchcocks placed
so that thev can be opened simultaneous-
ly, as shown in the accompanving illus-
tration [top of preceding page]. Operat-
ing the pinchcocks reduces the pressure
of the conducting control jet but has no
effect on the nonconducting branch. (In-
cidentally, it will be observed that when
conduction is initiated in a circuit, the
first pulse from a nozzle is much more
forceful than that of the steady stream.
The effect is explained by the momen-
tum gathered by the water as it rushes
through an empty tube; it is analogous
to inductive effects in electronic circuits
that generate pulses of high voltage, such
as ‘kick’ coils and induction coils.) The
initial circuit operated well enough to
demonstrate that I was on the right track.
The device is highlv sensitive to input
pressure at the power jets, however, and
tended to go into uncontrolled oscilla-
tion rather than to flip.

“A variation of the arrangement re-
sulted in my most effective flip-flop. Two
teedback drains are coupled through a
single-trigger valve, or pinchcock [sce
bottom illustration on preceding page].
Opening the valve greatly decreases
| pressure at the presently conducting con-
trol jet, and the water drains into the
presentlv nonconducting control jet. The
‘oft’ power stream therenpon activates
the ‘off’ control jet, completing the flip.
The second operation of the valve re-

I.Ill'l circint \\-|||
] keep trigger
| !\Aj pulse short

to trigger

Short-pulse generator



Reliable

space radiators
for satellite
cooling

AiResearch
tube-and-fin
space radiator

Garrett-AiResearch has designed, fabricated and
tested lightweight space radiators, utilizing proven
hardware concepts throughout. Active radiator
systems can cool electronic equipment, fuel cells,
stable platforms and environmental systems
operating from 400°F to cryogenic temperatures.

AiResearch is foremost in space radiator design
and manufacturing, and is highly experienced in
weight optimization techniques, meteoroid protec-
tion, transient temperature analysis, fabrication

SPACE
RADIATOR

'-.n’\.-"\MN\J‘\N\"\J'\J'\.""'NVM;MJ\»'VMP‘H{\J“

Vv

Pump package, including
pump, accumulator, high
temperature and flow
control switches, and
temperature control valve

techniques and emissive coating characteristics.
Present AiResearch space radiator development
and production programs include systems for both
manned and unmanned space vehicles. Other types
of space heat transfer experience include the
Project Mercury and Dyna-Soar systems.
AiResearch has more than 20 years of experi-
ence in the design, development and manufacture
of heat transfer equipment for aircraft, missiles
and space vehicles. Your inquiries are invited.

AIRESEARCH MANUFACTURING DIVISIONS e Los Angeles 9, California ¢ Phoenix, Arizona

Systems and Components for:

Aircraft, Missile, Spacecraft, Electronic, Nuclear and Industrial Applications

© 1962 SCIENTIFIC AMERICAN, INC



3 nation net

Goldstone, Calif. Woomera, Australia. Johannesburg,
South Africa.

Three tiny spots on the map that make up the most
advanced space communications network on Earth: the
Deep Space Instrumentation Facility.

Directed by Caltech’s Jet Propulsion Laboratory,
DSIF does two jobs. It sends and receives signals millions
of miles to and from space. And it tracks spacecraft that
will fly-by, orbit and land on the moon and planets.

DSIF’s three tracking stations, with their saucer-shaped,
85-feet-in-diameter antennas, insures that one station is
always in touch with JPL’s missions into space.
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into space

DSIF is an essential part of JPL’s whole job of space
exploration. A job that calls for almost every kind of
scientific and engineering specialty there is.

The space age is the age of specialization. JPL needs
experts — inquisitive specialists who want to know what
the moon is made of, if there’s life on other planets and
how the solar system was formed. Men who want to pit
their knowledge against the unknown. If you’re that kind
of expert, JPL is your kind of place.

JET PROPULSION LABORATORY @
4802 OAK GROVE DRIVE, PASADENA, CALIFORNIA

Operated by California Instituteof Technologyforthe NationalAeronautics &SpaceAdministration

All qualified applicants will receive consideration for employment without regard to race, creed or national origin/ U.S.citizenship or current security clearance required.
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Tank
raised to
give desired
head of water

Constant water
pressure 1s
maintained if
tank is kept
slightly over-
flowing

Three-phase oscillator

turns the circuit to its initial state. Actu-
ally, even when the valve is opened
momentarily, the circuit oscillates for a
half-cvele. This constitutes the “dip.” The
circuit has one disadvantage: it is sensi-
tive to variations in power pressure and
tends to go into uncontrolled oscillation.
The mechanical valve can be replaced by
a pure fluid switch. One version is shown
in the accompanying illustration [top of
page 134]. Unwanted oscillation can be
prevented by using triggering pulses of
short duration. A circuit for generating
short pulses automatically is assembled
by coupling a cutoff nozzle to the trigger-
ing nozzle through a short length of
feedback tubing [see bottom illustration
on page 134].

“Pure fluid flip-flops can be ganged
in series to make frequency dividers,
binary counters and related devices used
in digital computers. One output branch
is tapped to trigger the succeeding flip-
flop. The second branch functions as an
indicator of state.

“Of the several devices that emerged
from the experiments, one that seemed
insignificant at first eventually gave me
the most satisfaction because it led to
a novel electronic circuit: a three-phase
oscillator. In the case of simple flip-flops
two pure fluid triodes are interconnected
so that conduction in one blocks conduc-
tion in the other. When a third triode
is added to form a closed ring, the de-

output pressure in

|
vice becomes unstable and oscillates.

The arrangement is shown in the ac-
companying illustration [above]. Three
power jets operate continuously. In the
state illustrated the first control jet has
cut off the second power jet. Accordingly
the third control jet is also cut off. This
enables the third power jet to activate
the first control jet and, at the end of a
time interval that depends on the con-
stants of the system, to cut off the first
power jet. As a result the jet action
progresses around the ring at a phase
angle, with respect to time, of 120 de-
grees. Further experiments demonstrat-
ed that triodes can be cascaded in this
configuration without limit. Configura-
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RESEARCHERS NEEDED

WITH OWN RESEARCH IDEAS AND INI-
TIATIVE, BUT WITH WILLINGNESS TO
WORK ON DIVERSE RESEARCH PROB-
LEMS NOT NECESSARILY IN THE FIELD
OF THEIR EDUCATION AND EXPERIENCE.

Will work in a mixed discipline group doing
research on methodological, man-machine,
man-organization, military, logistics, and in-
dustrial problems. Salary, benefits, adequate.

MINIMUM REQUIREMENTS (no maximum)

« 5 years rescarch experience

at least 32 years old

good basic undergraduate and graduate
education in: engineering, philosophy,
physics, sociology, math, psychology,
economics, biology, history, etc.

demonstrated creative capability

ability to get ideas across

knowledge of how organizations work

ability to obtain security clearance

diverse background a possible asset

Please write or send resume to:
K. R. Ditmore
STANFORD RESEARCH INSTITUTE

Menlo Park, California
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OBSERVER'S GUIDE

FREE
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With artificial satellites already launched and
space travel almost a reality, astronomy has
become today’s fastest growing hobby.

| Exploring the skies with a telescope is a

relaxing diversion for father and son alike.
UNITRON’s handbook contains full-page
illustrated articles on astronomy, observing,
telescopes and accessories. It is of interest

to both beginners and advanced amateurs.
| CONTENTS INCLUDE:

Observing the sun, moon, planets and wonders of the sky
Constellation map « Hints for observers « Glossary of telescope
terms « How to choose a telescope « Astrophotography
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BASIC
RESEARCH

in physical, chemical
and mechanical
properties of materials
at high temperatures

Attractive opportunities are available
here at the Research Laboratories for
those interested in conducting basic re-
search in the synthesis of materials and
in the determination of unusual proper-
ties exhibited by materials at high
temperatures.

We are providing the corporate spon-
sorship, specialized equipment, sup-
porting services and environment con-
ducive to significant accomplishment.
Typifying the work are studies of:

m transport phenomena in refractories
and intermetallics at high tempera-
tures

strength of materials at high tem-
peratures

basic, high-temperature chemical
properties, including specific heat
and vapor pressure

effects of high temperatures and
nuclear radiation on transparency of
materials.

Specialized high-temperature equip-
ment includes furnaces of the tungsten
vacuum, oxide resistance, graphite re-
sistance and induction types, hot mi-
crohardness apparatus and a wide-range
spectrophotometer capable of operat-
ing at elevated temperatures.

With us, interested and qualified sci-
entistschart theirown courses within the
broad framework of our long-range in-
terest in materials. Those best equipped
to contribute are:

CERAMISTS with working
knowledge of solid state physics

PHYSICISTS interested in ex-
perimental and theoretical solid state
physics

EXPERIMENTAL PHYS-
ICAL CHEMISTS with strong
theoretical interest in properties of
materials.

Please write in complete confidence
to Mr. E. H. Ciriack . . .

United

Research Laboratories
g i rc raft EAST MARTFORD CONNECT CUT

An Equal Opportunity Employer
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tions containing any even number of tri-
odes are stable and configurations con-
taining any odd number oscillate.
“There appears to be an electronic
analogue for each of the pure fluid cir-
cuits and vice versa; any scheme should
be transferable from one system to the
other. The analogies are not perfect,
however, and it is not always easy to
devise an analogue even though a model
representing one of the two systems is
at hand. I have dreamed of constructing
a pure fluid audio amplifier, for instance,
ever since the experiments got under
way. In contrast to the output signal of
flip-flops and other all-or-nothing de-
vices that in effect are little more than
| automatic switches, the amplitude of an
amplifier’s output signal must bear a
constant proportional relation to ampli-
tude of the input signal. Careful meas-
urements indicate a region through
which the pressure of the output circuit
| of a pure fluid triode varies directly with
the pressure of the control jet. Although
the gain in pressure is small in regions
approaching complete conduction or
nonconduction, it varies from sixfold to
20-fold between these extremes, depend-
ing on the pressure of the power jet, and
is substantially linear. A curve of the
characteristic gain can be drawn by plot-
ting a series of simultaneous measure-
ments of output pressure and control-jet
pressure. My measurements are made in
terms of centimeters of water head by
means of a simple water manometer.
The pressure of the power jet is main-
tained at constant value during the run.
The accompanying graph [bottom of
preceding page] is typical. With nozzles
of optimum size output pressure ap-
proaches the pressure of the power sup-
ply within a few centimeters, in spite
of the fact that the jets are not enclosed.
A convenient setup for making simulta-
neous measurements is shown in the ac-
companying illustration [above]. Pres-
sure of the control jet is varied bv a
pinchcock of the screw type. The control
gauge and output gauge tubes are cali-
| brated against a standard meter stick.
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The measurement is equivalent to plot-
ting the grid voltage of a vacuum tube
against plate voltage.

