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IBM mathematicians have helped biochemists explore the mysterious pattern-makers that give life its myriad forms. 

At the heart of every living cell lies a strange substance which 

makes the difference between an eye and a rose petal. Bio

chemists call it DNA. • To understand how living things grow 

when they are healthy (and what goes wrong when they are 

not), scientists are searching for the relationship between DNA 

and proteins in the cell. This means analyzing the molecular 

chains of thousands of different proteins, only a few of which 

are now known . •  IBM mathematicians have cooperated with 

biochemists on the problem of protein analysis. They have 

what makes 

a rose 

a rose 

applied principles of mathematical logic to masses of infor

mation developed in the laboratory. Using the computer as a 

tool, biochemists are hoping to piece together the identity 

and sequence of all the atoms in the protein chain. These 

methods could save years of laboratory labor and eventually_ 

help doctors diagnose diseases . •  As scientists, engineers 

and businessmen reach for new advances in their fields, they 

often are faced with enormous data handling problems and 

look to computers and data processing systems for solutions. 

IBM 
<l) 

or 

an eye 

an eye? 
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Semiconductors for Industry-from left: 30-ampere silicon transistor, lO-ampere Trinistor controlled-rectifier. 240-ampere silicon 

Westinghouse high-power semiconductors: 

new tools for American industry 
The word "semiconductors" usually brings to mind the glamorous 

products of our electronic age. Semiconductors mean pocket sized 

radios, marvelously compact hearing aids, electronic wrist watches, 

and many other ingenious new miniaturized products. They are 

the operating brains behind our complex data processing com· 

puters; they provide new standards of performance for military 

electronic gear; they are compact, efficient, and highly reliable de· 

vices. But all this is only part of the semiconductor story. 

Westinghouse has added high power to semiconductors, a vital 

new dimension for industry. Westinghouse high-power silicon semi

conductors-rectifiers, transistors, and TrinistorT controlled-recti

fiers-are controlling speed, changing frequency, converting power, 

and performing a host of other electrical tasks for industry at 

multi-kilowatt power levels. They are upgrading system perform

ance and cutting maintenance costs by replacing bulky magnetic 

and rotating apparatus. In all these applications Westinghouse 

high-power semiconductors have established a remarkable record 

of dependability in service. 

Silicon rectifier cells to handle 240 amperes, transistors to operate 

at 200 volts, and Trinistor controlled-rectifiers to switch 20 kilowatt 

loads are available from stock. Westinghouse engineers are work

ing on still higher power devices for industrial service. These devel

opment programs and new products result from a continuing 

Westinghouse awareness of long range industrial needs. 

High-power silicon semiconductors can help to boost your plant 

production, cut costs or improve your process quality. They may 

even offer dramatic new product marketing possibilities for your 

company. For more information, contact; Westinghouse Electric 
Corp oration, Semic on du ctor Information Department, 
Youngwood, Penna. SC·I050 

V.,," "'h� . . . ";'·' Westinghouse ® 
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John Atl�inson Hobson ... on creative thought 

"The creative spirit is one and indivisible. It cannot live 

and work under servitude or external control. Disinter
ested thought cannot be drawn into the physical sciences 
and be kept out of politics and economic theory. If we are 
right in holding that the most urgent business of our age 

is to devise better laws of conduct in the arts of human 
government, within and beyond the limits of nationality, 

success depends upon stimulating in as many spot·s as 

possible the largest number and variety of independent 

thinkers. constructing and maintaining among them the 
best conditions of free intercourse and cooperation and 
finally enabling their creative thought to play freely in 
criticism and in reform upon the existing modes of 
political and economic life." 

�F,.ee Thot/ght in the Social Sciences, 1926 

THE RAND C ORPORATION, SANTA MONICA, CALIFORNIA 
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A nonprofit organization engaged in a program of research in the physical sciences, economics. mathematics, and the social sciences. 

RA�I) economists try to (lpply rational principles to problems or choice under uncertainty. They analyze alternatives in logistics, study 

national economies nnd their growth potential. and make other economic analyses. They contribute to the design of other and broader 

studies and provide economic data and models for them. 
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ROBINSON 
All-Metal Mounting S

'
ystems 

Isolate 
VIBRATION! 

Reduce 
SHOCK! 

Increase 
RELIABILITY! 

Robinson has specialized in vibration 
and shock control for over twenty-five 
years. Robinson engineered mounting 
systems have been thoroughly proven in 
practice in virtually every field of 
application-aircraft, missile, shipboard, 
mobile, industrial and commercial use. 
100% ali-metal construction (even the 
MET-l-FlEX cushions) make Robinson 
mounts deterioration resistant - able 
to meet and exceed exacting space-age 
specifications. 

Cus t o m-e n g i n e e r e d  m o u n t i n g  
systems o r  standard type mounts 
available. Send for FREE brochure. 

A resilient cushioning material fabricated 
of knitted stainless steel wire. High vibra
tion/ shock isolation-withstands temperature 
extremes-will not deteriorate. Pioneered by 
Robinson, MET·l·FlEX has solved over 3000 
environmental control problems. 

ROBINSON TECHNICAL PROOUCTS INC.,TETERBORO.N_J. 
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THE COVER 

The photomicrograph on the cover of this 
issue, which is devoted to the living cell, en
larges the cells in an onion root tip 1,500 
diameters. The cell nuclei and their con
tents are stained pink; the cell bodies, a pale 
green. Slide from which photomicrograph 
was made was prepared by J. P. Miksche 
of the Brookhaven National Laboratory. 
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LIONEL: Instrumentation for Radiation Research 
Research & Test programs for government and industrial nuclear applications require extensive instrumenta

tion, systems and components, for detection, control, and safeguarding.---The Lionel Corporation produces 

such equipment. We offer the complete Anton line of alpha, beta, gamma, neutron detector tubes and 

chambers; missile/satellite radiation probes; transistorized, portable alpha, beta, gamma survey meters; port

able or rack-mounted air particle monitors; portable check-out monitors; radiation ratemeters ... and many 

other similar type instruments. The above photograph, for example, shows an Anton radiation detection tube 

being tested under vacuum.---In addition, our Nucleonics Division not only builds and tests such equip

ment, but is highly qualified to design and develop complete instrumentation and detection systems for specific 

applications required by those engaged in the various branches of radiation research.---The Lionel Corpora

tion presents a vast capabilities complex, each division solidly staffed and well equipped with modern, efficient 

laboratory and production facilities. Our extensive experience in nucleonics, ordnance, electronics, missilry, 

and communications makes Lionel a logical and worthy source for the development and delivery of your 

projects ... from components through systems. 

We welcome your further inquiry ... and suggest that you request a copy of our new capabilities 

brochure, "LIONEL: A New Force." 

e 
THE LIONEL CORPORATION Dept. 49-CV, Hoffman Place, Hillside, N.J. 
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Today it would take ten super-klystrons to generate more than 

a megawatt of average power. But now Eimac is ready to do it 
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with one. 

Today, the most powerful klystron available can 
produce 100KW of average power. But now Eimac 
is ready to develop a klystron with ten times this 
capability . .. a klystron that can generate more than 
one megawatt of average power! 

Impossible? Not for the company that's designed, 
financed and built the world's largest high voltage 

DC powel' supply (325,000 volts at 10 amps steady 
current). Not for the company that's made more high 
po\\"er klystrons than any other manufacturer. Not, 

in short, for Eimac. Write for information about this 
super-klystron capability to: Power 
Klystron Marketing, Eitel-McCul
lough, Inc., San Carlos, California. 
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FROM DUPONT 
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Easy to process with outstanding electrical properties 
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Here's insulation news for electrical designers. 

"Teflon" FEP-fluorocarbon film is now available from 

Du Pont. Strong and stable-new FEP film is a true 

thermoplastic. It can be formed, laminated and heat

sealed to a wide range of substrates. There is even a 

cementable Type C film which is printable and pottable. 

FEP film has � the outstanding electrical advan

tages of "Teflon" . • .  even in thin gauges. The dielec

tric strength is as high as 4,000 volts for I-mil film, 

20,000 volts for 10·mil. * Dielectric constant stays es

sentially constant over a wide range of frequencies, 

temperatures and humidities. So does the dissipation 

factor. "Teflon" FEP film also has good corona resist

ance. 

Already widely used in critical missile applications, 

"Teflon" FEP film opens the door to new areas of 

electrical product design and improvement. Investi

gate the unique properties of FEP film ... now at new 

low prices effective July, 1961. Write: E. I. du Pont de 

Nemours & Co. (Inc.), Film Department, Wilmington 

98, Delaware. 

*ASTM D149·55T -Short Time Test 
Esso "Univolt" 40 oil;23°C, 60 cps., I" electrode, �81/ radius. 

�['. u. S. PAT. Off 

BETHII lHING5 FOR BtiTH liVING . • .  TH�OUGH (HEM/sur 

TEFLON°FEP 
FLUOROCARBON FILM 

E. I. du Pont de Nemours & Co. (Inc.) 

Film Department 9531·N (T) 
Wilmington 98, Delaware 

Name ________________ ____________________ __  __ 

Company Name _______________ _ 

Address ________________________________ ____ __ 

Job Function ________________ _ 

Proposed End Use __________ ____ _ 
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space missfons, including: 

• nucle.ar turbo-electric systems 

• solar dynamic and slatic systems 

• cryogenic dynamic systems ,w 

• advanced electrical and support equipment 

Aerojet's nuclear SNAP-8 Electric Generating S�stem fo� 

NASA converts reactor thermal energy to eJectrical energy 
for spacecraft, providing power for electrical propulsion, 
and scientific or military operati ons. 

/' 

,4N' !yer-,����a 
C O R  P 0 

Azusa, California 

A SUBSIDIARY OF THE GENERAL TIRE AND RUBBER C 

Eng ineers, scientists - investigate outstanding opportunities at Aerojet 
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FINAL PRODUCTION TESTING. Zener diodes are 
checked by NLS M24s at final testing stations of Hughes 
Aircraft Company's Semiconductor Division. CHE.CKOUT OF MISSILE COMPONEN1S. An M24 checks electronic compo· 

nents at Autonetics. a division of North American Aviation, Inc., as part of the 
High Reliability Program for Minuteman ICBM. The operator is shown measuring 
resistance. By turning a front panel knob on the M24, she can also measure DC 
voltage or DC voltage ratio. 

MISSILE PRODUCTION TESTING. An NLS M24 Multi·Purpose Instrument performs an 
important part in the missile functional test system at Boeing Airplane Company's Missile 
Production Center in Seattle, Wash. The system automatically applies more than 
400 go/no-go sequenced tests to ground-check missile flight reactions from launch to 
intercept. The M24 and the printout portion of the system monitor application of test 
stimuli and isolate malfunctions. 

ELECTRO·CHEMICAl ANALYSIS. Savings of as much as $8.000 a year on one 
fJarticular project are expected to result from use of an NLS 481 DVM at Diamond 
Alkali Company's plant in Deer Park, Texas. By accurately measuring small 
changes in voltage and voltage drop, it permits optimizing the efficiency of pro
ducing chlorine from sodium chloride brines by electrolysis. 

P'EJROlElIM flESElHICH AND DEVE LOPMET. 
This precision data logging system, incorporating an 
NLS V24 DVM, has served Esso Research laboratories 
for more than two years in around-the-clock service. 
The V24 converts millivolt signals to digital form for 
operating a Friden Tape Punch. The system aids in mak
ing pilot plant studies of industrial processes. 

10 

ACCEPTANCE. • • 

MISSILE lRACIHNC SYSlEMS. The Azusa Test Set. 
designed by General Dynamics/Astronautics, A Division 
of General Dynamics Corporation, includes an NLS V35 
DVM. This set checks the power and transmitter portions 
of the airborne package of the system which is used for 
tracking all missiles launched from Cape Canaveral. 
Functions of the V35 include monitoring of 28·, 100· 
and 1.500·volt power supplies; calibrating telemeter 
transducers; and adjusting Klystron beam, bias and 
modulator voltages. 

SPACE M[,[)'CH�E RfSEA�CH. In simulated space 
environment testing, this NLS V34 digital voltmeter is 
part of a system which detects and records minute 
changes in body weight, a key factor in determining 
physiological strain. The unique "No Needless Nines" 
logic of the V34 permits measurements at pre-selected 
time intervals with an accuracy of ±3 grams within a 
range of ±4,500 grams. AMF's Mechanics Research 
Division developed the overall system under direction of 
the Air Force's Aeronautic Systems Division at Wright
Patterson AFB in Ohio. 
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PRODUCTION TESTING. A 481-one of a battery of NLS DVMs
measures Zener diodes for separation into voltage categories at the 
Semiconductor Products Division of Motorola, Inc. Measuring speed 
for this operation was doubled by use of the NLS digital voltmeters. 

MISSILE CHECKOUT. Two NLS DVMs team up on checkout of equip· 
ment for the GAM-77 Hound Dog Missile at the West Coast Labora
tories of Mallory Electronics Company, A Division of P. R. Mallory & 
Co. Inc. The 481 (bottom) calibrates remotely settable timers for the 
Hound Dog and the V35 (top) is used for final checkout of these 
devices. "By using DVMs, we are able to eliminate human error in 
final inspection," said a Mallory executive. 

QUALITY CONTROL OF ELECTRONIC COMPONENTS. More than 50 NLS 
481 digital voltmeters are used in the Quality Assurance Program at the 
Semiconductor·Components Division of Texas Instruments Incorporated. The 
instrument pictured is measuring breakdown voltages of high-reliability ger
manium switching devices. 

MATERIALS EVAL UATION. Electronic 
Chemicals Division of Merck & Co., Inc., 
uses a 481 DVM to reduce testing time for 
determining resistivity  of single crystal 
silicon. 

A-TO·D CONVERSION IN INDUSTRIAL 
PROCESSING. A 481 DVM operates a n  
analog-to-digital converter i n  a variance com
puter for Saran Wrap production at The Dow 
Chemical Company's Saran Wrap plant in Mid
land, Mich. 

sign of superiority in digital voltmeters 
If you measure or record voltage, consider the broaden
ing applications of digital voltmeters as indicated by these 
examples. The NLS instruments shown here ... and the 
thousands of others in action today ... tell a story of 
acceptance that is three-fold: 

1. The digital voltmeter - first unique instrument since 
the development of the oscilloscope and vacuum tube 
voltmeter - has become a basic measuring and logging 
tool since its origination by Non-Linear Systems, Inc., 
nine years ago. 

2. NLS digital voltmeters have been proved in use by 
many of the most discriminating companies in the elec
tronics and allied industries. 

3. Most of these firms have specified NLS again and 
again, some owning more than fifty instruments _ _  . evi
dence of the acceptance of NLS, as well as the usefulness 
of the product it manufactures. 

Our point: it makes sense to contact the most expe
rienced manufacturer of digital voltmeters to meet your 
measuring and data logging needs. Select from the world's 
most complete line ... by purpose ... by price. NLS 
offers 16 basic models - all with exclusive features - from 
a low-cost "Industrial" type instrument to a $6,150 all
electronic DVM that makes 200 readings per second. For 
the most complete and authoritative information avail
able on DVMs, contact your local NLS office or rep, or 
write NLS. 

non-linear systems, inc. Originator of the Digital Voltmeter 
DEL MAR, CALIFORNIA 

II 
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EXFOLIATIVE CELLS con
centrated from urine on a 
type SM Millipore filter. Pore 
size 5.0 micron. Photo cour
tesy Solomon et ai., French 
Hospital, New York. 

YEA ST COLONIES isolated 
from liquid sugar sample on 
type AA black Millipore filter. 
Pore size 0.8 micron. 

CONTAMINATION found in 
hydraulic fluid used for flush 
cleaning a missile servo sys
tem. Grid-marked type HA 
Millipore filter. Pore size 0.45 
micron. 

RESIN PARTICLES recovered 
from distilled deionized water 
for transistor washing. Type 
WS "Microweb®" filter (ny
lon reinforced). Pore size 3.0 
microns. 

TYPICA L COLIFORM BA C
TERIA "sheen" colonies on 
type HA Millipore filter indi
cate fecal contamination in 
water. Pore size 0.45 micron. 
Incubation 18 hours on MF
Endo Broth. 

AIRBORNE DUST on type AA, 
0.8 micron, Millipore filter. 
Electron micrograph shows 
differentiation of radioactive 
and nonradioactive particles. 
Photo courtesy L. A. George 
II, G. E. Hanford Labs., 
Richland, Wash. 

each 

Mill�ore· 
fi Iter contains millions of precisely di

mensioned pores and retains on its surface all particles larger than 

pore size. There are eleven different porosity grades ranging from 

10 millimicrons to 5 microns. 

These unique filters have revolutionized many analytical tech

niques and have made possible large scale microfiltration to pre

viously unobtainable standards of cleanliness. 
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Technical application literature is available as listed on the coupon below: 

l[ 

Mil/pore FILTER CORPORATION 
Bedford, Massachusetts 

Please send me technical literature listed below : 

NAME . • . . • . . . . . . • . . . . . . . • . . . • . .  TlTLE . . . • . . • • . . • . . . . . . . . . . . .  

ADDRESS . . . .. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  

CITY & STATL . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

My principal fields of interest are . . • . . . . . . . . . . . • . . . . . . . • . . . • . • • • 

D General Technical Brochure 
- 40 pages 

D Sterilizing Filtration & Ster
ility Testing - 28 pages 

D Microbiological Analysis of 
Water and Milk - 24 pages 

D Detection 'and Analysis of 
Contamination - 30 pages 

D Techniques for Microbio
logical Analysis - 38 pages 

D Bibliography - 341 refer· 
ences 

LETTERS 

Sirs: 
I feel that it is necessary to comment 

further on the experiment by Miss Sono
ko Ohwaki that you have brought to the 
attention of your readers ["Science and 
the Citizen"; SCIENTIFIC AMERICAN, 
April]. Ohwaki reports that the well
known geometrical illusions are either 
eliminated or reduced in stereoscopic 
presentation. 

Edwin G. Boring has questioned Oh
waki's interpretation of the data and 
has suggested an alternative ["Letters"; 
SCIENTIFIC AMERICAN, June]. While I 
agree with Professor Boring, there is, in 
my view, another very much more seri
ous criticism that invalidates Ohwaki', 
argument that illusions derive from proc
esses in a single retina. 

First, to get the record straight. It was 
not only E. Lau (Psychologische FOTsch
ung, Vol. 2, pages 1-2; 1922. Vol. 6, 
pages 121-126; 1924) who performed 
this type of experiment earlier, but also 
von St. Witasek at Graz in 1898 (Zeit
schTift fiiT Psycho logie, Vol. 19, pages 
81-174; 1899). A perusal of Witasek's 
paper would show the fallacy in Oh
waki's conclusion. Using the Ziillner il
lusion reproduced with Professor Boring's 
letter [see top illustration on page 16], 
in which parallel lines appear to con
verge, Witasek presented the parallel 
lines to one eye and the oblique "induc
ing" lines to the other and brought the 

Scientific Amc.-icmt, September, ]961; Vol. 205, 
No. 3, Published monthly by Scientific American, 
Lnc., 415 l\ladison Avenue, Ncw York 17, N.Y.; 
Gcrard Piel, president; Dennis 'Flanagan, vice· 
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Editoriul corrcsJlondcnce should be addressed to 
The Editors, SCIENTlHC .'\l\lF.IlIt:AN, 4:15 Madison 
Avenue, Ncw York 17, N.Y. Manuscripts are 
suhmitted at the author's risk alld will not be 
relllrllcd unless accompanied by postage. 

Advcl·tising t:orl'cspondt!Jlcc should be addressed 
to Martin 1\1. Davidson, Advertising 1'lanagcr, 
SUENTInc AMEIlICAN, 415 Maoison Avcnue, New 
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ill advance of change. if available, kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 
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CENTRAL DATA PROCESSOR 
for AIR TRAFFIC CONTROL 

Today, at a peak traffic hour, approximately 200 aircraft flew over the New York area. Each year this 

number will increase. Yet, the F ederal Aviation Agency will continue to assure safe and efficient control of 

air traffic. One reason ... a data processor developed for the FAA by Librascope to quickly and accurately 

handle the routine cleric al tasks now occupying most of the controller's time. The first 18-unit data 

processor will be installed at Boston in 1962. A note to Librascope outlining your control problems will 

bring a prompt answer from the country's most versatile manufacturer of computer control systems. 

computer control systems 
that pace man's expanding mind 

UBRASCOPE DIVISION I GENERAL PRECISION INC .. GLENDALE 1. CALIFORNIA 
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at BENDIX 

they chose POTTER 
High Density for the G·20 

Computer. 

the POTTER 
High Density System 

as used with the Bendix G-20 Computer results in a highly reliable 
computer system that sets new standards for ease of use, power and 
efficiency. 
Th� Pott�r 906 n !s.the heart o! the High Density Recording System. 
This solid-state Digital Magnetic Tape Transport provides the G-20 
with recording so reliable that in 40 hours of continuous recording less 
than a second of re-read time is required to recover drop-outs due to 
transient error. With this same type of equipment data-transfer rates of 
360,000 alpha-numeric characters per second at packing-densities to 
1500 bits per inch are possible with transient errors fewer than 1 in 108• 
To learn how the Potter High Density technique can be applied to your 
data handling problem ... write today for your copy of "THE TOPIC IS 
HIGH DENSITY". 

P OTTER 

PLAINVIEW, NEW YORK 

INSTRUMENT CO., INC. 
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two into retinal correspondence with a 
stereoscope. Instead of a steady fused 
image of the two sets of lines, 'vVitasek 
observed considerable retinal rivalry be
tween them. Either he saw the parallel 
lines or the obli<Jue lines, but he was 
unable at first to see both. (Witasek as
serted that he saw both sets of lines 
simultaneously after long practice, but 
no one has managed to confirm this.) 

Retinal rivalry, first observed by 
P. L. Panum more than lOa years ago, 
is characteristic of that stimulus concli
tion in which corresponding retinal 
points are stimulated by different or 
"incompatible" patterns. The phenom
enon takes the form of an alternation, or 
rivalry, between the patterns of stimula
tion falling on each retina. Thus Witasek 
failed to get an illusion because, whereas 
the "test" element of the figure (parallel 
lines) was in view, the "inducing" ele
ment (oblique lines) was temporarily 
suppressed or inhibited. 

We have recently repeated Miss Oh
waki's experiment in this laboratory 
using an extended range of illusory pat
terns, and while her quantitative results 
have been largely confirmed, we have 
also observed the striking rivalry effects 
reported by Witasek. Among the pat
terns we used were the two reproduced 
here [middle and bottom illustrations on 
page 16]. One is a variant of a figure 
from E. C. Sanford (A Course in Ex
perimental Psychology, 1894) and the 
other was used originally by William D. 
Orbison (The American Journal of Psy
chology, Vol. 52, pages 31-45; 1939). 
We presented these figures stereoscop
ically as well as to one eye only. In 
the stereoscopic presentation the lines in 
and around the square in both figures 
were either wholly or partly suppressed, 
and the observers reported a relatively 
bright square on a field of fragmented 
lines or circles. The square was very 
much more dominant than the other lines 
and disappeared less often. Similar sup
pression effects, with varying degrees of 
rivalry between test and inducing ele
ments, were reported with a variety of 
classical illusions. For such rivalry to 
occur it is not essential that the two parts 
of the figure be superimposed as they 
are in the two figures shown. Less strik
ing rivalry and suppression occur when 
test and inducing contours merely im
pinge or are slightly disparate. 

'vVe would not expect an illusion to 
occur when the inducing element is ex
cluded from the pattern. This is precise
ly what happens in stereoscopic viewing. 
We do not observe the illusory effect be
cause, as a result of an inhibitory process, 
the inducing element is suppressed while 
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1,000 
The most stimulating climate for science 

RESEARCH CENTERS your laboratory or research center in 
in America today is in New York State. this invigorating environment. Here 
New research and development cen tel'S are go· 

MAKE SCIENCE 
you

'
ll find the skilled personnel you need right 

ing up at an unprecedented rate. Currently at hand. The equipment and other facilities 
there are more than 1,000 such centers at you must have are here, too. Equally impor-
work in atomic energy, electronics, commu· BIG BUSINESS IN tant, you'll be in an area with good schools 
nications, pharmaceuticals, product develop· for your children and exceptional cultural 
ment anclother fields. Theirworkdetermines NEW YORK STATE and recreational opportunities. 

the future of industrial growth and pros· We will prepare for you -without cost or 
perity. The 71,000 scientists, technicians and admin· obligation - a confidential survey of proposed plant 
istrative assistants in these centers represent the sites, selected to fit your needs. Outline your reo 
nation's greatest concentration of research talent. quirements on your business letterhead and 
And it's enhanced each year as New York's 170 send them to Commissioner Keith S. McHugh, 
colleges turn out America's largest crop of Department of Commerce, Room 3803,112 
young scientists and engineers. Come, build State Street, Albany 7, New York. 
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A N E L E 

In data processing 

installations, where quality 

and volume of document 

production are critical, 

Anelex High Speed Printing 

Systems have consistently 

demonstrated unequalled 

speed and re/iability. �" � 

The National Defense Communications Control Center, 

which was designed by Philco Corporation, includes 

three special Anelex High Speed Printing Systems. 

Further informat ion available upon request 

ANELEX CORPORATION 

�II ••••• I� 160 Causeway Street, Boston 14, Massachusetts 
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the test element is in view. Ohwaki, and 
Witasek before her, have shown this 
quite unequivocally. To argue, as Oh
waki does, that this absence or decrease 
in illusion is evidence of the peripheral 
origin of the geometrical illusions is un
warranted. This type of experiment is an 
excellent way to demonstrate retinal 
rivalry, but it does not tell us very much 
about the nature of illusions. 

.Ross H. DAY 

Department of Psychology 
Brown University 
Providence, R.l. 

The Zollner figure 

A variant of Sanford's figure 

Orbison's figure 

© 1961 SCIENTIFIC AMERICAN, INC



Tough, durable Mylar® 
cuts costs ... intproves 
product perforlDance 

1. Motor size and weight arE! 
reduced with no decrease in 
horsepower when thin, light· 
weight insulation of "Mylar" 
polyester film is used. 

2. Wear-resistant book-jacket 
covers of "Mylar" keep books 
looking fresh and clean far 
longer ... cut rebinding costs, 
increase service life. 

3. Abrasion- and dirt- resist
ant cartons laminated with 
"Mylar" cut costs by lasting 
far longer than ordinary car
tons-can even be washed. 

For example, "Mylar"* polyester 
film gives many products extra re
sistance to chemicals and mois
ture . . . lengthens their life. To
day, "Mylar", with its resistance 
to heat and cold, high tensile 
strength in thin gauges, is improv
ing the performance of products 
as different as glazing film and 
tough, magnetic recording tape. 

Can this unique plastic film and 
products made with it help you? 
For more information on "Mylar", 
write: Du Pont Co., Film Dept., 
Room #8, Wilmington 98, Del. 

<[(]u P 0 NffP " '>1yla'" i, Du Pont', ,eg
o 

I . Istel"ed trademark for Its 
brond of polyester film. 

REi.!l.S.PAT.off. 

Better Things for Better living • • .  through Chemistry 

DU PONT 

AfYLAR� 
POLYESTER FILM 
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��ffiSHOOT 
Stretching from the California coast to the far Southwest Pacific is the U.S. 

Navy-managed Pacific Missile Range (PMR). This vast "shooting gallery" 

contains facilities for launching, tracking, and testing guided missiles-also for 

launching and tracking polar-orbit satellites and deep space-probe vehicles . 

• To operate and maintain the extensive line-up of PMR installations takes specialized technicians. A great many of them come 

from Bendix Radio Division, a down-range technical contractor for the Navy. As the map shows, Bendix and Navy personnel 

combine to provide the needed talents at island sites as well as aboard two satellite-recovery ships . •  Prime Bendix operation 

and maintenance responsibilities are many and varied. Shipboard radar. Communications of all kinds. Combat Information Center 

flight controllers. ICBM impact detecting and accuracy measuring instrumentation. Telemetry equipment. Tracking equipment. 

Five ranges make up the complex Pacific Missile Range. Three of 
them are shown here: ICBM (Intercontinental Ballistic Missile); 
AICBM (Anti-Intercontinental Ballistic Missile); and IRBM 

PA CIFIC 

ENIWETOK 

� � A/CBM 
IKWAJALEIN 

T�ncfY 
CORPORATION 

fiSHER BUILDING. DETROIT 2. MICHIGAN 

(Intermediate Range Ballistic Missile). Besides its island network 
of electronic instrumentation, PMR employs ships and aircraft. 
Pennants indicate installations manned by Navy-Bendix teams. 

SERVING THESE FIELDS: 
electronics • missiles & space 
aviation . nucleonics 
automotive • machine tools 
computer • sonar • marine 
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How do you service a satellite? 
The instant a manned satellite goes into orbit, the question 

of service becomes critical. How do you handle routine or 

emergency maintenance and repair, for instance? What 

about getting replacement parts up there, supplying food 

and other necessities, or removing and replacing personnel? 

At Northrop a special task force has been assigned to 

explore the complex technical problems involved and come 

up with practical recommendations. They are giving 

particular attention to such areas as the design of a gen

eral shuttle vehicle, close-in rendezvous and docking tech-

niques, requirements for manned maintenance at all levels, 

and methods for transfer of men, materials and equipment 

under conditions of weightlessness. 

Not all the problems are solved yet, even on paper. But 

a surprising number of practical answers have been found. 

That's Northrop's special strength ... finding realistic an-

swers to the problems 

of the space age, and 

translating them into 

working hardware. 

NORAIR 
A DIVISION OF 

NORTHROP 
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'TYPICAL RETAil PRICE 

Must you pay the high price of miniaturization� 
Electron-tube communication equipment, on the 
basis of a 25-30 watt output comparison, is priced as 
much as 32% lower than units employing solid-state 
devices. When this figure can amount to more than 
$247.00 per unit, the savings on large fleet pur
chases are obvious. 

Where smallest size is required, solid-state devices 
will provide the answer. However, only in electron
tu be eq uipment do you find such features as highest 
overload protection, simplified circuitry, time
proven design, and uniform operating 
characteristics over wide temperature 
ranges. Electron tubes don't require elab
orate protective circuits or heat sinks, so 
that fewer components are required to 
perform a given function. 

When maintenance is necessary, stand
ardized tube characteristics assure that 
equipment will meet original performance 
specifications without costly hand selec
tion of replacement components. 

Tubes are less expensive than solid-state devices 
by a ratio of about 3 to 1. Off-the-air time is held to a 
minimum by the many convenient sources of supply 
and by the ease of plug-in replacement. G-E electron
tube communication units provide the lowest per-mile 
cost of operation and the highest performance per 
initial dollar of investment. 

Before you buy your next electronic equipment, 
investigate and compare all the advantages of elec
tron-tube circuitry. 

To help you in your evaluation, send for your free 
copy of the 62-page comparative study, "Electronic 
Devices and Their Capabilities." 

To: General Electric Company, Room 7118A 
Receiving Tube Department, Owensboro, Kentucky 

Progress Is Our Most Important Product 

GENERAL ELECTRIC 
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Will sulphur help to light the world? 
That would be a large order and maybe the idea is in the land of 
fantasy but an interesting development involving sulphur has come 
from the Westinghouse Research Laboratories-electricity from a 
thermoelectric material heated to a very high temperature. The use 
of a thermocouple of dissimilar metals to measure temperature is, 
of course, not new and when so used generates a voltage. Today, 
through improved materials, the same concept is being developed to 
generate useful amounts of electric power. Recently, Westinghouse 
scientists discovered that two man-made rare-earth sulphides
Cerium Sulphide (Ce2S3) and Samarium Sulphide (Sm2S3)-can 
produce such power at very high temperatures. 

Science has long been searching for the short cut between heat and 
power. This Westinghouse development has interesting possibilities. 

As of the moment no 'tonnage' of sulphur is involved in this West
inghouse development but millions of tons of TGS Sulphur do go 
into industry annually from our producing properties in the States 
and Canada. Our regional terminal storage facilities for molten 
sulphur with short haul deliveries have greatly broadened the TGS 
service to industry. 

TEXAS GULF SULPHUR COMPANY 
75 East 45th Street, New York 17,N. Y. 
811 Rusk Avenue,Ho.uston 2, Texas 
Sulphur Producing UnitB: Newgulf, Texas. Moss Bluff, Texas. Fannett. Texae 
Spindletop. Texas . Worland. Wyoming • Okotoks, Alberta, Canada 

2 1  
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COLUMBIAN CARBON: 
for technical service around the world 

From the research that has made so many major contributions 

to the science of carbon-reinforced rubber ... to the workable, 

practical ideas that provide greater production efficiency and 

improved products ... Columbian's technical service team is 

rated outstanding throughout the industry! Today, as always, 

Columbian's technical service is a most potent reason for 

specifying Columbian blacks! 

COLUMBIAN CARBON COMPANY 
380 Madison Avenue, New York 17, N. Y. 
Branch offices and agents in principal cities 

WHEIEVEI YOU AlE, SEIVICE IS AVAILAlLE 
10 YOU FROM THESE TECHNICAL SEIVICE CEHTEIS: 

Now York, N. Y. 

.,I",oton, N. J. 
Akron, Ohio 

Monr •• , La. 

%UI, Swltz.rlond 

MHon, Italy 

5 ••• oulo, 'r •• 11 
London, Inllond 

There are Columbian representatives located in these and 35 
other countries around the world. To take advantage of 

Columbian Carbon technical service-no matter where you 

are located-contact your local Columbian representative. 

International distribulor: 

COLUMBIAN CARBON INTERNATIONAL, INC. 
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'Exploring inner man. A television "lens" to take pictures inside a beating 

heart ... a cardiac probe to remove calcium deposits by sound wave ... an electro

magnet to ease a tube through the stomach and pylorus to clear obstructions in 

seconds. These and other devices now under development at Avco give promise 

of enriching Man's life by helping to erase his ailments. Some are already being 

clinically tested by the nation's leading health organizations, working with Avco ' s 

Research and Advanced Development Division. _ 
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AVCO CORPORATION, 760 THIRD AVENUE. NE W YORK 17, NE W YORK. 

23 

© 1961 SCIENTIFIC AMERICAN, INC



Guide to a space ride 
Inland DC torque motors are integral components of 
many major U.S. missile guidance and ground support 
control systems. These direct-drive torquers provide 
efficient, low speed operation and produce exceptionally 
high torque to power ratios. Their gearless, pancake 
design eliminates backlash and other problems in
herent in conventional motor design. 

Inland products are used in various space instrumenta
tion systems. For example: 

• DC torque motors and rotary amplifiers are utilized 
in tracking antennas for Project Mercury. 

Resumes invited from qualified optical engineers. 

24 

• For a space exploration miSSion, Inland torque 
motors will help keep solar energy cells constantly 
aimed at the sun. 

• For a new satellite, Inland torque motors and 
tachometer generators will keep cameras in constant 
focus on the earth. 

Inland Motor Corporation is a subsidiary of Koll
morgen Corporation. Both coordinate their efforts in 
the design and production of instruments and systems 
involving optics, mechanics and electronics for in
dustry and defense. For literature, Write Dept. 9-9. 

&. OLLlWORGEN 
CORPORATION C NORTHAMPTON, MASSACHUSETTS 
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The RPC-4000 Electronic Computing System can help 

a company drowning in a sea 01 ligures 

If your company's progreSoS towards new products (and 
fresh profits) is swamped by a rising tide of figure 
work ... if your company needs a computing system 
but has been sitting on the fence waiting for the right 
one to come along-then you should know more about 
the Royal Precision RPC-4000. The RPC-4000 is an 
advanced, fully- transistorized computing system 
offering "medium-scale" capability at a surprising 
small-scale price. It is equally suitable for engineering 
or business use. It requires no air conditioning, no 
site preparation. It plugs into any nO-Volt AC outlet. 
And, with COMPACT, the new compiler: 1) you achieve 

machine language compatibility with popular large scale 
systems . .. 2) you receive the ultimate in automatic 
programming techniques and . .. 3) you eliminate 
cumbersome conversion routines. Royal Precision 
RPC-4000's are being delivered now. With it, you get 
the help of a skilled service force with experience in 
over 450 computer installations. All good reasons, 
surely, for writing to 
Computers, Royal 
McBee Corporation, 
Port Chester,N.Y. for 
more information. 

ROYAL GENERAL 
McBEE PRECISION 

ELECTRONIC DATA PROCESSING SYSTEMS 

C 1961 ROYAL MCIIE£ 
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ELECTROSTATIC 
PARTICLE ACCELERATORS 

These provide a wide range of particles 

and radiations: 

Electrons-Protons-Neutrons

Deuterons-X-Rays. 

• Voltages to 600 KV, infinitely variable 

• Current to 4 rna 

• Stability to ±.O 1 % 
• Ion current (Protons or Deuterons) 

to 0.6 rna continuous 

• Electronic beam current to 3 rna 
continuous 

• X-Rays to 1000 Roentgens/sec 

• Beam diameters adjustable, 2 to 10 mm 

• Beam pulsing available, 10 to 200 p.S 

Maximum Safety: Low internal capaci
tance. Minimal short circuit currents. 
Remote adjustment and shut down. 
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• Write for literature e 

�tlHIRA 
30 Broad Street, Rm. 3702 

New York 4, N.Y. 

50 AND fOO 
YEARS AGO 

ISf£IENTIFI£II]MERI£AN I 
SEPTEMBER, 1911: "In our last 

issue we mentioned Beachy's new alti
tude record of 11,640 feet made at Chi
cago recently. This has since been ex
ceeded by Carros in a BJeriot mono
plane. On September 4 this daring 
French aviator ascended to a height 
of almost 2)� miles (4,000 meters), or 
12,954 feet. This startling performance 
would indicate that there is no limit to 
the height to which an aeroplane can 
soar. Carros reached an elevation al
most as high as Pikes Peak, in Colorado. 
It has always been supposed that the 
monoplane was more difficult to drive to 
such great elevations than the biplane, 
but such has been demonstrated to be 
untrue and the monoplane now holds 
the palm for height as well as for speed." 

"For several years Prof. H. Kamer
lingh Onnes, of Holland, has carried out 
exceedingly interesting experiments on 
the enormous decrease of electrical re
sistivity that pure metals undergo at very 
low temperatures. He has now perfected 
his experimental facilities for the use of 
liquid helium and the results of his de
terminations of the resistivity of pure 
gold and mercury at liquid helium tem
peratures are given in abstract in the 
London Electrician. The author's recent 
experiments with gold have greatly 
strengthened his former conclusion that 
the resistance of pure gold vanishes at 
helium temperatures. Even more inter
esting are the experiments with mercury. 
The value of the mercury resistance used 
was 172.7 ohms in the liquid condition at 
o deg. C. At 43 deg. K. this had sunk to 
.084 ohm. At 3 deg. K. the resistance was 
found to have fallen below 3 X 10-16 
ohm." 

"The Otis Elevator Company has ob
tained a patent for an elevator that has a 
conveyer transporting between different 
levels in which the direction of move
ment is clockwise and contraclockwise. 
The elevator is in the form of a moving 
stairway, having ascending and descend
ing series of steps that travel in spiral 
paths in opposite directions about a 

common center of curvature. The in
ventor is Charles Leeberger of New 
York City." 

"Just as the accurate measurements of 
controlled phenomena have taught us 
much that is definite and much that is 
useful about tine divisibility of matter, 
so also cleverly designed and skillfully 
executed experiments are giving us 
equally definite knowledge of the atomic 
nature of electricity, of the fact that there 
is a measurable and seemingly ultimate 
limit to the divisibility of an electric 
charge, and what the exact magnitude 
of the ultimate charge is. A few years 
ago it would have been almost silly even 
to have dreamed of accomplishing such 
an experimental feat. But Prof. R. A. 
Millikan of the Ryerson physical labo
ratory at the University of Chicago has 
most cleverly solved this seemingly im
possible problem. Free gaseous ions of 
either sign have been captured at will, 
either singly or in multiples, and their 
magnitude has been so carefully meas
ured, under conditions so free from as
sumptions, that the size of the electrical 
atom, the smallest quantity of electricity 
now attainable, is known probably to 
within one part in 500 of its actual value. 
Numerically this value is the absolute 
electrostatic unit multiplied by 4.891 X 
10-10, a quantity incomprehensibly 
small." 

SEPTEMBER, 1861: "The civil war 
in our country has had a most injurious 
effect upon the export trade of Creat 
Britain with America. During the first 
six months of the present year British 
exports to the United States had fallen 
off about 40 per cent. The statistics of 
the British export trade with this coun
try present some very striking features. 
In 1845 it amounted in value to little 
more than $31,500,000; in 1856 it 
rose to $105,000,000; in 1858 it fell 
to $65,000,000, and in 1859 it rose to 
nearly $110,000,000. It is expected that 
the exports will fall to $60,000,000 for 
the current year. The imports of Creat 
Britain, on the other hand, have in
creased in an astonishing degree, and 
these are assumed to be signs of the 
growing prosperity of that country." 

"The telegraph line now being put up 
to connect the Pacific with the Atlantic 
States is progressing satisfactorily. The 
Alta Californian states that if no accident 
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WHAT GOES ON HERE? 

Bell Telephone Laboratories' new electronic 
"nerve cell" is a step toward finding out 

One fascinating area of communications has long re
sisted exploration - what happens inside the nervous system 
when you see, or when you hear. 

This area is of special interest to telephone science; 
knowledge of how the nervous system handles sound and 
picture signals can help determine what information is 
essential to perception. This in turn may lead to more 
efficient communication instruments and systems. 

To probe the mystery of nerve activity, Bell Telephone 
Laboratories scientists have developed an electronic model 
of a living nerve cell or neuron. Consisting of transistors, 
resistors, capacitors and diodes, the "artificial neuron" 
exhibits many of the characteristics of a living neuron; for 
instance, "all-or-none" response and fatigue. 

Network of neurons is assembled by L. D. 
Harmon of Bell Laboratories, the initiator of 

this new research. Many kinds of assembl ies 
are possible. 

BELL TELEPHONE 

In one experiment at Bell Laboratories, a network of 
artificial neurons is subjected to a stimulus from light 
through a set of photocells. The network can distinguish 
specific patterns of light and dark, thus duplicating roughly 
some of the eye's basic reactions to light. Similar studies 
are underway to explore our hearing processes. 

At present, too little is known about neural action to 
permit exact electronic duplication. But experiments with 
artificial neurons can provide suggestive clues, contributing 
to a stimulating interplay between electronics and neuro
physiology which may help workers in both disciplines. 

The human nervous system, including the brain, is the 
most efficient and versatile nata processing system known; 
and data processing is an essential part of communications. 
The artificial neuron provides a new approach to investi
gating and understanding basic nerve network functions_ 
It is a fresh example of how Bell Telephone Laboratories 
constantly explores new frontiers to improve America's 
communications system, now and in the years ahead. 

A single artificial neuron. It delivers electri· 
cal impulses when stimulated, like a living 

cell. Neurons are also being used for research 

into hearing. 

LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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D!�l,p!lq»e 
Oide,t Recorder 

THIS IS THE DICTET TAPE 
RECORDER-ACTUAL SIZE 
Dictet is a small, high-quality, precision-made 
tape recorder. It weighs only 2 Ibs., 11 oz. and 
can be used anywhere without plug-in. 

Dictet avoids tape-threading with a simple slip

in magazine. It records for a full hour. Mercury 

batteries are good for 20-plus hours of record· 

i ng. Service is available virtually everywhere. 

Executives, engineers, lab men use Dictet to re

cord field and lab data, on-the·spot ideas, as a 
trap for fleeting thoughts and as an electronic 

memo pad from which secretariescan transcribe. 

Dictet makes a man a team of men. Judge for 
yourself. Write FREE TRIAL on your business card, 

send it to Dept. SA, Dictaphone Corp., 730 
Third Ave., N. Y. 17, N. Y. for a 3-day free trial. 
DICTAPHONE, DICTEl. REGISTERED TRADEMARKS OF OlcrAPI-IONE CORPORATION. 
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happens to the teams employed in the 
work, the western half of the overland 
line between San Francisco and Salt 
Lake will be in working order before the 
first snow falls in the valley. On the 
eastern side the line is up to Julesburg, 
200 miles west of Fort Kearney." 

"When repeated charges of electriCity 
are passed through a jar filled with at
mospheric air or with pure oxygen gas, 
the oxygen acquires new properties. It 
emits a peculiar odor, it possesses ex
traordinary bleaching powers, and it has 
its affinities, or power of combining with 
other substances, very largely increased. 
Schonbein, who first discovered this fact, 
supposed that he had found a new sub
stance, and he gave it the name of ozone, 
from the Greek OZO, odor; its most strik
ing peculiarity being the odor that it 
emitted. We find in La RepertOire de 
Chimie Appliquee an account of some 
recent investigations that have revived 
the first idea of Schon bein, that ozone is 
not oxygen but a separate element. 
Messrs. Andrews and Tait, after a long 
series of observations, regard it as prob
able that oxygen is a compound sub
stance, and ozone is one of its elements." 

"We invite attention to a paper re
cently read by Mr. Bessemer on his 
process of refining iron and making steel. 
Six years ago the first experiments with 
this process attracted a great deal of at
tention throughout the world, it being 
regarded as holding forth the promise 
of working a complete revolution in the 
mode of refining iron, and very mate
rially redUCing the price of steel. The 
doubts in regard to the matter were such 
as are inseparable from all untried in
novations, and the world has been 
watching the progress of the enterprise 
with very deep interest. The evidence, 
therefore, that Mr. Bessemer produces 
of the complete industrial success of the 
manufacture, and of the very superior 
qualities of his iron as well as of his steel, 
will attract general attention among 
mechanicians. The Bessemer steel seems 
to be the very best material for ordnance. 
It will be observed that Mr. Bessemer 
says that works sufficient to turn out 
steel enough to make forty IS-pounders 
per day may be erected for $25,000. 
Mr. Bessemer took out a patent in this 
country, but it was subsequently set 
aside in a case of interference with Wm. 
Kelly of Lyon's County, Ky., who was 
held to be the first inventor. Would not 
some of our enterprising iron manufac
turers make a good operation by getting 
hold of this patent and starting a manu-

I factory of the steel in this country?" 
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HOW ADVANCED IS THE ART OF ENERGY CONVERSION? 

Chemical-Electrical: Fuel Cells. The direct conversion of chemical energy to electrical energy 

via fuel cells has for years been regarded as a great potential power 

source. The problem has been to translate theory into practical, produc

ible devices. Recent prototype testing indicates this need may now be met . 

• -The men at Leesona Moos Laboratories 

are responsible for a good deat of the 

early research on fuel cells. Present work is 

in two main areas: the hydrogell-oxygen 

Hydrox® cell, and hydrocarbon-air Carbox® 

cell. Thus far, prototypes of such cells have 

demonstrated good performance. Outputs 

with hydrogen equalling 150 watts per sq. 

ft. of electrode are readily achievable. 

The H ydrox® cell can be designed as a 

regenerative unit which utilizes the same fuel and oxidant over and over, 

or as a non-regenerative unit which produces potable water as a 

by-product. The Carbox® cell, still under development, offers the 

adyantage of more economical fuel. 

.-A typical HydroXi' Fuel Cell test batteTY is shown lure. Fig. A shows 

the complete assembly and Fig. B indicates the internal fuel cell 

electrodes. It is but one of many configurations designed by Leesona 

Moos Laboratories . 

• -Leesona Moos Laboratories has been actively involved in the field 

of energy conversion for 13 years. Thermoelectric, electrochemical, and 

nuclear power sources, ranging from megawatt reactors to microwatt 

batteries, have been investigated. Some of these are offered as products, 

for example, the Dynox@ solid state battery, Raypak® nuclear power 

pack, and Betachron® nuclear timer. An informative brochure on current 

state of energy conversion techniques with emphasis on fuel cells is 

available from Department 11. 

LEESONA MOOS LABORATORIES 
A Division of Leesona Corporation. 90-28 Van Wyck Expressway. Jamaica 18, New York. AXtel 7-4400 
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in 
chemistry 

from Norton 

Thermal stability ... unusual pu
rity.This is what the research chemist 
looks for in refractory materials. 
N orton Company offers him both. 

Hydrogen for a variety of applica
tions is available today from high 
temperature reactors lined with fused 
aluminum oxide refractory material. 
The requirement here is to contain 

the reaction . . .  containment without 
contamination. Norton material 
meets the need. One important use 
of this hydrogen . • . . which can be 
made anywhere . . . is in ammonia
base fertilizers for sub-marginal land. 
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Maleic and phthalic anhydrides, 
and ethylene oxide, are products of 
reactions which offer a similar chal
lenge. The catalyst carriers for these 
reactions must have heat resistivity, 
uniform size and porosity, and a 
purity not commonly found in ce
ramic materials. Norton pioneered 
their development, and has a fund of 
knowledge for anyone interested in 
catalysis. 

In the chemical industry as in other 
fields, Norton is crystallizing ideas 
into products ... through oxide chem
istry, and through fundamental work 

in carbides, nitrides and borides. We 
are ready to work with you. Write 
NORTON COMPANY, Refractories Di
vision, 548 New Bond St., Worcester 6 , 
Massachusetts. 

(NORTON) 
REFRACTORIES 

Crystallizing ideas 
into products 

-
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Another measure of the 
competence of Liquidometer 
in advanced instrumentation 

FLUID, FOAM, OR FLOATING GLOBULES ... 
whatever a liquid's state or attitude, whether still or 

in agitation, the volume indication is the same with 

the liquidometer Matrix liquid Quantity Gauge. A 
capacitor type measuring probe - intercellular in 

construction - is the heart of the system. In addition 

to actuating an indicator, output can be telemetered, 

used for control purposes, or fed into computers. 

Potential applications: measuring liquid oxygen for 

astronauts; gauging liquids in advanced rocket pro

pulsion systems; all-attitude gauging of aircraft fuels. 

Technical details in Booklet 694. 

In the design and production of advanced instrumentation-electronic and electromechanical-Liquidometer offers many 
widely demonstrated capabilities, plus the talent and the willingness to pioneer. We welcome the opportunity to apply 
these qualifications, and our 40 years of experience, to your instrumentation requirements. Write for our capabilities brochure. 

THr: LIQU I DOM E:TE:R CORP. 
DEPT. W3, LONG ISLAND CITY 1, NEW YORK 

loOtAUt-t t .-� � � 
. �i.nct 1920 :: ! 

.,.� 
INS'''' 
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RELJABlLITYin depth, from 

HIKE ZEUS 
Army's Anti-Missile Missile 

Prime Contractor: western Electric 

Missile: Douglas Aircraft 

Scientific and engineering groups at Thiokol, func
tioning as part of the Army Ordnance team, have 
developed propulsion systems of total reliability for 
a wide range of military requirements. Motors for 
Lacrosse, and for the developmental Sergeant and 
Pershing, the modern field artillery-powerplants for 
the Nike Hercules and Nike Zeus, defenders against 
air borne and ballistic missile attack ... these are 
products of the joint Army-Thiokol effort. Additional 
capabilities for Army's advanced thinking are pro-
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research through production 

NIKE HERCULES 
Air Defense Missile 
Prime Contractor: 
Western Electric 
Missile: Dou�las Aircraft 

REDSTONE The most powerful single solid 
rocket booster ever fired in the free 

world-450,OOO lbs. thrust --was developed for the Army's 
Nike Zeus program at l'hiol,ol's Redst 01M Division. The 
motor is a product of research from propellant formation 

-to scale�up and development of largest thrust rocket 
_ motor to-date. ---

Production techniques of the most 
advanced nature are featured at 

Longhorn" to assure the military a steady flow of rocket 
motors of unvarying dependability. Through combined 
divisional efforts, Thiokol is producing reliable power
plants for the key air defense and anti-missile missiles, the 
Army's Nikes ... Hercttles, now operational ancl guarding 
major population centers ... developmental Zeus, whose 
1'epeatedly successful R&D launchings !tnderscore Thiokol 
capabil-ity to design and deliver rocket motors to meet 
every tactical req!tirement. 

vided by other Thiokol Divisions. Utah, for large engine production- RMD, for sophisticated 
liquid systems - - Elkton, for diversified special motors. 
Experiences gained through their development . .. basic laboratory research into high energy 
fuels and materials, new processing and evaluating 
methods, automatic production and quality control 
techniques, the most advanced and fluid research and TH 10 VJO L manufacturing facilities ... all have added immeasur- N 
ably to the progress of Rocketry, U.S.A� All can be 
brough t to bear in the most challenging future proj - TmOKOL CHEMICAL CORPORATION. Bristol. Pennsylvania 
ects of the space age. Rocket Operations Center: Ogden, utah 
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In less time than it takes light to cross this room, 

a new product, DE LC O'S N EW high speed Me 
silicon modules, could: (1) correct the course of a missile in flight; 

(2) make it possible for sonar pickups to track and compute the 

position of targets with microsecond accuracy; and (3) handle any 

number of other airborne guidance and control functions that previous 

modules-due to low speed or environmental or performance limitations 

-could not handle. Delco Radio's 10mc modules, with a maximum 

gate-switch speed of 40 nanoseconds, convert data 100 times faster 

-even under the most extreme environmental conditions. 

These SILl CO N modules come epoxy encapsulated, and 

operate over a temperature range of - 55°e to + 100oe. And these 

same reliable DIG ITAL circuits are available packaged on 

plug-in circuit cards. These Delco MOD U LES are environmen

tally proved to: SHOCK, 1,000G's in all planes. VIBRATION, l5G's at 10 to 

2,000 cps. HUMIDITY, 95% at max. temp. STORAGE AND STERILIZATION TEMP. 

- 65°e to + l25°e. ACCELERATION, 20G's. Designed for systems 

using from one module to 100,000, and the module's rated 

performance considers the problems of interconnection. Data sheets 

are available. Just write or call our Military Sales Department. 

Physicists and electronics engineers: Join Delco Radio's search for new and better products through Solid State Physics. 

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS �LCO 
Division ofGener.,IMotors • Kokomo, 'ndi.,na EPENOABILITY 

010 
ELlABILiTY 
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THE TAPE THAT CHANGED TV 

FOR ALL TIME 
leads you right to rugged 

SCOTCH@ BRAND Heavy Duty Tape 

THE TIE that binds television's top performer to 
instrumentation tape is strong-and it goes be
yond the fact that the same expert team produces 
the best of both. "SCOTCH" BRAND Heavy Duty 
Tapes share a common heritage-and uncommon 
endurance-with "SCOTCH" BRAND Video Tape, 
the tape that puts a network TV show on the same 
"clock time" from Maine to California. 

Similarities worth noting between the two: a 
similar high-temperature binder system, famous 
"SCOTCH" BRAND high potency oxides, a similar 
ability to resist tremendous speeds, pressures and 
temperatures while providing high resolution. 

Let's look at the record of "SCOTCH" BRAND 
Video Tape and .see what message it has for the 
user of instrumentation tape. On a standard reel 
of video tape like that 
shown here, some 11h mil
lion pulses per second must 
be packed to the square 
inch - on a total surface 
area equal to the size of a 
tennis court. The tape must 
provide this kind of resolu
tion while defeating the de
teriorating effects of high 
speeds, pressure as high as 
10,000 psi and tempera
tures up to 250°F. 

The fact is that video tape must be essentially 
perfect. And it's a matter of record that thus far 
only the 3M experts have mastered the art of 
making commercial quantities of video tape that 
consistently meet the demands of the application. 

Significantly, the high-temperature binder sys
tem developed for "SCOTCH" Video Tape is first 
cousin, only slightly removed, to that used in the 
Heavy Duty Tapes. It's this special feature that 
has given Heavy Duty Tapes their exceptional 
wear life. 

The moral emerges: for tape that provides the 
best r\;solution of high and low frequencies under 
the severest conditions, turn to "SCOTCH" BRAND 
Heavy Duty Tapes 498 and 499. 

They offer the high temperature binder system, 
plus the same high quality and uniformity that 
distinguish all "SCOTCH" BRAND Tapes. As the 
most experienced tape-makers in the field, 3M 
research and manufacturing experts offer tape of 
highest uniformity-from reel to reel and within 
the reel. Check into the other "SCOTCH" BRAND 
constructions: High Resolution Tapes 457, 458 
and 459; High Output Tape 428; Sandwich Tapes 
488 and 489; and Standard Tapes 403 and 408. 

Your 3M Representative is close at hand in all 
major cities. For more information, consult him 
or write Magnetic Products Division, 3M Co., 
St. Paul 6, Minnesota. © 1961 3M Co. 

"SCOTCH" and the Plaid Design are registered trademarks of the 3M Company, 
S1. Paul 6, Minn. Export: 99 Park Avenue, New York, N.Y. Canada: london, Ontario. 

SCOTC'N BRAND MAGNETIC TAPE 
FOR INSTRUMENTATION 

MINNESOTA M'NUIG AND MANU'ACTUIUNG COMPANT 

• • •  WHEItE "lstARCH IS THE KEY TO TOMOItItOW 
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MAPPING THE MAKE-UP 
OF MOLECULES 

• • •  from proteins, in cancer research. 
to profitable products for industry! 

GENERAL ELECTRIC MAKES X-RAY "PLANT-PRACTICAL" FOR 

� I <®> l eW hh � AA,v I f}f;;:\ till If' V rio .'X!..5:!. . . 

MEASURING INSPECTING ANALYZING IRRADIATING 

GENERAL ELECTRIC "XRD" X·RAY ANALYSIS 
EQUIPMENT ferrets-out basic answers impossible 
or difficult to obtain by other means. Witness one 
current application: helping map the frontiers of 
cancer research, through protein structure analy
sis. Solving this problem is expected to be a 
major step in understanding and perhaps pre
venting abnormal growth of living cells - cancer. 

G-E x-ray diffraction and spectrometry equip
ment also supplies industry with proved, plant
practical tools for proquct control, development 
and research. Publicized results in new products 
include Nylon, magnetic TV tape, high-test gas
olines, high-temperature alloys, synthetic fabrics 
and films, to cite only a few. There are probably 
more uses for x-ray analysis than any other 
procedure for physical investigation. 

Product control through "XRD" sample analy
sis can bring remarkable savings compared to wet 
chemistry . . . often reduce your work of hours 
to mere minutes. Find out for yourself how 
"XRD" can help produce superior products, and 
evolve new ones. Contact your G-E representa
tive; or write X-Ray Department, General Elec
tric Company, Milwaukee 1, Wis., Room TT-94. 

ltogress Is Ovr Most Imporf-1nf Prot/vel 

GENERALe ELECTRIC 
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probably the purest metal ever pr'oduced by man ... 

A curious metal is gallium. It melts in your hand, but doesn't 
boil until 1,983 0c. Like water, but unlike most elements, it 
expands when solidified. Gallium exists in nature, particu
larly in aluminous ores of the bauxite type. But because of 
low concentration, it is not economical to process these ores 
for gallium content alone. Discovered in 1875, this rare 
metal only recently has shown commercial promise. 

Gallium is extremely anisotropic. The variation in electri
cal resistivity is thought to be greater than for any other 
known metal. Gallium is widely used in semiconductor de
vices such as tunnel diodes, high-speed switches and micro
wave diodes. Gallium alloys readily with most metals, which 
leads to applications as cathodes in specialized vapor-arc 
lamps, in dental alloys, as low-resistance contact electrodes. 

Gallium is used as a sealant for glass joints in laboratory 
equipment, particularly mass spectrometers and vacuum 
equipment. It shows promise as a heat transfer medium in 
nuclear reactors. It is added in small amounts to certain 
selenium rectifiers because it emits electrons at fairly low 

temperatures. It is being evaluated as thermionic valve 
cathodes for the same reason. 

Today Alcoa produces three grades: 99.99 per cent pure, 
99.999 per cent pure and 99.9999 per cent pure (Ga-4, 
Ga-5, Ga-6)-probably the purest metal cver produced by 
man. Alcoa's spectrographic and electronic techniques are 
the most rigorous and highly developed in the industry. 

Are you interested in gallium applications-tried or un
tried? Our research and development people are available 
for discussion. Please write Aluminum Company of Amer
ica, 701-J Alcoa Building, Pittsburgh 19, Pa. 

For exciting drama watch "Alcoa Presents" 
every Tuesday evening-ABe-TV 

ALCOA CHEMICALS 
ALUMINUM COMPANY OF AMERICA 
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What's new in 
drafting materials? 
Get it firsthand from 
Dietzgen 

Today's engineering and production 
achievements are miracles of teamwork. 

The talents of scores, hundreds and 
even thousands of engineers, architects, 
technicians, draftsmen, and specialists 
are coordinated through rapid and ac
curate interchange of ideas. Technical 
drawings are the primary communica
tion media of this progress and their 

preparation represents approximately 
70% of the total engineering costs. 

Dietzgen's long experience and con
tinuing research plays an important part 
in providing new techniques, materials, 
and equipment to boost drafting room 
efficiencies. For example: Dietzgen "no
print" gridded drafting media promote 
faster, more accurate sketch work and 
eliminate many tedious re-drawing op
erations. New Dietzgen sensitized draft
ing media have pioneered such time
saving cost-cutting techniques as tem
plate drafting, registration drafting, and 
new methods for retrieving drawings 
which have lost their line density. 

No organization can afford to ignore 
the advantages and economies these 

new drafting media provide. Now is the 
time to try, test and prove the value 
of Dietzgen drafting materials in your 
engineering-drafting departments. 

Write today for the new Drafting 
Media brochure. This 28-page booklet 

not only presents what's new in draft
ing materials, it also explains and illus
trates their many uses. Address your 
request on your company letterhead 
and ask for Publication MKTG3-J239. 
EUGENE DIETZGEN co. Chicago 14, Illinois. 

DIETZGEN 
EVERYTHING FOR DRAFTING 
SURVEYING & PRINTMAKING 

PRINCIPAL OFFICES: 
CHICAGO 
NEW YORK 
NEW ORLEANS 
SAN FRANCISCO 
LOS ANGELES 
CALGARY 
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THE AUTHOR'S 
JEAN BRACHET ("The Living 

Cell") is professor of general biology 
at the Free U niversitv of Brussels, of 
which his father, the anatomist and 
embryologist Albert Brachet, had been 
the rector. As a medical student at the 
Free University, Brachet did research 
under the direction of Albert M. Dalcq, 
acquired an M.D. degree in 1934 and 
joined the faculty as an instructor in 
anatomy the same year. Brachet writes 
that he "preferred the satisfaction of 
doing original and independent re
search in biology to the responsibilities 
of medical practice .. . and decided to 
study the elementary forms of life, -i.e., 
cells and embryos. Such studies ulti
mately will lead to a better understand
ing of the origin of cancer and to a more 
logical therapeutic approach to disease." 
Brachet has held visiting professorships 
at the University of Pennsylvania, the 
Rockefeller Institute, the Pasteur In
stitute in Paris and the Indian Cancer 
Research Centre in Bombay. 

ALBERT L. LEHNINGER ("How 
Cells Transform Energy") has since 
1952 been DeLamar Professor of Phys
iological Chemistry and director of the 
department of physiological chemistry at 
the Johns Hopkins School of Medicine. 
He received his B.A. from Wesleyan 
University in 1939 and his M.S. and 
Ph.D. from the University of Wisconsill 
respectively in 1940 and 1942. After 
teaching at Wisconsin until 1945, Lehn
inger joined the faculty of the Uni
versity of Chicago. In 1951 he went 
to the University of Frankfurt as an 
exchange professor, and in 1951 and 
1952 he was a Guggenheim fellow and 
Fulbright research professor at the 
University of Cambridge. In 1948 Lehn
inger discovered that the enzymes 
involved in the citric acid and respira
tory cycles of energy transformation 
in the cell are located in the mito
chondria. 

VINCENT G. ALLFREY and AL
FRED E. MIRSKY ("How Cells Make 
Molecules") are respectively associate 
professor of molecular biology and Mem
ber of the Rockefeller Institute. Allfrey 
took a B.S. in chemistry at the College 
of the City of New York while working 
as a laboratory technician with Mirsky 
at the Rockefeller Institute. Following 
service with the Army Medical Corps in 
1944 and 1945, Allfrey acquired an M.S. 

at Columbia University in 1948 and a 
Ph.D. there in 1949. Since joining the 
Rockefeller Institute in 1949 he has 
worked on the problems of isolating 
cell nuclei and on the genetic control 
of protein synthesis. Mirsky, who is 
editor of the Journal of General Phys
iology, received a B.A. from Harvard 
University in 1922 and a Ph.D. in 
physiology from the University of Cam
bridge in 1926. He went to the Rocke
feller Institute in 1927. 

DANIEL MAZIA ("How Cells Di
vide") is professor of zoology at the 
University of California. He received his 
A.B. in 1933 and his Ph.D. in zoology 
in 1937 from the University of Pennsyl
vania, where he did graduate work under 
the direction of L. V. Heilbrunn. After 
a year as a National Research Council 
fellow at Princeton University, working 
under E. Newton Harvey, Mazia went to 
the University of Missouri. There he 
became interested in the role of nucleic 
acids in chromosome structure and later 
in the functions of cell nuclei. He 
joined the faculty of the University of 
California in 1950. Mazia began doing 
research on the process of mi tosis in 
1952, when a former classmate of his at 
Pennsylvania, Katsuma Dan of Tokyo 
Metropolitan UniverSity, visited his lab
oratory. The result of their collabora
tion-the Rrst isolation of the mitotic 
apparatus from a cell-was described by 
lVlazia in his article "Cell Division," 
which appeared in SCIENTIFIC AMERI
CAN for August, 1953. 

MICHAIL FISCHBERG and AN
TONIE W. BLACKLER ("How Cells 
Specialize"), who have worked to
gether in the Embryology Laboratory 
at the University of Oxford since 1959, 

will continue their joint research this 
year at the University of Geneva, where 
Fischberg has been appointed to the 
chair of zoology and directorship of 
the department of zoology, and Blackler 
to a visiting professorship. Fischberg 
was born in St. Petersburg in Russia 
and was educated in Switzerland, re
ceiving his Ph.D. from the University 
of Ziirich in 1946. After a year of post
doctoral research a t the U ni vers i ty 
of Basel, he went to the Institute of 
Animal Genetics in Edinburgh on a 

two-year research fellowship from the 
Swiss Academy of Medicine. Fischberg 
became Jenkinson Memorial Lecturer 
in Embryology and head of the Em
bryology Laboratory at Oxford in 1951. 

During this past year he was a visiting 
professor at the Rockefeller Institute. 
Blackler, who jOined Fischberg's lab-

NOW FROM 
KIDDE ELECTRONICS! 

Static inverters, converters, frequency 

changers, power supplies: lighter, 

more reliable, lower in cost! 

Now, with new engineering tech
niques, Kidde Electronics Labora
tories can offer static inverters, 
converters, frequency changers and 
power supplies which are more reli
able, lighter in weight, and lower in 
cost. For example, static inverters 
can employ symmetry modulation, 
pulse width control or stepped wave 
techniques; static frequency chang
ers can employ intermediate DC or 
straight-through method consisting 
of switch or phase modulation tech
niques. Kidde working units employ
ing these techniques cover the fol
lowing ranges: 

Static Frequency Changers - 10 V A to 
10 KV A, 50 cps to 3200 cps upward 
and downward. 

Static Inverters -10 V A to 10 KV A, 
frequencies to 5,000 cycles, sinusoidal 
and square wave. 

Static Converters (DC to DC) -Voltage 
step up and down. Input less than 1 V. 
Output greater than 16KV. 10 micl'o
amps to 1000 amps, dissipative and 
non-dissipative regulation. 

Static Power Supplies - Special pur
pose type static power supplies, lOW to 
5KW, 1 V to 16KV, dissipative and non
dissipative, regulated. 

. lectronics Kidde � 
fE[t,bo,aw'e> 

V 
WALTER KIDDE & COMPANY, INC. 

914 Brighton Road, Clifton, N. J. 
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ONLY 1� TURNS 

IFLUKE! 

POTENTIOMETERS 
provide 

10 TURN RESOLUTION 

FEATURES 
• Wide Frequency 

Range 

Model • Low Residual 
20A Reactance 
shown 
actual 
size 

• Ease of Operation 
• Low Cost 
• Ease of Installation 

The FLUKE Model 20A Vernier Poten
tiometer provides resolution equivalent 
to that of 10 turn helical potentiometers 
with only 550' of shaft rotation. At the 
same time, the 20A requires only a frac
tion of the space occupied by helical 
potentiometers, and, in fact, occupies 
less space than many single turn, low 
resolution potentiometers. 

Small size makes the advantages of a 
high resolution wirewound potentio
meter available to those with limited 
space applications. The one and one
half turn control of the entire adjust
ment range allows SUbstantial time sav
ings in frequently adjusted or multiple 
potentiometer installations such as 
analog computers and data logging 
systems. Equipped with a screwdriver 
slotted shaft, the Model 20A also makes 
an ideal high resolution trimmer. 
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The FLUKE Model 20A is avail
able from stock in resistance 
values ranging from 100 ohms to 
25 K ohms, and can be provided 
with a calibrated readout dial and 
lock-type knob. 

PARTIAL SPECIFICATIONS 

Standard Tolerance: ±5%, available 
to ±l % in special order. Linearity 
±0.5%. 
Resolution: 1000 ohms, 1 part in 
5600. Increased resolution for high
er values. 

Power Rating: 2 walts at 20' C, 
derated to 0 at 100' C. 

Price: As Shown, $8.50. 

Additional information on request 

eaUle 33 Washington 

oratory in 1959, took his B.Sc. at 
University College London in 1953 and 
his Ph.D. there in 1956. 

A. A. MOSCONA ("How Cells Asso
ciate") is professor of zoology at the 
University of Chicago. He received a 
Ph.D. in zoology from the Hebrew 
University in Jerusalem in 1950, spent 
two years at the Strangeways Research 
Laboratory of the University of Cam
bridge and from 1953 to 1955 was as
sociate professor of physiology at the 
University of Jerusalem. Before joining 
the faculty at Chicago in 1958, Moscona 
had held a two-year research fellowship 
at the Rockefeller Institute. 

HEINZ HOLTER ("How Things Get 
into Cells") is head of the physiology 
department of the Carlsberg Labora
tory in Copenhagen. Holter was born 
in Leonding in Austria, and he studied 
chemistry at the University of Vienna 
from 1923 to 1928. Although his Ph.D. 
thesis and first scientific papers dealt 
with problems of organic chemistry, he 
was more interested in biochemistry. 
He obtained a Rockefeller fellowship in 
biochemistry to do enzyme research in 
S. P. L. Sorenson's department at the 
Carlsberg Laboratory and arrived there 
in 1930 planning to stay only one year. 
Working with Kaj U. Linderstrom-Lang 
on enzymatic histochemistry, Holter be
came increasingly involved in studies of 
cell physiology, his current field of re
search. He founded the department of 
cytochemistry at the Laboratory in 1944, 

taking his present position in 1956. 

TERU HAYASHI ("How Cells 
Move") is professor of zoology at Co
lumbia University. Growing up in At
lantic City, N.J., during the depression, 
he "managed to get through the local 
high school and subsequently Ursinus 
College between odd jobs as a baker's 
apprentice, auctioneer's helper, aqua
plane performer in water carnivals and 
announcer for bingo and other games of 
chance." His professor of physics at Ur
sinus, John Mauchly, a pioneer in the 
development of electronic computers, 
got Hayashi interested in an academic 
career. Switching from physics to bi
ology, he studied under L. V. Heilbrunn 
at the University of Pennsylvania and 
then went to the University of Missouri, 
where, as a student of Daniel Mazia's, 
he took a Ph.D. in cell physiology in 
1943. He joined the Columbia faculty 
later that year. 

BERNHARD KATZ ("How Cells 
Communicate") is professor and head of 

the biophysics department of University 
College London. Born in Leipzig, Ger
many, in 19 1 1, Katz acquired an M.D. 
degree at the University of Leipzig in 
1934. From 1935 to 1939 he worked 
under the direction of A. V. Hill at Uni
versity College, where he received a 
Ph.D. in 1938. Katz served with the 
Royal Air Force in the Pacific from 
1942 to 1945 and then returned to Uni
versity College. A Fellow of the Royal 
Society since 1952, Katz was Herter 
Lecturer at Johns Hopkins University 
in 1958 and Dunham Lecturer at Har
vard University this past year. His 
article "The Nerve Impulse" appeared 
in the November 1952 issue of SCIEN
TIFIC AMERICAN. 

WILLIAM H. MILLER, FLOYD 
RATLIFF and H. K. HARTLINE 
("How Cells Receive Stimuli") have 
collaborated in studies of visual re
ceptors and neural interaction at the 
Rockefeller Institute since 1955. Miller, 
assistant professor of biophysics, is a 
graduate of Haverford College and re
ceived his M.D. degree from Johns 
Hopkins University in 1954. He first 
began doing research on the eyes of 
invertebrates in Hartline's laboratory 
at Johns Hopkins. After an internship 
at Baltimore City Hospital, Miller 
joined the Rockefeller Institute in 1955. 

Ratliff, associate professor of biophysics, 
took a B.A. at Colorado College in 1947 

and a Ph.D. in psychology at Brown 
University in 1950. He went to Johns 
Hopkins the following year on a Na
tional Research Council fellowship to 
study retinal interaction with Hartline. 
Before going to the Rockefeller Insti
tute in 1954, Ratliff was assistant pro
fessor of psychology at Harvard Uni
versity. Hartline joined the Rockefeller 
Institute as Member and professor in 
1953. A graduate of Lafayette College, 
he took his M.D. degree at Johns Hop
kins in 1927, did graduate work in 
physics at the same institution and from 
193 1 to 1949 was a staff member of the 
Johnson Research Foundation at the 
University of Pennsylvania. He went to 
Johns Hopkins in 1949 as professor and 
chairman of the newly established 
Jenkins Department of Biophysics. 

F. FRASER DARLING, who in this 
issue reviews Tmpical Africa, by George 
H. T. Kimble, is vice-president and 
director of research of the Conservation 
Foundation in New York. A noted ani
mal ecologist, he was the author of 
"Wildlife Husbandry in Africa," which 
appeared in SCIENTIFIC AMERICAK for 
November, 1960. 
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Modern data processing systems perform the near-miracu

lous as a matter of course. What they can't do is change the 

form in which data becomes initially available, or the require

ments of its processing. That's why standard EDP systems 

are often "no fit" for unusual data handling problems. 

Tailoring data processing systems to specialized needs is one 

of the areas in which Budd Electronics provides an unusual 

range and depth of capability. Our Data Processing and 

Display Systems Department brings fresh, unstereotyped 

thinking to the custom-designing of computers and logic 

circuitry, data encoders and decoders, data storage systems, 

cathode-ray tube display and print-out units and a wide vari· 

ety of other EDP equipment. Budd engineers apply state-of· 

the-art techniques to handle large quantities of data, at high 

speeds, with improved transmission and display. We have 

repeatedly met the challenge of developing outstandingly 

reliable new equipment in a very short time. 

Career opportunities for scientists and engineers are avail

able in this and other specialized areas. Qualified personnel 

are invited to apply. Data Processing and Display Systems 

Dept., Budd Electronics, 43-22 Queens Street, Long Island 

City 1, New York. 

Data Processing and Display Systems Recognition Systems 

RF Systems Earth Sciences Environmental Control Systems 

IJ II 
IJ""" ELECTRONICS 
A DIVISION OF THE BUDD COMPANY, INC. 
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CONSIDER 
THE UNIQUE 

ADVANTAGES 
OF A 

SAN DIEGO 
LOCATION 

42 

Wr ite today for this 
comprehensive report 

on R&D activities 
in San Diego. 

If you're seeking a site for a new plant or research and 

development facility, consider the reasons why more 

than fifty scientific/engineering firms have located in San 

Diego within the last decade: 

The ideal climate that helps to attract and hold key per

sonnel ... reduces absenteeism ... minimizes transpor-

tation delays ... lowers construction, maintenance and 

operating costs .. . 

The high percentage of scientists, engineers and techni

cians among the population of one million ... 

The large reservoir of young, skilled workers experienced 

in the production of missiles and aircraft . . . nuclear 

reactors and gas turbine engines . . . ocean-harvested 

chemicals and minerals . . .  electronic components, in-

struments and systems .. . 