“Pure fluid devices, like all experi-
mental apparatus, are obedient to Mur-
phy’s law: If something can go wrong,
it will. Success comes easiest when cer-
tain precautions are observed. Faulty
operation is most often traced to air that
is inadvertently trapped in one circuit
or another. Usually the symptoms show
up as unstable jets, or sputtering. Un-
wanted often enters the circuit
with the power jet, particularly when
the power jet is misaligned or improp-
erly designed. The use of glass tubing
or transparent plastic tubing is recom-
mended because streams of bubbles in
circuits such as feedback loops are easy
to see. Air can be trapped in any loop,
particularly a loop that operates in a
vertical plane, and this must be taken
into account in the design of a circuit.

“Variations in the pressure of tap wa-
ter can present problems when you are
experimenting with the more sensitive
devices. I solve this problem by drawing
water from a small tank located about
five feet above the apparatus. My tank
was equipped with six outlet valves from
an old gas stove. They were soldered
around the base of a one-gallon anti-
freeze can; two short nipples of copper
tubing soldered into the can about an
inch from the top provided input and
overflow connections. A siphon arrange-
ment should work just as well, although
perhaps not so conveniently.

“Amateurs who enjoy solving mechan-
ical puzzles will find a stimulating field
in the design and construction of these
analogues. The application of pure fluid
devices appears to be limited only by the
imagination of the experimenter. The
fluid is by no means confined to water.
With some modification of nozzle con-
figuration it should be possible to devise
a triode that works on compressed air.
We will probably never have the op-
portunity to listen to an air-driven stereo
phonograph, but nothing in my experi-
ments suggests that one cannot be built.”

air
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Stimulating career opportunities for Reconnaissance Systems Engineers
at Sylvania on the San Francisco Peninsula

SYLVANIA ELECTRONIC SYSTEMS—WEST

offers a broad spectrum of challenging problems involved in Reconnaissance Systems Engineering including:
Feasibility Studies, Operational Analysis, System Synthesis and Performance Analysis, Application and Devel-
opment of Advanced Techniques, Specification of Constituent Subsystems, Human Factors Engineering and
Operations Research. Typical areas in which openings currently exist include the following:

DATA ANALYSIS and SIGNAL PROCESSING. Carry out studies, the objectives of which are the design of new, or
the refinement of existing data collection systemnis. Studies range from the analysis required todevelop and define
operating requirements compatible with economic and state-of-the-art considerations, through systems con-
ceptual design in block diagram form and including specification of hardware design approach.

STATISTICAL ANALYSIS. Perform various statistical analyses at various levels of sophistication, set up math-
ematical models of stochastic processes. Fields of particular interest include experimental design, theory of
queues, theory of mixtures, allocation of resources, search theory, and general operations research.

INTERCEPT AND DETECTION. Direct or perform reconnaissance systems operational and technical require-
ments studies; electronic signal environment studies; synthesis of electronic intercept systems from conception
to hardware specification and system block diagram; analysis of system performance and of data related to
telemetry, communications, radar and others. Direct or prepare reports and proposals and maintain technical
contact with customer representatives.

ANTENNA AND PROPAGATION. Perform analyses of electromagnetic propagation aspects of reconnaissance
and other systems; analyze direction finding problems and develop direction finding techniques; determine
antenna requirements and configuration during synthesis of reconnaissance systems. Activities include report
writing, and customer contacts.

These openings exist at all experience levels. Advanced degrees in EE, physics, or mathematics desirable.

SYLVANIA ececrronic systems

Government Systems Management

for GENERAL TELEPHONE & ELECTRONICS

Complete information may be obtained by writing, in confidence to
Roger Harlan
SYLVANIA ELECTRONIC SYSTEMS - WEST

Dept. S-8  P. O. Box 188 ¢ Mountain View, California

An Equal Opportunity Employer 760
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You are invited to accept any one of
these distinguished scientific works

THE WORLD OF MATHEMATICS.
The famous 4-volume work edited
by James R. Newman. A chronicle
of mathematical thought from the
Rhind pa;ﬁ'rus to relativity and auto-
mation andsomely boxed; 2535
pages; 500 illustrations.

Publisher’s Price $25.00

...when you join

VAN NOSTRANDS
SCIENTIFIC

INTELLICEXT

MANS

LUIDE
10 SCLENCE

lsaa {rimge
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ENCYCLOPEDIA

SCIENTIFIC ENCYCLOPEDIA. 1839
pages; 1456 illustrations; more than
1400 articles; over 10,000 definitions.
The third revised edition of the mod-
ern classic of scientific reference.
Publisher’s Price $29.75

EVOLUTION AFTER DARWIN, ed-
ited by Sol Tax. “The most compre-
hensive and illuminating stock-tak-
ing of the departments of scientific
knowledge which have grown out of
the evolutionary hypothesis.”” Scien-
tific American.

Publisher’s Price $27.50

THE INTELLIGENT MAN'S GUIDE
TO SCIENCE, by Isaac Asimov. Two
volumes, cased; 219 illustrations.
“The most up-to-date, most exciting,
most readable general account of the
spur heads of modern science.

Science. Publisher’s Price $15.C0

The Library of Science | and choose

your first selection from among these 25 important books:

ASSAULT ON THE UNKNOWN, by
‘Walter Sullivan. First complete ac-
count of the achievements of the
IGY. 474 pages; 39 illustrations.
Publisher’s Price $7.95
MEMBER’s PRICE $5.75

OPERATIONS RESEARCH, by
Churchman, Ackoff and Arnoff. 640
pages—the definitive introduction to
the subject. Publisher’s Price $12.00

MEMBER’s PRICE $7.95

SCIENCE IN THE CAUSE OF MAN,
by Gerard Piel, publisher of Scien-
tific American. “It contributes richly
to the better understanding of the
humanistic aspects of science.” Alan
T. Waterman.

Publisher’s Price $5.95

MEMBER'’s PrICE $4.95

ISHI IN TWO WORLDS, by Theo-
dora Kroeber. A moving account of
how a stone age man adapted to the
20th century. ubllsher s Price $5.95

MEMBER'’S PRICE $4.95

Selection.

Membership Gift Book

Which valuable work may we send you FREE?

The Library of Science

59 Fourth Avenue, New York 3, N. Y.

Please enroll me as a member and send me the Gift Book and first
Selection that I have indicated below. Bill me for my Selection only
at the reduced Member’s Price, plus postage. As a member I neced
take as few as five more Selections during the next 24 months from
the 75 or more available to me at reduced Member’s Prices, and 1
will receive a free Bonus Book of my choice after every fourth

CHAMBERS’S TECHNICAL DICTION-

ARY, ed. by Tweney and Hughes.

Revised, enlarged third edition. 1028
pages; over 60,000 entries.

Publisher’s Price $7.95

MEMBER’s PRICE $5.95

MANKIND EVOLVING, by Theo-
doslus Dobzhansky. The superlative
new work on the evolution of the
human species.
Publisher’s Price $7.50
MEMBER’s PRICE $5.95

PRINCIPLES OF GEOCHEMISTRY, by
Brian Mason. The sciences of the
earth, its structure, composition and
immediate environment.
Publisher’s Price $8.50
MEMBER's PRICE $5.95

D'‘ARCY WENTWORTH THOMP-
SON’S ON GROWTH AND FORM.
One-volume abridgment, by John

Tyler Bonner. 183 illustrations.
Publisher’s Price $5.95
MEMBER'’s PRrICE $4.95

Lot

First Selection...............cccoeenniens
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LINUS J. PAULING: THE NATURE
OF THE CHEMICAL BOND. The
Nobel Prizewinner's newly revised,
third edition of his celebrated intro-
duction to mcdern structural chem-
istry. Publisher’s Price $8.85

MEMBER’s PRICE $6.50

THE SCHOOLS, by Martin Mayer
and THE PROCESS OF EDUCATION,
by Jerome Bruner. A Dual Selection
covering American education to-
day, the structure of knowledge and
the nature of learning.

Publisher’s Price $7.70

MEMBER’S PRICE $5.75

HOMOSEXUALITY, by Irving Bieber
and Associates. Based on a nine-
vear research study by the Society of
Medical Psychoanalysts.
Publisher’s Price $8.50
MEMBER’S PRICE $6.50

MATHEMATICS DICTIONARY, by

Glenn and Robert James. Over 7,000

terms, concepts and relationships,

423 integral tables, over 400 symbols
and formulas.

Publisher’s Price $15.00

MEMBER's PRICE $9.95

VOICES IN STONE, by Ernst Dobl-
hofer. Procedures and methods, suc-
cesses and failures in deciphering the
written remnants of lost civilizations.
Publisher’s Price $6.00
MEMBER's PRICE $4.95

SYMBOLS, SIGNALS AND NOISE,
by John R. Pierce. Communication
theory, information theory and
cybernetics.  Publisher’s Price $6.50

MEMBER's PRICE $5.50

THIS SCULPTURED EARTH, by John
A. Shimer. ““Admirable both as an
introduction to geology and as a
historical panorama of our conti-
nent.”’ Scientific American.
Publisher’s Price $7.50
MEMBER’S PRICE $5.50

THE AMERICAN COLLEGE, ed. by
Nevitt Sanford. A psychological and
sociological interpretation of higher
learning by 30 leading social scien-
tists. 1084 pages.
Publisher’s Price $10.00
MEMBER's PRICE $6.95

SIR JAMES G. FRAZER'S NEW
GOLDEN BOUGH. One-volume
abridgment by Theodor H. Gaster.
Publisher’s Price $8.50
MEMBER's PRICE $5.95

MATHEMATICS IN WESTERN CUL-
TURE, by Morris Kline.
Publisher’s Price $8.00
MEMBER's PRICE $5.75

A SHORT HISTORY OF SCIENTIFIC
IDEAS, by Charles Singer. “By far
the most authoritative and concise
one volume history.”” Derek J. de
Solla Price. Publisher’s Price $8.00

MEMBER's PRICE $5.95

GROWTH IN LIVING SYSTEMS, ed.
by M. X. Zarrow and others. 35
leading scientists report on cells,
genes, hormones and aging, DNA
and RNA, protein synthesis, viruses,
etc. Publisher’s Price $15.00

MEMBER’s PRICE $9.95

MATHEMATICS AND PLAUSIBLE
REASONING, by George Polya. Two
volumes that set forth the science
and art of mathematical reasoning.
Publisher’s Price $9.00
MEMBER's PRICE $6.50

ATOMIC PHYSICS TODAY, by Otto
R. Frisch annd NEW PERSPECTIVES
IN PHYSICS, by Nobel Prizewinner
Louis De Broglie. 4 Dual Selection.
ublisher's Price $10.50
MEMBER's PRICE $6.95

SCIENCE IN SPACE, ed. by Lloyd

V. Berkner and Hugh Odishaw.
Publisher’s Price $7.00
MEMBER's PRICE $5.50

Tht’ Eibrary Of Science, 59 FOURTH AVENUE, NEW YORK 3, N. Y.
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by James R. Newman

Tue NEw WorLp, 1939/1946, by Rich-
ard G. Hewlett and Oscar E. Ander-
son, Jr. The Pennsylvania State Uni-
versity Press ($5.50).

Now It Cax Be Torp, by Leslie R.
Groves. Harper & Row, Publishers
($6.95).

! I Yhese two books tell the story of an
advance in technology comparable
to none in its potential impact on

every living person and on future gen-
erations. The story is of course not yet
ended. Its full meaning will be unfolded
in future chapters. If they are bright,
mankind will gain much; if they are
dark, mankind may perish.

Hewlett and Anderson’s narrative,
which gets its title from Arthur Comp-
ton’s rather stagy telephone report to
James Conant on the successful opera-
tion of Fermi’s chain-reacting pile at
Stagg Field (“Jim,” he said, “you’ll be
interested to know that the Italian navi-
gator has just landed in the New World”)
is the first volume of what is to be a
multivolume history of the U.S. Atomic
Energy Commission. The period covered
here is from 1939 through 1946. When
the story opens, scientists in the U.S.
were just beginning to reckon the results
of the epochal breakthrough of Hahn,
Strassmann and Meitner. They were
confirming, exploring and charting paths
into unknown territory. Seven years later
controlled atomic energy was a reality;
the proof was the dead of Hiroshima and
Nagasaki. The process of scientific diges-
tion had gone forward at an astonishing
rate; that of social digestion had scarcely
begun.

Official histories are often more of-
ficial than historical, especially when
they are written so close in time to the
events they purport to describe that
large portions of the archives are still
closed and the feelings of many living
persons have to be protected. On the
whole, however, the authors of this book,

BOOAS

Two new works on the early

history of the nuclear age

who are on the staff of the Atomic Ener-
gy Commission, have treated their sub-
ject frankly, openly and in considerable
detail.

Two major themes constitute the sur-
vey of this period. The first concerns the
scientific, technical and industrial as-
pects of separating uranium 235, making
plutonium and designing and construct-
ing the bomb; the second deals with the
postwar period during which a legisla-
tive policy was evolved for the domestic
control of atomic energy and attempts
were made to achieve international con-
trol. The political theme is undoubtedly
the more difficult to handle. It is one
thing to tell how a plant came to be built,
another to describe how a policy evolved
and Congress made a law. Anyone who
has spent some time in the Government
and has tried to discover how things get
done and who does them, to make sense
of the crazy quilt of executive and legis-
lative interaction, of lobbyists and pres-
sure groups, of high officials who are
short on time and ideas but make the de-
cisions, of assistants who do the donkey
work but remain anonymous, of nosy and
cynical journalists who sometimes do
harm and sometimes do good but rarely
lubricate the processes of government—
in short, anyone who has had the misfor-
tune and the exhilaration of taking part
in a legislative jamboree will appreciate
the reportorial task that confronted
Hewlett and Anderson. They write with
verve and a lively appreciation of the
difficulties, crosscurrents and tense con-
flicts that marked this first political phase
of the atomic age. They re-create ef-
tectively the atmosphere of this exciting
time when many different groups, with
scientists in the vanguard, strove to edu-
cate the U.S. public, the press and
members of Congress in the somber and
challenging implications of the atomic
bomb, in the importance of incorporat-
ing “an incredibly dangerous, mysterious
force into the life of a nation” and in
the beneficent possibilities of this force.

One of the most colorful and vehe-
ment struggles was over the civilian con-
trol of atomic energy. The control bill
drafted by the War Department and ap-
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proved by a group of prominent outside
advisers had been perfunctorily inspect-
ed in the White House and then sent to
Congress as the Administration’s pro-
gram. This was called the May-Johnson
bill. It was seriously defective in many
respects. It was essentially indifferent to
the right of the American people to reap
the fruits of a technological advance
they had paid for. Its patent provisions
were drafted so as to endow private and
not public interests. Its administrative
structure was almost incredibly naive in
envisaging ultimate control over atomic
energy by a group of part-time con-
sultants. It failed to establish proper
safeguards against the possibility that
military men might become the effec-
tive atomic energy decision makers.
The bill that superseded the May-
Johnson bill (introduced by Senator
Brien McMahon and Congresswoman
Helen Gahagan Douglas), which gained
the President’s support and which, after
many vicissitudes, was finally enacted
into law, was the product of many
hands. It was threaded with compro-
mises, some small, some serious, but
it was a much better piece of legis-
lation than that which the Administra-
tion had first offered. A large part of
the credit for pushing McMahon’s bill
through Congress belongs to a group of
energetic young scientists, most of whom
for the first time found themselves in the
political arena and for the first time
deeply sensed their social responsibility.
All this is ably described by Hewlett
and Anderson.

It is likely, to be sure, that some of
those who participated in the legislative
battle will fault the authors, partly for
inaccuracies, more for their interpreta-
tions. I was on the scene myself, and I
would criticize the book’s evaluation of
several of the political skirmishes. But I
would prefer not to put too fine a point
on the matter. Facts and details are pale,
poisonous little things. If you get one
wrong, your critics will hang you; even
if you get all the others right, they will
not cut you down. When I compare ma-
terial in my own files with the authors’
account, I note discrepancies; but I can-
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PROGRAMMED INSTRUCTION
for SCIENCE

Announcing ...

Two new programmed texts

VECTORS: A Programmed Text for Intro-
ductory Physics . . . 175 pages, 496
frames, $2.20. Published July 20.

Vectors leads to the mastery of co-
planar vectors within six to ten hours,
thus preparing the student in introduc-
tory physics for vector applications to
problems in statics and dynamics.

CHEMISTRY I: Atomic Structure and
Bonding . ..280 pages, 950 frames, ap-
proximately $3.25. To be published early
September.

Chemistry I presents the essentials of
atomic structure, chemical periods and
groups, and ionic and covalent bonds
on a high school level.

One of the important tenets of mod-
ern learning theory is that the more oc-
casions provided for the student to re-
spond openly to the information to be
mastered, the faster and better he will
learn. Programmed instruction, in the
form of programmed texts, provides
these occasions.

Programmed texts created and tested
by Basic Systems, Inc., and published
and distributed by Appleton-Century-
Crofts and Lyons & Carnahan are de-
signed for use in schools. Frankly, our
programs work best when used in the
classroom with the guidance of a com-
petent teacher. But whether you are a
teacher, a school administrator, a librar-
ian, an engineer, or a scientist, we invite
your inquiry.

...CREATED with an understanding of
how learners learn.

...PRODUCED with an appreciation of
how teachers teach.

Educational Programming Department

APPLETON-CENTURY-CROFTS

34 West 33rd St., New York 1, N. Y.
Division of Meredith Publishing Co.
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not always be certain where the error
lies, and in any case only trivial items are
at issue. As 1'egards interpretations,
thornier questions arise; in a few in-
stances I am convinced that the authors
have not caught quite the right note. A
sequence of events did not follow the
causal chain attributed to it, a decisive
turning did not take place for the rea-
sons given. But this represents only my
point of view, and just as a mountain or
a feature of the landscape may look radi-
cally different to observers at different
vantage points, so may a series of
events be interpreted differently by his-
torians standing in different places or
making their judgments at different
times. Considering the mass of material
that had to be sifted in preparing this
work, the complexity of the issues, the
fallibility of human memory, the effects
of individual bias and the almost in-
superable difficulty of describing accu-
rately what happens in the smoke and
swirl of battle—the reporters have done
admirably. I have learned much from
their account, and although I was in-
volved in many of the happenings they
describe and felt I had as complete a
grasp of them as anyone, Hewlett and
Anderson have broadened my perspec-
tive. By any reasonable standard theirs
is an honorable and worthy accomplish-
ment and must form the basis for future
historical appraisals.

This cannot be said for General
Groves’s book, a singularly self-impor-
tant account of his role in directing the
Manhattan Project. Now It Can Be Told,
I wish to emphasize, is not a dull book.
It is clearly written. It presents a good
deal of material that illuminates the
growth of this horridly fascinating proj-
ect and its culminating success. It has
amusing cloak-and-dagger stories about
the activities of the “Alsos” agents in
Europe, whose task it was to discover
how much progress the Nazis had made
in building a bomb. But Groves’s limita-
tions and prejudices intrude at every
turn.

His function in the Manhattan Proj-
ect was that of administrator and ex-
pediter. Trained as an Army engineer,
he makes no claim to any real under-
standing of the scientific side of the proj-
ect. It is surprising, however, how im-
perfectly he seems to have grasped even
the technological side. This is revealed
more plainly in his postwar testimony
before Congressional committees than it
is in his book. Groves’s myopia mani-
fested itself not only in his opinions on
how the atomic energy project should be
run after the war but also in his wrong-
headed notions about the possibility of
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the U.S. maintaining a monopoly in
bomb making and the capacity of the
U.S.S.R. for making its own atomic
weapons.

Obsessively concerned with secrecy
and proud of his policy of compartmen-
talization (pursuant to which no one
working in any division of the enter-
prise was permitted to know about the
work in other divisions), Groves was
faintly—and not always so faintly—con-
temptuous of the majority of the project
scientists, except for the Nobel prize
winners, J. Robert Oppenheimer and a
handful of others highly placed. Resent-
ful and egotistical, he neither under-
stood the issues of the legislative battle
nor has he to this day forgiven those who
had the temerity to challenge him. The
following paragraph exemplifies his at-
titude:

“In spite of the record, since the very
start of the postwar period there has
been a continuous stream of propaganda
calculated to lead the American people
and the people of the world to believe
that the War Department—and General
Groves in particular—was determined to
retain close control of atomic energy.
The effect of this propaganda has been
truly remarkable, despite the fact that
it was entirely false, and was known to
be false by those who first originated it
and by many of those who constantly
repeated it. It made no difference how
many times they were corrected to their
faces, often uite bluntly, or in writing;
they continued to put the idea forward.
Even today many of them keep up the
sham and appear likely to do so as long
as they live. In retrospect, this seems to
have been one of the most perfect brain-
washing operations in modern times, and
it has been particularly effective among
the better-educated Americans. Those
who continued to spread it even after
the facts were brought to their atten-
tion were obviously doing so deliberately
with the intent of gaining political ad-
vantage from propaganda that they
could not help but know was absolutely
without foundation.”