The educational, cultural and research institutions, in

cluding three universities, a large state college, Scripps 

Institution of Oceanography, U. S. Navy Electronics 

Laboratory, and Zoological Society of San Diego. 

For more detailed information concerning these and 

other advantages - plus a comprehensive picture of the 

San Diego industrial community as it is today - send 

for the booklet illustrated above. Address: Harold V. 
Pederson, San Diego Chamber of Commerce, 497 W. 
Broadway, San Diego 1, California. 
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ANACONDA COMMENTS • • • 

new facts about copper-man's oldest metal 
N umber I of a series 

CUNISIL-837 combines high strength and 
conductivity with low machining costs 
Versatile Cunisil, a copper-nickel-silicon alloy from 
Anaconda, provides these important advantages for 
electrical equipment applications: high tensile and yield 
strengths, good electrical conductivity (30-42% lACS 
as heat treated), high corrosion resistance, and excellent 
cold forming characteristics before the hardening heat 
treatment. The machinability rating of Cunisil is approx
imately 40, as compared with Free-Cutting Brass Ro

.
d 

at 100. Cunisil density is about 0.322 pounds per CUbIC 
inch; its coefficient of thermal expansion per of, from 
68 to 572°F, is about .0000098. 

The chemical composition of this Anaconda alloy, 
97.50% copper, 1.90% nickel, 0.60% silicon, produces 
many of the desired qualities inherent in Silicon Bronze 
or Everdur�. Most of the nickel and silicon in heat
treated Cunisil are present as an intermetallic compound 
of nickel silicide. This compound precipitates in sub
microscopic particles during a relatively low temperature 
heat treatment; the alloy's distinctive properties result. 

Cunisil is available as round rod, with or without final 
precipitation-hardening heat treatment, in the following 
sizes: straight lengths from %i" dia. to 1" dia.; coils from 
:l1'6" dia. to %" dia. Inquire about other sizes for special 
applications. 

Anaconda copper for semi-conductor bases 
Anaconda copper alloys are available for economical 
volume production of semiconductors and similar elec
tronic components. These metals offer good machin
ability, high electrical and thermal conductivity, rela
tively high strength, and resistance to hydrogen em
brittlement. The right combination of properties for 
most applications can be found in one of the following 
Anaconda alloys: PLP Copper-104 (deoxidized low 
phosphorus), OFHC* Copper-l20 (oxygen-free high
conductivity), Amzirc* (Zirconium Copper)-134, Chro
mium Copper-999, Tellurium Copper-I27. 

Typical semi·conductor 

bases fabricated from 

Anaconda copper alloys 

Anaconda specialists are available also-to help you 
select the right alloy and the right manufacturing method 
for your product requirements. Their technical know
how can provide fabrication economy, value analysis 
cost-cutting techniques, and help for any production 
problem. 

For alloy information or technical assistance, get in 
touch with your Anaconda representative today or 

write Anaconda American Brass Company, Waterbury 
20, Connecticut. 
·Trademarks of American Metal Climax, Inc. 

Copper-headed conductor rails 
win CABRA design award 
Ringsdorff Carbon Corp. of East McKeesport, Pa., 
captured a recent CABRA award for use of copper 
in an outstanding engineering design. The metal: Ana
conda ETP Copper-IOO (electrolytic tough pitch). The 
design: compact conductor systems for a-c or d-c 
heavy-load applications. The Anaconda metal meets 
high conductivity requirements, contributes to conduc
tor rail longevity, reduces maintenance costs. The Rings
dorff system provides operational economy for such 
heavy-current machinery as: monorails, traveling cranes, 
and ore bridges. 

System fabrication is relatively simple. Over one basic 
steel shape, extruded copper is cold drawn to form the 
copper head. Head size is dictated by specific current 
requirements; capacities of up to 2000 amps can be 
attained. Ringsdorff carbon graphite materials, used 
as sliding contacts, exude a film to lubricate passage and 
protect conductor rails. Thus, over service periods of 
25 years, wear on the copper head is negligible. 

Copper·headed steel conductor rail and pantograph 
current collector with graphite carbon shoe are vItal 
components of Ringsdorff Current Conductor System. 

For this award-winning design, Ringsdorff selected 
copper for conductivity, steel for strength. A typical 
example of how the special properties of copper can be 
adapted-even teamed up with other materials-to ful
fill industrial design requirements. Other examples, 
more Anaconda comments, and technical assistance for 
your metal selection and production prob�ems-are 
yours for the asking. Contact Anaconda Amencan Brass 
Company, Waterbury 20, Connecticut. In Canada: 
Anaconda American Brass Ltd., New Toronto, Ontario. 
GI-990 

ANACONDA: 
AMERICAN BRASS COMPANY 
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A giant BMEWS antenna at Thule, Greenland. Vital diode crystals for the data processor were grown in an atmosphere of Airco nitrogen, monitored by an Airco·engineered system. 

Faultless eyesight for America's Ballistic Missile Early 
Warning System depends on germanium diodes-tiny sig
nal filtering "optics" for the data processor which are made 
by Clevite Transistor, Waltham, Mass. These germanium 
crystals are grown in a furnace atmosphere of nitrogen, 
and they must be of the highest quality. 

Control of this quality in diode manufacture requires 
that the delivered gas be of utmost purity; and that this 
purity be held all the way from the liquid nitrogen receiver 
to furnace. An impurity of even a few parts per million in 
the nitrogen, and entrapped in the furnace-grown crystal, 
could cause miles of error in a field calculation. 

To help make certain of the highest possible quality at 
the lowest possible cost, Clevite developed a gas monitoring 
system which Airco engineered and built to Clevite's speci
fications. The resulting system is so precise that it keeps 
watch on the purity of the Airco nitrogen right to the 
furnace entrance. 

In every industry today, modern Airco processes based 
on gases are improving quality, boosting production, 
reducing costs. 

Airco gases can give you heat.. .cold ... special atmospheres 
... or can act as a raw material for a chemical reaction. 

AIR REDUCTION SALES COMPANY 
On the west coast-

Air Reduction Pacific Company 

Internationally-
A division 01 Air Reduction Company, Incorporated 

150 East 42nd Street, Ne_ York 17, N. Y. 

More than 700 Authorized Airco Distributors Coast to Coast 

Airco Company International 

In Canada-
Air Reduction Canada Limited 

All divisions or subsidiaries 
of Air Reduction Company, Inc. 
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News from Allied Chemical: 

What's new in high pol ymers? 
What are the latest types? What meth
ods are used to develop and modify 
these giant molecules so fascinating to 
contemporary chemists? Answers to 
such questions can be found in our 
new booklet, "High Polymers_" In it 
you will read about polyethylene, for 
instance, an excellent example of 
polymer modification_ First plastic to 
reach an output rate of a billion 
pounds a year, it is used in the famil
iar forms of packaging materials, 
squeeze bottles and unbreakable toys_ 
Polymer research at Allied Chemical, 
by the way, has carried polyethylene 
far beyond these familiar uses_ Our 
Plastics Division people have come up 
with an emulsifIable type to modify 
water-based products such as textile 

finishes, floor polishes, and washable 
paints _ .. as well as a superior high
density polyethylene pipe (shown 
here) engineered to last about fifty 
years. Why not write today for your 
free copy of "High Polymers"? 
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N ew moi s tu re·ba rri n g  film. 
ACLAR®, our General Chemical Divi
sion's new fluorohalocarbon film, is 
characterized by fantastically low 
moisture vapor transmission, trans
parency, impact strength. To get the 
moisture barrier benefits of ACLAR 
type 33 film, a saran film would have 
to be over 100 times as thick, a poly
ethylene film over 400 times as thick, 
and a polyester film over 700 times as 
thick. Indicated uses: packaging elec
tronic and other delicate mechanical 
equipment components, drugs, and 
chemicals. Its application in your field 
of interest might be of value to your 
product, too_ Write for technical data. 

Industry's versatile new oxidizer 
• • •  N204 .. As an oxidizer, nitrogen 
tetroxide is rapidly gaining industry 
recognition. It's easy to see why. It's 
economical, versatile, easy to handle_ 
A selective oxidizer, N204 has some 
of the capabilities of selenium dioxide 
-at 1/100 the cost. It gives interme
diate oxidation products in high yields 
-aldehydes from alcohols, for example 
-or hydroxy acids from polyols. Its 
usefulness in initiating vapor phase 
reactions is based on its being in equi
librium with paramagnetic nitrogen 
dioxide. The latter, in minute quanti
ties, initiates reaction chains that 
proceed by a free radical mechanism. 
Larger amounts of nitrogen dioxide 
effectively stop reactions of this type. 
Applications for N204 are virtually 
limitless. A brochure from Ol£r Nitro
gen Division is available to help you 
evaluate it. 

New tungsten coating technique. 
A vapor deposition process is opening 
the door to exciting new uses for heat, 
corrosion, abrasion resistant tungsten 
metal. At only 900° to 1200°F, a dense 
tungsten coating (99.99+% pure) 
with a melting point of over 6000°F 
can be formed-without pores or rough
ness. Coatings can be deposited at rates 
up to 1 mil per minute. Potential appli
cations: missile hardware, electronic 
devices, automobile parts, dies, valve 
linings. Our General Chemical Divi
sion, industry's first supplier of tung
sten hexafluoride for the new method, 
offers two data sheets: one on proper
ties of the chemical, the other on vapor 
deposition procedure. Write for them. 

For l it e r a t ure on any of t he 
above-mentioned items, just write, on 
your company letterhead, to Allied 
Chemical Corp., 
Dept .  91-S, 61 
Broadway, N. Y. 
6, N. Y., or phone 
HAnover 2-7300. 

Basic to America's Progress 
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RYAN RESEARCH VEHICLE SPEARHEADS 
FLEX WING APPLICATIONS 

With the world's first manned 
Flex Wing vehicle, Ryan engineers 
are uncovering valuable new flight 
data which will adapt this concept 
to a broad variety of important 
military and space applications. 

Recovery of huge boosters, nose 
cones and capsules ... re-entry of 
space vehicles at reduced velocities 
... helicopter tow of logistics pay
loads ... controlled delivery of air
dropped cargoes to "pin-point" 
landings ... small reconnaissance 
drones to meet combat needs. These 

are a few of the multiple applica
tions for which the Flex Wing can 
be used. 

Based on a National Aeronautics 
and Space Administration concept, 
the Flex Wing provides greater lift 
per weight than fixed wings, is 
superior in inherent stability and 
can be precision-controlled in both 
powered and unpowered versions. It 
can be packaged into an extremely 
small volume and then deployed 
faster than any other deceleration 
or lifting devices. 

lIya. flu Wing enables helicopters 10 

low several limes Ihe car,o or /uel they can corry 

Ryan has received several con
tracts from NASA and the military 
services to explore and develop the 
more promising Flex Wing applica
tions. Pioneering an entirely new 
concept, such as Flex Wing, is typi
cal of Ryan's Space Age capabilities. 

Ryan Aerospace - Ryan Aero
nautical Company, San Diego, 
California. 

RYAN 
_ ... 

AEROSPACE 
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Only RCA EDP gives you direct a,ccess to the great 

achievements from RCA's long leadership in electronics 

For WorkPower and reliability in your data 

processing system, you are vitally dependent 

on the electronic experience and design know

how of the EDP equipment supplier. In order 

to get "on the air" rapidly and efficiently, you 

count on proven ability in training, consulting 

and in electronic maintenance. 

To provide you with advanced systems that 

meet all of your requirements, only RCA has 

access to capabilities unequalled in the data 

processing industry . . . 

FROM DECADES OF EXPERIENCE 

IN WORLD-WIDE COMMUNICA

TIONS, including microwave and radio, 

we drew highly developed knowledge of 
message transmission and coded data han
dling-all of which proved invaluable in 
building better EDP systems. 

F R OM O U R W O R K  IN DEFENSE 

ELECTRONICS we applied techniques 
mastered in the development of intricate 

guidance computers, fire control devices 
and massive data gathering and handling 
systems such as the huge Ballistic Missile 
Early Warning System (BMEWS). 

THE RCA RECORDING AND BROAD

CASTING ACTIVITIES contributed a 
wealth of knowledge about high-speed mag
netic tape and disc recording that led to 
new developments in EDP tape handling 
and time-saving random access disc files. 

FROM THE RCA LAB ORATORIES 

came dozens of new ideas, new circuits 

and components, new materials and new 

methods to expand the WorkPower and 

lower the cost-to-performance ratio of RCA 

EDP Systems. 

THE RCA SERVICE COMPANY fitted 

the EDP picture beautifully. Built into a 

world-wide organization to serve RCA's 
government and commercial customers, 

here was a ready-to-go organization of 

highly skilled electronic specialists who 
knew preventive maintenance, as well as 
trouble-shooting. 

RCA's BACKGROUND IN CUSTOM

ER EDUCATION AND TRAINING. 

Literally thousands of executives and cus
tomer personnel had already been trained 
in the operation and maintenance of com
plex electronic equipment. These proven 
methods provided a vital link in our cus
tomer assistance program. 

Put it all together and you begin to see why 
RCA has been able to move so incredibly fast 
in producing a complete new line of solid state 
electronic data processing systems for business, 
industry and government. Each system is 
uniquely adaptable to your own specific needs. 
Each gives you direct access to the whole scope 
of RCA capability to assure you of better re
sults. at less cost. RADIO CORPORATION 
OF AMERICA, Electronic Data Processing 
Division, Camden 8, New Jersey . 

INNOVATION AFTER INNOVATION • Th, M�t T,u"'" N.m, 

in Electronics �® RADIO CORPORATION OF AMERICA 

No bigger than the head of a match, the Tunnel Diode perfected by 
RCA will enable data processing systems of the future to operate at 
almost the speed of light. As part of new basic RCA circuitry. the 
Tunnel Diode can, in less than 2 seconds. do the same amount of 
work it takes today's average system 30 minutes to perform! 
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SCIENTIFIC 
Established 1845 .AME RI CAN" September 1961 Volume 205 Number 3 

The Living Cell 

Presenting an lssue on the fundalnental particle of l�fe. Anat01nical 

and chendcal views of the cell have now converged to show that it is 

not a droplet of protoplasln but a highly organized molecular factory 

T
he living cell is the fundamental 
ell1it of which all living organisms 
are made. To a reader who finds 

this a commonplace, it lllay come as a 
surprise that the recognition of the cell 
dates back only a little more than 100 
years. The botanist Matthias Jakob 
Schleiden and the zoologist Theodor 
Schwann first propounded thc cell 
theon' in 1839 out of their parallel and 
independent studies of the tissues of 
plants and animals. Not long after, in 
1859, Rudolf Virchow confirmed the 
cell's unique role as the vessel of "living 
matter" when he showed that all cells 
necessarilv derive from pre-existing 
cells: o111nis cellula e cellula. Since cells 
are concrete objects and can easily be 
observed, the experimental investigation 
of cells thereafter displaced philosophi
cal speculations about the problem of 
"life" and the uncertain scientific studies 
that had pursued such vague concepts 
as "protoplaslll." 

In the century that followed investiga-

by Jean I3rachet 

tors of the cell approached their subject 
from two fundamentally different direc
tions. Cell biologists, equipped with in
creaSingly powerful microscopes, pro
ceeded to develop the microscopic and 
submicroscopic anatomy of the intact 
cell. Beginning with a picture of the cell 
as a structure composed of an external 
membrane, a jelly-like blob of material 
called cytoplasm and a central nucleus, 
they have shown that this structure is 
richly differentiated into organelles 
adapted to carry on the diverse processes 
of life. With the aid of the electron 
microscope they have begun to discern 
the molecular working parts of thc sys
tem. Here, in recent years, their work 
has converged with that of the biochem
ists, whose studies begin with the ruth
less disruption of the delicate structure 
of the cell. By observing the chemical 
activity of materials collected in this way, 
biochemists have traced some of the 
pathwavs by which the cel! carries out 
the biochemical reactions that underlie 

NUCLEUS OF THE LIVING CELL is the large round object in the center of the electron 

miel'ogl'aph on the opposite page. The Inembrane around the nucleus is interrupted by 
pores through which the nucleus possibly communicates with the surrounding cytoplasm. 

The smaller round objects in the cytoplasm are mitochondria; the long, thin structures are 
the endoplasmic reticulum; the dark dots lining the reticulum are ribosomes. Actually the 

micrograph shows not a living cell but a dead cell: the cell has been fixed with a compound 
of the heavy metal osmium, immersed in a liquid plastic that is then made to solidify and 

finally sliced with a glass knife. The electron beam of the microscope mainly detects the 

atoms of osmium, distributed according to the affinity of the fixing compound for various 

cell constituents. The micrograph was made by Don W. Fawcett of the Harvard Medical 
School. The enlargement is 28,100 diameters. The cell itself is from the pancreas of a baL. 

the processes of life, including those re
sponsible for manufacturing the sub
stance of the cell itself. 

I t is the present intersection of the two 
lines of study that provides the occa

sion for this issue of SClEl'>TlFlC AMEHl
CAN, which is devoted to the living cell. 
The cell biologist now seeks to explain 
in molecular terms what he sees with the 
aid of his instruments; he has become a 
molecular biologist. The biochemist has 
become a biochemical cytologist, in
terested equally in the structure of the 
cell and in the biochemical activity in 
which it is engaged. As the reader will 
see, the mysteries of cell structure and 
function cannot be resolved by the exer
cise of either morphological or biochemi
cal techniques alone. If the research is 
to be successful, the approach must be 
made from both sides at once. But the 
understanding of life phenomena that 
Bows from investigation of the cell has 
already fully ratified the judgment of the 
19th-century biologists who perceived 
that living matter is divided into cells, 
just as molecules are made of atoms. 

A description of the functional an
atomy of the living cell must begin with 
the statement tbat there is no such thing 
as a typical cell. Single-celled organisms 
of many different kinds abound, and the 
cells of brain and muscle tissue are as 
different in morphology as they are in 
function. But for all their variety they 
are cells, and so they all have a cell mem
brane, a cvtoplasm containing various 
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ORA WING OF CELLS in cork was published by Robert Hooke in 1665. Hooke railed them 

cells, but the fact that all organisms are made of cells was not recognized until 19th century. 

PHOTOMICROGRAPH OF CELLS in the blood of a pigeon was made by J. J. Woodward, 
a U.S. Army surgeon, in 1871. Woodward had made the first cell photomicrograph in 1866. 

52 

organelles and a central nucleus. In 
addition to having a definite structure, 
cells have a number of interesting func
tional capacities in common. 

They are able, in the first place, to 
harness and transform energy, starting 
with the primary transformation by 
green-plant cells of the energy of sun
light into the energy of the chemical 
bond. Various specialized celIs can con
vert chemical-bond energy into electrical 
and mechanical energy and even into 
visible light again. But the capacity to 
transform energy is essential in all cells 
for maintaining the constancy of their 
internal environment and the integrity 
of their sh'ucture [see "How Cells Trans
form Energy," page 62]. 

The interior of the cell is distin
guished from the outer world by the 
presence of very large and highly com
plex molecules. In fact, whenever such 
molecules turn up in the nonliving en
vironment, one can be sure they are the 
remnants of dead cells. On the primitive 
earth, life must have had its origin in 
the spontaneous syn thesis of compli
cated macromolecules at the expense of 
smaller molecules. Under present-day 
conditions, the capacity to synthesize 
large molecules from simpler substances 
remains one of the supremely distin
guishing capacities of cells . 

.Nllong these macromolecules are pro-
teins. In addition to making up a 

major portion of the "solid" substance of 
cells, many proteins (enzymes) have 
catalytic properties; that is, they are 
capable of greatly accelerating the speed 
of chemical reactions inside the cell, par
ticularly those involved in the trans
formation of energy. The synthesis of 
proteins from the simpler units of the 
20-odd amino acids goes forward under 
the regulation of deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) , 
by far the most highly structured of all 
the macromolecules in the ceIl [see 
"How Cells Make Molecules," page 
74]. In recent years and months in
vestigators have shown that DNA, 
localized in the nucleus of the cell, 
presides at the synthesis of RNA, 
which is found in both the nucleus and 
the cytoplasm. The RNA in turn ar
ranges the amino acids in proper se
quence for linkage into protein chains. 
The DNA and the RNA may be com
pared to the architect and contractor 
who collaborate on the construction of a 
nice-looking house from a heap of bricks, 
stones and tiles. 

At one or another stage of life every 
ceIl has divided: a mother cell has grown 

© 1961 SCIENTIFIC AMERICAN, INC



VARIOUS KINDS OF LIGHT MICROSCOPY are used to photo

graph the same three paramecia_ The photomi<-rograph at top left 

was made with a conventional light microscope and bright-field 

illumination; the one at top right, with dark-field illumination_ 
The photomi<-rograph at middle left was made with a phase 

nlicroscopc at low contrast; the one at nlidclle right, with a phase 

microscope at high contrast. The photomicrograph at bottom left 
was made with a polarized-light microscope; the one at bottom 

right, with an interference microscope of the AO-Baker type_ The 

bright spots that appear in some of the photomicrographs are small 

crystals that are normally present in paramecia_All the micrographs 

were made by Oscar \Y_ Rid13rds of the American Optical Company_ 
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and given rise to two daughter cells, 
according to the delicate process de
scribed by Daniel Mazia [see "How 
Cells Divide," page 100]. Before the 
turn of the century biologists had ob
served that the crucial event in this 
process was the equal division of bodies 
in the nucleus that accepted a certain 
colored dye and so were called chromo
somes. It was correctly surmised that the 
chromosomes are the agents of heredity; 
in their precise self-replication and divi
sion they convey to the daughter cells 
all the capacities of the mother cell. Con
temporary biochemistry has now shown 
that the principal constituent of the 
chromosomes is DNA, and an important 
aim of the molecular biologist today is to 
discover how the genetic information is 
encoded in the structure of this macro
molecule. 

The capacity for generative reproduc
tion is not confined exclusively to the 
living cell. There are in the present 
world macromolecules called viruses 
that contain nucleic acids and proteins 
of great complexity and specificity. 
When they penetrate into suitable cells, 
the�' multiply just as cells do, but at the 
expense of the cell. They have a hered
itv, since they breed true when they rep
licate themselves, and they synthesize 

. . ::' 

their own proteins. But, lacking the full 
anatomical endowment of the cell, they 
are unable to gene;'ate the energy re
lIuired for their multiplication. Viruses 
are thus obligatory parasites of cells and 
take over the enzyme system of the in
fected cell in order to supply the energy 
they need. The cell must, however, fur
nish exactly the right complement of 
enzymes. This is why tobacco mosaic 
virus, for example, will not multiply in 
human cells and so is harmless to human 
beings. 

Such single-celled organisms as bac
teria, having the capacity to make their 
own enzymes and so to generate the 
energy required for their growth and 
multiplication, can live and multiply in 
a much simpler medium than that pro
vided by the interior of a living cell. 
They are, therefore, not obligatory para
sites. From the viewpoint of anatomy, 
however, bacteria are much simpler than 
cells, and the various bacteria are dis
tributed over the range of complexity 
from the virus upward to the cell. 

In additiOll to the capacity for energy 
- transformation, biosynthesis and re
production by self-replication and divi
sion, the cells of higher organisms 
possess other capacities that fit them for 
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DIAGRAM OF A TYPICAL CELL (although there is no such thing as a typical cell) is 

based on what is seen in the conventional light microscope. Diagram is based on one that 

appears in 1922 edition of Edmund B. Wilson's The Cell in Development and Inheritance. 
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the concerted community life that is the 
life of the organism. From the single
celled fertilized egg the multi celled or
ganism arises not only by the division of 
the daughter cells but also by their con
current differentiation into the special
ized cells that form various tissues. In 
many cases when a cell has become dif
ferentiated and specialized, it does not 
divide any more; there is a kind of an
tagonism between differentiation and 
growth by cell division. 

In the adult organism the capacity for 
reproduction and perpetuation of the 
species is left to the eggs and sperma
tozoa. These gametes, like all other cells 
in the body, have arisen by cell division 
from the fertilized egg, followed by dif
ferentiation. Cell division remains, how
ever, a frequent event in the adult or
ganism wherever cells continuously wear 
out and degenerate, as they do in the 
skin, the intestine and in the bone mar
row from which the blood cells arise. 

During embryonic development the 
differentiating cells display a capacity 
for recognition of others of their own 
kind. Cells that belong to the same fam
ily and resemble one another tend to 
cluster together, forming a tissue from 
which cells of all other kinds are exclud
ed. In this mutual association and re
jection of cells the cell membrane appears 
to play a decisive role. The membrane is 
also one of the principal cell components 
involved in the function of the muscle 
cells that endow the organism with the 
power of movement, of the nerve cells 
that provide communication lines to in
tegrate the activity of the organism and 
of the sensory cells that receive stimuli 
from without and within. 

�though there is no typical cell, one 
may usefully put together a com

posite cell for the purpose of charting the 
anatomical features that are shared in 
varying degrees by all cells. Such a cell, 
based largely upon what is seen in elec
tron micrographs, is presented on the 
opposite page; comparison of this cell 
with the corresponding cell drawn from 
photomicrographs made by Edmund B. 
Wilson of Columbia University in 1922 
suggests the rapid advances that have 
been brought about by the electron 
microscope. 

Even the cell membrane, which is 
only 100 angstrom units thick (one ang
strom unit is one ten-millionth of a milli
meter) and appears as little more than 
a boundary in the light microscope, is 
shown by the electron microscope to 
have a structure. It is true that electron 
micrographs have not yet revealed much 
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MODERN DIAGRAM OF A TYPICAL CELL is based on what is 

seen in electron micrographs such as the one reproduced on page 

50. The mitochondria are the sites of the oxidative reactions that 

provide the cell with energy. The dots that line the endoplasmic 

reticulum are ribosomes: the sites of protein synthesis. In cell di
vision the pair of centrosomes, one shown in longitudinal sec
tion (rods), other in cross section (circles), part to form poles 

of apparatus that separates two duplicate sets of chromosomes. 
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about this structure. On the other hand, 
such complexity as is shown clearly ac
cords with what is known about the 
functional properties of the membrane. 
In red blood cells and nerve cells, for ex
ample, the membrane distinguishes be
tween sodium and potassium ions al
though these ions are alike in si ze and 
electrical charge. The membrane helps 
potassium ions get into the cell and op
poses more than a mere permeability 
barrier to sodium ions; that is, it is ca
pable of "active transport." The mem
brane also brings large molecules and 
macroscopic bodies into the interior of 
the cell by mechanical ingestion [see 
"How Things Get into Cells," page 
167]. 

Beyond the membrane, in the cyto
plasm, the electron microscope has re
solved the Rne structure of organelles 
that appear as mere granules in the light 
microscope. Principal among th:cm are 
the chloroplasts of green-plant cells and 
the mitochondria that appear in both 
animal and plant cells. These are the 
"power plants" of all life on earth. Each 
is adapted to its function by an appro-

priate Rne structure, the former to cap
turing the energy of sunlight by photo
synthesis, the latter to extracting energy 
from the chemical bonds in the nutrients 
of the cell by oxidation and respiration. 
From each of these power plants the 
yield of energy is made available to the 
energy-consuming processes of the cell, 
neatly packaged in the phosphate bonds 
of the compound adenosine triphosphate 
(ATP) . 

The electron microscope clearly dis
tinguishes between the mitochondrion, 
with its highly organized Rne structure, 
and another associated body of about 
the same size: the lysosome. As Christian 
de Duve of the Catholic University of 
Louvain has shown, the lysosome con
tains the digestive enzymes that break 
down large molecules, such as those of 
fats, proteins and nucleic acids, into 
smaller constituents that can be oxidized 
by the oxidative enzymes of the mito
chondria. De Duve postulates that the 
lysosome represents a defense mecha
nism; the lysosomal membrane isolates 
the digestive enzymes from the rest of 
the cytoplasm. Rupture of the membrane 

and release of the accumulated enzymes 
lead quickly to the lysis (dissolution) of 
the cell. 

The cytoplasm contains many other 
visible inclusions of less widespread 
occurrence among cells. Particularly in
teresting are the centrosomes and kine
tosomes. The centrosomes, or centrioles, 
become plainly visible under the light 
microscope only when the cell ap
proaches the hour of division, in which 
these bodies play a commanding role as 
the poles of the spindle apparatus that 
divides the chromosomes. The kineto
somes, on the other hand, are found only 
in those cells which are equipped with 
cilia or flagella for motility; at the base 
of each cilium or flagellum appears a 
kinetosome. Both of these organelles 
have the special property of self-replica
tion. Each pair of centrosomes gives rise 
to another when cells divide; a kineto
some duplicates itself each time a new 
cilium forms on the cell surface. Long 
ago certain cytologists advanced the 
idea that these two organelles have much 
the same structure, even though their 
functions are so different. The electron 

PLANT CELLS (onion root tip) are enlarged 6,700 diameters in 
this electron micrograph made by K. R. Porter of the Rockefeller 

Institute. The thin, dark line running from top to bottom of the 

micrograph shows the membrane between two cells shortly after 

the cells have divided. The large, irregularly shaped bodies to the 

left and right of the membrane are the nuclei of the two cells. 
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microscope has confirmed this sugges
tion. Each is a cylinder made up of 1 1  
fibers, with two i n  the center and the 
other nine on the outside. This is the 
universal structure of all cilia and of 
flagella as well. The reason for the struc
ture remains unknown, but it is undoubt
edly related to the contractility of the 
cilia and flagella. It may be that the 
same '''monomolecular muscle" principle 
underlies the action of the kinetosome 
and centrosome in their quite diverse 
functions. 

The electron microscope has confirmed 
another surmise of earlier cytologists: 

that the cytoplasm has an invisible or
ganization, a "cytoskeleton." Most cells 
show complicated systems of internal 
membranes not visible in the ordinary 
light microscope. Some of these mem
branes are smooth; others are rough, 
having tiny granules attached to one 
surface. The degree to which the mem
brane systems are developed varies from 
cell to cell, being rather simple in 
amoebae and highly articulated and 
roughened with granules in cells that 

specialize in the production of proteins, 
such as those of the liver and pancreas. 

Electron microscopists differ in their 
interpretation of these images. The gen
erally accepted view is that of K. R. 
Porter of the Rockefeller Institute, 
who has given the membrane system 
its name, the endoplasmic reticulum; 
through the network of canaliculi formed 
by the membrane, substances are sup
posed to move from the outer membrane 
of the cell to the membrane of the nu
cleus. Some investigators hold that the 
intel'llal membrane is continuous with 
the external membrane, furnishing a 
vastly increased and deeply invaginated 
surface area for communication with the 
fluid in which the cell is bathed. If the 
membrane does indeed have such vital 
functions, then it is likely that the cell 
is equipped with a factory for the con
tinuous production of new membrane. 
This might be the role, as George E. 
Palade of the Rockefeller Institute has 
recently suggested, of the enigmatio 
Golgi bodies, first noted by the Italian 
cytologist Camillo Golgi at the end of 
the last century. The electron micro-

ANIMAL CELL (hepato·pancreatic gland of the crayfish) is enlarged 12,500 diameters in 

electron micrograph by George B. Chapman of the Cornell University Medical College. The 

large round object is the nucleus; the smaller dark region just above it is the Golgi body. 

scope reveals that the Golgi bodies are 
made of smooth membrane, often con
tinuous with that of the endoplasmic 
reticulum. 

There is no doubt about the nature of 
the granules, which appear consistently 
on the "inner" surface of the membrane. 
They appear particularly in cells that 
produce large amounts of protein. As 
Torbjbrn O. Caspers son and I showed 
some 20 years ago, such cells possess a 
high RNA content. Recent studies have 
revealed that the granules are exceed
ingly rich in RNA and correspondingly 
active in protein synthesis. For this rea
son the granules are now called ribo
somes. 

The membrane that surrounds the cell 
nucleus forms the interior boundary 

of the cytoplasm. There is still much 
speculation about what the electron 
microscope shows of this membrane. It 
appears as a double membrane with 
annuli, or holes, in the outer layer, open 
to the cytoplasm. To some investigators 
these annuli represent pores through 
which large molecules may move in 
either direction. Since the ou ter layer 
is often in close contact with the endo
plasmic reticulum, it is also argued 
that the nuclear membrane participates 
in the formation of the reticulum mem
brane. Another possibility is that fluids 
percolating through the canaliculi of the 
endoplasmic reticulum are allowed to 
accumulate between the two layers of 
nuclear membrane. 

Inside the nucleus are the all-im
portant filaments of chromatin, in which 
the cell's complement of DNA is entirely 
localized. When the cell is in the "rest
ing" state, that is, engaged in the proc
esses of growth between divisions, the 
chromatin is diffusely distributed in the 
nucleus. The DNA thus makes maximum 
surface contact with other material in 
the nucleus from which it presumably 
pieces together the molecules of RNA 
and replicates itself. In preparation for 
division the chromatin coils up tightly 
to form the chromosomes, always a fixed 
number in each cell, to be distributed 
equally to each daughter cell. 

Much less elusive than the chromatin 
are the nucleoli; these spherical bodies 
are easily resolved inside the nucleus 
with an ordinary light microscope. Un
der the electron microscope they are 
seen to be packed with tiny granules 
similar to the ribosomes of the cyto
plasm. In fact, the nucleoli are rich in 
RNA and appear to be active centers of 
protein and RNA synthesis. Finally, to 
complete this functional anatomy of the 
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EGG CELL of rabbit is enlarged 7,500 diameters. The large 

round object is the nucleus; the two prominent dark bodies within 

SPERM CELL of a bat is enlarged 21,500 diameters in electron 

micrograph by Fawcett and Susumu Ito of the Harvard Medical 
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it are nucleoli. Electron micrograph was made by Joan Blanchette 

of Columbia University College of Physicians and Surgeons. 

School. Nucleus <top right) constitutes almost all of sperm', 

head; arranged behind head are numerous mitochondria (le/t). 
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cell, it should be added that the chro
matin and nucleoli are bathed together 
in the amorphous, proteinaceous matrix 
of the nuclear sap. 

A remarkable history in the develop
ment of instruments and technique 

has gone into the drawing of the present 
portrait of the cell. The ordinary light 
microscope remains an essential tool. 
But its use in exploring the interior of 
the cell usually requires killing the cell 
and staining it with various dyes that 
selectively show the cell's major struc
tures [see the cover of this issue]. To 
see these structures in action in the liv
ing cell, microscopists have developed 
a range of instruments-including phase, 
interference, polarizing and fluorescence 
microscopes-that manipulate light in 
various ways. In recent years the elec
tron microscope, as the reader has gath
ered from this article, has become the 
major tool of the cytologist. But this in
strument has a serious limitation in that 
it requires elaborate preparation and 
fixation of the specimen, which must in
evitably confuse the true picture with 
distortions and artifacts. Progress is be
ing made, however, toward the goal of 
resolving under the same high magnifi
cation the structure of the living cell. 

Biochemistry has had an equally re
markable history of technical develop
ment. Centrifuges of ever higher rota
tion speed have made it possible to 
separate finer fractions of the cell's con
tents. These are divided and subdivided 
in turn by chromatography and electro
phoresis. The classical techniques have 
been variously adapted to the analysis of 
quantities and volumes 1,000 times 
smaller than the standard of older 
micromethods; investigators can now 
measure the respiration or the enzyme 
content of a few amoebae or sea-urchin 
eggs. Finally, autoradiography, employ
ing radioactive tracer elements, allows 
the worker to observe at subcellular di
mensions the dynamic processes in the 
intact living cell. 

The achievements and prospects that 
have been generated by the convergence 
of these two major movements in the life 
sciences furnish the subject of the arti
cles that follow. To conclude this dis
cussion it will be useful to consider how 
the two approaches have been employed 
to illuminate a single question: the role 
of the nucleus in the economy of the cell. 

A simple experiment shows, first of 
all, that removal of the nucleus in a 
unicellular organism does not bring 
about the immediate death of the cy
toplasm. The nucleate and enucleate 

PART OF MUSCLE CELL of a salamander is enlarged 19,500 diameters in electron micro
graph by George D. Pappas and Philip W. Brandt of Columbia College of Physicians and 

Surgeons. The nucleus is at bottom; around it are mitochondria. At top are muscle fibers. 

PART OF CONNECTIVE·TISSUE CELL of a tadpole is enlarged 14,500 diameters in 

electron micrograph by Chapman. Nucleus is oblong object; above it are fibrils of collagen. 
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RED BLOOD CELL of a fish is enlarged 8,000 diameters in electron micrograph by Fawcett. 

Large dark body in center is nncleus. The mature red cells of mammals have no nuclei. 

BACTERIUM Bacillus cereus (long object) is enlarged 30,000 diameters in electron micro· 

graph by Chapman and by James Hillier of RCA Laboratories. Bacillus has several nuclei. 

PROTOZOON Plasmodium berghei is enlarged 21,000 diameters in electron micrograph by 

Maria A. Rudzinska of the Rockefeller Institute. The nucleus is the large body at lower left. 
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halves of amoebae, if kept fasting, attain 
the same survival time of about two 
weeks; the cilia of an enucleate proto
zoon such as the paramecium continue 
to beat for a few days; the enucleate 
fragments of the unicellular giant alga 
AcetabuZaria may survive several month� 
and are even capable of an appreciable 
amount of regeneration. Many of the 
basic activities of the cell, including 
growth and differentiation in the case of 
AcetabllZaria, can therefore proceed in 
the total absence of the genes and DNA. 
In fact, the enucleate pieces of Acetabll
Zaria are perfectly capable of making 
proteins, including specific enzymes, al
though enzyme synthesis is known to be 
genetically controlled. These synthetic 
activities, however, die out after a time. 
One must conclude that the nucleus pro
duces something that is not DNA but 
which is formed under the influencc of 
DNA and is transferred from the nucleus: 
to the cytoplasm, where it is slowly used 
up. From such experiments-employing 
the combined techniques of cell biology 
and biochemistry-a number of fund,,· 
mental conclusions emerge. 