Groves had great energy and deter-
mination and was bent on succeeding
in the task assigned him. He was given
extraordinary powers and an almost un-
limited budget. He brought into the
program not only the industrial corpora-
tions that planned, constructed and op-
erated the huge plants at Oak Ridge and
Hanford but also the best-qualified sci-
entists and technicians. He never lost
sight of the main objective; he spared no
effort to get supplies and priorities; he
brooked no opposition. His significant
contributions to the making of the “Little



Boy” and the “Fat Man”
the uranium bomb detonated over Hiro-
shima and the plutonium bomb deto-
nated over Nagasaki) were his single-
ness of purpose, his drive and the fact
that he was never fazed by the immen-
sity of the job. Had he been more sym-
pathetic, more modest, more reflective,
more concerned with the human prob-
lems of the scientists under his control,
he might not have reached the goal as
quickly as he did. Some think it would
be a better world if he had not succeed-
ed. The complexion of his qualities col-
ors his writing and makes his book at
times very hard to take. But both as a
self-portrait and as the story of an almost
incalculably fateful undertaking it is
worth reading.

Short Reviews

"I"ue CorLLECTED PapeErs OF LoOrD

" RUTHERFORD OF NELSON: VoL. I,
published under the scientific direction
of Sir James Chadwick. John Wiley
& Sons, Inc.—Interscience Division

(respectively |

($19.50). This volume, a fitting tribute I

to one of the great figures of science,
comprises Rutherford’s work from 1894
to April, 1907, papers describing his
researches in New Zealand, at the Cav-
endish Laboratorv and at McGill Uni-
versity. The entire scheme—three other
volumes are to follow—is to include all
Rutherford’s papers, published either
alone or with collaborators, a number of
general articles, formal public lectures,
letters to editors, personal recollections
and appreciations by some of his friends
and colleagues, and a bibliography. As
is often the case with men of prodigious
ability in science, mathematics or music,
their earliest efforts carry their inimi-
table signature. In a basement of Canter-
bury College in New Zealand, Ruther-
ford began his experimental career with
studies of the magnetization of iron by
high-frequency discharges. The “labora-
tory was rudimentary,” the apparatus
was simple, homemade, of the Faraday
kind, but the work was skilltul, ingeni-
ous, imaginative and directly to the
point. After the New Zealand period he
worked at Trinity College, Cambridge,
under the direction of J. J. Thomson and
devised a magnetic detector of radio
waves; then, collaboration
Thomson, he studied questions of the

in

with |

passage of electricity through gases ex- |

posed to X rays. At McGill he pursued
with great intensity the entire field of
radioactivity, just recently opened up.
The volume concludes with papers on
the velocity and energy of the alpha par-
ticles from radioactive substances and
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The choice of life involves all kinds of
ethical, aesthetic, political, economic, and
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entific and technological. Some contradict
received wisdom and demand re-examina-
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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 of man.
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on some cosmic aspects of radioactivity.
The experiments and the speculations
are of the highest interest, not only for
their contributions to scientific knowl-
edge but also as forerunners and prom-
ises of the brilliant future researches at
Manchester and Cambridge. The vol-
ume is well made and is illustrated by 15
plates and many diagrams. One looks
forward to the continuation of this fine
project.

HE PEACE Racg, by Sevmour Mel-
man. George Braziller, Inc. ($3.95);
Ballantine Books (50 cents). Melman,
who is an industrial engineer on the staff
of Columbia University, and who edited
the valuable study Inspection for Dis-
armament (reviewed in these columns
three years ago), offers an alternative
to the deadly dangerous stumbling and
fumbling of the arms race. No progress
has been made in disarmament negotia-
tions; perhaps where fear and suspicion
are sovereign none is intended and there-
fore none can be achieved. Melman’s
proposal for breaking out of the dark
forest is a new direction: we must
“challenge” the U.S.S.R. to a competi-
tion in industrializing the great under-
developed areas of the world. Since our
economy has ample resources for this
task (he estimates that the cost of the
“peace race will amount, at maximum,
to about 10 per cent of America’s gross
national product”) and the U.S.S.R. has
no reserves of production capacity, being
forced as it is to endure drastic shortages
in housing, food and consumer goods to
keep up armaments, this is a competition
we would be likely to win. But the com-
petition is not conceived as merely an-
other episode in the cold-war serial; for
as Melman reasons, the U.S.S.R. cannot
afford its political and economic conse-
quences, and they “will be compelled to
seek disarmament in order to compete
in a peace race.” Anyv number of objec-
tions to this hypothesis leap to mind. For
one thing, if the US. can make both
guns and butter for itself and others, it
is hard to see why we would give up the
guns so as to make more butter; and
since we are unlikely to disarm, why
would the U.S.S.R. disarm? Second, it is
hard to imagine that the Russians will
agree to compete with us in a sphere
where they clearly have the worst of it.
Third, the book grossly oversimplifies
the problems of world industrialization.
All the same, Melman supports his
thesis with many relevant facts and
argues it with sincerity, and the sections
that expose the fatuities and evils of the
arms race are particularly effective. This
is a decent and responsible proposal
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that deserves attention, and whatever its
defects, it is far more attractive than
many of the policies now being followed.

JOHN voN NEuMANN: COLLECTED
Works, VoL. I, edited by A. H. Taub.
Pergamon Press ($14). The first of six
volumes of the collected works of the
noted mathematician, presenting papers
on logic, theory of sets and quantum
mechanics. When completed, the set
will contain reprints of all von Neu-
mann’s published articles, some of his
reports to Government agencies and
other organizations, reviews of unpub-
lished manuscripts found in his files and
a bibliography. Von Neumann’s intel-
lectual gifts, quests and wide-ranging
achievements deserve a memorial of this
kind. Yet doubts arise as one examines
this volume and the prospectus for the
others still to come whether or not
the enterprise is altogether worthy of
its subject. The papers are presented
without any editorial comment. No bio-
graphical memoir of von Neumann’s life
is to be included, and no appraisal of his
work (although later volumes are to give
certain evaluations of unpublished mate-
rial). In fact, the only contact one is
likely to make in these pages with von
Neumann’s personality is in the reprint
of his excellent essay “The Mathemati-
cian.” Typographically the volume is a
kind of rag bag, as the papers are evi-
dently reproduced  photographically
from the various journals and proceed-
ings in which they first appeared.

]_IJVINC AMPHIBIANS OF THE WoRrLD, by

Doris M. Cochran. Doubleday &
Company, Inc. ($12.50). The seventh
volume in this publisher’s illustrated
“World of Nature Series” deals with the
caecilians, the salamanders (from the
hynobiids, giants and moles to the mud
puppies and sirens), the frogs, toads and
their relatives (including the leiopel-
mids, the tongueless, the fire-bellies, and
midwives, the spadefoots, the tree frogs,
the true frogs, the narrow-mouthed
toads and the phrynomerids). Miss
Cochran covers courting, mating, breed-
ing, range distribution, coloration, de-
tense mechanisms, feeding and adapta-
tion. Among the spectacular specimens
are the bird-voiced tree frog (Hyla
avivoca); the giant tree frog, which
looks like a frazzled and begoggled
driver coming off the Indianapolis
Speedway; Boulenger’s  platymantis,
which comes from New Guinea (and for
the rest of the world’s peace of mind
should stay there); the silver-striped
sedge frog, an exquisite little chap
obviously designed bv Cartier’s; the
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spotted hylambates, which feeds on
moths in places like Mozambique and
Zanzibar; the Cape short-head (Brevi-
ceps gibbosus), which usually lives in
termite nests in the Cape Peninsula of
Africa; Burmeister’s frog (Phyllomedusa
burmeisteri), obviously a Disney contri-
vance; the barking tree frog (Hyla
gratiosa), which likes to swing on a
trapeze; Budgett’s frog, resembling a
tiny rhinoceros; Zetek’s frog, a bizarre,
long-legged, sharp-nosed amphibian that
has perfectly solved the problem of de-
terrence—its skin is so poisonous that no
other animal tries to eat it (Miss Coch-
ran notes that a “well-treated captive
does not secrete the poison”); the three-
striped arrow-poison frog, which se-
cretes the venom that South American
Indians use to tip their arrows; the
Oriental fire-bellied toad, which lives
in mountain streams near the seacoast
of northeastern China, Manchuria and
Korea, and which with its gorgeous red
and green markings resembles a Chinese
dragon; and White’s tree frog, one of the
jolliest and most benign-looking crea-
tures in the animal kingdom. Two hun-
dred and twenty-two illustrations, 77 in
full color.

rI‘HE CoMpPLETE Book or Bmzta Cox-

TrROL, by Alan F. Guttmacher, with
Winfield Best and Frederick S. Jaffe.
Ballantine Books (50 cents). A plain-
spoken little book on all aspects of birth
control: medical technicues, the rhythm
method, the new pills, contraceptive
methods, the views of organized reli-
gions, the puncturing of popular myths.
Guttmacher, who is director of obstet-
rics and gynecology at Mount Sinai
Hospital of New York and a leading fig-
ure in Planned Parenthood programs,
presents a plethora of practical informa-
tion for married couples who want chil-
dren but want to exercise intelligent
control over their own lives. Recom-
mended.

r]‘I{E CorumBia Lippixcort GAZET-

TEER OF THE WoRLD, edited by Leon
E. Seltzer. Columbia University Press
($65). This excellent reference work,
first published in 1952, now appears in a
second printing. The main text is un-
altered but there has been added a sup-
plement identifying the new nations that
have appeared during the past decade,
fresh geographical data and a report of
the 1960 U.S. census. Among the new
nations covered in the supplement are
Cambodia, the Central African Repub-
lic, the Republic of Chad, the republics
of the Congo, Cyprus, Dahomey, Ghana,
Iraq, the Ivory Coast, Malagasy, Mali,



New Releases!

DU978. HEAT AND ITS WORKINGS, Morton Mott-
Smth, Ph. D. Heat is all-pervasive, affecting practically
every property of matter—density, pressure, hardness,
strength, electrical conductivity, etc.—and it is also one
of the bases of our civilization. This unusual book is
the only thorough survey for laymen, beginning students,
or persons needing a refresher. Explains nature of heat,
measurement, Boyle’s and Gay-Lussac’s laws, perfect gas,
expansion of bodies, types of matter, specific heat, BTU’s
evaporation, pressure, solutions, real gases, bollmg. con-
vection and conduction, radlanon, and everything else
that is necessary. Explanation is non-mathematical, and
observations and phenomena from daily life are explained
throughout the book. Delightfully written, impeccably
accurate, this book is one of the finest exposluoni of
science we have ever seen. 50 lllustratlons 176
aperhd SI.I]O
DU23. SUMMATION OF SERIES, L. Jolley. Thoroughly
revised, enlarged edition of basic reference work most
useful for applied mathematicians and others working
with series. 251 pp. Paperbd. $2.00
DU970. HISTORY OF PHYSICS IN ITS ELEMENTARY
BRANCHES, Prof. Florian Cajori. Still only first-rate
history in English, up through 1920. No technical back-
ground needed, but rich enough for specialist. 437 pp.
Paperbd. $2.00

DU20I. ELECTRONIC THEORY OF ACIDS AND
BASES, W. Luder, S. Zuffanti. Fundamental, basic state-
ment of electronic theory. 177pp. Paperbd. $1.50
DU987. THE MODERN THEORY OF MOLECULAR
STRUCTURE, B. Pullman. Survey of current atomic
and molecular theory with minimal math: wave func-
tions and wave equation, electronic structure of atoms,
diatomic molecules, non-conjugated, conjugated mole-
cules, structure of complexes. Extremely valuable, as
only middle-level account, for reader with some chemical
or physical background. 95 pp. Paperbd. $1.00
DUI40. SELECTED PAPERS ON HUMAN FACTORS
IN THE DESIGN AND USE OF CONTROL SYSTEMS,
ed. by H. Sinaiko. 9 basic papers in English by fore-
most authorities, reprinted from rare journals: Buckley,
Chapanis, Birmingham, Taylor, Adams etc. Important
new field, study of human capacities, limitations, with
regards to engineering, science. One of few books on
subject. 419 pp. Paperbd. $2.75
DU988. CONTEMPORARY GEOMETRY, A. Delachet.
Middle-level survey, only book to give clear picture of
modern developments: groups; abstract, projective, alge-
braic, differential geometries; vectors, metric spaces,
topology. Fine survey for student, laymen with some
mathematical background. 110 pp. Paperbd. $1.00
DU234-5. THEORY OF SHIP MOTIONS, S. N. Blago-
veshchensky. Based on courses at Leningrad Ship Building
Institute. Only detailed treatment in English; translated
under sponsorship of Iowa Inst. of Hydr. Res. 649p,
laperbd "$4.00

DU37. SELECTED PAPERS ON NEW TECHNIQUES
FOR ENERGY CONVERSION, S. N. Levine, editor.
New power sources are major, world-wide problem. 37
papers, all in English, reprinted from journals: Von
Doenhoff, Stil’bans, Goldsmid, Harman, Jaunot, Post,
etc. thermionics, thermoelectrics, photovoltaics, electro-
chemical devices, and 2 papers on fusion. Basic back-
ground. 427 pp. Paperbd. $2.85

DU769. EINSTEIN'S THEORY OF RELATIVITY, Dr.
Max Born. Completely revised, enlarged 1962 edition of
a very important elementary to middle-level book by
great physicist and Nobel laureate. Careful discussion
of geometry and_ cosmology, fundamental laws of classi-
cal mechanics, Newtonian world system, laws of optics,
laws of electrodynamics, Einstein’s special theory, Ein-
stein’s general theory. Clear, using only high-school-
level algebra, yet very thorough. First-rate for laymen,
beginners, students, yet even advanced specialists can
profit from Born’s insights, presentation techniques.
143 figures. 383 pp. Paperbd. $2.00

DU925. GREAT IDEAS AND THEORIES OF MODERN
COSMOLOGY, Jagjit Singh. New up-to-date survey and
analysis of most xmportant theories about the origin and
nature of the universe: Einstein, de Sitter, Friedmann,
Gamow, Hoyle, Humason, I{uhhle, )Iilne, Eddington,
Dirac, Jordan, Tolman, Weizsaecker, Urey, and other lead-
ing thinkers. No math needed to follow Mr. Singh’s dis-
cussion, which is full, crystal-clear, and thorough. Recom-
mended for both laymen and experts. 1961. 36 illus. 284pp.

Paperbd. $1.85

UNUSUAL VALUES IN Dover BOOKS!

DU55. AN INTRODUCTION TO EXISTENTIALISM,
Robert G. Olson, Rutgers University. Existentialism is
the most exciting movement in modern philosophy, based
on work of Nietzsche, Heidegger, Unamuno, Kierkegaard,
Sartre, and others. New book written for serious readers
for whom previous accounts are too mmresswmstlc or
too limited. Extremely readable; no previous training in
philosophy needed. 1962 new book. 237 pp. Paperbd. $1.45
DU947. PROBLEMS OF ETHICS, Moritz Schlick. Major
work of logical posivitism uses scientific approach. 238 pp.
Paperbd. $1.45

DU39. THREE MARTIAN NOVELS, Edgar Rice Bur-
roughs. Complete, unabridged, large readable type:
“Thuvia,”” ‘“‘Chessmen of Mars,”” ‘“Vaster Mind of Mars.””
Absorbing adventure by master. 505pp. Paperbd. $1.75
DU982. FOUR NEW CARD GAMES, R. Abbott. Readers
will recall Martin Gardner’s articles praising these games:
Eleusis, Babel, Leopard, Construction. Use logic, with
cards as symbols. 61pp. Paperbd. $1.00
DU92I. EASY-T0-DO ENTERTAINMENTS AND DI-
VERSIONS WITH CARDS, STRING, COINS, PAPER
AND MATCHES, R. M. Abraham. No practice, no dex-
terity, no sleight of hand needed; all tricks work imme-
diately. Excellent for diversions, amusing children, enter-
taining groups, etc. Over 100 illus. 199pp. l’aperbd $1.00
DU968-9. BASIC THEORIES OF PHYSICS, P. G.
Bergmann. A critical examination of important topics in
classical and modern physics. Highly original analysis, full
of insights and new methods of presentation. Based on
highly successful course at Syracuse U. Vol. 1, mechanics
and electrodynamics; Vol. 2, heat and quanta. Total of
603pD. Two vol. set, Paperbd. $3.50
DU972. THEORETICAL PHYSICS, A. S. Kompaneyets.
Probably only study in this field that is comprehensive,
thorough, convenient in size and scope, and low priced.
Larger divisions: mechanics, electrodynamics, quantum
mechanics, statistical mechanics, with stress on atomic,
nuclear, microscopic phenomena. Revised by author, fore-
most Russian scientist, to 1961. 592pp. Paperbd. $2.45
DU924. INTRODUCTION TO PHYSIOLOGICAL OP-
TICS, 1. Southall. 'Thorough detailed survey, based on
Columbia courses. P’hysiology of eye, physics of optical
system, problems of incorrect vision, rods and cones, color
theory, afterimage, etc. Uses only algehra and geometry.
“‘Done remarkably well,”” J. Franklin Inst. 3 color illus.
134 fig. 436pp. Paperbd. $2.25
DUI38. ELEMENTARY METALLURGY AND METAL-
LOGRAPHY, A. M. Shrager. For technical and college
student, person considering a career, others interested in
whats and whys of the metals industry. Very thorough in-
troduction to basic theory, processes, both iron and other
metals. 1961 edition. 194 illus. 397pp. Paperbd. $2.00
DU950-1. TREATISE ON SEDIMENTATION, W. H.
Twenhofel. Great classic, never surpassed for fullness of
detail, thoroughness of descriptions; sources, production of
sediments, transportation, lithification, structure, environ-
ments, etc. Unabridged 1932 edition. 121 illus. 959pp.
2 vol. set, Paperbd. $4.70

DU587. GREAT IDEAS OF MODERN MATHEMATICS,
THEIR NATURE AND USE, Jagjit Singh. Only high
school mathematics is needed to follow the extremely clear
verbal explanations and discussions of number theory, cal-
culus, differential equation: vectors, functions, infinite
series, transfinite numbers, sets, integrals, groups, mat-
rices, determinants, non-Euclidean geometry, chance and
probability, permutations, symbolic logic, and similar ma-
terial. ‘‘Should be on the desk of every high school math
and science teacher,”” Science Teacher. ‘‘There ought to be
a law that every teacher should read this book,”” Prof. L.
Rosenhead, F.R.S. ‘““Commendable clarity, can be read with
advantage by anyone; style is pleasing and the author knows
his subject matter very thoroughly,”” Times Literary Sup-
plement. 65 illus. pD. Paperbd. $1.55
DU920. HOW NOT TO PLAY CHESS, E. A. Znosko-
Borovsky. Avoid hit and miss and win by knowing what
you are doing. 119 pp. Paperbd. $1.00
DU713. PAPERFOLDING FOR BEGINNERS, W. Mur-
ray, F. Rigney. Create scores of beautiful, unusual objects;
easiest-to-follow book on origami, lapancse art. 120 illus.
95pp. Paperbd. $1.00
DU602. THE WIT AND HUMOUR OF OSCAR WILDE.
England’s wittiest Irishman in 1000 brilliant, paradoxical
epigrams. 260pp. I’aperbd. $1.00
DU338-40. MEMOIRS OF JACQUES CASANOVA.
Machen translation, Blossom edition. Still most complete
edition in print in English of self-revelations of 18th cen-
tury adventurer, lover, scoundrel, man of letters. I’r:used
by Goethe, Stendhal, etc. as umstermece Total of 2263pp.
3 vol. boxed set, I’aperbd. $6.00

DU964. HORSELESS CARRIAGE DAYS, Hiram Maxim.
The finest narration of the turn of the century when the
horseless carriage was being developed, by one of the in-
ventors. ‘‘Most interesting & amusing,”’ Commonweal.
““Highly entertaining reading,”” N.Y. Times. 50 illus. of
antique autos, etc. 185pp. P’aperbd. $1.35
DUI87. THE MALAY ARCHIPELAGO, A. R. Wallace.
Classic account of people. animals, birds, insects by col-
league of Darwin. Over 150 illus. 650pp.  Paperbd. $2.00

U584. SHE, KING SOLOMON’S MINES, ALLAN
QUATERMAIN H. Rider Haggard. Complete texts oI‘
great classics of fantasy and adventure in Africa. 6D

Paperbd. 82 00

DU264. SEVEN SCIENCE FICTION NOVELS OF H. G.
WELLS. Time Machine, War of Worlds, 1st Men in Moon,
Invisible Man, Food of Gods, Island of
Dr. Moreau. 1015pp. Clothbound $3.95
DU749. BAD CHILD'S BOOK OF BEASTS, MORE
BEASTS FOR WORSE CHILDREN, A MORAL ALPHA-
BET, Hilaire Belloc. 3 humor classics bounds as one book.
pDp. Paperbd. $1.00
DU487. THE DEVIL’S DICTIONARY, Ambrose Bierce.
Among wittiest, most biting comments ever made; ‘‘some
of the finest epigrams in English.”” H. L. Mencken. 144pp.
Paperbd. $1.00

Days of Comet,

Completely new book shows young-
sters the fun of math! Unusual aid for
parents, teachers.