First, the nucleus is to be considered' 
as the main center for the synthesis of 
nucleic acid (both DNA and RNA) . 
Second, this nuclear RNA (or part there
of) goes over to the cytoplasm, playing: 
the role of a messenger and transferring 
genetic information from DNA to the 
cytoplasm. Finally, the experiments show 
that the cytoplasm and in particular the 
ribosomes are the main site for the syn
thesis of specific proteins such as the 
enzymes. It should be added that the 
possibility of independent RNA syn
thesis in the cytoplasm is not ruled out 
and that such synthesis can, under suit
able conditions, be demonstrated illl 
enucleate fragments of Acetabularia. 
From this brief description of recently 
observed facts it is clear that the cell is; 
not only a morphological but also a 
physiological unit. 

Perhaps the reader will wonder how 
such knowledge of this unit helps to 
answer questions under the more general 
headings of "life" and "living." All one 
can venture to say is that the results of 
investigation invariably point in the 
same direction: Life, in the case of the 
cell and its constituents, is more a quan
titative than an "all or none" concept. 
This dissection of cells into their con· 
stituents does not, therefore, throw much 
light on the questions posed by philos
ophy. But without this dissection, with
out experimentation, we would know 
next to nothing about the cell. And, 
after all, the cell is the fundamental unit 
of life. 
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PARTICLES OF VIRUS Herpes simplex form a crystal within the 

nucleus of a cell. This electron micrograph, which enlarges the par

ticles 73,000 diameters, was made by Councilman Morgan of the 

Columbia College of Physicians and Surgeons. Although viruses 

are exceptions to the rule that all living things are cells or are 

made of ceils, they can reproduce only when they are inside cells. 
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CHLOROPLAST is the site of photosynthesis, whereby light en· 

ergy is transformed into chemical energy to prime the life cycle 

of plants and animals. A chloroplast in a maize cell is enlarged 
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40,000 diameters in this electron micrograph made by A. E. Vat. 

ter of Abbott Laboratories. Tbe "light" reactions involving chlo. 

rophyll and solar energy take place within the rectangular "grana." 
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How Cells Transform Energy 
In the chloroplasts of plant cells the energy of sunlight lS 

tran�formed into 

cells these fuels 

chelnical fuels. In the mitochondria of animal 

are oxidized to run the cellular Inachinery 

A living cell is inherently an un
stable and improbable organiza
tion; it maintains the beautifully 

complex and specific orderliness of its 
fragile structure only by the constant 
use of energy. When the supply of energy 
is cut off, the complex structure of the 
cell tends to degrade to a random and 
disorganized state. In addition to the 
chemical work required to preserve the 
integrity of their organization, different 
kinds of cell transform energy to do the 
varieties of mechanical, electrical, chemi
cal and osmotic work that constitute the 
life processes of organisms. 

As man has learned in recent times 
to use energy from inanimate sources to 
do his work, he has begun to compre
hend the virtuosity and efficiency with 
which the cell manages the transforma
tion of energy. The same laws of ther
modynamics that govern the behavior of 
inanimate substances also govern the 
energy transactions of the living cell. 
The first law of thermodynamics says 
that the sum of mass and energy in any 
physical change always remains con
stant. The second law states that there 
are two forms of energy: "free," or use
ful, energy; and entropy, or useless or 
degraded energy. It states furthermore 
that in any physical change the tendency 
is for the free energy to decline and the 
entropy to increase. Living cells must 
have a supply of free energy. 

The engineer gets most of the energy 
he employs from the chemical bonds in 
fuel. B)' burning the fuel he degrades the 
energy locked in those bonds to heat; he 
can then use the heat to make steam and 
drive a turbogenerator to produce elec
tricity. Cells also extract free energy from 
the chemical bonds in fuels. The energy 
is stored in those bonds by the cells that 
manufacture the foodstuffs that serve as 
fuel. The cell makes use of this energy, 

by Albert L. Lehninger 

however, in a very special way. Since 
the living cell functions at an essentially 
constant temperature, it cannot use heat 
energy to do work. Heat energ), can do 
work only if it passes from one bod)' to 
another body that has a lower tempera
ture. The cell obviousl), cannot burn its 

fuel at the 900-degree-centigrade com
bustion temperature of coal, nor can it 
tolerate superheated steam or high volt
age. It must therefore obtain energy and 
use it at a fairly constant and low tem
perature, in a dilute aqueous environ
ment and within a narrow range of con-

GRANA are enlarged 90,000 times in this electron micrograph by Vatter. They resemble 

stacks of coins in which chlorophyll is sandwiched belween layers of prolein and lipid. The 

lighter tnateL"ial around the grana is the stroma, in which the "dark" reactions take place. 
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MITOCHONDRION is the site of respiration, the energy·transfer process of animal cells. 

four mitodlOndriu of a rat pancreas cell are enlarged 33,000 times in this electron micro· 

graph by George E. Palade of the RO('kefeller Institute. The inner membranes of the mito· 

chondria's double wall are involuted to form the characteristic cristae, or folds. 

CRISTAE can be shelflike or tubular, as shown by this electron micrograph of mitochondria 

in a giant amoeba (Chaos chaos) by George D. Pappas and Philip W. Brandt of the Co· 

lumbia University College of Physicians and SUI·geons. Magnification is 27,000 diameters. 
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centration of hvdrogcn ions. To secure 
its primary energy the cell has during the 
cons ot urganic evolution perfected ex· 
traurdinary mulecular mcchanisms that 
work with great efficiency under these 
mild conditions. 

The energy-extracting mechanisms of 
living cells are of two kinds, and they 
separate all cells into twu great classes. 
The first type of cell, called heterotroph
ic, includes the cells of the human body 
and of higher animals in general. This. 
type of cell requires a supply of pre-
formed, ready-made fuel of considerable 
chemical complcxity, such as earbohy
choate, protein and fat, which are them
selves constituents of cclls and tissues .. 
Heterotrophic cells obtain their energy 
bv burning or oxidizing these complex 
fuels, which arc made by other cells, in 
the process called respiration, using 
molecular oxygen (O:!) frum the atmos
pherc. Thev employ th� cnergy so ob· 
tained to carry out their biological work,. 
and thev givc up carbon diuxide to the' 
atmospherc as the end pruduct. 

Cells in the uther class get theil
energv from sunlight. Such cells are
called aututrophic, or self-reliant. Prin· 
cipal amung them arc the cclls of green 
plants. By the process of photosynthesis 
they harness the energy uf sunlight for 
their living needs. They also use sola)
energy to incorporate carbon from at· 
mospheric carbon dioxide in the ele
mentary organiC moleculc of glucose. 
From glucose the cells of grecn plants 
and of other urganisms build up the 
more complex molecules of which cells 
are made. In urder to supply energy for 
this chemical work the cells burn some 
of the raw material by the mechanism of 
respiration. From this description of the 
cellular energy cycle it is clear that 
living things ultimately derive their 
energy from sunlight-plant cells direct
ly and animal cclls indirectly. 

I nvestigations of the central questions 
.. posed here are converging on a com
plete descriptiun of the primmy energy
extracting mechanisms of the cell. Must 
of the steps in the intricate cycles of 
respiration and photusynthesis have been 
worked out. Each process has becn local
ized in a specific organ of the cell. 
Hespiration is carried on by mitochon
dria, large numbers of which are found 
in almost all cells; photosynthesis is con
ducted by chloroplasts, the cytoplasmic 
structures that distinguish the cells of 
green plants. The molecular devices that 
make up these structures and perform 
their functions present the next great 
frontier to cell research. 

From the centers of respiration 
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SOLAR ENERGY l 

ENERGY FOR 

CELL WORK 

<CARBON AND ENERGY CYCLE of life is based on the sun as 

llhe ultimate source of energy. Solar radiation drives photosyn. 

lthesis, which builds energy·rich glucose from energy·poor carbon 

ENERGY FROM 
FOOD AND SUNLIGHT 

ATP 
( "CHARGED" I 

ADP 
'''DISCHARGED'' ) 

ADENOSINE TRIPHOSPHATE (ATP), the common carrier of 

energy in animal and plant cells, is formed in the mitochondria and 

chloroplasts. it supplies energy for muscle contraction, protein 

PHOTOSYNTHESIS 
IN GREEN PLANTS 

RESPIRATION IN 
ANIMALS AND PLANTS 

GLUCOSE 
+02 

dioxide and water. The glucose and other fuels synthesized from it 

are then broken down to carbon dioxide and water by animal cells, 

which use the energy extracted in the process to do their work. 

12 
MECHANICAL 

WORK 
CHEMICAL 

WORK 
OSMOTIC 
WORK 

ELECTRICAL 
WORK 

synthesis, absorption or secretion against an osmotic gradient 

and transfer of nerve impulses. "Discharged" adenosine diphos. 

phate (ADP) thus formed is "charged" by solar or food energy. 

65 

© 1961 SCIENTIFIC AMERICAN, INC



r�-
-------------------------ADP- --

----------------------�\ 

H-N-H 

I 
/C" 0 0 N� C--N II II J'N)--NC-"/o, ./�-0-1-0 -lto-

."- , 0- 0-: 0 H-C C-H 

i II I I LO- p--o-
H-C-----C-H ! I I I 0-o 0 

I I 
H H 

��----------------------------------ATP--------______________ �) 

ADP 

A TP MOLECULE has one more phosphate group than ADP, at

tached by a high·energy bond (wavy line at right 0/ /ormula)_ 

Solar or food energy is required to make this bond and thus to 

charge ATP. The chemical energy of the bond is made available 

again when the A TP is discharged by losing its terminal pbosphate, 

which is transferred to an "acceptor" molecule in the cell. This 

and photosynthesis the same well-de
fined molecule-adenosine triphosphate 
(ATP) -carries the free energy extracted 
from foodstuffs or from sunlight to all 
the energy-expending processes of the 
cell. ATP, which was first isolated from 
muscle by K. Lohmann of the University 
of Heidelberg some 30 years ago, con
tains three phosphate groups linked to
gether. In the test tube the terminal 
group can be detached from the mole
cule by the drastic, one-step reaction of 
hydrolysis to yield adenosine diphos
phate (ADP) and simple phosphate. As 
this reaction proceeds, the free energy of 
the A TP molecule appears as heat and 
entropy, in accordance with the second 
law of thermodynamics. In the cell, 
however, the terminal phosphate group 
is not merely detached by hydrolysis but 
is transferred to a specific acceptor mole
cule. The free energy of the A TP mole
cule is largely conserved by "phosphoryl
ation" of the acceptor molecule, the 
energy content of which is now raised so 
that it can participate in an energy-re
quiring process such as biosynthesis or 
muscle contraction. Left over from this 
"coupled reaction" is ADP. In the ther
modynamics of the cell A TP may be con
sidered as the energy-rich, or "charged," 
form of the energy carrier and ADP as 
the energy-poor, or "discharged," form. 

It is, of course, one or the other of 
the two energy-extracting mechanisms 
that "recharges" the carrier. In respira
tion in animal cells the energy of food-
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stuffs is released by oxidation and har
nessed to regenerate ATP from ADP and 
phosphate. In photosynthesis in plant 
cells the energy of sunlight is trapped as 
chemical energy and harnessed to drive 
the recharging of ATP. Experiments em
ploying the radioactive isotope phos
phorus 32 have shown that the inorganic 
phosphate passes into the terminal phos
phate group of ATP and out again with 
great rapidity. In a kidney cell the ter-

minal phosphate group turns over so 
rapidly that its half life is less than a 
minute, in consonance with the massive 
and dynamic flux of energy in the cells 
of this organ. It should be added that 
there is really no black magic associated 
with the action of A TP in the cell. Chem
ists are familiar with many similar re
actions that permit the transfer of chemi
cal energy in inanimate systems. The 
relatively complex structure of ATP has 

�P+ADP 

= 2ATP 

---��P+ADP 

CYCLIC PHOTOPHOSPHORYLATION is the process by which an electron in chlorophyll, 

raised to a high-energy state by a photon of light, provides the energy to make ATP_ The 

excited electron is captured by the first of a chain of "carriers" (A) and passed on 

around a circuit of such molecules (8 through E), losing energy along the way. Some of 

the energy couples phosphate to ADP. The cycle ends as the electron returns to chlorophyll_ 
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"phosphorylation" raises the energy level of 

the acceptor molecule. The ADP·ATP reac· 

tion is shown in schematic form at the right. 

apparently evolved uniquely in the cell 
to produce maximum control and organ
ization of energy-transferring chemical 
reactions. 

The role of A TP in photosynthesis 
has only recently been elucidated [see 
"The Role of Light in Photosynthesis," 
by Daniel I. Arnon; SCIENTIFIC AMERI
CAN, November, 1960]. This discovery 
supplies a major part of the explanation 
of how photosynthetic cells harness the 

ultimate energy source of all living 
things, solar energy, in the synthesis of 
carbohydrates. 

The energy of sunlight comes in 
packets called photons, or quanta; light 
of different colors or wavelengths is 
characterized by different energy con
tent. When light strikes and is absorbed 
by certain metallic surfaces, the energy 
of the impinging photons is transferred 
to electrons of the metal. This "photo
electric" effect can be measured by the 
resulting flow of electric current. In the 
green-plant cell, solar energy of a par
ticular range of wavelengths is absorbed 
by the green pigment chlorophyll. The 
absorbed energy raises an electron from 
its normal energy level to a higher level 
in the bond structure of this complex 
molecule. Such "excited" electrons tend 
to fall back to their normal and stable 
level, and when they do they give up 
the energy they have absorbed. In a 
pure preparation of chlorophyll, isolat
ed from the cell, the absorbed energy 
is re-emitted in the form of visible 
light, 'as it is from other phosphores
cent or fluorescent organic and inor
ganic compounds, 

Thus chlorophyll itself in the test tube 
cannot store or usefully harness the 
energy of light; the energy escapes 
quickly, as though by short circuit. In 
the cell, however, chlorophyll is so con
nected spatially with other specific 
molecules that when it is excited by the 
absorption of light, the "hot," or energy
rich, electrons do not simply fall back 
to their normal positions, Instead these 

electrons are led away from the chloro
phyll molecule by associated "electron 
carrier" molecules and handed from 
one to the other around a circular chain 
of reactions. As they traverse this ex
ternal path the excited electrons give 
up their energy bit by bit and return to 
their original positions in the chloro
phyll, which is now ready to absorb an
other photon. The energy given up by 
the electrons has meanwhile gone in
to the formation of ATP from ADP 
and phosphate; that is, into recharg
ing the A TP system of the photosyn
thetic cell. 

The electron carriers that mediate 
this process of "photosynthetic phos
phorylation" have not yet been fully 
identified. One of these molecules is be
lieved to contain riboflavin (vitamin B2 ) 
and vitamin K. Others are tentatively 
identified as cytochromes: proteins con
taining iron atoms surrounded by por
phyrin groups similar in arrangement 
and structure to the porphyrin of chloro
phyll itself. At least two of these electron 
carriers are able to cause some of the 
energy they carry to be captured, in or
der to regenerate ATP from ADP [see 
illustmtion at bottom of opposite page]. 
This appears to be the basic scheme of 
the conversion of light into the phos
phate-bond energy of ATP, as it has 
been developed by Daniel I. Arnon and 
his associates at the University of Cali
fornia and by other workers. 

The complete photosynthetic process, 
however, involves the synthesis of car
bohydrate as well as the harnessing of 
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COMPLETE PHOTOSYNTHESIS requires an outside source of 

electrons and hydrogen ions (protons) to synthesize carbohydrate 

by "reducing" (adding electrons and hydrogen to) carbon dioxide. 

The source of electrons is chlorophyll and the source of protons is 

water. The reducing agent for carbon dioxide is "reduced triphos· 

phopyridine nucleotide" (TPNH2) formed by the action of protons 

and electrons on TPN, one of the carrier molecules. The leftover 

hydroxyl ions (OH-) of water apparently lose electrons to restore 

the chlorophyll's supply. In this process oxygen gas, characteristic 

product of photosynthesis, is evolved and ATP is charged up. 
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solar energy. It is now believed that 
some of the "hot" electrons from excited 
chlorophyll, along with hydrogen ions 
derived from water, cause the reduction 
(that is, the addition of electrons or hy

drogen atoms) of one of the electron 
carriers, triphosphopyridine nucleotide 
(TPN) , which in its reduced form be
comes TPNH2 [see illllstration at bottom 
of preceding page). In a series of "dark" 
reactions, so named because they occur 
in the absence of light, TPNH2 brings 
about the reduction of carbon dioxide to 
carbohydrate. Much of the energy neces
sary for this series of reactions is supplied 
by ATP [see illllstration at right). The 
pattern of the dark reactions was worked 
out largely by Ylelvin Calvin and his 
associates, also at the University of Cali
fornia. A by-product of the original 
photoreduction of TPN is the hydroxyl 
ion (OH-). Although the evidence is 
not yet complete, it is thought that 
these ions donate their electrons to 
a cytochrome in the photosynthetic 
chain, releasing molecular oxygen in 
the process. The electrons continue 
down the carrier chain, contributing 
to the formation of ATP and finally 
settling-in their energy-depleted state
in the chlorophyll. 

As the highly organized and sequen
tial nature of the photosynthetic process 
suggests, the chlorophyll molecules are 
not randomly situated or merely sus
pended in solution inside the chloro
plasts. On the contrary, the chlorophyll 

ATP 

> 

RIBULOSE-
5·PHOSPHATE 

2 ATP >1 ,----------, � I RIBULOSE·], 5· I ------:>�2 3·PHOSPHO· _ 

I DIPHOSPHATE I GLYCERATE 
1._--------_. 

t 
ADP 

SYNTHESIS OF GLUCOSE from carbon dioxide and water is a dark reaction-that is, it 

involves a series of reactions that do not directly require light. But it does require two com· 

pounds made by light, A TP and TPNH2, as the energy supply and reducing agent respec-

is arranged in orderly structures within 
the chloroplasts called grana, and the 
grana in turn are separated from one 
another by a network of fibers or mem
branes. Within the grana the Bat chloro
phyll molecules are stacked in piles. The 
chlorophyll molecules can therefore be 
looked on as the single plates of a bat
tery, several plates being organized as 
in an electric cell, and several cells in a 

battery, represented by the chloroplast. 
The chloroplasts also contain all the 

specialized electron-carrier molecules 
that work together with chlorophyll to 
extract the energy from the hot elec
trons and use that energy to synthesize 
carbohydrate. Separated from the rest 
of the cell, the chloroplasts can carry out 
the complete photosynthetic process. 

The efficiency of these miniature solar 
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STRUCTURE OF ONE GRANUM in a chloroplast is diagramed 

in successive magnifications. The chlorophyll (color) is concen

trated within envelopes stacked to form the granum (left), with 

connecting fibers leading to adjacent grana. In the layers, two of 

which are magnified (second from left), the chlorophyll is sand-

wiched between membranes of protein, according to a hypothetical 

model proposed by Alan J. Hodge of the California Institute of 

Technology. In Hodge's model, based on electron microscopy and 

the "electron carrier" chemistry discussed in the text, the individ

ual chlorophyll molecules are oriented (third from left) be-
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--------PENTOSE SHUNT �----� 

2 TPNH2 

t 3�GLYCER� 
---�>�2 1, 3-DIPHOSPHO-___ �>�2 ALDEHYDE- ___ ---::>� GLYCERATE PHOSPHATE 

FRUCTOSE-l, 6-
DIPHOSPHATE > GLUCOSE 

� 
2 ADP 2 TPN 

tively. In this complex cycle, shown here only in ontline, the 

key intermediate is ribnlose diphosphate, which picks np the car

bon dioxide and makes two molecules of phosphoglycerate. This 

is reduced by TPNH2 and rearranged in steps, ultimately to 

become glucose. Meanwhile the ribulose diphosphate is regen

erated in a series of reactions abbreviated here as "pentose shunt." 

power plants is impressive. Though the 
exact Rgures are subject to controversy, 
it can be demonstrated under special 
laboratory conditions that the photosyn
thetic process converts as much as 75 
per cent of the light that impinges on the 
chlorophyll molecule into chemical en
ergy. On the other hand, the efficiency 
of energy recovery of a ReId of corn, 
given the random and uneven exposure 

of the leaves to sunlight and other condi
tions of nature, is considerably lower: 
on the order of only a few per cent. 

The molecule of glucose, as the end 
product of photosynthesis, can therefore 
be visualized as having a considerable 
amount of solar energy locked in its 
molecular configuration. In the process 

tween layers of proteiu (black bands) arid lipid molecules (black 

"prongs") _ An angstrom unit is a ten-millionth of a millimeter_ 

Chlorophyll molecule (right) contains magnesium (Mg), nitro

gen (N), oxygen (open circles), carbou (large colored dots) and 

hydrogen (small dots) . "C2oHao" represents molecule's phytyl chain_ 

of respiration heterotrophic cells extract 
this energy by carefully taking apart the 
glucose molecule step by step, conserv
ing its energy of configuration in the 
phosphate-bond energy of ATP. 

There are different kinds of hetero
trophic cell. Some, such as certain 
marine microorganisms, can live without 
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GLYCOLYSIS is the first step in energy recovery from glucose_ As 

comparison of this diagram with the upper one on pages 68 and 69 
will show, many of the steps nre the reverse of those in the dark 

synthesis of glucose by plants. Six-carbon glucose is broken down 

oxygen; some, such as brain cells, ab
solutely require oxygen; some, such as 
muscle cells, are more versatile, being 
able to function either aerobically or 
anaerobically. Furthermore, although 
most cells prefer glucose as the major 
fuel, some can live exclusively on amino 

(GLUCOSE) 

t 
LACTATE 

1 
PYRUVATE 

(AMINO ACIDS) 

(FATSlt 
ACETYL-CoA 

+ 

CO2 
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acids or fatty acids synthesized from 
glucose as the basic raw material. The 
disassembly of the glucose molecule by 
the liver cell may be taken, however, as 
typical of the process by which most 
known aerobic heterotrophs obtain 
energy. 

The total amount of energy available 
in a molecule of glucose may be quite 
simply determined. By burning a sample 
in the laboratory it can be shown that 
the oxidation of the glucose yields six 
molecules of water and six molecules of 
carbon dioxide, with the evolution of 

__ ------------------------------------------ 20------
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I 
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CIS-ACONITATE 
CO2 < ATP 

i 
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into two molecules of three·carbon lactate (or lactic acid; the ionic 

rather than the acid form of the intermediate compounds is shown 

in the diagrams) . Two molecules of ATP are used up in glycoly. 

sis but four are formed, for a net gain of two molecules of ATP. 

some 690,000 calories of energy per 
gram molecular weight (that is, per 180 
grams of glucose) in the form of heat. 
Energy in the form of heat is, of course, 
useless to the cell, which functions under 
essentially constant temperature condi
tions. The step-by-step oxidation of 

�-WffJ1% f&. 

11111 
--;;.. --;;.. 
--;;.. --;;.. 

DPN -----? FP -----? 
-----? -----? 
---? ---? 

---? 

ATP 

glucose achieved by the mechanism of 
respiration occurs in such a way, how
ever, that much of the free energy of 
the glucose molecule is conserved in a 
form that is useful to the cell. In the end 
more than 50 per cent of the available 
energy is recovered in the form of phos
phate-bond energy. This recovery com
pares most favorably with the standard 
of the engineer, who rarely converts 
more than a third of the heat of combus
tion into useful mechanical or electrical 
energy. 

The oxidation of glucose in the cell 
proceeds in two major phases. The first, 
or preparatory, phase, called glycolysis, 

.,,. �?0 %� 

111111 
--;;.. --;;.. --;;.. --;;.. 

B -----;. -----? ---? ---? ---? ---? ---? -----;. 

H1111 
ATP 

brings about the splitting of the six-car
bon glucose molecule into two three
carbon molecules of lactic acid. This 
seemingly simple process occurs not in 
one step but at least 11 steps, each 
catalyzed by a specific enzyme. If the 
complexity of this operation seems to 
contradict the Newtonian maxim Natura 
enim simplex est, then it must be bornc 
in mind that the function of the reaction 
is to extract chemical energy from the 
glucose molecule and not merely to split 
it in two. Each of the intermediate prod
ucts contains phosphate groups, and a 
net of two molecules of ADP and two 
phosphates are used up in the reaction . 

.. � 
111111 O2 

--;;.. � 
--;;.. -----;. 

A -----;. A3 -----;. 
-----;. -----;. 
---? ---? 
-----;. -----;. 

H1111 
HP 

KREBS "CITRIC ACID" CYCLE finally oxidizes the prod

ucts of glycolysis to carbon dioxide and water. Lactate is first 

converted to pyruvate, which in turns goes to acetyl coenzyme 

A. (Here fat and protein join carbohydrate in the metabolic 

process.) There follows a cycle of reactions, involving the 

regeneration of oxaloacetate, in which carbon compounds are 

broken down to carbon dioxide. Electrons removed at various 

stages arc passed down a "respiratory chain" of electron car· 

riers: diphosphopyridine nucleotide (DPN) , a flavoprotein 

enzyme (FP) and a series of iron·containing enzymes: cyto· 

chromes B, C, A and A3. As the electrons pass down the chain, 

ultimately to reduce oxygen to water, they drive the phospho· 

rylatious in which ATP is formed. Each molecule of lactate 

contributes six pairs of electrons; five of these charge up three 

ATP molecules each and the sixth makes two ATP's. One more 

A TP is formed iu the citri� acid "mill" itself, so a total of 

36 molecules of ATP is produced by the two molecules of lac· 

tate that were formed from the original glucose molecule. 
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STRUCTURE OF MITOCHONDRION is basically that of a fluid· 

filled vessel with an involuted wall (a). The wall consists of a 

double membrane (b) , with infoldings of the inner one forming 

cristae. Each membrane is apparently constructed of a layer of pro· 

Ultimately the splitting of glucose not 
only yields two molecules of lactic acid 
but also generates two new molecules of 
ATP [see illustration at top of preced
ing two pages]. 

What does this mean in terms of ener
gy? Thermodynamic equations show 
that the splitting of a gram molecule of 
glucose to lactic acid makes a total of 
56,000 calories available. Since the 
charging of each gram molecule of ATP 
captures about 10,000 calories of energy, 
the yield at this stage is about 36 per 
cent, a respectable figure by engineering 
standards. The conversion of 20,000 
calories represents, however, a small 
fraction-only 3 per cent-of the total of 
690,000 calories bound in the glucose. 
Yet many cells, such as anaerobic cells or 
muscle cells in exercise (which are un
able to conduct the process of respira
tion), function on this small yield. 

With glucose now broken down to 
lactic acid, aerobic cells proceed to ex
tract a major portion of the remaining 
energy by the process of respiration, in 
which the three-carbon lactic acid mole
cule is broken down to single-carbon 
molecules of carbon dioxide. The lactic 
acid, or rather its oxidized form pyruvic 
acid, undergoes an even more complex 
series of reactions, each step again being 
catalyzed by a specific enzyme system 
[see illustration at bottom of preceding 
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two pages]. First the three-carbon com
pound is broken down to an activated 
form of acetic acid-acetyl coenzyme A 
-and carbon dioxide. The two-carbon 
acetic acid compound then combines 
with a four-carbon compound, oxaloace
tic acid, to make the six-carbon citric 
acid. This is degraded again to oxaloace
tic acid by a series of reactions, and the 
three-carbon atoms of pyruvic acid that 
were fed into this cyclic mechanism at 
last appear as carbon dioxide. This 
"mill," which oxidizes not only glucose 
but also fat and amino acid molecules 
previously broken down to acetic acid, is 
known as the Krebs citric acid cycle. It 
was first postulated by Sir Hans Krebs in 
1937 in one of the great landmarks of 
modern biochemistry and honored by a 
Nobel prize in 1953. 

;\ !though the Krebs cycle accounts for 
ft the oxidation of lactic acid to carbon 
dioxide, it alone does not explain how 
the large amount of energy remaining in 
these molecules is extracted in useful 
form. The process of energy recovery 
that accompanies the action of the Krebs 
cycle has been an intensely active field 
of investigation in recent years. While 
the over-all picture can be described 
with some assurance, there are many 
details yet to be solved. In the course of 
the cycle, it appears, electrons are ex-

tracted from the intermediates by en
zymes and fed into a series of electron
carrier molecules, collectively called the 
respiratory chain. This chain of enzyme 
molecules is the final common pathway 
of all electrons removed from foodstuff 
molecules during biological oxidation. 
At the last link in the chain, the electrons 
combine with oxygen to form water. The 
breakdown of foodstuffs by respiration 
therefore in essence reverses the process 
of photosynthesis in which electrons are 
removed from water to form oxygen. 
Moreover, it is striking that the electron 
carriers in the respiratory chain bear 
many chemical similarities to those of 
the corresponding chain in photosyn
thesis. They contain, for example, ribo
flavin and cytochrome structures similar 
to those in the chloroplast. The Newton
ian simplicity of nature is thereby 
affirmed. 

As in photosynthesis, the energy of 
the electrons passing along the chain to 
oxygen is tapped off and used to drive 
the coupled synthesis of ATP from ADP 
and phosphate. Actually this respiratory
chain phosphorylation, or oxidative 
phosphorylation, is better understood 
than the more recently discovered photo
synthetic phosphorylation. One thing 
known with certainty is that there are 
three points along the chain at which 
A TP is recharged. For each pair of elec-
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tein molecules (spheres at "c") lined by a double layer of lipid 

molecules (black·tailed spheres). The respiratory.chain electron 

carriers and enzymes appear to be regularly spaced elements (black 

spheres at "d") of the protein monolayers. The "matrix" is fluid. 

trons split from lactic acid in the course 
of its oxidation in the Krebs cycle, there· 
fore, an average of three molecules of 
ATP are formed. 

From the total yield of A TP molecules 
it is now possible to calculate the ther
modynamic efficiency with which the 
cell extracts the energy made available 
by the oxidation of glucose. The prelim
inary splitting of glucose to two mole
cules of lactic acid yields two molecules 
of ATP. Each molecule of lactic acid in 
turn delivers ultimately six pairs of elec
trons to the respiratory chain. Since 
three molecules of ADP are "charged 
up" to A TP for each pair of electrons 
traversing the chain, 36 molecules of 
ATP are formed in the respiratory proc
ess proper. On the rough estimate of 
10,000 calories each, the 38 molecules 
of ATP incorporate in their phosphate 
bonds some 380,000 of the 690,000 
calories contained in the original gram 
molecule of glucose. The efficiency of 
the combined processes of glycolysis and 
respiration can therefore be estimated as 
a minimum of 55 per cent. 

The intricacy of the respiratory proc
ess in particular suggests again that the 
enzymatic machinery involved could 
not do its work if its component parts 
were randomly mixed together in solu
tion. Just as the molecular devices of 
photosynthesis appear to be spatially 

oriented to one another in the chloro
plast, so the organ of respiration in the 
cell, the mitochondrion, presents the 
same picture of structured order. There 
may be anywhere from 50 to 5,000 mito
chondria in a cell, depending on its type 
and function. A single liver cell of the 
rat contains about 1,000 mitochondria. 
They are large enough (three to four 
microns long) to be seen in the cyto
plasm with a light microscope. But their 
ultrastructure requires the electron mi
croscope in order to be seen. 

I n electron micrographs it can be seen 
that the mitochondrion has two mem

branes, the inner one occurring in folds 
in the body of the structure. Recent 
research on mitochondria isolated from 
cells of the liver has shown that the 
Krebs-cycle enzyme molecules are lo
cated in the matrix, or soluble portion 
of the inner contents, but the respiratory
chain enzymes, in the form of molecular 
"assemblies," are located in the mem
branes [see "Energy Transformation in 
the Cell," by Albert L. Lehninger; 
SCIENTIFIC AMERICAN, May, 1960]. The 
membranes consist of alternating layers 
of protein and lipid (fatty) molecules, 
just as do the membranes of the grana 
of the chloroplasts. Indeed, there is a 
remarkable similarity in the structure of 
these two fundamental power plants of 

all cellular life, one capable of capturing 
solar energy in A TP and the other of 
transforming the energy of foodstuffs to 
ATP energy. 

Modern chemistry and physiCS have 
recently been able to specify the three
dimensional structure of certain large 
molecules, such as those of proteins and 
of DNA, the molecules that carry ge
netic information. The next great step 
in cell research is to find out how the 
large enzyme molecules, themselves pro
teins, are arranged together in the 
mitochondrial membranes, together with 
the lipids, so that each catalyst mol
ecule is properly oriented and there
fore able to react with the next one 
in the working assembly. The "wiring 
diagram" of the mitochondrion is al
ready clear! 

If the classical engineering science of 
energy transformation is humbled by 
what is now known about the power 
plants of the cell, so are the newer and 
more glamorous branches of engineer
ing. The technology of electronics has 
achieved amazing success in packaging 
and miniaturizing the components of a 
computer. But these advances still fall 
far short of accomplishing the unbe
lievable miniaturization of complex en
ergy-transducing components that has 
been perfected by organic evolution in 
each living cell. 
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How Cells Make Molecules 

The inherited master plan of the cell is contained in the molecules 

of deoxyribonucleic acid. They direct the manufacture of protein 

enzymes, which in turn engineer all the chemical reactions of life 

by Yincent G. Allfrey and Alfred E. Mirsky 

I
n our laboratory we have the por

traits of Gregor Mendel and Fried
rich Miescher side by side. Mendel 

in 1866 set forth evidence, from his ob
servation of inheritance in the pea plant, 
for the idea that genetic information is 
carried in discrete units from one gen
eration to the next. Miescher in 1869 
isolated from the nucleus of cells a sub
stance that he called nuclein and that 
is known today as deoxyribonucleic 
acid (DNA). He knew that he had in 
his hands a novel substance containing 
nitrogen and phosphorus, and he was 
well aware of its location within the 
nucleus. But he could have had no idea 
of what DNA does in the nucleus, be
cause the role of the nucleus in heredity 
was at that time unknown, even to 
Mendel. It was well over half a century, 
long after the death of both men, before 
their work could be fused. The fusion 
required much more nucleic-acid and 
protein chemistry than there was in 
Miescher's time and a vast amount of 
new biology, including the unearthing 
of Mendel's work in 1900. 

In the last three decades of the 19th 
century, work in biology, led by August 
Weismann, demonstrated the continuity 
of the germ plasm and showed that the 
nucleus of the cell plays a central role 
in heredity. Attention soon focused on 
the chromosomes. Since sperm and egg 
nuclei provide equal complements of 
chromosomes (except for the sex chro
mosomes) and since there is precisely 
equal cleavage and distribution of chro
mosomes at cell division, it seemed clear 
that chromosomes are concerned with 
the continuity that is essential in hered
ity. With the rediscovery of Mendel and 
the growth of genetics, biologists talked 
less about the germ plasm and more 
about the genes as discrete units of the 
germinal material. It became increasing
ly clear that each gene is derived from 
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a pre-existing gene. The genes were 
located in the chromosomes, which now 
far more conclusively than before were 
shown to contain the materials determin
ing heredity. 

Meanwhile the chemistry of nucleic 
acids was making progress. But there 
was little contact between the two move
ments. The now standard color test for 
DNA was first demonstrated in 1914 by 
the German chemist Robert Feulgen in 
a test tube. Not until 10 years later did 
Feulgen use the test to stain cells and 
show that the chromosomes are the locus 
of DNA concentration in the nucleus. 
Yet it cannot be said that this experience 
led to the idea that DNA is the essen
tial gene material. 

The evidence that genetic information 
is carried by DNA came in the late 

1940's from a number of sources. Andre 
Boivin and Roger and Colette Vendrely 
of the University of Strasbourg and 
Alfred E. Mirsky and Hans Ris of the 
Rockefeller Institute measured the DNA 
content of nuclei in germ cells and vari
ous somatic cells and found that in a 
given organism the DNA content is con
stant per set of chromosomes. This 
constancy pointed to DNA as the essen
tial material of the genes. In experi
ments on pneumococci Oswald T. 
Avery, Colin M. MacLeod and Maclyn 
McCarty of the Rockefeller Institute 
showed that hereditary traits can be 
transmitted from one strain of bacteria to 
another by transferring to cells of the 
latter DNA extracted from the former. 
Their experiments conclusively estab
lished DNA as the carrier of genetic 
information. 

This development made a great im
pression on geneticists, for it went a long 
way toward answering one of their out
standing questions: What is the nature 
of the gene? The impact on biochemists 

was far greater; it revealed to them what 
the problems of biochemistry could be. 
The principle of genetic continuity, the 
rule that each gene comes from a pre
existing gene, was now transformed to 
the biochemical question: How does the 
molecule of DNA replicate itself? There 
was also the problem of the passage of 
genetic information from DNA in the 
chromosome to the fabric of the cell. As 
the carrier of genetiC information, it 
was plain, DNA does much more than 
replicate itself. It plays an active role, 
directing the life of the cell. Biochemists 
could now study the molecular basis of 
gene action, tracing the effect of DNA 
in discrete observable events in the syn
thesis of the molecules of which the cell 
is made. 

The fusion of biochemistry and cell 
biology has brought an accelerating 
growth of understanding over the past 
20 years. It is now possible to answer 
at the molecular level some of the funda
mental questions of genetics and cell 
biology that go back to the era of Weis
mann. Some of the most significant 
knowledge of DNA activity has come 
in recent months. It is difficult to be
lieve that the discovery of this substance 
goes back to 1868! 

When the chromosomes are coiled up 
tightly in stumpy rods, the DNA they 
contain is the repOSitory of genetic in
formation, but it is inert. When DNA 
is actively communicating its informa
tion to the cell, the chromosomes have 
an entirely different appearance. Then, 
in their "Iampbrush" configuration, the 
chromosomes uncoil into delicate fila
ments forming a lacelike structure in 
which DNA and other components are 
readily accessible for interaction with 
the surrounding medium [see illustra
tion on page 82]. 

Chemists have shown that the mole
cule of DNA consists of a long, un-
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NUCLEIC ACIDS, the "blueprints" and "template&"· of protein 

synthesis, are visualized in this photomicrograph of h��an amnion 

cells made by Snydam Osterhont at the Rockefeller Institute. 

Stained with acridine orange, the deoxyribonucleic acid (DNA) 

fluoresces yellow-green and is seen to be localized in the nuclei. 