MATHEMATICAL FUN, GAMES AND
PUZZLES by Jack Frohlichstein, $1.75

Mathematics can be quite different from the dull and
laborious subject that many people believe it to be.
This new book, based upon the standard junior high
and elementary high school curriculum, demonstrates
just how fascinating math can be. The author uses
pbuzzles and games to introduce the basic ideas and
operations of arithmetic: reading and writing num-
bers, computing averages, fractions, decimals, per-
centages, measurement, powers, roots, simple equa-
tions, quadratics, etc. The uses of math in everyday
life are stressed, with projects in business, bank
deposits, budgets, insuran('e, taxes, stocks, etc.
Teachers will find that it is an exhaustible source
of material for enriching their courses; parents will
be delighted to have a book with which they can
stimulate their child’s interest and show him the
practical rewards of arithmetical skill. In all there
are 418 puzzles, diversions, games, humorous items,
problems, and other interest-holders. All answered.
120 illus. 325pp. DU789. Paperbd. $1.75

DU523. HOW TO TELL THE BIRDS FROM THE
FLOWERS, R. Wood. Great American physicist’s charm-
ingly absurd verse and drawings. 64pp. Paperbd. 75¢
DU295 HOW TO CALCULATE QUICKLY, Henry Sticker.
Not tricks, but thorough course developing number sense,
showing new techniques, doubling or tripling your speed.
256pp. Paperbd. $1.00
DU965. WHITTLING & WOODCARVING, E. J. Tanger-
man. Make scores of toys, puzzles, chains, models, carica-
tures, puppets, Scout items, etc. Full careful instructions
on carving, tools, woods, finishing, etc. 462 illus. 303pp.
Paperbd. $1.75
DU946. MY PIOUS FRIENDS AND DRUNKEN COM-
PANIONS, AND MORE PIOUS FRIENDS, etc., col-
lected by Frank Shay, illustrated by Claude Held. Words
of 132 of America’s favorite barroom ballads, music to 47.
No pallid literary stuff here. 250pp. Paperbd. $1.00
DU69I. THE WIZARD OF 0z, L. Frank Baum. Only
edition with all 145 Denslow illustrations in original
colors. 275pp. Paperbd. $1.45
DUG92. THE MARVELOUS LAND OF 0Z, L. Frank
Baum. Best of the sequels to the Wizard, with all 127
original color illustrations. 275pp. Paperbd. $1.45
DUI19. MY BEST PUZZLES IN LOGIC AND REASON-
ING, H. Phillips. 100 tricky puzzles involving ability to
think straight. 117pp. Taperbd. $1.00
DU759. ODDITIES & CURIOSITIES OF WORDS AND
LITERATURE, C. Bombaugh. New edition, ed. by Martin
Gardener, of almost legendary collection of literary oddities,
eccentrica, amusements, macaroni verses, notorious mis-
prints, puns, etc. 368pp. Paperbd. $1.50
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DUG613. GO AND GO-MOKU, Edward Lasker. Learn to
play the oriental board game that some consider more pro-
found than chess. Full directions, sample games, by Go
expert. 234pp. Paperbd. $1.45
DU752. BOOK OF THE NY CHESS TOURNAMENT,
1924, Herman Helms, A. Alekhine. Greatest tournament of
all time, with Capablanca, Dr. Lasker, Alekhine present.
Annotated by Alekhine. 280pp. Paperbd. $1.85
DU639. THE COMPLETE KANO JIU-JITSU (JUDO),
H. Hancock, K. Higashi. Finest book on subject, with 487
stopped-action photos of holds, throws. Full text. 512pp.

Paperbd. $2.00
DU731. MAZES AND LABYRINTHS, W. Shepherd. oO
intellectual amusements based on maze principle. 122

Paperbd. $1. 00
DUI. FLATLAND, A ROMANCE OF MANY DIMEN-
SIONS, E. Abbott. Life in 2-dimensional world offers i
sights into dimensions; perennial science fiction classic.
128pp. Paperbd. $1.00
DU732. DIVERSIONS & DIGRESSIONS OF LEWIS
CARROLL, S. Collingwood, ed. Unabridged reprinting of
rare satires, games, mathematical recreations intended
only for private circulation. New ed. with 32 pages of
photographs taken by Carroll. 385pp. Paperbd. $1.50

SPECIAL!

‘We have purchased the overstock of a well-known technical
publisher at an unusually low job price, and are able to
pass on_ the savings to you. These are clothbound books,
latest editions, perfect condition, exactly the same as those
the publisher sells at full price. We have only a few copies
of each, though; send in right away for a once-in-a-lifetime
chance to build a technical library at tremendous savings.

When these copies are gone, there will be no more.

OVI. INTRO. TO FLUID DYNAMICS, F. Bayley. 233pp.
Clothbd. List $4.85. Here only $2.25
0V2. PRINCIPLES & PROBLEMS IN ENERGETICS, J.
Bronsted. 127pp. Clothbd. List $5.00. Here $2.00
0V3. FUNDAMENTALS OF ELECTROACOUSTICS, F.
Fischer. 198pp. Cloth. List $6.00. Here $2.25
0V4. RESEARCH IN PHOTOSYNTHESIS, H. Gaffron
et al. 538pp. Cloth. List $12.00. Tere $4.95
0V7. MOLYBDENUM COMPOUNDS, CHEMISTRY &
TECHNOLOGY, D. Killeffer, etc. 407pp Cloth. List
$13.50. Here $5.95
0V8. FUSION METHODS IN CHEMICAL MICRO-
SCOPY, W. McCrone. 308pp. Cloth. List $8.00. Here $4.50
0V9. INTERNAL CONVERSION GOEFFICIENTS E.
Rose. 195pp. Cloth. List $6.25. eres .95
OVIil. BIOPHYSICAL RESEARCH METHODS, F. Uber.
668pp. Cloth. List $11.00. Here $5.95
OVIi4. ELECTROMAGNETIC ISOTOPE SEPARATORS,
and Applications of Electromagnetically Enriched Iso-
topes. J. Koch, ed. 327pp. Cloth. List $7.50. Here $3.95
0OVI5. ADVANCES IN COLLOID SCIENCE, VOL. II1,
H. Mark, W. Verwey, eds. 396pp. Cloth. List $9A50.

Here $3.95
0VI16. CELLU LOSE NITRATE, F. Miles. 412pD Cloth.
List $7.0 Here $4.25

ov22. METALLIC CREEP AND CREEP RESISTANT
ALLOYS, A. Sully. 287pp. Clothbd. List $5.00. Here $2.00
0V23. MECHANICAL PROPERTIES OF NON-METAL-
LIC BR ITTLE MATERIALS, W. Walton, ed 492pp

List $12.7 $5 95
0Vv20. SCIENTIFIC RUSSIAN, J. W. Perry. step by step
method. Original publisher has brought out new edition,
but this is recent and outstanding value at this price.
816pp. List $8.50. Here $4.25

Dept. DU400. Dover Publications, Inc.
180 Varick St., New York 14, N. Y. Please
send me the following books:

r

|

|

|

|

|

| I am enclosing §... . in full payment. Payment
I in full must accompany all orders except those from
|

|

|

I

|

|

|

|

libraries or public institutions, who may be billed. |
Please add 10¢ per book to your remittance to cover
¥gstage and handling charges on orders less than |
$5.0 Please print. I
4

Name...

Address...

Zone....... State...

All Dover books unconditionally
guaranteed; returnable within 10 days of receipt for
full refund. No questions asked.
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Mauritania, the Niger, Togo, the Upper
Volta. There is also information about
such fever spots of the world as Algeria,
East Germany, Egypt, Laos and Viet-
nam. Those who own the 1952 edition
of the Gazetteer can buy the supplement
for $1.50.

IN THE CoypaNy OF Man, edited by

Joseph B. Casagrande. Harper &
Row, Publishers ($6.50). A field anthro-
pologist is in most instances dependent
on a thoroughly knowledgeable inform-
ant who belongs to the society being
studied and who understands it as no
outsider, regardless of skill and sym-
pathy, can hope to. This co-operative
volume by a number of American and
British anthropologists describes certain
individuals who served them in this way.
Of this group some are rulers, some
servants, some priests and doctors; some
are old, some young. Several of the por-
traits are brilliant and moving, all are
informative and offer insights often not
found in the best of field studies. An at-
tractive volume, soundly conceived and
executed. Illustrations.

l)Hstcs FOR THE INQUIRING MIND, by
Eric M. Rogers. Princeton University
Press ($8.50). This fine book is based
on a one-year course the author has de-
veloped and taught at Princeton over the
past two decades. It is in every sense a
book of dual use: a sound, lucid text for
students and a superior introduction for
the general reader. Rogers is fully aware
of the difficulties physics presents to the
beginner, of the many points at which he
is likely to lose the thread or go astray;
the book meets this need and answers
the nagging questions. Therefore it is
both encouraging and enlightening.
Many good diagrams.

THE Surp, by Bjorn Landstrom. Dou-

bleday & Company, Inc. ($14.95).
An illustrated history of the ship from
primitive craft such as the papyrus raft
used on the White Nile and other Afri-
can waterways, the catamaran, found
on the coast of India, the dugout and
the obelisk vessels of Queen Hatshepsut
to modern passenger vessels, cargo
liners, whale-oil factory vessels, tugs,
icebreakers and nuclear-powered mer-
chantmen. More than 800 illustrations,
with 160 pages in full color and a like
number in two colors.

HE OsaGes, by John Joseph Ma-
thews. University of Oklahoma Press
($7.95). A massive history of this
Siouan tribe, which once centered in the
area now occupied by St. Louis, later on
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the small streams of southwestern Mis-
souri and southeastern Kansas, and most
recently in their reservation in north-
eastern Oklahoma. Mathews, who is
himself an Osage and has spent his life
among them, covers their history from
the period before the coming of the
Europeans to the present.

PLAYING wiTH INFINITY, by Rosza
Péter. Simon and Schuster, Inc.
($4.95). For the nontechnical reader, a
popular book that discusses different
ways in which the concept of infinity
comes into mathematics. The author, a
mathematician and logician at the Uni-
versity of Budapest, discusses such
topics as infinite series, continuity, the
number system, transfinite mathematics,
the calculus, transcendental numbers,
higher dimensions, metamathematics
and Godel’s proof. She writes clearly and
has an original approach to many mathe-
matical ideas. She uses little algebra,
and the ordinary reader who is prepared
to concentrate will be able to follow all
she has to say. This is one of the few
popularizations of mathematics to have
appeared in recent years that is more
than a routine job.

RUSSIAN—ENCLISH DICTIONARY OF THE

MATHEMATICAL SCIENCES, by A. .
Lohwater and S. H. Gould. American
Mathematical Society ($7.70). In 1958
a delegation of U.S. mathematicians at
a congress held in Moscow agreed on
the preparation of Russian-English and
English-Russian scientific dictionaries.
This volume is the Russian-English half,
published under the joint auspices of
the National Academy of Sciences, the
Academy of Sciences of the U.S.S.R.
and the Mathematical Society. It is in-
tended for use in reading papers and
books at any level of theoretical mathe-
matics and physics and includes a short
Russian grammar.

Notes

EXPERIMENTAL FOUNDATIONS OF
CriNicaL PsycHorocy, by Arthur J.
Bachrach. Basic Books, Inc. ($10).
Twenty contributors discuss various
aspects of the experimental underpin-
nings of clinical psychology: history and
theory, learning and communication,
psychophysiology, diagnosis and be-

havior modification.

Tue CoMING OF THE AGE OF STEEL,
by Theodore A. Wertime. The Univer-
sity of Chicago Press ($6.95). A his-
torical study of the metamorphosis of
the age of iron into the age of steel, cov-
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ering a period of five centuries from
about 1400 to 1900.

Peacetine Uses oF OUTER SPACE,
edited by Simon Ramo. McGraw-Hill
Book Company, Inc. ($6.95). A collec-
tion of lectures for the general public
given at the University of California in
1960, treating such topics as space re-
search as a permanent peacetime activ-
ity (Lloyd V. Berkner), communications
in the space age (Frederick Kappel),
space technology for world navigation
(Vice Admiral John T. Hayward),
studying the universe from a space plat-
form (Leo Goldberg), the sun and the
earth (Joseph Kaplan), use of space
vehicles for weather prediction and con-
trol (Morris Neiburger). Illustrations.

TuEspis: RituaL, MYTH, AND DRAMA
IN THE ANCIENT NEAR East, by Theo-
dor H. Gaster. Anchor Books ($1.45).
Second, revised paper-backed edition of
a study of comparative religion, folklore
and ancient literature that explains the
nature and origin of the patterns of pub-
lic ceremonies marking the succession
of the seasons.

CoxcepTs OF Forcg, by Max Jammer.
Harper Torchbooks ($1.50). A paper-
backed reissue, with certain corrections,
of an admirable survey, originally re-
viewed in these columns, of the histori-
cal development of the concept of force
from the physics of the ancient world to
the 20th century.

MILESTONES IN MICROBIOLOGY, trans-
lated and edited by Thomas D. Brock.
Prentice-Hall, Inc. ($3.95). A collection
of original papers on various aspects of
microbiology, from the observations of
van Leeuwenhoek and Spallanzani,
through the writings of Theodor
Schwann, Louis Pasteur, Robert Koch,
Wendell M. Stanley, Alexander Fleming,
Martinus W. Beijerinck. A paperback.

QuanTiFicaTION, edited by Harry
Woolf. The Bobbs-Merrill Company,
Inc. ($6.50). The nine articles in this
book, consisting of papers given at a con-
ference held in 1959 under the auspices
of the Social Science Research Council,
deal with different phases of the mean-
ing of measurement in the natural and
social sciences. The topics include meas-
urement in medieval physics (A. C.
Crombie), the function of measurement
in modern physical science (Thomas
S. Kuhn), quantification in chemistry
(Henry Guerlac), the beginning and
growth of measurement in psychology

(Edwin G. Boring).
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Do you share his pro
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“Why'" and ‘‘How’’ are more than words to him; they're a way of life. The need to know is an urgent drive that won't let
him rest.

Are you a questioner by nature? Then come to Northrop. Pick your own area of investigation from more than 70
active projects. They range through space guidance, life support and deceleration systems to undersea technology,
automatic checkout and failure prediction systems.

On the following pages you'll find some specific positions available now at Northrop Space Laboratories and Norair
Division. Look them over. One may be just what you're looking for.

But if you don’t happen to find your specialty listed, don't give up. Get in touch with us anyway. We simply don’t
have room to mention all the opportunities to be found throughout Northrop’s several divisions. If yours is an active,
seeking mind, there’s bound to be a spot for you. Write to Dr. Alexander Weir, Northrop Corporation, P.O. Box 1525,

Beverly Hills, California, and tell us about yourself. You will receive a prompt reply. NORTH Rop

AN EQUAL-OPPORTUNITY EMPLOYER
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BIBLIOGRAPHY

Readers interested in further reading on
the subjects covered by articles in this
issue may find the lists below helpful.

THE THALIDOMIDE SYNDROME

KINDLICHE MISSBILDUNGEN NACH MEDI-
KAMENT-EINNAHME WAHREND DER
GravipiTAT? W. Lenz in Deutsche
Medizinische Wochenschrift, Vol. 86,
No. 52, pages 2555-2556; December
29, 1961.

THALIDOMIDE AND CONGENITAL ABNOR-
MALITIES. A. L. Spiers in The Lancet,
Vol. 1, No. 7224, pages 303-305; Feb-
ruary 10, 1962.

THALIDOMIDE AND CONGENITAL ABNOR-
MALITIES. G. F. Somers in The Lancet,
Vol. 1, No. 7235, pages 912-913;
April 28, 1962.

ZUR FRAGE EINER EXOGENEN VERURSA-
CHUNG VON SCHWEREN EXTREMITA-
TENMISSBILDUNGEN. R. A. Pfeiffer and
W. Kosenow in Miinchener Medizi-
nische Wochenschrift, Vol. 104, No. 2,
pages 68-74; January 12, 1962.

THE SPARK CHAMBER

ELECTRICAL BREAKDOWN OF GASES.
J. M. Meek and J. D. Craggs. Oxford
University Press, 1953. See pages
251-290.

Das ELEKTRONENZAHLROHR. Hans Gei-
ger and Walther Miiller in Physikal-
ische Zeitschrift, Vol. 29, No. 22,
pages 839-841; November 15, 1928.

A NEw TyYPE OF PARTICLE DETECTOR:
THE “DiscHARGE CHAMBER.” S. Fukui
and S. Miyamoto in Nuovo Cimento,
Vol. 11, No. 1, pages 113-115; Janu-
ary 1, 1959.

A TRIGGERED SpARk CounTER. T. E.
Cranshaw and J. F. de Beer in Nuovo
Cimento, Vol. 5, No. 5, pages 1107-
1117; May 1, 1957.

THE SEA’S DEEP SCATTERING
LAYERS

AspEcTs oF DEEP SEA BioLocy. Norman
B. Marshall. Philosophical Library,
Inc., 1954.

BaTHYPELAGIC FISHES AS SOUND ScAT-
TERERS IN THE OceaN. Norman B.
Marshall in Journal of Marine Re-
search, Vol. 10, No. 1, pages 1-17;
1951.

DEEP SCATTERING LAYER IN THE PAcIr-
1c AND ANTARCTIC OCEANS. Robert S.
Dietz in Journal of Marine Research,

TO A MAN WHO CAN ADVANCE A VITAL NEW SCIENCE.-

MILITARY COMMAND TECHNOLOGY

The term “Military Command Technology’’ may
be new to you. However it stands for a principle
that is as old as war itself — the ability to detect
attack and retaliate.

Today this ability requires big and complex elec-
tronic systems. Their domain is the earth, the
atmosphere around it, the infinite reaches of space.
The concept behind them encompasses this nation’s
overall military strategy — present and anticipated.
It includes all levels of civilian and military decision
making. It provides for war plans, communications,
intelligence, control of all forces, deployment of
sensors, surveillance of space, logistics, support
operations, and survival.

The design and development of such systems is the
basic work of MITRE. SAGE, MIDAS, NORAD
Combat Operations Center, BMEWS are among
the many inter-related, constantly evolving sys-
tems. More challenging systems are being planned.

MITRE is made up of scientists and engineers who
are responsible for some of the most important work
now being done in the electronic systems field.
There is room for more such men in the three major
groups of the corporation — Systems Planning and
Research; Systems Engineering, and Control and
Sensor Systems Development.

MITRE is located in pleasant suburban Boston.
Openings are also available in Washington, D.C.
and Colorado Springs. Minimum requirements,
B.S., or M..S,, or Ph.D. Rewards are competitive.
If you are interested in playing an important part
in MITRE’s work for national defense — in ad-
vancing this new science with an old purpose,
Military Command Technology — you are invited
to write, in confidence, to Vice President — Tech-
nical Operations, the MITRE Corporation, Box
208, Dept. MH26, Bedford, Mass.

THE

MI'TRE

CORPORATION
An Equal Opportunity Employer

MITRE is an independ-
ent, nonprofit corpora-
tion working with —
not in competition with
— industry. Formed
under the sponsorship
of the Massachusetts
Institute of Technology,
MITRE serves as Tech-
nical Advisor to the Air
Force Electronic Sys-
tems Division, and is
chartered to work for
#% such other Government
&' agencies as FAA,
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Northrop Space Laboratories needs uncompromising men

| ‘ o =

It takes dedicated men to breathe life into a new undertaking. Determined men, to
guide and guard its goals through the formative years.

Though newly organized, Northrop Space Laboratories is backed by the full facilities
of the Northrop Corporation. It will grow. Yet it needs purposeful men to take up the
challenge and grow with it. Will you be one of them? Key spots are now waiting for:

Solid state physicists, to conduct fundamental research on many-body problems as
applied to an ultra high pressure program. The goals of this program are to study the
electrical and physical behavior of materials under ultra high pressure, to investigate
the origin, history and structure of the moon and planets, and to find ways to utilize
their natural resources.

Scientists, to perform research in nuclear and radio chemistry, and to conceive and
carry out investigations in the fields of activation analysis, dosimetry, gamma ray
spectrometry, surface phenomena, and numerous other areas.

Stress analysts, to develop fresh analytical techniques and apply them to new space

structural concepts; to do stress analysis and design optimization studies on
advanced space vehicle structures.

A plasma physicist, to join our growing program in the measurement of plasma
properties, spectroscopy, diagnostics, accelerators, and power conversion devices.
A mathematician-physicist, to concentrate on systems analysis and operations
research applied to military and non-military space systems.

Physicists experienced in electro-optical imaging devices and laser theory; engineer-
ing mathematicians interested in detection theory, reconnaissance and tracking;
electronic engineers who know their way around statistical communications theory
and noise phenomena; for new and original work in satellite detection systems.