Ribonucleic acid (RNA) fluoresces orange·red and is seen through

out the cytoplasm. There is RNA in the nucleus also, but it is 

obscured by the DNA. The magnification is 3,500 diameters. 
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branched chain, the backbone of which 
is made up of alternate five-carbon sugar 
(deoxyribose) and phosphate groups. 
To each sugar is attached a nitrogenous 
base; in most DNA's there are four such 
bases: adenine, guanine, thymine and 
cytosine. The unit in the chain, con
sisting of phosphate-sugar-base, is called 
a nucleotide. From X-ray crystallogra
phy, particularly the work of F. H. C. 
Crick and J. D. Watson, came the un
derstanding that a DNA molecule con
sists not of a single polynucleotide chain 
but of two, twined around each other 
in a double helix and held together by 
hydrogen bonds between the bases. The 
companion bases are never identical but 
are always specifically complementary, 
with adp.nine joined to thymine and 
guanine to cytosine. This is demon
strated by experiments with simple, 
synthetic polynucleotides. Thus a syn
thetic DNA, or polynucleotide, made up 
exclusively of thymine bases (poly thy
midylic acid) binds a complementary 
chain made up exclusively of adenine 
bases (polyadenylic acid). In chains 
made up of all four bases, as in the natu
ral molecule, the sequence of bases in 

one chain governs the sequence in the 
other; if the actual order of bases in one 
chain of a DNA were known, one could 
write down the order of its complemen
tary chain. To complete the picture, 
Crick and Watson proposed that the 
genetic information carried by the mole
cule is encoded in the sequence of its 
bases. 

The usefulness of this work to the 
classical concerns of genetics began to 
be demonstrated in 1957 when Arthur L. 
Kornberg, then at Washington Univer
sity in St. Louis, brought about the syn
thesis of DNA in a cell-free system 
containing the four nucleotides, the 
enzyme polymerase and DNA. In the 
presence of polymerase the nucleotides 
linked together to form long chains of 
DNA. More important, Kornberg found 
that the polymerization of the four 
nucleotides will proceed only if a 
small amount of DNA is present to 
"prime" the reaction. He soon found that 
the over-all proportions of the bases in 
the product DNA paralleled the base 
composition of the primer used. Early 
this year Kornberg made the pOint more 
strongly. As primers he used a number 

of different DNA's prepared from virus, 
bacterial and animal sources, each DNA 
having its own characteristic sequence of 
nucleotides. Using a statistical method 
(known as nearest-neighbor nucleotide 
frequencies) to analyze the products 
of these reactions, he found that each 
primer DNA directs the polymerization 
so that the sequence of the nucleotides 
in the enzymatically synthesized DNA is 
the same as its own. 

According to the Watson-Crick mod
el, when DNA primes the making of 
more DNA, the double helix uncoils. 
Then along each chain a complementary 
chain is formed. In Kornberg's experi
ments the pattern of nearest-neighbor 
frequencies in every case showed the 
pairing of adenine to thymine and 
guanine to cytosine, just as in the model. 
A geneticist can now see how it is that 
each gene is derived from a pre-existing 
gene. 

It was of course the more general ac-
tivity of the genes-by which they 

bring about the expression of hereditary 
traits in the organism-that led to their 
discovery. The way to an understanding 

RIBOSOMES, the sites of protein synthesis, are shown in this elec· 

tron micrograph made by BemaI'd Tandler of the Sloan.Kettering 

Institute. The cytoplasmic membrane system of a human submaxil· 

lary gland cell is enlarged 70,000 times. The ribosomes are the 

small, dark particles, each about .000015 millimeter in diameter, 

lining the membranes. The large oblong bodies are mitochondria. 
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of this activity at the molecular level
how DNA governs the biosynthetic 
processes of the cell-has become clear 
only in the last 10 years. 

The heritable changes that geneticists 
first studied were necessarily those most 
readily observed. Many of these were 
changes in color. One of the early Men
delians was the English physician Archi
bald Garrod, who made a penetrating 
study of a rare hereditary disease in 
man characterized by the appearance of 
a black pigment, alcapton, in the urine. 
The pigment is formed because there is 
a derangement in the metabolism of the 
amino acid tyrosine; one particular re
action that normally occurs fails to 
occur. This failure, Garrod perceived as 
far back as 1909, is due to the absence 
of an enzyme that is normally present. 
The role of the normal gene, therefore, 
is to determine the production of a par
ticular enzyme, and this is what the 
abnormal gene fails to do. 

The idea that the action of a gene is 
concerned with the formation of a par
ticular enzyme was ignored by most 
geneticists for some 30 years. It was re
vived by George W. Beadle and Ed
ward L. Tatum when they showed the 
principle at work in heritable metabolic 
derangements of the red bread mold 
Neurospora. This time the idea made a 
deep impression on geneticists and bio
chemists, in part because the chemical 
nature of enzymes had meanwhile been 
revealed. Between 1926 and 1930 
James B. Sumner of Cornell University 
and John H. Northrop of the Rockefeller 
Institute had shown that enzymes are 
proteins. The biochemical function of 
the gene was now to be looked for in the 
more general function of protein synthe
sis. It was firmly demonstrated in the 
early 1950's, when other examples of 
the determination of protein structure 
bv genes were found in many animals, 
fungi and bacteria. 

But the decisive new experiments 
were again, as in Garrod's time, on 
man-on human hemoglobin. Beginning 
with the hemoglobin of sickle-cell ane
mia, studied by Linus Pauling and his 
colleagues at the California Institute of 
Technology, quite a number of hered
itary hemoglobin anomalies were discov
ered in an enterprising world-wide 
search. In several cases it was found that 
a gene mutation produces a single amino 
acid substitution in one location of the 
peptide chains, containing about 150 
amino acids, that make up the hemo
globin molecule. So much precise infor
mation has by now been acquired 
linking genes and the amino acid compo
sition in hemoglobins that th8re is no 

ADENINE THYMINE 

GUANINE CYTOSINE 

DNA, the carrier of genetic information that serves as the "blueprint" for protein synthesis, 

has as its key components four nitrogenous bases. Their formulas are diagramed above and 

their arrangement in the complex DNA molecule is illustrated on the following two pages. 

longer any doubt that genes determine 
protein synthesis. 

O
ne of the best examples of the con

trol of protein synthesis by the gene 
concerns the synthesis of DNA, the sub
stance of the gene itself. When a bac
terial virus that contains DNA enters 
a bacterial cell, a large quantity of virus 
DNA is soon synthesized. At the same 
time there is a five-to-ten-fold increase 
in activity of the enzyme polymerase, the 
enzyme that polymerizes mononucleo
tides and so produces DNA. But the 
polymerase in this case is the virus
induced polymerase, and it is distinctly 
different from the polymerase present in 
the bacterium before entry of the virus. 
This is to be expected since the genetic 
information for the new enzyme comes 
from virus DNA and not from the bac
terial genes. 

The understanding of how DNA di
rects protein synthesis in the cell in
volves among other things a vast lore 
of knowledge about protein synthesis 
and structure gained without reference 
to the cell. But the primary action of 
DNA also raises a logical problem that 
should be dealt with at the outset. Only 
four different nucleotides make up the 
long chains of DNA. Some 20 amino 
acids make up the long polypeptide 

chains of proteins. The genetic informa
tion in DNA is therefore spelled out in 
a four-letter alphabet. But the infonna
tion in this molecular script is communi
cated to another in which the message 
must be translated into a 20-letter alpha
bet, the letters of which are entirely 
different from those in the four-letter 
alphabet. How is the information en
coded and conveyed? The most plausible 
answer is that groups of three or four 
nucleotides are arranged in different 
sequences, each corresponding to a par
ticular amino acid. By such an arrange
ment the four-letter DNA alphabet is 
able to determine the spelling out of pro
tein structure in the 20-letter alphabet. 

All cells synthesize protein, some con
tinuously, others for only a part of their 
life cycle. The proteins they make are 
enormously varied, differing in size, 
shape, over-all chemical composition 
and physical properties. But whatever 
their function, and regardless of their 
size, shape, solubility or enzyme activ
ity, all proteins have an underlying 
similarity in constitution: they are all 
made up of the relatively simple molecu
lar units of amino acid. The synthesis of 
a protein from these smaller units is con
ceptually a simple process, involving the 
joining of the individual amino acids 
to form long chains. The length of the 

77 

© 1961 SCIENTIFIC AMERICAN, INC



chain and the sequence of the amino 
acids V;lrv, uf course, from one protein 
to anolher. But the essential unit of 
structurc, the link that prolongs the 
chain, is ubiquitous; it is the peptide 
bond, the chemical union between the 
carboxyl group (COOH) of one amino 
acid and the amino group (NHt) of the 
next amino acid in the chain. 

These bonds, connecting amino acids 
in various sequences, are the key link
ages to be created in carrying out the 
synthesis of proteins or smaller poly
peptides, either in the cell or in the 
laboratory. Since peptide bonds do not 
form spontaneously when amino acids 
are mixed, other chemical means have 
to be used to drive the formation of the 
bonds. The synthetic system of the cell 
begins with a reaction that "activates" 
the carboxyl group of the amino acids. 

rrhiS reaction, originally discovcred by 
. Mahlon B. Hoagland of the Harvard 

Medical School in 1955, derives the en
ergy necessary for the activation from 
adenosine triphosphate (ATP), the main 
energy currency" of the cell [see "How 
Cells Transform Energy," page 62]. 
The ATP is cleaved to release two of 
its three phosphate groups; the remain
ing fragment, adenosine monophosphate 
(AMP), joins up with the acid group 
of the amino acid. In this way the amino 
acid is potentiated for the formation of 
the peptide bond. The enzymes that 
carry out this activation have great spec
ificity: in general they react with only 
one type of amino acid. It is probable 
that most cells have activating enzymes 
for at least 20 amino acids. In animal 
cells these enzymes have been found in 
the nucleus as well as in the cytoplasm, 

and there is good evidence that they 
play a role in the sy,nthesis of the nuclear 
proteins, including the proteins of the 
chromosomes. 

The activating enzymes mediate only 
the first step in a very complex and pre
cisely ordered chain of reactions. The 
order is supplied by the information en
coded in the DNA molecule. To convey 
the information from the DNA in the 
nucleus to the site of most protein syn
thesis in the cytoplasm, the cell employs 
another polynucleotide-ribonucleic acid 
(RNA)-as an intermediary. In RNA the 
sugar is ribose instead of deoxyribose; 
the main RNA bases are adenine, 
guanine, cytosine and, instead of thy
mine, uracil. As in DNA, the different 
llucleotides are linked together through 
their phosphate groups to form long 
chains. 

The need for ribonucleic acid in pro
tein synthesis was suggested 20 years 
ago, when Torbjiirn O. Caspersson in 
Stockholm and Jean Brachet in Brussels 
showed that tissues that synthesize large 
amounts of protein, whether for growth 
or multiplication, are always rich in 
RNA. One of the highest RNA concen
trations is found in the cells of the spin
ning gland of silkworms, which produce 
the proteins fibroin and sericin of the 
silk thread. In mammals, high RNA con
centrations occur in such specialized 
cells as those of the pancreas and liver, 
in which many proteins are syntheSized 
r or transport to other parts of the 
organism. 

When cells synthesize protein on this 
scale, it is usually observed that the 
synthetic machinery is highly organized 
into a lamellar network of membranes 
and HNA-rich particles. The biochem-

DEOXYRIBOSE 

PHOSPHATE 

--0-
DNA MOLECULE is in the form of a long 

double chain 01" nucleotides-phosphate· 

linked deoxyribose sugar groups to each of 

ical knowledge of these structures comes 
largely from studies of cell homogenates, 
from which different intracellular struc
tures can be isolated by centrifuging at 
different speeds; that knowledge is now 
significantly supplemented by electron 
micrographs of the cytoplasmic mem
brane system [see illustmUon on page 
76]. Particular interest attaches to the 
particles, which, in a liver cell, are 

/ 

" 
(/ 

/' 

DNA MOLECULE, shown at the top of these pages as a straight 

ladder, is actually twisted into a double helix, "ecording to the gen· 

c"ally accepted Watson·Crick model. In this drawing the phosphate 

groups are not shown. The sugar and base molecules are shown 

diagrammatically; in the actual three·dimensional model the base 

pairs that make up the crosslinks all lie in parallel planes. 
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which one of the four bases is attached as a side group. Hydrogen 

bonds (broken lines) link pairs of bases to form tbe double chain. 

The bases are always paired as shown: adenine with thymine and 

guanine with cytosine. The sequence of pairs, however, can be 
varied infinitely. The sequence encodes the information that deter

mines what kinds of protein shall be synthesized by the cell. 

roughly spherical and about .0000 15 
millimeter in diameter. In fully differ
entiated cells of the pancreas or liver, 
most of these particles are attached to 
membrane surfaces, but in embryonic 
tissues the particles appear free in the 
cytoplasm. George E. Palade of the 
Rockefeller Institute has suggested that 
the particles, not the membranes, are the 
primary sites o} protein synthesis in these 
cytoplasmic systems. This view has been 
proved correct by biochemical studies 
of the particles themselves, isolated not 
only from pancreas and liver but also 
from tumor cells, plants, yeasts and 
bacteria. Most workers in the field now 
refer to the particles as ribosomes. 

Whatever cell they come from, ribo
somes are extraordinarily rich in RNA. 
Bacterial ribosomes, for example, have 
a molecular weight of nearly three mil
lion, of which at least 60 per cent is 
RNA. Ribosomes prepared from liver or 
yeast have a molecular weight of about 
four million, of which more than 40 per 
cent is RNA. Few purified ribosome 
preparations contain less RNA than this. 
Protein, often rich in basic amino acids, 
constitutes most of the remaining mass 
of the isolated ribosomes. 

The first chemical indication that 
ribonucleoproteins play such a direct 
role in the synthesis of other proteins 

came from "tracer" experiments in 
which living animals were given iso
topically labeled amino acids (that is, 
amino acids containing atoms of nitro
gen 15 or carbon 14 instead of the nitro
gen 14 or carbon 12 atoms usually pres
ent). Henry BOl·sook of the California 
Institute of Technology and Tore J. M. 
Hultin of the Wenner-Gren Institute 
in Stockholm in 1950 independently 
showed that when the cells of a la
beled tissue were broken and fraction
ated, the highest concentration of la
beled amino acids showed up in the 
microsome fraction. This fraction was 
subsequently shown by Philip Siekevitz 
and Palade to contain the ribosomal 
particles attached to membrane frag
ments. In 1953 Marie Maynard Daly 
and the authors made careful kinetic 
studies of the rate of nitrogen-15 amino 
acid uptake into different protein frac
tions of the pancreas cell. The results 
made it very likely that some of the pro
tein attached to ribonucleic acid was a 
direct precursor of the enzyme proteins 
that are found free in the cell. Moreover, 
we found that an attack on the RNA by a 
specific enzyme, ribonuclease, stopped 
protein synthesis in isolated subcellular 
fractions. The experiments made on 
whole animals and in isolated cells were 
soon supplemented by studies of cell-

free systems containing RNA, which 
would incorporate amino acids into pro, 
tein in the test tube. The development 
of these systems wa largely due to the 
experiments of Paul C. Zamecnik and 
his colleagues at the Massachusetts Gen
eral Hospital. 

Although many experiments suggest
ed a direct role for RNA in protein syn
thesis, it has only recently been shown 
that the function of RNA is to supply the 
information necessary to organize the 
sequence of the amino acids in peptide 
chains. The argument is clinched by ex
periments in which a modification of the 
RNA has brought a change in the pro
tein product. Working with a plant virus, 
Gerhard Schramm and his co-workers 
at the University of Tiibingen succeeded 
in substituting a hydroxyl for an amino 
group in the viral RNA; the substitu
tion led to the formation of a different 
viral protein. By growing bacteria in 
the presence of 5-fluoro-uracil, Fran<;;ois 
Gros of the Pasteur Institute in Paris 
has caused this substance to replace the 
normal base uracil in the bacterial RNA; 
the bacteria thereupon synthesized an 
abnormal protein instead of the enzyme 
beta-galactosidase. 

From all that is known, it is now sup
posed that RNA's in the ribosomes act 
as templates that determine the se-
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"BASE PAIRING" is the process by which DNA is replicated in 

cell division and by which it makes RNA, the closely related nucleic 

acid that in turn synthesizes proteins. The four nucleotides of DNA 

are symbolized (upper left) by four building blocks shaped as 
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complementary pairs. RNA (upper right) differs only slightly: its 

sugar bas an extra oxygen atom, and uridylic acid replaces DNA's 

thymidylic acid. The lower diagrams show how DNA can either 

replicate or form RNA carrying the same genetic information. 

quence in which amino acids are linked 
together in protein chains. They repro
duce in their nucleotide sequences the 
information encoded in the master tem
plates of the DNA molecules in the cell 
nucleus. 

But how do amino acids get to the 
RNA templates from their activating en-

zymes? Here too ribonucleic acids play 
a role. In 1957 several laboratories an
nounced the discovery of low-molecular
weight RNA's that transfer activated 
amino acids to ribosomes. The function 
of these "transfer" RNA's is to get amino 
acids properly lined up on the RNA 
template of the ribosome. This view, put 

forward by Crick and others, assumes 
that there are 20 or so transfer RNA's, 
each specific for a particular amino acid 
and also capable of recognizing certain 
specific sites on the template. It is, of 
course, the nucleotide sequence in the 
shorter chains of these low-molecular
weight RNA's that capacitates them for 

a 

PROTEIN SYNTHESIS involves two kinds of RNA. "Template 

RNA" in the ribosomes organizes the sequence of amino acids to 

make protein. "Transfer RNA" carries the amino acids to the tem

plate. Transfer RNA is the intermediary: part of it can apparently 
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recognize a specific amino acid and part is coded to seek the prop�r 

site on the template. The process begins (a) with activation of an 

amino acid by adenosine triphosphate (ATP), the cellular energy 

carrier (hatched). Two phosphate groups drop from ATP and, with 
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A single strand of DNA (dark gray) 

assembles new DNA nucleotides (light 

gray) or RNA nucleotides (color) 

that match its complementary strand. 

both of these highly specific reactions. 
According to this scheme the amino 
acids are transferred upon activation to 
the appropriate transfer-RNA chain. The 
transfer-RNA molecule then combines 
with its complementary sequence of 
nucleotides in the template RNA. This 
transfer reaction is known to be medi-
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AMINO ACIDS are the constituents of proteins. Here four amino acids (of 20·odd that 

are known) are represented by building blocks. In the top row the symbols and formulas of 

the four are shown separately; in the bottom row they have been linked by peptide bonds, in 

which H20 is dropped from adjacent COOH and NH2 groups to form a fragment of protein. 

ated by an enzyme requiring guanosine 
triphosphate. Other transfer RNA's, car
rying other amino acids, take their ap
propriate places on the template, and 
the amino acids are now aligned and 
held in proper sequence to form the spe
cific polypeptide chain of the protein. 

Though this picture of h'ansfer RNA 

as an adapter molecule is still tenta
tive, something is known about the 
coupling of amino acids in the ribosome. 
Recent work on hemoglobin synthesis, 
by Richard Schweet of the University 
of Kentucky Medical School and by 
Howard M. Dintzis at the Massachusetts 
Institute of Technology, indicates that 

the help of an enzyme (gray) , the amino acid is attached to the reo 

maining adenylic acid by a high·energy bond (wavy line) . Then a 

transfer RNA molecule moves in (dark·colored symbol at "b") . 

Each transfer RNA has an adenylic acid at one end; that end takes 

over the bond to the amino acid. Finally, the transfer RNA carries 

the selected amino acid to a ribosome (c). There the coded section 

of the transfer RNA finds its place on the template (light color) 

and positions the amino acid to join with others in a protein chain. 
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DNA IN CHROMOSOMES is an inert repository of genetIc m· 
formation when the chromosomes are tightly coiled rods during 

mitosis (le/t). Between cell divisions, when DNA is doing its genet-

ic work, the chromosomes are greatly extended, as in the "lamp. 

brush" configuration (right). These photomicrographs of newt 

chromosomes were taken by H. G. Callan of St. Andrews University. 

peptide-bond formation proceeds much 
like a zipper, starting with the amino 
acid valine at one end of the chain and 
closing bond after bond until the pro
tein molecule is finished. New amino 
acids are added to the growing chain 
at the rate of about two per second, 
finishing the protein molecule (of 150 
amino acids) in 1.5 minutes. This im
pressive feat, the synthesis of a finished 
protein molecule in less than two min
utes, is testimony to the efficiency of the 
protein-synthetic mechanism of the cell. 

One question now remains: How is 
the information encoded in the master 
template, DNA, transmitted to ribo
nucleic acids? The most suggestive clues 
come from experiments on enzyme sys
tems that synthesize RNA. Samuel Weiss 
at the University of Chicago and Jerard 
Hurwitz at New York University have 
described enzyme systems isolated from 
animal cells and bacteria that utilize all 
four nucleotides (as triphosphates) for 
RNA synthesis. Although the nucleic 
acid being synthesized is RNA, DNA 
must be present for synthesis to occur. 
What is more remarkable, the nucleotide 
composition of the DNA determines 
what kind of RNA will be formed. The 
base-pairing rules of the Watson-Crick 
DNA model appear to apply with equal 
rigor to the formation of these DNA
RNA hybrids. DNA templates induce 
the synthesis of complementary RNA 
molecules only. 

This control over RNA synthesis by 
DNA is also seen in living cells. Elliot 
Volkin of the Oak Ridge National Lab
oratory found in 1958 that when bac
terial viruses infect bacteria, an RNA is 
formed that resembles the virus DNA 
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and not that of the host in its base 
composition. Benjamin D. Hall and Sol 
Spiegelman of the University of Illinois 
then showed that the sequence of the 
nucleotides in the new RNA molecule 
is complementary to that of the RNA 
of the virus. 

So the story comes full circle. Spe
cific genetic information resides in the 
nucleotide sequences in DNA. By means 
of base-pairing mechanisms these se
quences are copied to produce either 
new DNA molecules for new cells or 
the RNA templates needed for protein 
synthesis. Specific nucleotide sequences 
in the ribosome templates encode the 
amino acid sequence for particular pro
teins. The transfer RNA's recognize 
these sequences and bring amino acids 
into the proper alignment. Peptide bonds 
then form with great specificity and 
rapidity, putting together the protein 
molecules characteristic of the species. 
These proteins, many of them enzymes, 
are the tools with which the cell syn
thesizes the host of other molecules 
(purines, pyrimidines, amino acids, car
bohydrates, fats, sterols, pigments and 
so on) necessary to its structure and 
function. 

What has been said so far makes it 
clear that there is a transmission of 

genetic information from the DNA in 
the chromosomes to the sites of protein 
synthesis. Textbooks often show this flow 
as an arrow leading from the nucleus 
to the cytoplasm. There is no corre
sponding arrow from the cytoplasm back 
to the nucleus. Absence of the return 
arrow might suggest to a biologist that 
there is something essential missing in 

the scheme, for in all biological systems 
that have been carefully studied there 
is a feedback. In the cell there is indeed 
evidence for a feedback control directed 
from the cytoplasm to the chromosomes. 
In some cases the feedback comes quick
ly and lasts for only a short time. In the 
pancreas, for example, when the cells are 
stimulated so that their cytoplasm syn
thesizes digestive enzymes, tracer ex
periments show that within a few min
utes there is a rise in the uptake of 
amino acids into proteins of the chromo
somes. There are also less immediate and 
more enduring cytoplasmic influences on 
chromosomes. Among these are the pro
found changes associated with cell dif
ferentiation [see "How Cells Specialize," 
page 124]. 

But although protein synthesis in 
chromosomes has been shown to be sub
ject to feedback control, there is at pres
ent no evidence that the sequence of 
bases in DNA can be altered by feed
back. The chromosomes of germ cells 
have changed in the course of evolution 
so that they carry genetic information 
that is effective in adapting an organism 
to its environment. The DNA of a germ 
cell has been shaped by evolution so that 
it can determine the synthesis of enzymes 
and other proteins that make for a 
viable organism. The important point 
here is that the changes that have taken 
place during the course of evolution in 
the DNA molecules of the germ cells 
of an organism are not the direct result 
of a feedback from the cytoplasm to the 
chromosomes in the nucleus. Changes 
in DNA itself, according to the general
ly held views of biologists today, are 
due to mutation and selection. 
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know an interesting phantom 
when we see one and will forgive 
you for not knowing that the 
word means a dummy which 
simulates the human body in 
stuoies with i o nizing radiat ion.  
( In perfecting the new medical 
x-ray films mentioned below to 
make them give the kind of rendi
tion that a radiologist best under
stands, our phantoms were radio
graphed so frequently they almost 
spit fire.)  The Tenite phantom here 
shown acts as an emitter for cali
brating whole-body counters and 

:such, its Tenite thyroid,  liver, lungs, spleen, kidneys, and 
other organs ti l led with radioactive solutions that simulate 

-rhe radiative properties of a radioisotope-treated organ. Alter
natively the Tenite shell can be equipped with a human skel
-eton inside and a system of dosimeter ports for studies of 
.absorption of radioactivity . 

' Sound tape, very sound 
Eastman Sound Recording Tape has j ust started to enter the 
professional sound-recording market . The future will speak 

tor itself, but for the present not a single reel of it is offered 
blank for home recording. (Digital recording tape is a dif

ferent article.) 
Eastman Tape differs from the best profess ional sound 

tape hitherto available o n ly i n  uniformity, a pallid virtue 
but one not to be s neezed at because i t  made us what we are 
today in the motion-picture business,  where a man who has 
to throw work away for technical i nadequacy winds up 
s linking through back alleys. 

Magnetic tape needs about the same thickness of coating 
.as do the emulsions of a complicated color film, where much 
of the secret of success l ies in n iggardliness with thickness 
tolerance. Thickness variation of magnetic oxide coating 

-shows up as spurious amplitude modulation . The oxide par
ticles themselves closely match in size the s ilver halide crys
tals of a medium fine-grain photographic emulsion. The 
problems of prepari ng t heir surfaces for uniform distribu
tion through a matrix are familiar to us. The answers turn 
out a little d ifferent from those first thought out, but satis
factory. Ea stman Tape is no b�tter than the best rolls of the 
best-regarded grade of the best-regarded other brand.  Our 
methods, however, make all our rolls that good.  

Eastman Sound Recording Tape is  currently sold only by East
.man Kodak Company, Motion Picture Film Department 342 
Madison A venue, New York 1 7, N. Y. 

' 

Has anybody seen Gwendolyn ? 
Lucky is the scientific worker who can afford a contemptuous 

.attitude toward office routi nes . This item will bore him. 
It deals with those copying machines that are now seen 

wherever there is  paperwork. Their popularity is  traceable to 
the introduct ion of the Kodak Veri/ax copier some 8 years 
ago. Now t here are dozens upon dozens of makes of office 
copiers . The Verifax copier differs from the other inexDe n s i ve 
ones in permitting as many as five copies to be run olr' from a 

Sc So 

8¢ 7¢ 6¢ 5¢ 
On this basis it becomes clear that i f  more than one copy is 

usually required, the Verifax copy is the best buy. 
There are copiers which need no expendable sensitized 

goods. The cost or rental fee for these machines generally 
confines them to a central location where they can serve an 
entire organization of some size.  This leads to the question of 
the reason for having a secretary. If you need her merely as a 
status symbol, we have nothing further to say to you on this 
subject. If, though, she has more directly useful work to do 
that justifies a weekly salary of $70 and she averages three 
1 0-minute trips a day to the central copier, her walks for 
copies cost $225 a year. A Verifax copier could be placed 
next to her desk for less than $ 1 00. * 

Simple though these great economic truths may be, we have gone 
so far as to prepare little cardboard calculators for convenience in 
making representations to the management. Request a free set 
from Eastman Kodak Company, Business Photo Methods Division, 
Rochester 4, N. Y. 

A little x-ray news 
M ore precious than rubies is confidence in  the importance 

of what one does for a living. One thing we do for a living is 

to manufacture x-ray film. Unkind words are rarely spoken 

about society's need for x-ray film. Now we have news about 

x-ray film and need to make it  seem important .  Easy. 

The first piece of news has it that Kodak Industrial X-ray 
Film, Type M is now obtainable with emulsi on on one side 
only instead of both sides , the way x-ray film usually comes 
in order to double the strength of the image . Simple, yes ; 
trivial , no. Ties in to the very large subject of mankind's 
current push for great structural strength in small mass. 
Load-bearing members are now getting so thin that putative 
flaws on their radiographs have to be checked out with a 
microscope. Since a microscope can focus on only one side 
of the film at a time, it's better to have the other s ide blank. 
Enough of this is being done now so that x-ray dealers are 
stocking the single-coated film of high contrast and fine 

grain. 
Eastman Kodak Company, X-ray Division, Rochester 4, N. Y., 

will be glad to guide you to such a dealer. 

The second piece of news much exceeds the first in im
portance. The nuclear testing debate has gone on for years . 
As an intelligent cit izen, you have been given estimates by 
various authorities of how much radiation you and your 
children can expect to soak up, barring disaster. You have 
been told how much to figure for medical and dental radio
logical examination over a lifetime. M eanwhile we have 
been quietly goofing up the statistics ! We have been upping 
the response of the films . With the latest step, the same 
amount of examination requires half or a third as much 
radiation as had been estimated. 

No action is required on your part .  Just privately 
rejoice a lillie at /:OIV the deal has been sweetened a 
bit for you, stalis 'ically. 

., Price suojeci 10 challge without lIotice. 

This is another advertisement where Eastman Kodak Company probes at random for mutual interests 

and occasionally a liHle revenue from those whose work has something to do with science 
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ANDo•• Synergism 
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(Exploded view of 

experimental fuel cell, 

conrtesy of Leesona-Moos 

Laboratories, Leesona Corporation) 

We know it's not so, but it sometimes 
looks like fuel cells were invented to 

show off the unique properties of the 
platinum group metals. Catalytic ac
tivity, electrical conductivity, extreme 
corrosion resistance, high melting 
point: all these properties are available 
here to the fuel cell designer. 

One often overlooked but intriguing 
quality is the synergistic effect that 
one member of the platinum group has 

on the catalytic activity of another. 
For example, platinum-iridium, as an 
alloy, results in catalytic activity 
greater than with either metal alone. 

If you're looking for effective fuel 

cell electrodes, don't overlook the 
noble metals or BISHOP's century
old know-how and abilities in the pro
duction and fabrication of metals and 
metal alloys of the platinum group. 

BISHOP 

• -J.;:� ;::'P;r�C>· 
MALVERN, PENNSYLVANIA 
A JOHNSON MATTHEY ASSOCIATE 
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The Cost of Science Education 

If I

.

Jresent trends in college and grad
uate school registration continue, the 
u.s. can double the number of stu

denls receiving doctoral degrees in sci
ence and engineering and the number of 
prufessiunal scientists and engineers in 
its labor force by 1970. To do so, how
ever, it will have to increase expendi
turcs for science and enginecring cdu
cation in colleges and universities from 
the 1961 level of $2.1 billion a year 
to $5.5 billiun a year in 1970. In ad
ditiun the institutions will need $2.7 

b'llion instead uf the present $900 

milliun a year to carry on the basic 
research that is an essential part of 
univcrsily scicnce education. 

Thesc estimates appear in a repurt cn
titlcd Invcsting in Scientific Progress, 
issued by the National Science Founda
tion as a follow-up to the so-called Sea
borg Report, Scientific Progress, the Uni
ocrsities alld the Fcderal Gooel'l1'111ent, 
published by the President's Science Ad
visury Committce last fall. The new doc
ument was prepared by a group under 
Richard H. Dolt, professor of acoustics 
at the Massaehusctts Institute of Tech
nology now on leave to serve as as
sociate directur of NSF. 

During the past 30 years, the repurt 
notes, the number of professional sci
entists .in the labor force has grown an 
average of 6 per cent a year. If this 
rate continues, the total of 1,400,000 

in 1960 will rise to 2,500,000 in 1970. 

The number of students earning doc
toral degrees in science and engineering 
is rising even more rapidly-fast enough 
tu reach 13,000 a year in 1970 (as com-

'SCIENCE AN 
pared with 6,600 in 1960) and to bring 
the total number of Ph.D.'s in the labor 
force to 168,000 (from 87,000 in 1960). 

Colleges and universities will need ex
tensive help in coping with these in
creased numbers. Funds are required to 
increase science teaching staffs from 
100,000 (l961) to 175,000 (l970); to 
provide $200 million worth of new 
teaching equipment and up to $360 mil
lion worth of new laboratory buildings 
a year; to make up an existing $800 

million shortage in teaching plant; and 
to permit a proportionate .increase in the 
university research establishment. Over 
the next 10 years, the report concludes, 
college and university expenditures for 
science teaching and research will havc 
to be raised to a total of $8.2 billion 
a year. 

Space Communications 

L n a majur pulicy statement issued 
- late in July, President Kennedy set 
down "guidelines" governing the crea
tion of a space-satellite communications 
system. The statement declared that 
"private uwnership and operation of the 
U.S. portion of the system is favored," 
subject to ccrtain conditions. One is that 
the system must be truly world-wide, 
providing service to "the farthest corner 
uf the globe" even if all corners are not 
profitable. Another condition is that for
eign firms or governments must be al
lowcd to participate in the venture. The 
U. S. Government promises to co-operate 
fully in c:;t-ablishing the system "for 
global benefit at the earliest practicable 
time." The Government will control the 
launching of all U.S. spacecraft needed 
for the prGject. 

The statement setlled the argulllent as 
lu who should be allowed to participate 
in the venlure. Owners and users must 
be "aulhuri�ed carriers," meaning firms 
whuse business is international comlllu
nications (nut rocket builders, unless 
they care to qualify themselves). Ac
cording to the Federal Communications 
Commission there arc now 10 such 
firms: American Cable and Radio Corp., 
American Telephone & Telegraph Co., 
Hawaiian Telephone Co., Press Wireless, 
Inc., Hadio Corpuratiun of Puerto Rico, 
HCA Communications, Inc., South 
Puerto Hico Sugar Co., Tropical Radio 
Telegraph Co., United States-Liberia 
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Radio Corp. and Western Union Tele
graph Co. 

Two of the 10 firms, A.T. &T. and 
RCA, are already deep in development 
of communications satellites. Early next 
year the National Aeronautics and Space 
Administration will launch and track, 
for a fee of about $6 million, an experi
mental communications satellite devel
oped by A.T.&T. Also next spring 
NASA will send up a communications 
satellite of its own, built by RCA and 
called the Project Relay satellite. 

The A.T. &T. and RCA satellites be
long to the class known as "active re
peaters." They will receive signals 
beamed to them from transmitters on 
earth and rebroadcast the signals earth
ward, to be picked up by any suitably 
equipped station within line of sight. 
These first repeaters will travel in an 
orbit at an altitude of about 3,000 miles. 
A.T.&T. has proposed that a global sys
tem could be achieved with some 30 to 
50 repeaters spaced randomly in belts 
about 7,000 miles high so that at least 
one would always be within sight of 
each of 26 ground stations. The system 
would cost about $500 million. A.T.&T. 
favors this system after weighing the 
advantages and disadvantages of "pas
sive" satellites, such as Echo I, which 
merely reflect signals beamed at them 
from earth. The chief drawback of this 
concept is the large and costly ground 
equipment required to pick up the faint 
returning echoes. 

A.T.&T. and others are also studying 
more advanced systems in which three 
large active repeaters (plus a stand-by 
for each) would be spaced equally 
around the equator at a height of 
22,300 miles. At this altitude they will 
seem to be stationary over the earth. 
For example, a unit located over the 
Atlantic would be within constant sight 
of a segment of the earth that is bounded 
by New Mexico on the west and Athens 
on the east. 

The big unknown in all the proposed 
systems is the reliability of launching 
vehicles and the reliability of repeaters 
once placed in orbit. A recent cost 
study made by William Meckling of the 
Rand Corporation shows that the satel
lite systems should be roughly competi
tive in cost with submarine cable systems 
if about 75 per cent of the launchings 
are successful and if the average oper-

NOWI 
RELIABILITY IN 
SEMICONDUCTOR PROCESSING 

with New Stokes 
High- Vacuum Baking Ovens 

It takes more than just high temperature and high 
vacuum to get maximum reliability and minimum 

rejects in processing semiconductors. That's why 
Stokes new semiconductor baking ovens are designed 
not only to produce temperatures to 450°C, but to 
provide precise heat control. 

Beyond high vacuum alone, reliable processing demands depend
able vacuum performance. That's why these ovens are designed 
to provide precisely-controlled vacuums down to 5 x 10-6 mm 
Hg, and to deliver uniform, reproducible vacuum pump

ing cycles. 

In many other respects, too, Stokes ovens are the first to provide 

all the performance demanded for modern semiconductor 

processing. We'll be glad to send you details on their full array 
of outstanding features. 

Stokes vacuum equipment ranges from vacuum furnaces for 

melting and casting metals, vacuum impregnation systems, and 
vacuum freeze-drying systems for foods and pharmaceuticals 
... to the world's largest environmental chambers and ultra
high vacuum systems. Why not put Stokes 50 years of vacuum 
experience to work in solving your processing problems? 

Vacuum Equipment Division STOKES 
F. J. STOKES CORPORATION, 5500 Tabor Road, Philadelphia 20, Pa. 
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• • • • a new standard 
of precision 

Test System 
completely tests and evaluates gyros and 
inertial devices to a degree of accuracy 
never before achieved. 
Drift is measured by an optical system 
that accurately positions to 2 seconds of 
arc with the table slaved from the gyro. 
A previse sidereal worm gear mesh with 
a 1 9-incb diameter provides nearly per
fect isolation from the earth's rbtation 
when the servo loop is closed around 
the gyro . 

Electrical compensation of gyro drift is 
accurate within .005%. Included are a 
printed record of table rate and a strip 
chart recording of gyro parameters. The 
system accommodates virtually all pres
ently known gyros and inertial systems. 

Fecker offers nearly 20 individual 
types of inertial test equipment. The 
Model 081 system is a moderately 
priced complete test system for a 

wide variety of inertial devices. 
Both rate and servo operation are 
provided over a speed range from 
o to 45,000 degrees per hour. 

j. "". -fec:ker 
" division of AMERICAN OPTICAL CO. 

6592 HAMI LTON AVE., PITTSBURGH 6, PA. 

ating life of the satellite repeaters, once 
they have been placed in orbit, is about 
two years. 

More Time for Evolution 

The first known toolmakers now ap-
pear to have lived 1,750,000 years 

ago, more than a million years earlier 
than was previously believed. Radioac
tive dating has suggested this age for 
Zin;anthmpus, the "Nutcracker Man" of 
Olduvai Gorge in Tanganyika, and for 
an unnamed manlike animal discovered 
in the same place by L. S. B. Leakey of 
the Coryndon Museum. 

The dating was carried out by Jack F. 
Evernden and Garniss H. Curtis of the 
U niversity of California. There is no 
way to date bone more than 50,000 

years old, so they analyzed samples of 
rock from immediately above and below 
the level where the bones were found. 
By measuring the content of potassium 
40 and its decay product, argon 40, in 
six samples Evernden and Curtis ob
tained an average age of 1,750,000 years, 
plus or minus "a couple of hundred 
thousand years." The younger samples 
showed signs of weathering, so the dates 
yielded by the older rocks may be more 
reliable and the finds may actually date 
back more than 1,750,000 years. 

The unnamed specimen came from a 
slightly lower, and therefore older, 
stratum than did Zin;al1throptts. The dif
ference in age is not great-according to 
Curtis no more than 50,000 years-but 
the older individual is somewhat more 
highly developed than Zin;anthropus. 
Which of the two men was the maker 
of the many stone tools found in con
junction with both of them is still an 
open question. 

The new date for the two Olduvai 
hominids puts the emergence of tool
making back before the date of a million 
years usually given for the start of the 
Pleistocene, the era of ice ages and of 
the history of man. But many early 
Pleistocene dates are themselves in 
doubt. In any event, as T. Dale Stewart 
of the Smithsonian Institution com
mented, it seems more reasonable to fit 
human evolution into a span of 1.7 mil
lion years than to compress the entire 
process into little more than 500,000. 

Dying Disease 

p arkinson's disease, a crippling neu-
rological ailment that affiicts sub

stantially more than a quarter of a 
million Americans, should cease to be a 
major medical problem within the next 
25 years. The prediction was made at a 
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EXPANDABILITY 
UNLIMITED ... 

7,n;¥ G-20 COMPUTER meets the dynamic demands of space-age computing 
The ever growing demands of space-age computing call for faster and 
faster collection, transmission and interpretation of data from a large 
number and variety of sources. Meeting these rigid, real-time require
ments is the solid-state Bendix G-20-a powerful communications
oriented computing system of unlimited expandability and flexibility. 

Communications Oriented Providing an integrated communications 
network serving multiple processors, the high-speed G-20 permits true 
parallel processing. Unique G-20 Control Buffers and Data Communi
cators control simultaneous, independent inputs, outputs and computa
tion for maximum system effectiveness. 

Expandability The unique Bendix G-20 communications system allows 
an unlimited number of central processors and memory modules to be 
efficiently linked to an unlimited number and a complete range of input
output devices and visual display units ... through any communication 
medium. More important, these units are always part of a single, inte
grated system: operations at every level are always under centralized 
control. Another dimension of G-20 growth potential - the system is 
designed to easily incorporate future technological developments. 

Flexibility A self-organizing, self-monitoring system, the modular G-20 
automatically adapts itself to shifting computational requirements . . .  
automatically scheduling work, assigning input-output devices and com
munications channels for maximum efficiency of system information flow. 

The proven Bendix G-20 Computer is in production, installed ... a system 
ready today to meet the dynamic requirements of space-age comput
ing ... backed by The Bendix Corporation's outstanding capability as a 
supplier of military communication and weapons systems. 

For further information, write: 

T�ncf!/ 
CORPORATION 

Bendix Computer Division 
DEPT. C-33 LOS ANGELES 45. CALIF. 
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ideas you can use in 
working with bearings 

SR2 1 -15621 (STANDARD) 

Tf 
� I I 10 
,... -+ - N 1'" :�: I' 

1-- __ ---L 
, ' 
... -' , ' 
I.... _J , , 
L _ J 
1- - , SRI44UPC3 l-.0937� (WAfER) 

Extra-thin "wafer" bearings are ideal 
for use in synchros, servos, small mo
tors, potentiometers and gear trains 
which require the narrowest possible 
bearings for any given shaft and 
housing diameter. The space saved 
allows a shorter overall motor 
length; or allows more iron and 
copper to be added to rotors and 
stators without increasing over
all length. 

HOUSING 

The problem of confining radial and 
axial shaft displacement to an abso
lute minimum in instruments such 
as gyroscopes can be solved readily 
by the use of duplex bearings. These 
matched pairs, constructed to elimi
nate axial play, do away with pain
staking and time-consuming use of 
shims mounted against one face of 
single bearings. 

CLEARANCE "BUILT IN" BY 

"n,"," ""i 
"''' 

� 

When small bearings are mounted 
against surfaces such as flat gear 
faces, there must be sufficient clear
ance to allow the outer ring to re
volve independently, even when 
there are thrust loads and axial play. 
NHBB extended inner ring bearings 
(inner ring is .0312" wider than 
outer) provide ample clearance and 
a firmer, more precise bearing seat 
than washers, sleeves or gear hubs. 

New in strument bearings with 
extra-thin cross sections permit new 
latitude in shaft-to-housing relation
ships (e.g., you can beef up the shaft 
without increasing bearing O.D.). 
Bearing No. O. D. Bore 

SR620T .6250 .3750 
SR824T .7500 .5000 
SR1028T .8750 .6250 
SR1232T 1.0000 .7500 

150-page Design and Pur
chasing Manual is the most 
comprehensive treatise on 
miniature and instrument 
bearings ever published. 
Write for your copy - on 
your company letterhead, 
please. 

The design, manufacture and application of 
miniature and instrument ball bearings, be
cause of the size and precision involved, 
constitute a distinct and specialized tech
nology. At New Hampshire Ball Bearings, 
this technology has developed over a period 
of fifteen years into a standard line of over 
600 bearing types and sizes and a fund of 
application knowledge in practically every 
area concerned with precision rotation. 
Because this is a dynamic technology, New 
Hampshire maintains a staff of factory and 
regional field engineers whose primary func
tion is to provide component and system 
designers with the latest information on 
bearing design and application. NEWZ 

HAMPSHIRE BALL BEARINGS, INC. 
PETERBOROUGH. N.H. 
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meeting of the American Neurological 
Association by Robert S. Schwab and 
David C. Poskanzer, neurologists on the 
staff of the Massachusetts General Hos
pital. It is based on the curious fact 
that Parkinsonian patients seem to form 
a distinct group in the population who 
are aging together and will have died 
by about 1985. 

Several years ago Schwab noticed that 
the average age of Parkinsonian patients 
under treatment at the Boston hospital 
and at centers in New York and Leeds, 
England, had risen seven years between 
1948 and 1955. He and Poskanzer there
upon undertook a more detailed analysis 
of the records at these centers and at 
institutions in Kassel, Germany, and in 
Buenos Aires. The study showed a steady 
rise over the years in the average age 
of Parkinsonian patients in all five 
centers. Thus in 1938 the mean age was 
44, in 1948 it was 55, in 1957 it was 
65. In 1920 the typical Parkinsonian 
patient seen at the Massachusetts Gen
eral Hospital was 2 1; 40 years later 
he was 39 years older. The rise in age 
applies to new as well as old cases. 

The phenomenon suggests that most 
Parkinsonian patients were exposed to 
a common noxious agent at some time 
in the past. Schwab and Poskanzer be
lieve it to have been the virus that caused 
the 1918 inHuenza pandemic, during 
which many cases of encephalitis also 
occurred. Most Parkinsonian patients, 
however, do not recall having had either 
encephalitis or inHuenza during or after 
the 1918 outbreak. In any event the 
Boston neurologists expect the incidence 
of Parkinson's disease to decline by 
two-thirds or more by 1985. 

Explosions, Not Collisions 

What is the origin of the prodigious 
quantities of radio energy emitted 

by the radio "stars" outside the Milky 
Way? A few years ago it was generally 
agreed that the power came from colli
sions between galaxies. Since then this 
explanation has begun to seem more and 
more dubious, and radio astronomers 
are now casting about for another 
mechanism. 

Objections to the collision idea have 
been raised by a number of astrophysi
cists, notably V. A. Ambartsumian and 
1. S. Shklovsky in the U.S. S.R. and 
Geoffrey R. Burbidge of the Yerkes Ob
servatory of the University of Chicago. 
For one thing, the frequency with which 
galaxies can be expected to bump into 
each other is too low to account for the 
number of known radio sources. For an
other, calculations indicate that the proc-
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(CARBON-GRAPHITE) 

FOR PERFORMANCE 
Superior performance and unusually long service life, even in tough applications, is practically second 

nature to parts made of GRAPHITAR. That's because they combine GRAPHITAR's chemical 

stability, heat resistance, low coefficient of friction, adaptability to self-lubrication, mechanical 

Self-aligning seals of 
GRAPHIT AR are em· 
ployed in rotary pressure 
joints hand ling steam, 
water, hot oil, trichlor· 
ethylene, powdered talc and a 
variety of chemicals. 

strength, hardness and light weight. An everyday application of GRAPH

IT AR that illustrates well its versatility and remarkable performance can 

be found in the face-type valves employed in bulk station gasoline meters. 

These valves incorporate GRAPH IT AR seats. 

Here, GRAPHITAR's corrosion resistance, chemical inertness and resis

tance to expansion or contraction under rapid temperature changes, allow 

the valves to provide a leak-tight seal with excellent wear characteristics. 

These same characteristics are neces

sary for good performance wherever 

steam, gas and chemicals must be han

dled under the most adverse conditions. 

Perhaps your product can benefit from 

the top performance of GRAPHIT AR, 

a unique and versatile engineering 
material. 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION, SAGINAW 6, MICHIGAN 
GRAPHITAR® CARBON-GRAPHITE • GRAMIX® POWDER METAllURGY • MEXICAN® GRAPHITE PRODUCTS • USG® BRUSHES 

R-300-1 
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Northern Illinois Gas Co:rnpany 

bought the practical lSI 609 

Infor:rnation and Co:rnputer Syste:rn 

providing complete control 
of the entire gas system 

INFORMATION 
SYSTEMS 

INC. 
SYSTEMS DIVISION 

10t3t NATIONAL BOULEVARD, LOS ANGELES 3.4, CALIFORNIA 
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Regional Offices in New York City · Chicago 
Wilmington! Del . •  Houston . Los Angeles 

L A K E 

M I CHI 

lSI 
PRACTICAL INFORMATION 

FOR 

P ROFITABLE CO N TROL 

ess that transforms collision cnergy into 
electromagnetic energy is .too inefficient 
to produce the observed power. 

If theoretical difficulties make the 
collision hypothesis unlikely, cbservation 
in some cases rules it out entirely. As 
the resolving power of radio telescopes 
has increased it has become possib:e 
to match a substantial number of dis
tant radio sources with visible objects. 
Many of them turn out to be single 
galaxies-not pairs of galaxies, collid;ng 
or otherwise. A surprisingly large ])'"0-
portion of the newly identified source, 
are elliptical galaxies, some single. 
some double. These objects are almost 
devoid of gas and dust, the medium 
through which collision energy must be 
converted into radio emission. Thus even 
the double elliptical radio sources must 
draw their energy from some process 
other than collision. 

In a recent issue of Nature, Burbidge 
proposes that most or all radio sources 
outside our galaxy are powered by chain
reacting supernovae. He argues that in a 
galaxy of closely packed stars (ellipti
cal galaxies are of this type) radiation 
from one supernova explosion might heat 
up neighboring stars enough to make 
them explode; their radiation could in 
turn trigger more supernovae and so on. 
The time scale for each link in the chain, 
Burbidge calculates, might be as short 
as 150 years. The explosions would con
tinue, thinning out the galaxy, until 
the stellar density became too low to 
support the chain reaction. 

The whole cycle might last only a few 
hundred or a few thousand years. Dur
ing the period and for some hundreds of 
years afterward the galaxies would be 
marked by strong and distinctive emis
sion lines in their optical spectra. Bur
bidge suggests that certain of the radio 
sources be examined for these lines. 
Not all sources are expected to exhibit 
them, because a galaxy would continue 
to emit radio waves long after the optical 
effects of a chain reaction had died out. 

Antipollution Law 

p resident Kennedy has signed a bill 
giving the Federal Government in

creased powers and more money for 
curbing water pollution. Under the new 
law the Government can advance funds 
for projects on any navigable river; 
previously it was restricted to projects 
in interstate waters. It can even prose
cute to halt nuisances in intrastate wa
ters, although in such cases the consent 
of the state's governor must be obtained. 
And the sum available for aid in build
ing sewage-treatment plants during the 
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How Ampex 
can help analyze 

I ife processes 

Total human system analysis is 
now feasible through electronics 

Problem: To determine the condition of a 
living system by analyzing relationships of 
body functions in many forms, including 
movement, pressure, flow rate, temperature, 
electrical potential. 

Approach: Development of medically com
patible instrumentation to retrieve, store and 
analyze such information, based on the latest 
technological developments. 

Result: Medical research can correlate and 
compare every body function with a speed and 
accuracy not possible by any other means. 

Ampex, an established leader in magnetic 
tape instrumentation, provides a basic key to 
the problems of measuring, comparing and 
analyzing medical data. Ampex and its equip
ment currently play an active role in over 150 
medical research programs, including neuro
physiological, psychophysiological, biochemi
cal, electrocardiographic and cardiovascular 
analysis. Specific emphasis has been placed 
on compatibility with the latest data reduction 
and computing devices. 

Much information on this work is now avail
able from Ampex to help establish the common 
meeting ground for medicine and electronics. 
Write: I AMPEX I 

AMPEX INSTRUMENTATION 
PRODUCTS COMPANY 

Box 5001 • Redwood City, California . EMerson 9-7111 
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Here's how you can MEASURE 
OPTICAL PATH DIffERENCE 

with the AO -Ba ker 
Interference Microscope 

1. FIrst, as shown in the photomicro-
graph" above, the microscope ana

lyzer was rotated until the background 
was brought to extinction. Readings 
were taken directly from the analyzer 
scale. Averaged settings resulted in read
ing of 70.4°. 

2. Next, the analyzer was rotated until 
the nucleus of the cell was brought 

to extinction. Average settings resulted 
in reading of 138.2°. 

3. The Optical Path Difference, in degrees, is Illire the difference between the two readings: 

OPD ( ° 4°) ° (135.6°) . 
= 2 1382 -70. = 135.6 ; or OPD = 3600 .546 = .206 Microns. 

Optical path difference measurements 
can be made to an optimum accuracy 
of 1/300 wavelength. This unique 
ability to measure optical path thick
nesses is in itself of great importance. 
But even more important, these meas-_ 
urements can be converted into a vari
ety of quantitative information of great 
potential value. Water and protein con
tent of a cell, for example, may be meas
ured. Materials such as glass, plastics, 
em\llsions, textiles can be examined. 

While the AO-Baker Interference Microscope is primarily a quantitative 
instrument, it also offers unique advantages for qualitative observations 
through variable intensity contrast and dramatically effective variable 
color contrast. AO also offers a full line of Phase microscopes . . . the 
famous AO Spencer Phasestar. 

·Phoromicrographs taken by Mr. Lynn C. Wall, Medical Division. Eastman Kodak Co. Data: EpitheliaL Cell. 

AO-Baker Interference Microscope, 40X Shearing objective, lOX eyepieces. Corning filter CS4-120 with AO 

Model 630 Pulsare Illuminator to transmit monochromatic light at .546 microns. r------------------n-;pt.WiiS-------------, 
I 0 Please send me your color brochure SB 7 I 
I on the AD Baker Interference Micr oacope. I 
I American � Optical 0 Piease sendmeyourbrochureSB60nthe I 
l eo M PAN Y 

AD Spencer Ph aaestar. I 
I Name I 
I INSTRUMENT DIVISION. BUffALO 15. NEW YORK 

Addr"". I 

L _ _ _ _ _ _ _ _ _ _ ____ _ ___ �y �� ���J 
IN CANADA write-American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 
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next four years has been raised from 
$262 to $570 million. 

The Public Health Service wiII ad
minister the new law, as it did the old 
one. States and communities are to ad
vance $7 toward any project for every 
$3 furnished by the Federal Govern
ment. The ceiling on grants to individual 
communities, however, is raised from 
$250,000 to $600,000 in order to make 
aid available to larger cities, and a proj
ect serving more than one community 
may receive up to $2.4 million. Half the 
funds provided by the law must go to 
communities with populations of less 
than 125,000. The first action scheduled 
under the new law was a conference 
among Federal, New York and New 
Jersey authorities, held in August, to 
plan the cleanup of Raritan Bay on the 
New Jersey coast. 

Archaeologists in Aqualungs 

O ver the past few years aqualung 
divers have brought up a variety ,of 

relics from ancient shipwrecks, particu
larly off the French and Italian coasts. 
Although archaeologists are glad to get 
the material, they have been unable to 
learn as much from it as they would have 
if they had observed it in its original 
site. In the summer of 1960 a party from 
the University Museum of the University 
of Pennsylvania directed by George F. 
Bass undertook the first full-scale "ex
cavation" of an old shipwreck. Prelim
inary reports of the expedition have now 
appeared in A1'chaeology and the Ame1'
ican Journal of A1'chaeology. 

The wreck, which was found by 
sponge divers, lay off Cape Gelidonya 
on the southwestern coast of Turkey. It 
dates back to about 1200 B.C., the ap
proximate time of the Trojan War. The 
cargo, which weighed more than a ton, 
consisted chiefly of copper ingots and 
bronze tools, the largest hoard of Bronze 
Age metal and tools yet uncovered any
where. Many of the tools were broken 
and were apparently being carried as 
scrap metal. Together with the copper 
were the oxidized remains of a quantity 
of tin-the earliest known industrial sam
ple of the metal. 

In addition to the cargo of metal the 
divers found several pieces of pottery, 
some Egyptian scarabs, polished stone 
maceheads, three sets of apothecary's 
weights, pieces of crystal, a lamp and 
a cylinder seal. In the section where the 
crew must have lived were the remains 
of a meal-olive pits and fishbones. 

The ship itself had not been protected 
by a deposit of mud, so that very little 
was left of it. Judging from the disposi-
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For Navy's surface-to-air Terrier missile, the SPG-55 Missile 

Guidance Radar by Sperry - shown above on the new missile 

frigate USS Dahlgren -provides "20/20" target acquisition and 

tracking, together with precision guidance of missile to target. 

Other radars by Sperry range from a portable field unit for 

detecting enemy vehicle and personnel movements in combat, 

to a network of giant area defense "fortress" radars on 24-hour 

air search duty continent-wide. Tracking, guidance, navigation, 

weather, tactical search, area defense-advanced Sperry radars 

are on duty in these and many other areas of commerce and 

defense - in-action evidence of one of the widest-ranging radar 

capabilities available to the nation today. General offices: Great 

Neck, N.Y. 
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(nlodeI6) 

for fast, accurate evaluation of 
ultracentrifuge photo plates 

A major pharmaceutical manufacturer recently investigated the use of a Nikon 
6 Optical Comparator for measuring and analyzing ultracentrifuge photo plates. 
The performance was so impressive, the unit was immediately purchased and 
added to the company's instrumentation facilities. The news travelled. 
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Within less than a month, a Nikon 6 Comparator was acquired by a large 
hospital, and shortly thereafter, by several other hospitals and by a food reo 
search laboratory. The Comparator, in each instance, demonstrated a marked 
superiority over equipment previously used - greater speed and convenience, 
and greater accuracy. 

The Nikon 6 Optical Comparator is essentially a macro projector with a 
magnification range from lOx to IOOx - extendable to 500x. Any object, thing, 
substance, specimen, photo plate or slide placed upon the stage, appears on its 
12" screen as a sharp, bright, magnified image, which can be observed by many 
people simultaneously - studied, evaluated and precisely measured. And all of 
this can be done comfortably in a normally lit room. The Model 6 Comparator 
is provided with surface as well as sub·stage illumination. 

New laboratory applications for the Nikon 6 Comparator are being con
stantly reported. In addition to the analysis of ultracentrifuge data, its use has 
been extended to many phases of chromatography, evaluating fringe patterns 
and reading electrophoresis photo plates and cells. 

You may have an inspection or measurement problem which lends itself to 
the unique capabilities of the Nikon 6 Optical Comparator. Why not tell us 
about it. Write to Dept. SA-g. 

� NIKON INC .• INSTRUMENT DIVISION. 111 Fifth Ave .• N. Y. 3. N. Y. 
�m' iMJ 

tion of the cargo it must have been 25 
or 30 feet long. A few pieces of doweled 
plank were preserved. They were about 
half an inch thick and two to six inches 
wide. The dowels were half an inch in 
diameter. The scanty remains tally with 
descriptions of ships in the Homeric 
poems, but there is not envugh evidence 
to decide whether the vessel came fUlm 
Syria, Cyprus or Greece. 

Although the expedition was ham
pered by a short working day-the wreck 
lay in 90 feet of water, and divers 
equipped with aqualungs could stay at 
that depth for only 40 minutes in the 
morning and 28 minutes in the after
noon-the archaeologists explored the 
site as carefully and painstakingly as if 
it had been on dry land. After clearing 
away a growth of seaweed they mapped 
the wreck, triangulating positions from 
stakes driven into the bottom. They also 
photographed it in overlapping sections 
with an underwater camera held level 
at constant depth. . 

All the submerged material was e�
crusted with lime as hard as concrete. 
Rather than try to separate and clean 
the individual objects under water, the 
explorers broke up the deposit into large 
chunks with sledge hammers and chisels 
(without breaking so much as a piece 
of pottery), raised them to the surface 
and brought them back to land to clean. 
Sand overlying parts of the wreck was . 
cleaned away with vacuum hoses. To 
avoid breaking any fragile objects a div
er sifted the sand with his hands and 
then fanned it toward the mouth of the 
hose. The techniques developed at Cape 
Gelidonya, and improvements suggested 
by the experience there, should prove 
useful in investigating many of the other 
submerged relics of ancient maritime 
peoples. 

Atlantic Undercurrent 

A subsurface current flowing east-
ward along the Equator has been 

found in the Atlantic Ocean. Oceanog
raphers are gratified rather than sur
prised at the discovery. Ever since a 
submerged equatorial flow-the "Crom
well Current" -turned up in the Pacific 
a few years ago, they have been expect
ing to find one in the Atlantic and pos
sibly in the Indian Ocean as well [see 
"The Cromwell Current," by John A. 
Knauss; SCIENTIFIC AMERICAN, April, 
1961]. 

The Atlantic current was identified by 
Arthur D. Voorhis of the Woods Hole 
Oceanographic Institution during a 
cruise of the research vessel Chain. It 
appears to flow along at a depth of about 
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UNSEEN BUT NEVER LOST. Far down in the secret depths of the sea America's Polaris 

submarines can cruise for many weeks, poised for free world defense. Without surfacing, 

men of these submarines can pinpoint their exact position constantly. The equipment to 

perform this precise duty is called Mark II SINS (Ship's Inertial Navigation System). The 

first operational SINS was designed, built, and delivered in record time by Autonetics. 

Electromechanical Systems by Autonetics � Division of North American Aviation 
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Ever run into a 

nul l-seeking problem 

• • .  sens itive relay-w ise ? 

Three-position, center off relays are not es
pecially common, pola rized types are even 
harder to find - and 3 -position polarized 
types that behave properly are almost rarities.  

Rarit ies, homilies and everyday electro
magnetic verities being our business, we 
can offer you a choice of five different 
sensitive, polarized relay designs, all 3 -
position center off. And unlike punching 
bags and man-made Mexican jumping 
beans, al l  of Sigma's have a positive detent 
that steadfastly keeps the armature in a 
null posit ion with all contacts open, until 
there 's enough coil power to snap the 
armature on its  way and close the contacts 
with positive force. 

Circuits are "made to the right" on "plus" 
coil  signals, "to the left" on "minus" signals .  
S ingle coil  relays are often used across 
bridge circuits where unbalance may be 
of either polarity; dual coil  types can 
compare two variables (or one variable 
to a fixed reference) with response polarity 
corresponding to the coil with the larger 
current. For true differential operation, 
essentially 1 00 % cancellation occurs 
between coils (a distinguishing design 
feature of all such Sigma relays) . 

S igma "null-seeking" relays can be used 
as the output or i nput of  a servo system, 
responding to or in i t iat ing corrective 
action; to synchronize the drives of two 
conveyors; and as under- or over-voltage 
controls. A particularly ingenious applica
tion i s  a "double safety" device to prevent 
accidental detonation of a you-know
what. One coil circuit i s  energized and 
used as a "safety catch", with direct 
m onitoring through the relay contacts; 
the other coil circuit does the "firing". 
If the safety cirCil i t  opells accidentally, firi n g  
won't occur s ince t h e  relay armature can 
only go back to i ts  center-off position. 
Or, if the fi rillg circuit  is accidentally 
f l lergized, the armature can still do  no 
m ore than go back to the m iddle. The 
only way you Cilil fire i t  is to ( I )  deenergize 
the "safety catch", alld (2) energize the 
firing circuit. Thus it's a lot  less l ikely that 
you'll be blown to bits - un i ntentionally. 

S i gma Series 6, 7, 2 3 ,  72 and 73 relays 
are available in polarized, 3 -posit ion 
center off versions (our Form X) . Infor
m ation of some sort available on request 
- bullet in-wise, that is. 

� 
SIGMA 

� :IT @ � � :IT W � "IE' lli1 lIJj' lBYIT m;: w "IE' � " :IT W © 0 

4 0  P E A R L  S T . , S O . B R A I N T R E E  8 5 . M A S S . 
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100 meters i n  a b�1t extending from one 
to two degrees south of the Equator to 
one to two degrees north, very much like 
the Cromwell Current. The speed of the 
Atlantic current, however, seems to be a 
little less-two knots versus two and a 
half to three for the Cromwell Current. 

Detecting and measuring subsurface 
currents is a troublesome task. Voorhis 
accomplished it by towing velocity 
gauges, one just below the surfaces of 
the water and the other at a depth of 
105 meters, as the Chain maneuvered 
in various directions. The submerged 
stream was detected by differences in 
the readings obtained with the two in
struments. Additional cruises will be 
needed to chart the current over the 
whole of its course and to determine just 
how deep it goes. 

Stain for Electrons 

The pages of this issue of SCIENTIFIC 
AMERICAN testify to the remarkable 

success of the electron microscope in re
vealing the "ultrastructure" of living ma
terial. Yet electron microscopy is in its 
infancy, and it still lacks many of the 
refinements that contribute to the effec
tiveness of the light microscope. High on 
the list of requirements is a method of 
selective staining to delineate particular 
substances. Now a group at Yale Uni
versity has announced a method by 
which it may be possible to stain specific 
proteins. 

S. J. Singer and his colleagues prepare 
the stain by attaching molecules of fer
ritin to an antibody. Ferritin is a globu
lar protein molecule containing several 
iron atoms. These atoms scatter elec
trons with high effiCiency and therefore 
show up strongly in the electron micro
scope. Antibody is a substance syn
thesized by the body in response to an 
antigen, usually a foreign protein. Each 
antibody combines chemically with its 
antigen to form a stable compound. 

In The foumal of Biophysical and 
Biochemical Cytology, Singer and a 
co-worker, Anita F. Schick, describe a 
series of experiments showing that anti
body bonded to one or more ferritin 
molecules retains its ability to combine 
with its antigen. As a demonstration of 
the proposed staining procedure the 
chemists prepared antibody to the pro
tein coat of tobacco mosaic virus by in
jecting the protein into rabbits. Recover
ing the antibody from the rabbits' blood, 
they treated it with ferritin and then 
sprayed the preparation on a sample of 
virus. Under the electron microscope the 
virus rods could be seen outlined by 
ferritin. 
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DATA PRESENTATION FOR GLOBAL DEFENSE -SAC's m issi o n  is to m ai ntai n 

a force i nstant ly read y to cond u ct st rateg i c  ai r warfare, o n  a g l o bal  basis .  Data g e n e rated i n  the SAC 

Contro l Syste m is  auto m ati ca l l y  d i s p l ayed at SAC H ead q u arters o n  l arg e d i s p l ay pane ls .  Data and 

i nfo r m at i o n  can be  u pd ated or changed in a m atte r of seconds.  _ I nternat i ona l  E l ectri c ,  the syste m s  

manag e r  i n  the d eve l o p m e nt and p e rfect ing  o f  th i s  g l oba l  d i g ital  co m m and and co ntro l syste m ,  

offe rs E l ectro n i c  Syste m s  Eng i n ee rs a n d  Com puter  Prog ram m e rs a rare o p p o rtu n ity t o  ad vance 

in  te c h n i cal  sk i l l  and i m ag i n at i o n .  W rite to M r. S .  J.  C rawfo rd , D i recto r of I n d ustri a l  Re lat io ns. 

I NTERNATIONAL ELECTRIC CORPORATION 
An Assoc i ate o f  I nternati o n a l  T e l e p h o n e  a n d  T e l e g ra p h  C o r p o rat i o n  

Route 1 7  and Gard e n  State Parkway, Param us,  N ew J e rsey 

A l l  q u a l i f i e d  a p p l i cants c o n s i dered regard l ess of race, creed ,  c o l o r  o r  n ati o n a l  o r i g i n  
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Who discovers scientists in sneakers? 

Somewhere among today's teenagers are tomor
row's scientists. But how do we find them? 

Listen to the cynics talk of softness, stupidity 
and worse in our youngsters, and you give up. 
But the fact is, we're growing them smarter every 
year. If many of our teenagers don't know how to 
use the brains they were born with, it's because 
we have failed to challenge and excite them. 

This is a responsibility we all share. Olin, 
concerned with the bright high school student 
who never comes dose to his potential, offered 
to support a unique educational experiment in 
one of its plant communities. 

The plan was worked out with the school 
board . An exceptionally talented Chemistry 
teacher was brought to Monroe, Louisiana. From 
this average high school population, he chose 
thirty students, and put them through a tough 
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but exciting course in college-level Chemistry. the sciences. Leading colleges and universities 
It was like watching the stars come out. One have flung open their doors to them. So far, 

student lit up, then another and another. They they've earned over $80,000 in scholarships. 
slugged away at complex Chemistry textbooks. Other outstanding teachers were found. The 
They lost themselves in fascinating laboratory plan was extended from Chemistry to Physics, 
experiments. They felt the thrill of growth. Some from Monroe to five other Olin plant communi-
said, "I 've just begun to learn ties. Everywhere the plan has 
how to study. "  "We had been �I. gone, the excitement has fol
polishing our bricks and dull- - - In lowed : students growing, learn-
i n g  our diamonds," said the _ _ ing how to think, setting their 
Superintendent of Schools. "'" goals higher. 

Other teachers saw what N e a r l y  four hundred stu-
could be done, started giving more to their stu- dents have already participated in the plan. Not 
dents and demanding more from them. Sud- four hundred Einsteins, but four hundred bright 
denly there was a new hero on campus : The kids whose natural drive to learn has been given 
Brain. a chance to flourish. It's the best answer we know 

Another thirty took the course next year. Now to the weepers and wailers, and Olin has no 
fifty-five of those sixty are planning careers in patent on the idea. 

CI.,IN MATHIESON CHEMICAl. COHPORATION. 4tiO PARK AVENUE, NEW YORK n. NEW YORK .-CHEMI CALS . INTERNATIONAL . METALS . ORGANICS . PACKAGING . SQUIBB . WINCHF.Bn:R· WE8TERN 
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CELL DIVISION is shown in this series of interference.microscope 
photographs made by Arlene Longwell of  the Children's Cancer 
Research Foundation in Boston. The first four photographs and the 
seventh show microsporocytes of corn; the remaining four, of wheat. 
The ceUs are seen undergoing meiosis, in which two successive cell 
divisions produce four germ cells. At start of first division (top 

left) chromosomes are seen as thin blue strands; they condense 
(white spots at top center), and spindle (blue.green "diamond" 

at top right) forms. After chromosomes move to spindle poles 
(middle left and center), cell wall forms between daughter cells 
(middle right). I-n second division chromosomes move to poles 
(bottom left and center), and germ cells form (bottom r ight). 
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How Cells Divide 
All cells anse by division. In the process of mitosis each cell 
is apportioned a complete set of hereditary instructions when the 
chromosomes replicate and are separated by the mitotic apparatus 

By the reproduction of cells, life 
thwarts time. Under the best cir
cumstances the life span of indi

vidual cells is measured in days, weeks, 
months-at most in decades; the slope of 
time is the declivity of aging. But time 
can be reversed, with 100 per cent profit 
to boot, by the reproduction of a cell. 

Each cell may begin its individual 
existence endowed with all the poten
tialities of its parent and may annihilate 
its individual existence in the produc
tion of two cells that inherit those poten
tialities unaged and undiluted. The 
daughters of these daughters may do 
the same and so on to immortality. 

Although we shall be dealing here 
with the ideal case of the indefinite 
reproduction of cells, producing suc
cessive generations of identical indi
viduals, it must be said that immortality 
need not be quite so monotonous in the 
real world. In organisms composed of 
many cells, some cells become different 
and subserve the needs of those special 
cells-the germ cells-which are respon
sible for the continuity from generation 
to generation. Such differentiated cells 
usually cease to reproduce and are 
therefore destined to age. Moreover, 
mistakes are made in the reproduction 
of cells; evolution turns such mistakes
mutations-into history. 

The over-all reproductive cycle of a 
cell consists of the doubling of all 
the components of the cell, followed 
by a division that distributes the com
ponents to the daughter cells . The most 
fundamental part of the process, be
cause it is the part responsible for the 
conservation of the character and poten
tialities of each kind of cell, is the 
replication of those molecules which 
carry the genetic code . The identifica
tion of the self-replicating molecule of 
deoxyribonucleic acid (DNA) as the 
agent of genetic continuity is one of 

by Daniel Mazia 

the most impressive-and fateful-ac
complishments of modern scienc� [see 
"How Cells Make Molecules," page 74] . 

But the reproduction of cells and 
organisms is not completely described 
by, although it is controlled by, molecu
lar replication. Imagine a giraffe repro
ducing by what might be called the 
fission method : each molecule in the 
giraffe would replicate, and the prod
ucts would sort themselves out into two 
giraffes-a clumsy process to say the 
least. In the normal gener.ative scheme a 
giraffe gives rise to a giraffe egg, which is 
capable of generating another giraffe. 
(We ignore the male, whose function is 

only to provide a little variety.) The gen
eration of the new giraffe depends on the 
reproduction of cells, which also follows 
a generative scheme. Only a limited num
ber of molecules, the most important of 
which are the nuclear genes, are capable 
of genuine self-replication. These mole
cules not only reproduce themselves 
but also conh·ol, anew in each genera
tion, the production and assembly of the 
rest of the materials and structure of 
the cell. 

The essence of the plan (as it applies 
to the cells of plants and animals 

generally and to certain one-celled or
ganisms) is that the genetic material 
is packaged into a small number of 
chromosomes.  The behavior of the chro
mosomal packages can be observed and 
interpreted rather easily. In the period 
between cell divisions, the so-called 
interphase, the genetic material is con
tained within a nuclear envelope, but in 
a highly extended and attenuated form. 
Normally we cannot recognize individ
ual chromosomes in their longest and 
thinnest state with the light microscope, 
and we have not yet characterized them 
with any certainty with the electron mi
croscope.  The duration of interphase 

in plant and animal cells varies between 
10 and 20 hours . 

During the period of division, which 
occupies about an hour (with wide 
variations, of course) , the genetic ap
paratus goes through a complex but 
intelligible series of acts. The chromo
somes condense to compact bodies . In 
most cases the nuclear envelope dis
integrates. The chromosomes are now 
part of a mitotic apparatus, the structure 
of which defines the logic of the process 
of mitosis.  On the cellular scale the 
mitotic apparatus is a large body. It 
possesses definite poles, which represent 
the destinations of the chromosomes, 
and its "equator" determines the plane 
through which the cell will divide. By 
means of the mitotic apparatus the 
chromosomes are deployed in an exact 
way. They are first moved to the equator. 
Then sister chromosomes, the products 
of the reproduction of each chromosome 
at an earlier time, split apart and move 
to opposite poles.  The cell now divides 
through the equator of the mitotic ap
paratus, producing two cells, each with 
a full set of replicas of the chromosomes 
that the parent cell received at the divi
sion in which it was born. 

The chromosomes of each daughter 
cell now uncoil . A new nuclear envelope 
is formed around them, and they are 
ready to begin careers that will end 
when each becomes two cells in the 
same way. 

In an idealized version of the repro
ductive cycle of a plant or animal cell, 
we observe that it divides into halves, 
each daughter doubles in mass, seldom 
growing beyond the mass its parent had 
at the time of its division, then divides .  
Division creates the conditions for 
growth; growth culminates in division. 
It was quite logical, therefore, to assume 
that there was a causal connection be
tween division and growth to some 
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critical mass.  Unfortunately we must 
reject this idea, because closer observa
tion has shown that a cell can divide 
even if it has not doubled its entire 
mass. An alternative is that certain of 
the events taking place between divi
sions can be thought of as specific 
preparations for division. So long as the 
cell completes these preparations, it can 
divide even though it  may not have 
accomplished the normal doubling of 
other constituents. If this is the case, we 
cannot limit our study of division to the 
period when the cell is visibly engaged 
in the act, because some of the most im
portant events may have taken place 
beforehand. What are the prere(luisites 
of division? 

It is now well known that in plant 
and animal cells the actual replication 
of the genetic material-the doubling of 

DNA-takes place only between divi
sions. This can best be shown by experi
ments in which a population of cells is 
fed for a brief interval with some radio
actively labeled substance (usually 
thymidine) that is built into the newly 
formed DNA. The newly synthesized 
DNA is found only in the nuclei of cells 
that are in interphase-never in cells that 
are going through mitosis. Refinements 
of such experiments show that DNA 
synthesis occupies only a certain part of 
the period between divisions.  