For more information about these and other opportunities, write to W. E. Propst,

Space Personnel Office, |11l East Broadway, Haw- NoRTH Rop

thorne, California. You will receive a prompt reply.
AN EQUAL OPPORTUNITY EMPLOYER
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Wiley & Sons, Inc.—Interscience Divi-
sion, 1962.

Revration oF FisHeEs anpD OTHER Ogr-
GANISMS TO THE SCATTERING OF UN-
DERWATER SOUND. Gordon H. Tucker
in Journal of Marine Research, Vol.
10, No. 2; pages 215-238; 1951.

SEVEN MILES DownN: THE STORY OF THE
Batayscapu TRIESTE. Jacques Pic-
card and Robert S. Dietz. G. P. Put-
nam’s Sons, 1961.

SCHIZOPHRENIA

CuLTURAL AspECTS OF DELUSION: A
PsycuiaTric STupy OF THE VIRGIN
IsLanps. E. A. Weinstein. The Free
Press of Glencoe, Inc., 1962.

Tue ETioLoGY OF SCHIZOPHRENIA.
Edited by Don D. Jackson. Basic
Books, Inc., 1960.

HumaN Benavior. Claire Russell and
W. M. S. Russell. Little, Brown & Co.,
1961.

SCHIZOPHRENIA: SOMATIC  ASPECTS.
Edited by Derek Richter. The Mac-
millan Co., 1957.

DIALECTS IN THE LANGUAGE
OF THE BEES

COMMUNICATION AMONG SociaL BEeks.
Martin Lindauer. Harvard University
Press, 1961.

| Tue Dancine Beges. Karl von Frisch.
Harcourt, Brace & Company, 1955.

“SPRACHE” UND ORIENTIERUNG DER
Biexex. Karl von Frisch. Verlag Hans
Huber, 1960.

NEUTRINO ASTRONOMY

EMISSION OF PHOTONEUTRINOS AND
PAIR ANNIHILATION NEUTRINOS FROM
Stars. Hong-Yee Chiu and Robert C.
Stabler in The Physical Review, Vol.
122, No. 4, pages 1317-1322; May 15,
1961.

TuE NEuTRINO. Philip Morrison in Sci-

| entific American, Vol. 194, No. 1,
pages 58-68; January, 1956.

THE NEUTRINO. C. S. Wu in Theoretical
Physics in the Twentieth Century,
edited by M. Fierz and V. F. Weiss-
kopf, pages 249-303. Interscience
Publishers, Inc., 1960.

NEeuTtriNO INTERACTIONS.  Frederick
Reines in Annual Review of Nuclear
Science, Vol. 10, pages 1-26; 1960.

TuEorRY OF THE FERMI INTERACTION.
R. P. Feynman and M. Gell-Mann in




AT NASA, YOU'RE IN THE AEROSPACE CENTER OF THE FREE WORLD

GEMINI

first manned rendezvous 1n space

How do you dock a two-man spacecraft with an-
other vehicle in earth orbit? What happens when
astronauts are weightless for a week or more?
Project Gemini is calculated to answer these vital
questions. The test of rendezvous techniques alone
is a crucial experience in man’s drive for the moon
—and the results will be invaluable.

Unusual capabilities are needed to solve the intri-
cate and demanding problems of Gemini (and, after
Gemini, Apollo).

NASA needs senior aerospace engineers with 6 to
10 years experience in . ... Systems analysis and
studies * Systems engineering ¢ Spacecraft and
flight missions ¢ Reliability assessment ¢ Launch

vehicles and propulsion ¢ Systems integration and
checkout.

NASA offers you unequaled resources and unlimited
opportunities for professional growth and recog-
nition. Send just one resume to NASA, Director of
Professional Staffing, Dept. 502, NASA Headquar-
ters, Washington 25, D.C. Positions in various loca-
tions and in other disciplines—many requiring less
experience—are also available.

All qualified applicants will receive con-
sideration for employment without re-
gard to race, creed or color, or national
origin. Positions are filled in accordance
with Aero-Space Technology Announce-
ment 252-B.
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We're looking for men who can’t let well enough alone

Northrop-Norair needs men who ask questions; men who aren’t afraid to rock the
boat. In the advanced areas we’'re exploring at Norair, you don’t dare take anything
for granted. If this kind of challenge appeals to you, put down the magazine now,
while it’s on your mind, and write us a letter. Positions are immediately available for:

Engineers in electronic checkout systems who have worked with advanced design
and program development.

Engineers whose background is in supersonic aerodynamics, stability and control,
inlet design, ducting, and performance analysis.

Engineers familiar with airframe structural analysis.

Scientists specializing in infrared, optics, and electronic research.

Engineers to work in data reduction.

Scientists who know structures research and dynamics.

Scientists who have done supersonic aerodynamic research.

Scientists experienced in working with information and sensing systems, platforms,
infrared, sensors, flight controls, airborne computing and data handling systems.
Engineers familiar with programming, operations, and instrumentation for ballistic
missile flight test.

Reliability Engineers to assess the reliability and to optimize the configurations and
mission profiles of space systems.

Chemical Engineers to work on the development and applications of structural adhe-
sives for aerospace vehicles.

Metallurgical Engineers for research and development on materials and joining.

If you'd like more information about these opportunities and others that may be
available by the time you read this, write and tell us about yourself. Contact Roy

L. Pool, Engineering Center Personnel Office, NORTH nop
1001 East Broadway, Hawthorne, California.

AN EQUAL OPPORTUNITY EMPLOYER

152

© 1962 SCIENTIFIC AMERICAN, INC

The Physical Review, Vol. 109, No. 1,
pages 193-198; January 1, 1958.

PUMPS IN THE LIVING
CELL

SINGLE ProxiMAL TUBULES OF THE
Necturus KipNEY. METHODS FOR
MICROPUNCTURE AND MICROPERFU-
stioN. Joseph C. Shipp, Irwin B.
Hanenson, Erich E. Windhager, Hans
J. Schatzmann, Guillermo Whittem-
bury, Hisato Yoshimura and A. K.
Solomon in American Journal of
Physiology, Vol. 195, No. 3, pages
563-569; December, 1958.

II: ErFrFect oF 2,4-DINITROPHENOL
AND OuaBAIN ON WATER REABSORP-
TION. Hans J. Schatzmann, Erich E.
Windhager and A. K. Solomon in
American Journal of Physiology, Vol.
195, No. 3, pages 570-574; Decem-
ber, 1958.

III: DEPENDENCE OF H,O MOVEMENT
oN NaCl ConcentraTION. Erich E.
Windhager, Guillermo Whittembury,
Donald E. Oken, Hans J. Schatzmann
and A. K. Solomon in American Jour-
nal of Physiology, Vol. 197, No. 2,
pages 313-318; August, 1959.

IV: DEPENDENCE OF H,O MOVEMENT
oN Osmortic Grabpients. Guillermo
Whittembury, Donald E. Oken, Erich
E. Windhager and A. K. Solomon in
American Journal of Physiology, Vol.
197, No. 5, pages 1121-1127; No-
vember, 1959.

KININS

[ AcTiveE PoLypEPTIDES DERIVED FROM

Prasma ProtEINs. G. P. Lewis in
Physiological Reviews, Vol. 40, No. 4,
pages 647-676; October, 1960.

BrapykiNIN. G. P. Lewis in Nature, Vol.
192, No. 4803, pages 596-599; No-
vember 18, 1961.

PoLypeEPTIDES WHICH AFFECT SMOOTH
MuscLEs AND BLoop VEsseLs. Edited
by M. Schachter. Pergamon Press,
1960. See pages 199-271.

PoLyrPEPTIDES WHICH STIMULATE PLAIN
MuscLe. Edited by J. H. Gaddum.
E. & S. Livingstone Ltd. See chapters
1, 2,4, 7 and 8.

MATHEMATICAL GAMES

AnGuLAR MoMENTUM aAND TiPpPE ToP.
John B. Hart in American Journal of
Physics, Vol. 27, No. 3, page 189;
March, 1959.

CONGRUENCES AND CARD SHUFFLING.
Paul B. Johnson in The American
Mathematical Monthly, Vol. 63, No.
10, pages 718-719; December, 1956.
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Here’s fuel injection with million-mile proof of reliability

Fuel injection systems by Borg-Warner’s Marvel-
Schebler Products Division have already logged
850,000 miles of grueling road tests, plus 200,000
hours of bench tests equivalent to millions more
miles under conditions more tortuous than they’ll
ever endure on the highway. Now Borg-Warner
fuel injection is in the “go” condition.
Remarkable things happen, and keep hap-
pening, when an engine is fuel-injected by
Borg-Warner. Horsepower gets a hefty boost.
And tests show that gas consumption drops
to the point where about 100 miles in every
1,000 you drive are free. It’s true in Death

Valley or at the summit of Pike’s Peak (because
this system isn’t affected by altitude).

Complicated? Not a bit. Two simple adjust-
ments “tune” a Borg-Warner system. And this
system is production ready for any engine: auto,
truck, marine, airplane, 2- and 4-cycle . . . even
supercharged engines. Reliable fuel injection
is still another example of better products
through creative research and engineering
by Borg-Warner.

The 7 Hats of Borg-Warner are (from the top, left
to right) national defense; oil, steel and chemicals;
agriculture; industrial machinery; aviation,; automotive;
home equipment. Their benefits are with you everywhere.,

BORG-WARNER.

200 South Michigan Avenue ¢ Chicago 4, lllinois

Better products through creative research and engineering

© 1962, B-W Corp,
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When you need a control system,

With the increasing use of electric power by homes and in-
dustries, and the need to provide this power in widely vary-
ing quantities at different times during the day, Electric
Utilities can increase efficiency and cut costs with AE’s new
Telemetering and Supervisory Control System.

With this automatic system, a single dispatcher at a central
location can control and monitor distant substations to meet
local load requirements.

A check-before-operate feature insures that the correct op-
eration has been selected before it is initiated. Lamps on the
central console indicate the proper completion of each func-

AUTOMATIC EFLECTRIC

remember... /"

The ancient knife switch illustrated is used as a symbol of early manual control

remote control of electric power for instance...

tion, such as the opening or closing of circuit breakers or the
correction of line voltages.

In addition, conditions at every substation are automatically
and continuously scanned and verified. Telemetered data on
field changes, line voltages and load flow throughout the dis-
tribution system are displayed at the central console.
Remote supervision and control solves many problems in the
electric utility field—just as it can in any industry.

If you would like to know more about AE’s systems capa-
bilities, just address your request for Circular 1010 to the
Director, Systems Sales, Automatic Electric, Northlake, Ill.

sussvs o GENERAL TELEPHONE & ELECTRONICS 5
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