If a given cell is not destined to di
vide again, as is the case with the cells 
of many specialized organs (muscles and 
brain, for example) , DNA synthesis does 
not begin. If it does begin, the rule is 
that it goes to completion; that is, the 
original amount of DNA is doubled. A 
less rigid rule i s :  If a cell does undertake 
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DNA synthesis, not only is the doubling 
completed but also the cell will usually 
enter division. Studies of the intestinal 
cells of the rat, made by Henry Quastler 
and Frederick Sherman at the Brook
haven National Laboratory, have shown 
that every cell makes a crucial decision 
within the first few hours after division; 
either it enters DNA synthesis and will 
divide again or it adopts the career 
of a differentiated cell and will never 
divide again. The mechanism controlling 
this decision is still unknown . This is un
fortunate, because it is surely one of the 
keys to the normal balance of cell di
vision and differentiation and to the 
disturbance of this balance that is ma
lignant growth . 

The replication of the chromosomes 
merely gives us one cell with a doubled 
set of chromosomes.  To make two cells, 

MITOTIC DIVISION of  a cell is  depicted in these eight drawings. 
During interphase, the period between divisions (1) , tbe chromo
somes are thin, extended threads. Each of  two "parent" centrioles i s  
paired with a smaller "daughter" centriole. At some point before 

division the chromosomes replicate (2), the centrioles hegin to 
separate and the spindle starts to form. In prophase (3 and 4) the 

chromosomes coil, becoming highly condensed, the nuclear mem
brane and nucleolus break down and the centrioles move apart to 
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these chromosomes must move into an 
equator defined by poles; then sister 
chromosomes move to opposite poles. In 
many-perhaps all-cells, the poles that 
dictate the destinations of the chromo
somes are not physical abstractions but 
definite, and most interesting, physical 
particles.  What is more, the movements 
of the chromosomes depend on precise 
physical connections between the chro
mosomes and these particles. 

In animal cells, where such particles 
can always be found, they were first 
aptly named "polar corpuscles," but 
they are generally called centrioles. The 
centrioles originally could be identified 
only as small dots that were made visible 
by staining techniques; further clarifica
tion of their structure came only with 
the electron microsc,ope. In 1956 Wal
ter Bernhard and Etienne de Harven 

of the Institute for Cancer Research at 
Villejuif-sur-Seine, near Paris, described 
the centrioles of a cell in mitosis as 
cylindrical bodies about .3 to .5 micron 
long and about .15 micron in diameter, 
the walls of which consist of fine, paral
lel, tubular-appearing structures. Further 
work has shown that the cylinders are 
formed by nine groups of tubule-like 
bodies, each group often containing 
three of the tubules. The same particle 
can apparently serve in ways other than 
as a pole in mitosis; for example, the 
bodies found at the base of cilia and 
flagella have a fundamentally similar 
structure. 

It must now be confessed that centri
olar particles have not been seen in plant 
cells . Nonetheless the occurrence in 
plant cells of all the normal and abnor
mal features of mitosis that can be ex-

4 

-\\ II 

plained in terms of what we know about 
animal centrioles leads some of us to the 
opinion that equivalent particles will yet 
be discovered. 

One of the prerequisites of division, 
then, is the production of centrioles, 

in animal cells at least. The most im
pOltant statement we can make about 
this is that it is a reproductive process; 
centrioles are permanent and self-rep
licating structures. The centrioles gen
erally are found in pairs, and it is a curi
ous fact that the two centrioles of a pair 
commonly lie at right angles to each 
other. A cell inherits one set of them and 
makes two sets . 

Something is known about the tim
ing and the sequence of events . Experi
ments in our laboratory at the University 
of California had shown that mercap-
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establish poles toward which the chromosomes will move. At the 
same time connections between the centro meres and the poles are 
being established. In  metaphase (5) chromosomes move to the cell 
"equator." After splitting apart, sister chromosomes move toward 

poles during anaphase (6). In telophase (7 and 8) chromosomes 
uncoil, and the nuclear membranes and nucleoli of  the daughter 
cells are formed. Each centriole has produced a new centriole. 
When division is  completed, both cells will enter interphase (1). 
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to ethanol, which is merely ethyl alcohol 
with a sulfur atom replacing a hydrogen 
atom, would block mitosis if applied be
fore the time the chromosomes lined up 
and began to move. If cells were blocked 
for a sufficiently long time and then the 
block was removed, they consistently 
divided into four cells instead of two! 
Observation of what was going on in
side the cells when they were blocked 
showed that the poles had split, each 
had given rise to two poles, and so the 
cell divided into four because it now 
had four poles. When the four daughter 
cells tried to divide, they could not 
do so at first because their mitotic 
apparatus had only one pole.  (They then 
corrected the situation by going through 
an extra cycle of reproduction of cen
trioles, after which they could divide 
normally.) A simple interpretation of 
the observation is this : The poles of the 
mitotic apparatus are normally double ; 
two actual poles contain four potential 
poles . While division is blocked by 
mercaptoethanol, the two units at each 
pole separate ; the four potential poles 
become the actual poles of a four-way 
division. 

The experiment also told us that the 
mercaptoethanol did not suppress the 
separation of existing centriolar units 
but did block the formation of new ones . 

U sing this fact, we were able to confirm 
the prevailing opinion that the repli
cation of centrioles takes place long 
before division . If a four-way division 
following blockage by mercaptoethanol 
means that four potential poles are pres
ent, then the cells should be able to 
divide only in two if they are blocked 
earlier, before the centrioles have repli
cated. This turns out to be the case,  and 
by systematic experiments we can deter
mine at just what stage two potential 
poles give rise to four potential poles.  By 
this test it was found that the decisive 
event in the generation of new centrioles 
takes place long before division; in fact, 
it seems to take place during the last 
part of the previous division. As the 
parent cell is dividing, it  is conceiving 
centrioles for the next division. 

From these experiments we conclude 
that the doubleness of the centriole 

depends on what may be called a gen
erative mode of reproduction. On the 
molecular scale the centriole is a large 
three-dimensional body; it is difficult to 
imagine such a body making a copy of 
itself the way a strand of DNA does.  
But the first step could be the replica
tion of a molecule carrying all the in
formation for making a new centriole, 
just as the first step in the reproduc-

CHROMOSOME REPLICATION takes place during interphase, as this antoradiograph made 
by J. Herbert Taylor of  Columbia University demonstrates. Two Chinese hamster cells (right) 

in interphase have incorporated radioactive cytidine (numerous dark grains) in their nuclei. 
A third cell undergoing division (left) contains none. Since cells incorporate cytidine 
only during synthesis of  RNA and DNA, replication of  chromosomes (containing D NA) 
must occur between cell divisions. Cells are magnified here approximately 1 ,200 diameters. 
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tion of a complex virus is the replica
tion of the nucleic acid that will later 
assemble the other structures making 
up the complete virus . If some time 
must elapse between the conception 
of a new centriole and the completion 
of its development, then its fundamental 
doubleness can be taken as representing 
the coexistence of two generations.  If 
we could see the production of new 
centrioles, we should expect to observe 
fully developed units with the new gen
eration growing up beside them. This 
is exactly what has been seen in the 
electron microscope by Joseph G. Gall of 
the University of Minnesota [see bottom 
illustration on opposite page ] .  It is inter
esting enough that the reproduction of 
a particle takes place by the outgrowth 
of the daughter from the parent particle, 
but it is astounding that the new particle 
should invariably grow at a right angle 
to the old. 

Once they have reproduced, the cen
trioles move apart. Their separation 
polarizes the cell for mitosis . When 
we have located the poles, we can tell 
where the chromosomes will go and 
through what plane the cell will divide. 
The separation takes place long before 
division in some kinds of animal cell ; in 
others it occurs abruptly, just before the 
chromosomes begin their mitotic maneu
vers . Superficially it has all the attributes 
of a repulsion; the polar particles move 
apart in a straight line. Measurements by 
Edwin W. Taylor of the University of 
Chicago indicate that this movement 
taLes place in cells of newts at a con
stant velocity of about one micron per 
minute. We must not take the analogy 
of a repulsion literally. A more apt image 
is that the poles are pushed apart by the 
growth of fibers that continue to connect 
the poles and that together are called the 
central spindle . This is descriptively cor
rect, but it remains to be explained how 
the growth of the central spindle is trans
lated into an actual movement of the 
centriolar bodies . 

The essence of the plan of mitosis  is  
clear, and the preciSion is secured in 
a uniquely biological way. The centrioles 
double exactly, and the products sepa
rate to form two poles-no more and no 
less. The chromosomes reproduce exact
ly, and sister chromosomes are trans
ported to s ister poles . The rest of the 
story is a tale of complex molecular 
mechanics into which we are just begin
ning to gain some insight . 

Since the act of mitosis involves the 
performance of work, it must also re
quire the expenditure of energy [see 
"How Cells Transform Energy," page 
62]. Experiments suggest that the ener-
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getic expenses of division are met by a 
paid-in-advance accumulation of energy. 
Up to a point, as a cell proceeds toward 
division, it can be brought to a halt 
by depriving the cell of oxygen or by 
poisoning its oxidative enzymes with 
carbon monoxide. But when the cell 
reaches a certain point-about the time 
the chromosomes are coiling up-it is no 
longer possible to stop the division by 
throttling the oxidations. Michael M. 
Swann of the University of Edinburgh 
concludes that the preparations for divi
sion include the filling of an "energy 
reservoir" that is adequate to meet the 
requirements of mitosis . The chemical 
identification of the energy reservoir may 
be one of the important problems of re
search on cell division.  

Once these molecule-building prepa
rations have been completed, the cell 
ordinarily is committed to enter mitosis . 
Whether a further special "trigger" is 
required or whether the completion of 
the last of the synthetic preparations is 
itself the trigger, we do not commonly 
encounter cells that are stalled on the 
brink of mitosis. 

If the essence of mitosis is the move
ment of sister chromosomes to sister 
poles, the inauguration of the process 
calls for the establishment of connec
tions between chromosomes and poles . 
But before the connections are estab
lished a radical rearrangement of the 
structure of the cell takes place, the 
prophase, which is intelligibly a mobili
zation for action . 

The chromosomes condense into vis
ible threads.  What we see suggests that 
this condensation is largely a matter 
of packing the chromosome strands into 
tight coils and then imposing still an
other order of coiling. As a coiled coil, 
the chromosome exhibits handsomely 
the theme of helical design that per
vades the study of molecular order. 
Although we do not know the inner mech
anisms of this large-scale coiling, its 
significance is clear enough. It converts 
a tangle of long and tenuous threads 
into compact masses that can be moved 
freely and without entanglement. Fully 
extended, the DNA in a human nu
cleus could make a thin thread some 10 
million microns-a meter-long. Pack
aged into chromosomes, it is deployed as 
two sets of 46 chromosomes, each a few 
microns long. 

Toward the end of the period during 
which the chromosomes are coiling up, 
the nuclear envelope in many kinds of 
cell disintegrates .  It is easy to under
stand this as the removal of a barrier 
between the chromosomes and the poles;  
it  is more difficult to understand the 

SISTER CENTRIOLES in a human tumor cell lie at right angles to each other. The cross 
section of one (bottom) shows that the centriole consists of nine groups, each containing 
three "tubules." Magnification of  this electron micrograph, which was made by Walter 
Bernhard of the Institute for Cancer Research at Villejuif·sur·Seine, is 160,000 diameters. 

REPRODUCTION OF A CENTRIOLE in a cell from the snail Viviparus is magnified 
175,000 diameters in this electron micrograph made by Joseph G. Gall of  the University of 
Miunesota. The short daughter centriole, which is seen in longitudinal section near lower 
right, grows out at right angles from the parent centriole, seen in cross section at center. 
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FOUR MITOTIC POLES are formed by centrioles in sea·urchin eggs  
when the movement of chromosomes durin g mitosis i s  blocked by the 
use of  mercaptoethanol. The chromosomes (seen in thin vertical 

grouping at center of photograph at left) remain in the spindle 
as  the centrioles split and separate (second from left) . The cen· 

trioles then begin to move apart at right angles to the spindle 

cases in which the envelope persists . 
At the same time the body of the 

mitotic apparatus is assembling. We have 
described how the poles are established. 
The final destinations of the chromosomes 
are now fixed. Between the poles and 
around the nucleus we can often detect 
a gathering of a mass of material, still 
not well organized, that will be the 
mitotic apparatus. Descriptively we have 
every reason to say that the substances 
of the mitotic apparatus were originally 
spread through the whole cell but now 
are gathered in and concentrated by the 
centrioles,  although we do not actually 
know how this comes about. In some 
kinds of cell we have the impression that 
the material of the future mitotic ap
paratus is collected inside the nucleus .  

Only now-with the chromosomes 

neatly consolidated, the poles estab
lished and the substance of the body 
of the mitotic apparatus gathered-can 
the action begin . The chromosomes come 
under the control of the poles and begin 
to move. We describe this climax so 
cursorily because we know so little 
about it; actually it contains the essential 
mystery of mitosis . 

The proper execution of the mitotic 
maneuvers demands strict obedience 

to a rul e :  All chromosomes must be en
gaged to a pole but it is prohibited that 
two sisters engage to the same pole .  
What w e  see suggests the establishment 
of physical connections-which we shall 
call fibers without invoking any special 
properties-between centrioles and chro
mosomes. We must also take into ac-

count another body: the centromere, 
or kinetochore. This is the anchor point 
on the chromosome at which its con
nection to its pole is made . The kine
tochore has a constant position on 
each chromosome ;  and when we say 
that a chromosome in mitosis is V
shaped or J-shaped, it is because it con
sistently behaves as though it were being 
dragged by an attachment at its middle 
or toward one end. Clearly the kineto
chore is that part of the chromosome 
which takes part in mitosis ; the rest of 
the chromosome goes along for the ride.  
Yet we have no really detailed knowl
edge of this remarkable body. 

Once the chromosomes are engaged 
by the poles and begin to move, the 
movement proceeds in two steps . First 
the still-paired sisters move into the 

6 

NORMAL CENTRIOLE REPRODUCTION is depicted here. 
After fertilization of egg (1) the parent.daughter pair of centrioles 

(smllll cylinders in 2) split, each producing a smaller daughter 
centriole (3). Centrioles form two mitotic poles (4) . As cell di-

ABNORMAL CENTRIOLE REPRODUCTION was induced in sea· 
urchin eggs in an experiment performed by the author and his col· 
leagues to show that a single mitotic pole ( formed by a centriole) 
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consists of two potential poles. In first part of experiment (1,2 lind 

3) centrioles reproduced normally (see first three drllwings in 

illustrlltion above). Mercaptoethanol was then added (4,5 lind 6): 
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axis (third from le/t) , moving farther apart to form a spin. 
die with four poles (right) . The shape of  this mitotic figure 
is that of a pyramid with a trian gular base. The magni. 

fication of these four phase·micros(·ope photographs, which were 
taken in an experiment at the author's laboratory (see illustrations 

at bottom 0/ these two pages), is approximately 1 ,100 diameters. 

equatorial plane defined by the poles ; 
then they split apart and move to the 
poles.  We can understand this by the 
simple and instructive (but not neces
sarily,faithful) image of a little puppet 
performance. The sister chromosomes, 
still paired and so connected by strings 
to both poles, are pulled into the equa
torial-metaphase-position under equal 
tension from the two poles . When they 
split apart, the same tension carries 
them toward the two poles.  

The separation of the sister chromo
somes and their migration toward the 
poles-the anaphase movements-have 
been described and measured in great 
detail in recent years, thanks to better 
microscopes, the motion-picture camera, 
better methods of maintaining cells alive 
under the microscope and great expendi-

7 8 

tures of patience. On the cellular scale 
the distances traveled can be consider
able: between five and 25 microns.  The 
velocity of the movement is about one 
micron a minute ; this works out to four 
hundred-millionths of a mile per hour, 
which is not a sensational speed. The 
chromosomes move in straight lines, 
usually converging on the poles .  Often,  
as the chromosomes move to the poles, 
the poles themselves move farther apart, 
carrying the chromosomes with them. 
Commonly, but not always, the chromo
some-to-pole movement precedes the 
further separation of the poles .  The 
marveling observer has the impression 
that the chromosomes are pulled to the 
poles and then dragged by the poles 
as the poles push apart. The shapes of 
the chromosomes in movement, so often 

vides (5 and 6), parent.daughter pairs split and produce four new poles. 
When daughter cells divide (7, 8 and 9), this process is repeated. 

those expected of a flexible body being 
dragged through a liquid by a thread 
attached at one point, reinforce this 
impression . 

Much of what has been said here is 
descriptive, but it is nevertheless intel
ligible. We perceive a consistent plan, 
followed in principle by a vast variety 
of cells , that does achieve the required 
end of genetic distribution . The meaning 
of each structure and step in relation to 
the others is clear, and the consequences 
of failure in any respect are predictable. 
Description is not necessarily "mere" 
description . Yet it is "mere" if we ac
cept the objectives of contemporary 
cell biology, the ideal of which is a 

molecular (and sub molecular and super
molecular) accounting for precisely those 
biological operations which, like hered
ity or mitosis, are already reasonably 
comprehensible in their own terms.  

If mitosis is not desperately discour
aging as a problem of molecular biol
ogy, it is because the complex operations 
are embodied in a definite structural 
assembly-the mitotic apparatus-that 
can be regarded as a gadget for perform-

centrioles formed poles (4) , separated without duplicatin g (5 and 

6) and formed a tetra polar spindle when the mercaptoethanol was 
removed ( 7). Four daughter cells formed and each centriole repro· 

duced (8 and 9). Each cell, with half the normal number of  centri· 
olar units, formed a mitotic apparatus with one pole (10) . Centri· 
oles duplicated (11) and cells were ready to divide normally (12). 
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ROLE OF CENTROMERES, the sites (small black ovals in 1) at 
which chromosomes are connected to the poles of the mitotic 
apparatus, i s  illustrated by the experiment depicted here. If ex· 
posed to ionizing radiation, the chromosomes break (2). Broken 

ends always reJom, but do so in various ways .  As shown (3), 
the fragments with centromeres have joined to gether, as have 

those without centromeres. In mitosis (4) the former is pulled 
toward opposite poles ; the latter does not take part in  mitosis. 

ing the operations.  We can approach the 
physics and chemistry of mitosis through 
the study of the formation, structure and 
changes of the mitotic apparatus, with· 
out forgetting that mitosis is an opera· 
tion of the whole cell. 

Let us consider the fully formed mi· 
totic apparatus at a crucial stage in 
mitosis : the metaphase, when the chro· 
mosomes have lined up on the equator 
but have not yet begun to move to the 
poles .  The light microscope sees the 
chromosomes in a spindle, a body be
tween the poles that has been thought 
to consist of fibers connecting pole to 
pole, fibers connecting chromosomes to 
poles, and a matrix of a rather unde
fined character. In animal cells the aptly 
named asters often radiate from the 
poles.  

The mitotic spindle has been de
scribed as a gel, as a coherent body of 
limited rigidity and as a loose aggregate 

or network of chains or sheets of mole
cules . As J. Gordon Carlson of the Uni
versity of Tennessee and others have 
shown, it can be pushed and poked 
about in the cell . That the spindle often 
appears as a transparent region against 
a more turbid background suggests that 
the assembly of materials to form the 
spindle excludes large particles such as 
mitochondria from that region, and this 
is confirmed by electron microscopy. The 
polarization microscope reveals that the 
molecular components of the spindle 
tend to be oriented along the pole-to
pole axis, in keeping with the impression 
of pole-to-pole and chromosome-to-pole 
"fibers." Recent advances in electron 
microscopy-especially in the prepara
tion and fixing of cells for inspection in 
the microscope-go far toward confirm
ing the impression. Pictures made by 
K. R. Porter of the Rockefeller In
stitute and by Bernhard and De Harven 

FIBERS OF MITOTIC APPARATUS and the chromosomes attached to  them are seen in 
this polarization.microscope photo graph made by Shinya Inoue of  the Dartmouth Medical 
School and Andrew Baje,' of  the University of Cracow in Poland. The living endosperm 
cell containing them is that of  the flowering plant Haemanthus katherinae. Sausage-like 
structures with faint lines running through their central axes are pairs of  sister chromo'
somes. The thin bright lines perpendicular to the chromosome axes are the fibers, connect
ed to specific chromosomal regions: the centromeres. Magnification is 1,500 diameters. 
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show fine straight filaments, usually 
double and sometimes occurring in bun
dles, running from the kinetochores to 
the vicinity of the centrioles. These 
are sometimes described as being tu
bules about 150 angstrom units in di
ameter. But this refers only to the image 
provided by the electron optics and does 
not mean that we actually are dealing 
with hollow pipes.  It is these filaments 
that shorten as the chromosomes move 
to the poles and lengthen when the poles 
move apart. We are inclined to assign 
them an important part in the move
ment of the chromosomes .  The picture 
remains, however, distressingly incom
plete . 

Obviously we shall not achieve a mo-
lecular analysis  of mitosis before we 

know something about the molecules of 
the mitotic apparatus .  The most straight
forward way of going about this is to 
isolate the mitotic apparatus from divid
ing cells. For this purpose we require an 
abundant supply of cells in division, and 
this can be had. Marine organisms such 
as sea urchins produce great quantities 
of eggs. When such eggs are fertilized 
in the laboratory by mixing them with 
spermatozoa, they proceed to divide 
synchronously . Therefore one can obtain 
gram quantities of cells in division. 

But the mitotic apparatus is notori
ously evanescent. As a structure that 
assembles at the time of division and is 
dismantled when division has been ac
complished, it is clearly not a permanent 
organ of the cell.  Its chemical instabil
ity is revealed when one tries to isolate 
it; under most conditions it simply van
ishes.  In 1952 Katsuma Dan of the 
Tokyo Metropolitan University and I 
succeeded in isolating the mitotic  ap
paratus [see "Cell Division," by Daniel 
Mazia, SCIENTIFIC AMERICAN, August, 
1953 ] .  It was evident from the first that 
a price of chemical damage had to be 
paid for the isolation of a stable mitotic 
apparatus; the aim of developing im
proved methods has been to reduce the 
price by seeking gentler procedures .  

How could i t  b e  that the structure 
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With the successful launching of TIROS III, meteor
ologists for the first time will see the total cloud formations 
and measure the radiative energy balance of hurricanes 
which plague the eastern coast of North and Central 
America each year. For TIROS III was launched at this 
time for precisely this purpose. From information gained 
from TIROS III, meteorologists may learn much more 
about the birth and life cycle of tropical storms. 

TIROS III DESIGN 
Although the spacecraft configuration is essentially the 
same as the previous two highly reliable TIROS satellites, 
TIROS III has two wide-angle cameras and the National 
Aeronautics and Space Administration has placed new 
omnidirectional IR sensors aboard to measure thermal 
radiation from the earth and sun. 

THIRD OF A FAMOUS FAMILY 
TIROS III is the third of a highly successful series of 
experimental weather satellites which were developed, 
along with the associated ground equipment, for the 
NASA, under contract with the Goddard Space Flight 
Center, by RCA's Space Center. All of them have 
established "firsts" in the United States' space program. 

TIROS II established a longevity record for a complex 
satellite. Still operating after nearly eight months and 
over 3300 orbits, TIROS II has transmitted over 34,000 
photographs to the ground. Aside from its impressive 
meteorological achievement, historians may well point to 
this long-term performance as the first to prove that a 
satellite system could operate reliably for so many months 
in a space environment thus proving the feasibility of 
operational satellites. 

TIROS I was the first satellite, carrying advanced tele
vision equipment, which sent photographs of the earth's 
cloud cover to meteorologists. From TIROS 1's 23,000 
photographs, meteorologists found that satellites could 
be used for weather observation and analysis. The pic
torial information is particularly useful in the two-thirds 
of the world from which few or no weather observations 
are now available. 

CONNOTATIONS FOR THE FUTURE 
The TIROS series has proved beyond a doubt that the 
peaceful uses of space will benefit all mankind. Six nations 
participated in the utilization of information from 
TIROS II and more will take advantage of TIROS III. 
RCA is also already at work on the camera systems· and 
space power supply for NIMBUS, the next generation of 
meteorological satellites. 

If you are a professional physicist, engineer, or mathema
tician and interested in participating in such challenging 
projects and stimulating team efforts, contact the Em
ployment Manager, RCA Astro-Electronics Division, 
Defense Electronic Products, Princeton, N. J. All quali
fied applicants are considered regardless of race, creed. 
color or national origin. 

.. The Moot Truoted Name in Electroni" 
RADIO CORPORATION OF AMERICA 

® 
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BECKMAN A CCOMPLISHMENTS ARE DESCRIBED 

Perhaps you can 
take part in Beckman's 

dramatic future! 
Life and growth are an endless succes
sion of challenging problems and ex: 
citing solutions. At Beckman Instru
ments, Inc., these are our business. 
Here, chemists, engineers, and physi
cists are working wonders, conceiving, 
designing, building the electronic in
strumentation for tomorrow. They've 
been doing it for more than a quarter
century, and at such a pace that there 
is now a great need for new men to 
share in Beckman's dramatic future. 

Problems and solutions. In Medicine
incredible instruments to perform 
complex blood analyses with drop-size 
samples, explore the mystery of other 
body fluids. In Space Exploration
instruments that guard the air supply 
of astronauts, monitor their physio
logical functions. For Industry-com
puters that prove the performance of 
a bridge, the efficiency of a refinery, 
long before construction starts. For 
National Defense - giant systems to 
gather and process data from satellites 
in orbit. 

Beckman instrumentation is every
where, and the impressive list of 
Beckman accomplishments is continu
ing to grow. 

As a new man at Beckman, you'll find 
unlimited opportunities in an infor
mal atmosphere that is quick to rec
ognize and reward individual accom
plishment. And, like others, you'll find 
California an ideal place to live and 
raise a family, to work and play. 

For additional information, address 
Dept. 91, Beckman Instruments, Inc., 
Fullerton, California. 

Beckman' 

INSTRUMENTS,INC. 

All qualified applicants will ?'eceive con
sideration for employment without ?'egm'd 
to race, creed, colo?', 01' national o?·igin. 
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ISOLATED MITOTIC APPARATUSES from sea·urchin eggs  are magnified 1,000 diam
eters in this phase·microscope photograph made by the author. In  apparatus just below 
the exact center of  the photograph the two light areas are mitotic poles ; structure between 
them is the spindle. Chromosomes are seen as a thin, dark area at center of spindle. 

that held together within the cell was so 
incoherent once it was outside the cell? 
Obviously the cell was providing, in its 
internal environment, some protection 
for the structure. From evidence that 
sulfur bonds play an important role in 
holding the mitotic apparatus together 
in the cell and by a rather complex argu
ment, I guessed that such protection 
might be given by a compound incor
porating sulfur-to-sulfur bonds.  The next 
compound tried was dithiodiglycol 
(HOCH2CH2S-SCH2CH20H) . J.  M. 
Mitchison of the University of Edin
burgh and I found that the addition 
of dithiodiglycol to a sucrose or dex
trose medium did protect the stability 
of the mitotic apparatus, and the ap
paratus could be isolated merely by dis
rupting cells in such a medium. They 
could then be purified by further wash
ing in the same medium. Such isolated 
preparations are being used in most of 
the current work in our laboratory at 
the University of California. 

After eight years of study of the iso
lated mitotic apparatus, what have we 
learned? The reader who expects to be 
told how chromosomes are moved may 
skip the next few paragraphs.  We have 
learned something about the kinds of 
molecule that are present in the ap
paratus and how they are put to
gether; perhaps this is all that can be 
expected from studies of isolated parts 
of cells.  

The mitotic apparatus. contains a great 
deal of protein. John Dale Roslansky 
and I found that it represents an invest
ment of at least 10 per cent of all the 
protein in the dividing sea-urchin egg. 
Is this protein synthesized at the time 
of division or is it preformed and then 
assembled at the time of division? Hans 
Went, now at Washington State Uni
versity, attacked the question by an im
munological method, asking whether the 
isolated mitotic apparatus contained any 
proteins-detected as antigens-that were 
not already present in the cell before di
vision. Thus far no such antigens have 
been found, so we infer that the syn
thesis of the proteins of the mitotic ap
paratus is one of the prerequisites of 
division . A cell must anticipate division 
by providing these molecules. 

Arthur M. Zimmerman, now at the 
Downstate Medical Center of the State 
University of New York, has made a 
careful study of these proteins .  So far 
the picture has been surprisingly simple 
in the sense that most of the protein in 
the isolated mitotic apparatus seems to 
be of one kind, although there must be 
many other kinds that are present in 
smaller amounts . 

The mitotic apparatus also contains 
ribonucleic acid (RNA), and much of 
the RNA seems to be associated with the 
major protein . The function of this RNA 
is a puzzle. RNA is usually identified 
with protein synthesis, but the mitotic 
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A SINGLE DROP OF BLOOD CAN SAVE YOUR LIFE 

Precious little blood can sometimes be spared for clinical 

testing. A baby, a burn victim, an older person. With 

Beckman instruments, you can perform vital analyses with 

the smallest samples. Even a drop. 

With Beckman instruments you can unveil the subtle allure 

of a Paris perfume. You can track down the killer in rattle

snake venom. You can unscramble a puff of smoke. 

Other Beckman instruments measure the acidity or alka-

linity of the foods you eat. Or monitor smog and identify 

its contaminants. Or guide a space vehicle and record its 

sensations. Beckman instruments, systems, and components 

are at work throughout the world in laboratories, produc

tion lines, and defense installations. 

Remarkable what you - and a Beckman instrument can do. 

If you have a problem in analysis, measurement, or control, 

write to our Director of Marketing. 
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EARLY STAGE in the assembly of the mitotic apparatus of a sea·urchin egg  is magnified 
16,000 diameters in this electron micro graph made by Patricia Harris of the University of 
California.  The apparatus is beginning to  form around a centriole (small dark C·shaped 

structure at top center) , which will be at one pole of the future apparatus. At such an early 
stage the nucleus (large light gray area) i s  still surrounded by the nuclear membrane. 

CENTRIOLE AND CHROMOSOMES, seen respectively at left and at right (amorphous 

gray areas) , are connected by spindle fibers in a chicken·spleen cell. One fiber is attached 
to centromere (small black area at lower right) . Micrograph was made by Jean Andre of 
the Institute for Cancer Research at VilIejuif.sur.Seine. Magnification is  53 ,000 diameters. 

1 1 2  

apparatus does not seem to be manufac
turing protein.  The RNA associated with 
the mitotic apparatus may have some
thing to do with the assembly of this 
structure and not merely of its molecules. 
It is tempting to imagine that genetic in
formation is involved in the architectural 
activities of the cell as well as in the 
shaping of the bricks . 

Our recent work has also shown the 
presence in the mitotic apparatus of a 
considerable amount of lipids, the fatty 
molecules that are so prominent in 
other kinds of structure, such as the 
external and internal membrane systems 
of the cell, the mitochondria and so 
on. Perhaps the lipids account for the 
presence in electron micrographs of so 
many vesicles, membranes and tubular
appearing structures in the mitotic ap
paratus .  

Our early experiments were guided by 
the theory that the molecules in  the 
mitotic apparatus were held together by 
disulfide bridges, chemical bonds be
tween sulfur atoms on neighboring pro
tein molecules. It was proposed that the 
assembly of the apparatus was essential
ly a process of establishing such bridges. 
More recent work, particularly in Dan's 
laboratory in Tokyo, has shifted the 
emphasis from disulfide bonds to inter
actions that still involve sulfur-contain
ing groups but which are not necessarily 
fully oxidized disulfide bonds such as 
are formed in such stable structures 
as hair and vulcanized rubber. Using a 
method that combines a colored com
pound specifically with the thiol groups 
( -SH groups) of proteins, Dan and a 
student of his, N. Kawamura, were able 
to show that the assembly of the mitotic 
apparatus is an ingathering toward the 
centrioles of proteins having a particu
larly high content of thiol groups,  and 
that when the mitotic apparatus goes 
through the period of transport of the 
chromosomes to the poles (the ana
phase) , these thiol groups disappear, 
only to reappear at the next division , 
We would like to know how the congre
gation of proteins rich in thiol groups is 
related to the assembly of the mitotic 
apparatus, and whether the disappear
ance of these groups, perhaps by oxida
tion, is part of the chemistry of the 
chromosome movement itself. It is tan
talizing to have so much evidence that 
the sulfur-containing groups are PaJ'ticu
larly important in mitosis without know
ing just how or why. 

The chemistry of movement in bio
logical systems has provoked biologists 
throughout the recent history of the life 
sciences.  The most influential idea is 
that movement somehow involves the re-
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Not b!l 
blAek boxes 

Alone . . .  

Not by black boxes alone . .  
can we meet the increasing 
demands of our expanding 
technologies. 

Systron-Donner Corporation, through 
its Donner, Greenleaf and Systron di
visions, produces an extensive line of 
"black boxes" in the form of acceler
ometers, gyroscopes, computers, elec
tronic instrumentation, flight control 
devices and data handling systems. 

M u c h  more significant is  Systron
Donner's broad array of well  inte
grated technical capabilities - span
ning digital and analog techniques, 
computer logic, data and control sys
tems concepts, transducer knowledge, 
and precision measurement skil ls
that can be brought to bear in proper 
proportion on complex applications 
problems. 

For instance 
� Digital instrumentation hard-

ware + analog circuitry capa
bility + systems engineering knowl
edge = a 1 00 channel recording sys
tem to Redstone Arsenal for pre-flight 
checkout on the Saturn Program . 
This system automatically selects and 
records information from 50 thermo
couples, 24 pressure transducers and 
26 other millivolt inputs every half 
minute. 

� Standard transducer hardware 
+ analog computer design ca

pability = an inertial programmer 
which controls flight performance of 
the Polaris missile . This flight control 
device uses integrating accelerometers 
to sense vehicle velocity, then deter
mines the occurrence of other specific 
missile functions by comparing actual 
performance with programmed per
formance. 

....t'rf Digital instrumentation hard
l\\ � ware + systems engineering ca

pability = a data processing and con
trol system for steel mill application. 
This automatic coil classifier system 
scans coil steel moving at rates up to 
1 ,500 feet per minute, and provides 
visual indication and written record 
of number of pin holes, coating thick
ness, total weight, total length, usable 
length and other essential quality 
control data. 

� Transducer standard hardware 
� + analog computer design skill 
= a safety valve for astronauts aboard 
the Proj ect Mercury capsu le .  This 

Sketch of a n  elaborately designed 
early day "black box" from the Ha ida 
Indian tribe on exhibit at the  
Provincial Museum, Victoria, B. C. 
Hand carv ed of slate, this artifac t was 
used to hold a tribesman's va lued  
personal possessions. The sophistication of 
design indicates b oth the tri besman's 
social status and the high cultural 
level a ttained by the tribe. 

maximum altitude sensor detects pre
mature loss of engine thrust and auto
matically initiates action to jettison 
the manned capsule for parachute re
covery if the flight must be aborted 
before orbit. 

IX Analog computer hardware + 
1.:0 systems engineering capability = 

a Motor Control Simulator designed 
for the automotive industry to simu
l a t e  e n g i n e  c o n t r o l  s y s t e m s .  T h i s  
equipment makes possible extensive 
and detailed design studies without 
the construction of costly and rela
tively inflexible physical models. 

Systron-Donner "black boxes" are the 
foundation of our business today. Our 
technical ability to extend their use
fulness and flexibility, our entree to 
the future. 

...5Y5TRDN -...IJDNNER 
� 

CONCORD, CALIFORNIA 
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N EVER BEFORE h a s  so m u c h  ca pac ita n ce b een  a va i l a b l e  i n  sta n d a rd sol id ta nta l u m  ca pac itors 

a s  i n  t h e se new Fa n steel  2000 a n d  4000 /-Lf u n its. I n  a co m p utor,  e l ectro n ic t i m i n g  d evice, etc . ,  t h ey 

sta n d  ready on co m m a n d  to sta rt, sto p ,  a ctivate o t h e r  co m p o n e nts.  O n e  4000 /-Lf u n it r e p l a c e s  

twelve sta n d a rd 330 /-Lf sol i d  capac itors.  Now t w o  co n n ectio n s  i n stead of twe nty·fo u r !  S i m p l e ,  

com pact, cost·sav ing.  Prod uced b y  t h e  com p a ny t h a t  d eve loped t h e  p o ro u s  a n o d e  w h i c h  m i n iatu r· 

ized t h e  ta nta l u m  c a p a c itor a n d  w h i c h  t h i s  yea r h a s  d o u b l ed p rod uct ion fa c i l it ies  fo r t h e  sol i d · ty p e  

capac ito r.  Fa n steel  R ectif ie r·Ca pac ito r D i v i s i o n  p rod uces s i l icon a n d  sel e n i u m  rect if ie rs, w e t  a n d  

sol id ta nta l u m  c a p a c itors,  feed · t h r o u g h  ca pacitors,  Z e n e r  d iodes.  Com p l ete s pecif icat i o n  b u l let i n s  

ava i l a b l e  fo r a l l  p rod u cts ,  write t h e  R · C  D i v i s i o n .  

© 1961 SCIENTIFIC AMERICAN, INC



Tanta lum foi l ,  capacitor grad e ,  is p rod uced 

by Fan steel ' s  C h e m ical  and M eta l i u rgicClI  

Divis ion for t h e  e l ectron ics i n d u stry .  T h i s  

d iv is ion a l so f a b ricates a c i d · p roof ta n ta l u m  

e q u i p m e n t  fo r t h e  c h e m ical  p rocess i n d u s ·  

t r y ,  a n d  i s  a major  s u p p l i e r  of t u n gste n , 

molybd e n u m  a n d  col u m b i u m  to a i rcraft a n d  
m i s s i l e  m a n ufactu rers.  

Tungsten d isks in  large and smal l  d i a m eters 

a re produced by Fa n steel ' s  Electrical Con· 

tacts and Specialt ies Division for s e m i co n ·  

d uctor a n d  electrical contact u s e .  Tech n i q u e s  

d eveloped by t h i s  d iv is ion permit  cutti n g  

t u n gsten r o d  u p  t o  o/s - i n c h  i n  d i a m eter.  Fa n 

steel is  t h e  o n ly co m pa n y  t o  do t h i s  o n  a 

prod uction basis .  

FA N STE E L  
M E T A L L U R G I C A L  C O R P O R A T I O N  

R ECTI F I E R -CAPAC I T O R  D I V I S I O N  

N o rt h  C h icago, I l l i n o i s  

C H E M I CA L  A N D  M ETAL L U R G I CA L  
D I V I S I O N  

ELECT R I CA L  C O N TACTS A N D  
S P EC I A LT I ES D I V I S I O N  

action o f  the motile system with adeno
sine triphosphate (ATP) and the split
ting of phosphate groups from the ATP. 
Proteins involved in movement-and not 
just proteins in muscle-are expected to 
react with and split ATP [see "How 
Cells M ove," page 184] . The early meth
ods of isolating the mitotic apparatus did 
not, however, yield any material capable 
of this reaction. Using the newer su
crose-dithiodiglycol medium, Ray M. 
Iverson (now at the University of 
Miami) , Rowland C .  Chaffee (now at 
the University of California in River
side) and I have discovered an active 
enzyme in the mitotic apparatus that 
splits ATP. So far as the observations go, 
they do favor the prediction that pro
teins of the mitotic apparatus would, 
like the contractile proteins of muscle, 
react with and split ATP. 

We may let our love of unity take us 
still a step further, asking whether the 
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mitotic apparatus is a system of contrac
tile fibers-a little muscle. Fibers con
necting chromosomes to the poles, and 
also fibers running from pole to pole, 
were seen long ago in microscope prep
arations of dead cells and are now seen 
with the electron microscope, but until 
they were observed in living cells in 
mitosis they could be discounted as arti
facts of the preparation methods .  The 
observations of live cells in polarized 
light by Shinya Inoue of the Dartmouth 
Medical School, who has designed ad
vanced polarization microscopes for this 
purpose, leave little doubt that the fibers 
of the mitotic apparatus are real [ see 
bottom illustmtion on page 1 08 and il
lustration at top of pages 1 1 8  and 1 1 9 J .  

But a crude image of a system of con
tractile fibers will not take us far. The 
chromosome-to-pole fibers shorten to a 
fraction of their original length, if not to 
the point where they simply vanish. The 
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T IME (MINUTES )  

CELL MOVEMENTS IN MITOSIS are  here  ploued in three curves that show the changes 

in distance between chromosomes and poles (1), between sister chromosomes ( 2) and 
between poles  ( 3 ) . Curves are keyed to drawings at top, which indicate the distance plotted. 
On - the time scale at bottom "0" marks beginning of  anaphase, when chromosomes are 
aligned at the cell "equator." The sister chromosomes separate after 15 minutes (1 (fnel 2) . 
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simply Mm . . .  
W I T H  T H E 

C AV I TR O N  
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micro-motor tool 
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At Cavitron we have developed a new a n d  

revol uti o n a ry tool for a w i d e  r a n ge o f  u s e s  

i n  m i cro tec h n ology.  A 25  k . c .  t r a n s d ucer,  

n o  l a rger than a p e n ci l ,  with a se lect ion 

of worki n g  t ips that  take f u l l  adva ntage of  

t h e  p h e n o m e n a l  accelerated motion forces 

i n herent  i n  u ltrasonic vi brati o n s  to-

D R I LL,  FILE, SAW, CUT, J O I N ,  
LAP, HONE,  B R O A C H ,  DEBUR,  
BURNISH,  POLISH A N D  C L EAN 

With th is  reci procal  M i cro· M otor Too l ,  that  

snaps in  and o u t  of a sta n d a rd hand piece 

for q u i c k  a n d  easy i nterc h a n g e ,  you can 

work o n  t h e  most m i n ute c o m p o n e nts w i t h  

a l e v e l  of f o r c e  t h a t  i s  effective a n d  s a f e .  

With a m i n i m u m  of f r i c t i o n  a n d  h e a t .  A l i g h t  

h a n d  move m e n t ,  without  press u r e ,  i s  

a l l  t h a t  i s  n e e d e d  to g e t  t h e  m i n i a t u re j o b  

d o n e  m o r e  r a p i d ly a n d  m o r e  effic ie ntly.  

Send for free illustrated brochure 
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C A V I T R O N  
EQU I PM ENT CORP. 
51 ·02 21 st Street, D e pt .  S,  

Long Is land City  1 ,  N ,  Y.  

pole· to· pole fibers grow longer, some
times much longer. As the fibers be
come shorter or longer they do not 
become thicker or thinner, nor do they 
become less straight. The filaments seen 
in the electron microscope [see 'illus· 
trations below ] seem to retain the same 

diameter although they grow shorter 
or longer. In fact, we wonder if the 
"contraction" of fibers in the mitotic 
apparatus is not a shortening due to 
the actual removal of molecules and 
if the elongation is not a growth in 
one dimension, the addition of mole-

CROSS SECTION of central spindle (that part of the spindle connecting the mitotic poles ) 
of BarbalunymfJha, a flagellate protozoon, is here magnified 1 8,000 diameters. The indio 
vidual fihers appear to he tuhular when they are viewed in cross section.  This electron mi· 
I'rograph and that helow were made by Joan Erickson Cook of the University of California. 

LONGITUDINAL SECTION seen here shows structural details of the mitotic apparatus of 
BarbalunymfJha. The main mass of  fibers radiating from the end of the large centriole 
( r ight) runs to the other pole (not shown) . A centromere (small dark crescent at lower 

left ) connects a chromosome (small gray area farther to left) to several fibers. Scalloped 
line passing hetween them is the nuclear membrane. Magnification is  12,000 diameters. 
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Manned space flight requires reliable and efficient thermal 

and atmospheric systems and secondary power equipment. 

Complete anq integrated systems, as pictured, are being 

studied or under development at The Garrett Corporation. 

Through optimized design they offer an unmatched degree 

of compatibility and high performance . 

Their design reflects Garrett's 20 years of leadership in 

developing and producing secondary p ower and environ

m e n t a l  c o n t r o l s  for aircraft  and s p ac e c r a ft ,  including 

NASA's Project Mercury life support system. This unique 

capability offers an unequaled source of research, develop

ment and production to the government and industry. 

... H E  CORPORA .... ON 

� iResea rch Manufactu ring Divisions 
Los Angeles 45, California • Phoenix, Arizona 

Systems and Components for :  A I RC RA FT. M I SS I LE. S PACEC RAFT. ELECTRO N IC .  N U CLEAR A N D  I N DUSTR IAL  APPLICAT I O N S  
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CHROMOSOME MOVEMENT in living endosperm cell of Hae

manthus katherinae is seen in these three polarization-microscope 
photographs from a film sequence made by Inoue and Bajer_ Dur-

ing metaphase (left ) the chromosomes are aligned at the equator 

of  the spin dle. The chromosomes then move toward the mitotic 
poles (second from left) with their "arms" trailing, as though 

cules. The question would be whether 
or not the removal or interpolation 
of substance could be carried out in 
such a way that the fibers could pull or 
push a mass .  The growth itself can be 
accounted for by a model proposed by 
Inoue. He sees the molecular elements of 
the mitotic apparatus as being in two 
states :  oriented (fibrous) and disori
ented. Their transition from one state 

to the other is bound by an equilib
rium such that the proportion of the 
material in the oriented state changes 
in response to the conditions in the cell 
as a whole.  

Once the chromosomes have sepa
rated into two groups, the organization 
of two interphase nuclei, with their at
tenuated chromosomes contained by the 
characteristic envelope, begins .  Only a 

NUCLEAR MEMBRANE (doubled lines surrounding small gray areas) first re-forms 
around individual chromosomes as they approach mitotic pole at end of division. As chromo
somes "flow" together, separate membranes form one. This electron micrograpb of  a cell 
from a sea-urchin embryo was made by Patricia Harris. Magnification is 2 0,000 diameters. 

1 1 8 

few details of the reconstruction of 
nuclei are known ; for instance, electron 
microscopy gives us the impression that 
the nuclear envelopes are not brand new 
b ,,[ are made by assembling fragments 
of membranous material from the sur
roundings. 

To the observer at the microscope the 
most remarkable event of cell divi

sion is the pinching of an animal cell 
into two, or the appearance in a plant 

,cell , as though from nowhere, of a wall 
between the nuclei that have just ' gone 
through mitosis .  The most ingenious 
theories have been proposed; for ex
ample, the idea that the cell surface 
forms a contractile belt around the equa
tor, or that the cell surface can expand 
and push into the equatorial plane.  

The requirement of a successful 
theory is that it explain how the poles 
of the mitotic apparatus can dictate the 
laying down of new cell membrane at 
the equator, whether the appearance is 
that of a furrowing of the original mem
brane or the building of a partition from 
within. If the mitotic apparatus is 
pushed to one side or rotated by !;lO 
degrees,  the plane of division will be 
displaced correspondingly, as has been 
shown recently by K. Kawamura at the 
University of Tennessee , Yet the com
pletion of the act of division does not 
seem to require the immediate co-opera
tion of the mitotic apparatus .  Y. Hira
moto of the Misaki Marine Station in 
Japan has been able to remove the mi
totic apparatus from dividing sea-urchin 
eggs, literally sucking them out of the 
cell by means of a very fine pipette con
trolled by a micromanipulator . If the 
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they were being pulled hy their centro· 
meres. The centromeres reach the poles 
(right) . Magnification is  1,200 diameters. 

apparatus was rer'1(Jved some time be
fore the cell body began to divide, no 
division occUlTed.  But if the operation 
took place just b efore division, at the 
time when the chromosomes were mov
ing to the poles, then division pro
ceeded. On the other hand, division 
does not depend on the chromosomes.  
We know this from various experiments 
in which the mitotic apparatus goes 
through its performance after the chro
mosomes have been removed. 

A n  account o f  mitosis a n d  cell division 
f\. sounds more like the libretto of an 
Italian opera than like a page from 
Euclid . Cell reproduction is not a unit 
process,  and it is not to be described by 
an equation.  Its essence is the doubling 
of all the potentialities of a cell-the 
generation of twoness . The twoness is 
not only doubleness of quantity but the 
two ness of separation and independence. 
Indeed, we have seen that all the 
doubling of molecules takes place before 
mitosis, and only then is the material of 
one cell remolded into two cells .  

Basically, biological increase is a 
scale-of-two process .  A single cell can 
only attain a limited degree of growth. 
The limit seems to be a restriction of the 
domain of living mass that can be ad
ministered by a single nucleus . The limi
tation is not an exhaustion of the capaci
ty for growth ; if, after a cell has reached 
its maximum size, a piece is amputated, 
the cell will grow b ack to the maximum 
size but no larger. The genetic material 
of a plant or animal cell, measured as 
DNA, can only double, and it cannot in
crease further until the chromosomes 
have gone through the mitotic cycle. If 
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PA P E R  
P E AC O C K  
Sweetest word 
in the office heard 
"that  Oza7id paper's 
a colorful bird. " 

T h e  peacock,  they te l l  u s ,  f lau nts c o l o r  to w i n  atte nt i o n .  ( F r o m  l a d y  p e acocks,  

we p re s u m e ) .  Yo u ,  too ,  can attract atte nt i o n  with c o l o r. But  in  a m o re b u s i n ess
l i ke way. With Oza l i d  Sens i t i zed  Pa p e rs you can c o l o r- c o d e  any e n g i n e e ri n g  o r  

b u s i n ess syste m .  S p e e d  a n d  s i m p l ify p a p e rwork .  E l i m i n ate rout i n g  e rrors .  M ake 

s u re i m p o rtant o r  to p s e c ret d o c u m e nts g et 
i n stant acti o n  w h e n  n e ed e d .  I n  e n g i n ee ri n g ,  
fo r exam p l e ,  " b l u e p ri nts " n o  l o n g e r  n e e d  

b e  b l u e .  Off i c e  syste m s - p ro d u cti o n  c o ntro l ,  

o rd e r- i nv o i c i n g ,  i n co m e  tax retu rn s - can b e  
c o d e d  b y  f u n cti o n ,  status ,  t i m e  o r  d esti na

t i o n .  Sal es b u J l et i n s ,  c h a rts,  g ra p h s ,  p re s e n 

tati o n s  can b e  b r i g hte n ed . . .  m a d e  m o re 

effe cti v e  by c o l o r . Want to s i m p l i fy , error- p roof yo u r  offi c e  syste m ?  S h ow y o u r  

c o l o rs ! O u r  b o o k l et " C o l o r  says so m u c h  . . .  so  m u c h  faste r" te J l s  y o u  h ow .  S e n d  

fo r it  today.  Oza l i d ,  Dept. 293, J o h n s o n  C i ty ,  N .Y. 
Colored Papers s peed com munication, cut over

h ea d . 1 2  e y e - c at c h i n g  s to c k s  for d r y  O z al i d  a n d  

sem i - dry O z afax mach ines . 

R e m e m b e r: for best results from O zali d  W h ite printers 

u se O zali d  Paper and O zali d  S·u p plies . . .  we repeat; 

u se O zal i d  Paper and O zal i d  Sup plies . 

1 20 

O Z A L I D 
W E  R E P E A T 

O Z A L I D 
DIVISION OF GENERAL ANILINE & FILM CORPORATION 

the mitotic apparatus is damaged by 
drugs such as colchicine, the split 
chromosomes will not separate and will 
be retained in a single nucleus.  The 
"polyploid" cell thus produced can grow 
to a size that is proportional to the num
ber of sets of chromosomes present. If 
normal mitosis takes place but cell divi
sion fails, the cell with two nuclei can 
also grow to twice the normal size. If the 
whole division cycle is normal, each of 
the daughter cells can grow to the size 
attained by the parent cell. 

Reproduction as the generation of 
twoness is not merely another interesting 
biological phenomenon. In it we can 
find reasons for everything else that hap
pens in living things . Indeed, the biolo
gist, unlike some other brands of scien
tist, can allow himself such a term as 
"reasons" because he does have a stand
ard of judgment : the unambiguous 
criterion of survival . 

DIVISION FURROW, which pinches cells 
in two at the end of  mitosis, is  depicted in 
sea-urchin eggs.  The furrow in the egg at 
top i s  almost complete ; the furrow in the 
egg at bottom is  at an earlier stage. The 
mitotic apparatus i s  still faintly visible. 
This photomicrograph, made in the author's 
laboratory, enlarges cells 800 diameters. 
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First ��off-the - shelf "  
high resolution display for 

low cost computer monitoring 
General Dynamics/Electronics'  new So c 1 0 90 i s  

t h e  first "off-the-shelf" computer display featur

ing high character legibility on a large CRT screen. 

T h e  S o c  1090 incorporates an i m proved 1 9- inch 

CHARACTRON@ Shaped-Beam Tube and is capa

ble of displaying 1000 flicker-free, high-resolution 

characters simultaneously anywhere on the tube 

f a c e .  T h i r t y  t h o u s a n d  or m o r e  c h a r a c t e r s  p e r  

second m a y  be displayed with extreme brightness 

and contrast. 

MOST VERSATILE D ISPLAY. The SOC 1 0 9 0 ,  operating 

either on-line or off-line, i s  designed to monitor digital com .... 

puter systems and present data for decision or information 

purposes. Alphanumeric or symbolic characters, and vectors 

may be presented singly or in combination. 

Maximum flexibility for various applications has been 

provided by a number of special modular optional features 

for the SOC 1090 display which include : 

1. Int81'nal Tes t  Pattern Generator - permits complete set 

up and calibration without tying up the computer or data 

handling system, saving time and expense. 

The SoC 1 090 display 
is compact, offe?'s 
full 19-inch screen 

2. Vec ta?' Genera tor - capable of drawing straight lines 

between points on the tube for graphic presentations. 

3 .  F o rm a t  G e n e ?'a t o r - r e d u c e s  the S o C  1 0 9 0's  i n p u t  

requirements and doubles display rate from computer. 

4 .  Input Regis te1' - provides console with buffer storage 

for position and character selection information. 

5 .  Offse t  & Expansion - can enlarge any segment of tube 

screen to full screen size for more detailed view. 

6.  Category and F e a ture Se l e c t - allows selection of 

information for display without computer intervention. 

SU PERIOR CHARACTER FORMATION .  The C H A RAC

T R O N  tube's unique method of shaped-beam charact.er for

mation offers p roven advantages ovel' less  p r e c i s e  l i n e 

segment, dot, or scan character fonning techniques. 

Symbols and characters are obtained by extruding elec

tron beams through stencilled openings in  a metal disc 

called the matrix. After passing through the matrix,  the 

character-shaped beam is  direct.ed to an appropriate spot 

on the tube face. Most matrix have 64 characters. 

COMPACT DESIGN.  The SoC 1090 is a compact unit meas

uring 32 inches in width, 45 inches in height, by 66  inches 

in length. The unit's low si lhouette allows operators to actu

ally look over the top of the console for simultaneous view

ing of the tube screen and proj ected large screen displays. 

SoC 1090 APPLICATIONS.  The SoC 1090 is  capable of 

tabular, situation or graphical presentations and can be 

used in a wide range of computer intervention, monitoring 

and retrieval j obs. I t  i s  suitable for laboratory, simulation, 

Air Traffic Control and surveillance applications. 

For additional information on the SoC 1090 D i rect View 

Display or other General Dynamics/E lectronics readout and 

d i s p l a y  s y s t e m s ,  w r i t e  G e n e r a l  D y n a mi c s / E l e c t r o n i c s ,  

I n f o r m a t i o n  T e c h n o l o g y  

Division, Dept. B-46,  P. O .  Box-

2449,  San Diego 1 2 ,  Calif. GIII, I I UD 
G E N E RA L  DYNAM I C S  I E L E CTR O N I C S  

1 2 1  
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D I SCOVERER S E R I ES Pos it ion 
gyros to a i d  v ita l  sate l l i te 
recove ry programs have been 
deve loped and produced for this 
series by General  Precis ion.  

EXPLORER S E R I ES Over 20 
Genera l  Prec is ion 
components have 
assisted i n  the 
launching of 
these sate l l ites. 

M I DAS Genera l  Precis ion has developed 
and is  now producing 
contro l  moment gyros to 
stab i l ize M I DAS sate l l ite 
with reference to earth 
when sate l l ite is  i n  orbit, 
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.. 

The maj or systems in terpreted here are tes t imon ials to General Precis ion's  experience in 
space . The four d ivisions of  General Precis ion , Inc . , are represented by some system, subsystem or 
component  on nearly every satell ite,  space veh icle,  m issile and rocket now in operation or development. 

All  of  the corporat ion 's  faci l i t ies are consol idated for the systems management of major new 
space and weapons projects . Thus,  the comprehens ive General Precision capabil i ty is now at a new 
peak poten t ia l .  As a result ,  a satellite or space vehicle program can draw upon the services of more 
than 1 6 ,000 General Precis ion employees ( including 4 ,500  scientists,  engineers and technicians ) 
and well over 2 Y2 mill ion square feet of combined floor space . 

T h is combinat ion of talents and faci l i t ies ,  backed by the corporate financial resources of 
General Precis ion , I n c . ,  makes i t  poss ible to develop,  produce and manage a space system from 
concep t  to appl ication . 

GENERAL 
PRECISION 

o 
SP CE 

13"  by 1 8W' reproductions of these 
original  paint ings, su i table for framing, 
are availab le on request. Please write 
on your company letterhead. 

G E N E RAL PR ECI S I O N .  I NC. 
PRINCIPAL OPERATING SUBSID IARV OF G E N E R A L  PRECISION EQUIPMENT CORPORATION 

Tarrytown. N. Y. 

V E N U S  STUDY A bal loon·borne 
optical astro·tracker 
deve loped and produced 
by Genera l  Precision 
i s  being used i n  a series 
of exp lorat ions to 
photograph  Venus for the 
fi rst t ime from o utside 
the earth 's  atmosphere. 

'rODAY'S DEMONSTRATED 
ACHIEVEMENTS SHAPE TOMORROW 

KEAR FOTT 

Ll BRASC O P E  

LINK 
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How Cells Specialize 

The egg cell of a multicellular organism differentiates into 

all the specialized cells of the adult organlsm. It lS now 

belie(Jed that this differentiation begins In the egg itse�f 

By Mi chail Fischberg and Antonie W. Blackier 

Cng before men knew anything about 
cells, much less molecules, they 
were familiar with one of the 

organ is normally just the right size and 
in the right place and contains the right 
kinds of cell to carry out its specialized 
function. Today we are scarcely less 
mystified, How does the undifferentiated 
cell of a cleaving egg turn into the 
specialized cell of heart, liver, nerve, 
bone or muscle? 

most tangible mysteries in nature: out 
of a simple-looking egg emerges a living 
organism, complete and perfect in every 
detail and unimaginably complex. Each 

MATRIX- '·' 
',:':' 

Although the complex riddle of dif
ferentiation yields its secrets most un
willingly, great progress is now being 
made. This progress is mainly due to 
rapid advancements in biochemistry, the 
development of new techniques and the 
choice of organisms particularly suited 
for the study of the problem of differ
entiation. But perhaps most important 
of all is a change in the philosophical 
approach to the problem. One formerly 
thought too much in terms of the isolated 
role of the cell nucleus, or the role of 
the cell cytoplasm, or the role of the 
environment of the cell. Today we have 
become much more aware of the dynam
ic interplay among the three variables 
and we have learned to observe all three 

'tJ�\Wt�l,\ ;��f�i��;�;tt���i[��J�l 
"::,"X�;� differentiation. The nature of the nu))�� c1eus and the cytoplasm has been pre��g,:�� sen ted elsewhere in this issue [see "The /,�}i:';� Living Cell," page 50]. We are not 

g,' suggesting that the role of the cell en
vironment is negligible in the cases that 
we shall present; only that it appears 
to be secondary to that of nucleus and 
cytoplasm. Its role, in any case, is not 
dominant, as it often is in the devel
opment of slime molds or in the differ
entiation of cells in tissue culture. 

CHROMOSOME LOOPS at locus of a lamp-

brush chromosome are formed by filaments 

(with surrounding matrix) that connect a 

pair of chromomeres. The chromosome axis, 

chromomere pair and filaments consist of 

DNA; the matrix, of RNA and protein. 

124 

We shall start by describing how an 
egg cell develops, for we now believe 
that the foundation of the future embryo 

is already laid down while the egg is 
growing and before the mature egg is 
even fertilized. 

Before a future egg cell begins to 
grow it looks like any other undiffer
entiated cell in that it lacks the char
acteristics by which it would be assigned 
to a particular specialized cell type. 
In the frog it measures about 17 microns 
in diameter, or about twice the diameter 
of specialized cells. By the time the frog 
egg has matured its diameter has in
creased to about 2,000 microns, or two 
millimeters. This means the volume has 
increased 1,600,000 times. This tremen
dous increase in volume is due to the 
uptake of raw material from the ovarian 
environment and the use of this material 
in the synthesis of egg substrate. In 
some animals highly complicated mole
cules, the product of synthesis of other 
cells (usually the "nurse" cells or fol
licle cells) , are taken up into the egg 
cell and incorporated. In frogs and other. 
amphibia, however, it appears that the' 
incoming material is largely in the form 
of simple molecules and that these are 
actively synthesized into more complex 
substances by the nucleus and cytoplasm 
of the egg cell itself. 

C ytoplasm, nucleus, nucleoli and the 
nuclear membrane all increase in 

mass during egg development, so evi
dently the simple precursors from the 
environment are taken up by all these 
cell components and at least stored in 
them. Research with radioactive pre
cursors has shown that strong synthesis_ 
occurs in the nucleus as well as in the 
cytoplasm. Within the 

'
nucleus very ac

tive synthesiS takes place on the chromo
somes, in the nuclear sap and probably 
also in the nucleoli. 

The substances synthesized in the 
growing egg cell are mainly glycogen, 
lipids, proteins and nucleoproteins, 
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which are proteins combined with the 
nucleic acids, DNA and RNA [see "How 
Cells Make Molecules," page 74]. The 
proteins are partly in the form of clear 
cytoplasm rich in R NA and partly in 
the form of yolk particles called 
platelets, which come in various sizes 
and whose role is obscure. Mitochondria 

and many enzymes are found in abun
dance. In the eggs of some species DNA 
has also been found in the cytoplasm. 
It is probable that the main groups 
of chemicals in growing eggs are them
selves tremendously heterogeneous since 
much of the complex chemical synthesis 
takes place at the sites of the 10,000 to 

20,000 genes, each of which may give 
rise to a different substance. Let us, 
therefore, take a closer look at the 
chromosomes, where the genes reside. 

'fhe chromosomes of egg cells that 
have entered the growth period are 

not the densely spiralized, rodlike struc-

LAMPBRUSH CHROMOSOMES are named for their brushlike 

appearance, which results from the presence of numerous chromo

somal loops ( small, dark wavy li nes) along the chromosome axes. 

This homologous pair of chromosomes, enlarged some 20,000 diam

eters, is from the oocyte nucleus of a newt. This phase-microscope 

photograph was made hy H. C. C"llan of SI. Andrews University_ 
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tures commonly seen at the time of 
mitotic division. Rather, they are large
ly despiralized and thereforc very long 
and thin. Early in egg growth they 
consist of a single axial filament and 
later of a double filament, which con
tains at short intervals pairs of thicker 
and denser swellings: the chromomeres. 
The chromomeres are so plentiful that 
they agree roughly with the expected 
number of genes and they may even be 
the genes; they seem to be densely 
spiralized parts of the chromosome 
axis. A pair of thin filaments (probably 
themselves despiralized parts of the 
chromosome axis) run out and form a 

-EARLY GROWTH 

GERM CELL 

o 

"COMPOSITE" CHROMOSOME shows the wide variations that o('('ur among chromosome 

loops of lampbrush chromosomes, particularly in the size of the loops and in the matrix and 

loop on each side of the chromosome 
and then return to it, entering the sec
ond chromomere of each pair [see il
llistration 011 page 124]. The over-all 
appearance of the chromosomes in this 
stage of egg growth has led to their 
being called "lamp brush" chromosomes. 

The vast majority of the chromomeres 
possess lateral loops, which come in 
many lengths and varieties. H. G. Callan 
of St. Andrews Universitv in Scotland 
and Joseph G. Gall of the University of 
Minnesota have found that the shape of 
the loop and the nature of the matrix 
surrounding a particular loop are char
acteristic for a given chromomere, which 
is always found in the same position 
along the axis of a particular chromo-

LATER GROWTH 

some. The chromosome axis, the chro
momeres and the lateral loops consist of 
DNA, now regarded as the substance 
of which genes are composed. The ma
trix surrounding the lateral loops, how
ever, consists of RNA and protein. These 
two substances, but not DNA, are abun
dantly synthesized at these loops durin g 
the whole period of egg cell growth. 

Callan and Gall have shown that RNA 
(and probablv protein) produced at the 
lateral loops of lampbrush chromosomes 
detaches itself from the loops and 
comcs first to lie free in the nuclear 
sap and later passes through the porous 
nuclear membrane into the cytoplasm. 
The RNA in the cytoplasm inc�eases 
during the early and middle stages of 

YOLK FORMATION 

GROWTH OF FROG EGG CELL is marked by increased hetero· 

geneity of cell components ( keyed to legend at right) . Size and 

number of RNA globyles are greatest in "Later growth" and "Yolk 

formation" phases. The cel l cytoplasm is packed with RNA granules 

in "Early growth"; granules are fairly evenly distributed in "Later 

growth," except for a peripheral ring that disappears in "Yolk for

nlation." At "End of growth" the granules are distribut.ed in :1 
smooth and weakening gradient from the upper to the lower pole. 
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matrix inclusions. The loops depicted here 

do not all belong to the same chromosome. 

egg growth, and much protein is synthe
sized at the sites of the cytoplasmic RNA 
granules. It is possible, therefore, that 
the number of different species of RNA 
and protein molecules in an egg cell 
e(luals the number of synthesizing genes 
present. Until methods for distinguish-

ing among different species of RNA and 
proteins have improved one can only 
guess at the heterogeneity of the egg 
contents. 

I t is not difficult to see, in any case, 
that the mature egg has polarity, 

which means that its contents are dis
tributed non uniformly and in an orderly 
and specific way. The nucleus lies near 
what can be called the upper pole and 
the clear cytoplasm, the RNA granules 
and mitochondria are concentrated near 
this pole and decline toward the lower 
pole in quantity. The pigment on the 
surface shows a similar distribution, 
whereas the yolk granules are larger and 
more densely packed near the lower 
pole, becoming smaller and more widely 
spaced toward the upper pole. We can 
therefore speak of gradients in the cyto
plasmic substances. These gradients run 
parallel to the egg axis and are radially 
symmetrical about it. In other words, all 
the points on a particular plane parallel 
to the "equator" of the egg have the 
same cytoplasmic composition but differ 
in composition from points on all other 
planes. As a consequence all the merid
ional slices going from the upper pole 
of the egg to the lower one (like seg
ments of an orange) contain the same 
substances distributed in the same way. 

This radial symmetry, observable in 
the eggs of many species, is eventually 
changed to bilateral symmetry. Depend
ing on the species of animal producing 
the egg, this happens either shortly be
fore or shortly after fertilization [see il
lustration on next page J. The change in 
symmetry is caused by a change in the 
distribution of the cytoplasmic compo
nents and is often linked to a change 
in the outermost (cortical) layer of 
the egg. Certain cytoplasmic substances 
sometimes accumulate in the form of a 
crescent on one side of the egg. Further 
development of these eggs shows that 
the plane that divides the body of the 
developing embryo into a right and left 
half passes through the broadest region 
of this crescent, roughly parallel to the 
equator, and through the two poles. In 
amphibia the broadest region of the cres
cent always becomes the dorsal or upper 
part of the body, while the region where 
the thin tips of the crescent come togeth
er develops into the ventral part, or un
derbelly. The head of the animal de
velops on the ventral side of the upper 
pole, and the tail comes to lie in the re
gion between the lower pole and the 
lower edge of the crescent. 

We see, then, that the future embryo 
is fully predetermined in the un cleaved 
egg by the distribution and peculiarities 

• 

• 

• • • 
• 
• 

• RNA GLOBULES 

RNA GRANULES 

lAMPBRUSH CHROMOSOMES 

MITOCHONDRIA 

"YOLK NUCLEUS" 

YOLK PLATELETS 

BLACK PIGMENT 

Throughout cell growth lampbrush chromosomes become increas· 

ingly condensed in center of nucleus. Mitochondria are equally dis· 

tributed in "Early growth" except for concentration in the yolk 

nucleus; at "End of growth" they are distributed in a smooth and 

weakening gradient from the upper to the lower pole. Smallest 

yolk platelets appear in "Yolk formation." At "End of growth" 

platelets are distributed throughout the cell, increasing in size from 

top to bottom. Black pigment appears only at "End of growth." 
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of its cytoplasmic components. This pre
determination is so clear in the eggs of 
many species that certain areas in the un
cleaved egg can be easily recognized as 
those which are going to give rise to the 
brain, the intestine, the muscles or the 
future germ cells. And, as we have noted, 
the predetermination in some species is 
clearly evident even before the egg is 
fertilized. Fertilization is normally re
quired, of course, before cleavage will 
take place. 

During subsequent development, aft
er fertilization, the chromosomes of the 
egg and sperm are incorporated into a 
single nucleus, which then divides by 

mitosis, leading to the first cleavage. 
As cleavage progresses, each daughter 
nucleus is accordingly surrounded by 
a distinctively different matrix of cy
toplasmic substances as the spatially 
organized heterogeneity of the egg cy
toplasm is stabilized by the appear
ance of cell membranes. 

However, all the nuclei derived by 
mitosis from the one nucleus of the fer
tilized egg are initially, at least, identi
cal. Being identical, they all have to act 
in the same manner. They can act dif
ferently only if they are ordered or stimu
lated to do so by a variable factor, name
ly their environment, particularly the 

ANTEROPOSTERIOR AXIS 

EGG AXIS 

immediate cytoplasmic environment. 
Unless one is willing to believe that the 
cytoplasm has full responsibility for dif
ferentiation, one has to believe that the 
cytoplasm, which varies from one part 
of the egg to another, influences identi
cal nuclei to act in different ways. This 
assumption is not only a logical necessity 
but has found strong experimental sup
port, as we shall now see. 

Some insect larvae (mainly the larvae 
of the order Diptera) have salivary 

glands consisting of a small number of 
large cells with enormous chromosomes. 
This is one of those cases in which 

RADIAL SYMMETRY of a frog egg (le/t) changes to bilateral 

symmetry (middle) with the development of a "crescent" (on e  side  

0/  which is d efined by the heavily stippled area). The tadpole 

(right) that will develop when such an egg is fertilized will 

also show a corresponding symmetry, as can be seen hy comparing 

the main axes of hoth the egg and the tadpole. As depicted here, 

the "Left.right axis" (L·R) and "Dorsoventral axis" (D·V) have 

heen extended to form planes that cut through egg and tadpole. 
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1 he latest in tracing papers is the new Bruning 
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facts on the finest in tracing paper, in sheet and roll sizes. 
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growth is achieved not by an increase 
in cell number but by an increase in cell 
size. Very large cells apparently cannot 
function with the usual number of chro
mosomes, and the chromosome number 
is therefore increased in proportion to 
cell size. The giant salivary gland chro
mosomes are really bundles of about 500 
to 1,000 despiralized chromosomes that 
stick together in such a way that the 
identical parts-the chromomeres-of all 
the homologous chromosomes lie side by 
side. As a result all the chromomeres of 
a particular gene site form a disk, as do 
the chromomeres at other sites. These 
disks are separated by disks of the non
chromomeric parts of the sausage-like 
chromosomes, so that the giant chromo-

j 

I 

some looks as if it were made up of a 
large number of dark and light bands of 
varying thickness [see illustration on 
page 138]. 

Careful studies by M. E. Breuer and 
Clodowaldo Pavan of the University of 
Sao Paulo and by W. Beermann and his 
colleagues at the University of Tiibingen 
have shown that chromomeres can swell 
up into so·called Balbiani rings, or puffs. 
They have also found that the puffs are 
the sites of strong synthesis of RNA and 
proteins. These observations are particu
larly exciting because the occurrence of 
the puffs follows a specific pattern. In 
mature larvae of a particular species only 
certain recognizable chromomeres will 
show puffs in all the specimens. But in 

j EMBRYO B 
j 

j j 

young larvae other chromomeres, or 
gene sites, will be puffed up. It is reason
able to conclude that different genes puff 
up and become active at different stages 
of an organism's development. 

This activity of chromomeres is not 
only specific with respect to age but also 
with respect to cell type. Salivary glands, 
at least in chironomid Diptera (midges) , 
possess two types of secretory cell, and 
each type has its own pattern of swell
ings, which also undergoes changes dur
ing development. It appears, therefore, 
that specific factors in the cytoplasm call 
forth the activity of particular genes. 
Furthermore, it is likely that the cyto
plasm varies from one cell type to an
other and changes progressively (prob-

j 

j 
PRODUCTION OF NUCLEAR CLONES makes it possible to test 

various assumptions concerning the specialization of cells ( see, f or 

example, the experiment illustrated on pa ges 132 and 133). Nuclei 

( colored dot s )  from donor cells of a partially developed frog 

embryo are injected into "Enucleated eggs," i.e., eggs from which 

the nuclei have been removed. These produce five normal "Trans· 

plant embryos." Nuclei from cells of "Blastula C' are injected 

into another set of enucleated eggs. The resulting "Clone of 
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ably as a result of specific gene activity) 
during development. 

Some support for this idea is provid
ed by new and original experiments 
conducted by H. Kroeger at Oak Ridge 
National Laboratory. He changed the 
environment of salivary gland chromo
somes by transferring the nuclei from 
glands of advanced larvae into a prepa
ration containing the cytoplasm charac
teristic of developing eggs. He found 
that the swellings of certain chromu
meres of the salivary gland chromosomes 
disappear in the new environment and 
that other chromomeres are induced to 
produce puffs. There is even a certain 
amount of correlation between the puff
ing and the developmental stage of the 

j 

j 

ENUCLEATED EGGS 

TRANSPLANT 
EMBRYOS 

ENUCLEATED EGGS 

ClONE OF 
TRANSPLANT 
EMBRYOS 

transplant embryos" consists of five geneti· 

cally identical individuals whose chromo· 

some complements are all descended from 

chromosomes of one nucleus (C at top) .  

Bausch & Lomb takes the blind 
spots out of microscopy 

Zoom up, Zoom down, 
at the twist 
of a dial 

N E BAUSCH & LOMB 
DYNAZOOM* 
LABORATORY MICROSCOPES 

See the advantage of optimum magnification. The revolutionary New 
B&L MicroZoom* optical system that makes "step magnification" 
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and fine focusing controls, concentric stage controls, all in low, hands
at-rest position. 
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Same price range as before ... but more important, you can have 
complete reliance in its 100% American manufacture to the world's 
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Find out more; just 
mail the coupon. Then 
order fast to avoid de
lay. 
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eggs providing the new environment 
[see illustration on page 136]. 

The work on the salivary gland chro
mosomes is of the greatest importance to 
our views on how cells specialize. It pro
vicles a rare insight into the relationship 
of cytoplasmic environment and nucleus. 
The fact that the work deals mainly with 
advanced stages of development does 
not prevent it from serving as a model 
suggesting how differentiation can arise 
in early development. 

Let US now see what happens if the 
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NUCLEAR-TRANSPLANTATION EXPERIMENT performed by J. B. Gurdon on South 

African clawed frogs involved the production of nuclear clones (see illustration on pre

ced in g  t w o  pages ) _ Nuclei from two blastulae ("a" and " b" )  promoted predominantly 

normal development in two groups of transplant embryos (top left ) _ Nuclear clones from 

a second transplant ( b ottom. left ) were also predominantly normaL Nuclei from an embryo 

experiment is turned about so that the 
cytoplasmic environment is held con
stant and nuclei are made the variable. 
It has long been accepted, with little di
rect evidence, that the chromosomes in 
all the cells of an organism are identical, 
regardless of how the cell itself is spe
cialized. To test this assumption one can, 
by means of delicate techniques, extract 
the nucleus (containing all the chromo
somes) from an unfertilized frog egg and 
replace it with a nucleus obtained from 
one of the partially specialized cells of a 
developing frog embryo. The cytoplasm 
of the egg and the injected nucleus will 
then undergo development and give rise 
to what is called a transplant embryo. 
Fertilization is not necessary because the 
injected nucleus is already the descen
dant of a fused egg and sperm nucleus. 

Since the cytoplasm contains all the 
qualities necessary for normal develop
nient, the actual development will be a 
measure of the quality or developmental 
potential of the injected nucleus. 

Robert W. Briggs of Indiana Univer
sity and Thomas J. King of the Institute 
for Cancer Research in Philadelphia, and 
the authors in collaboration with J. B. 
Gurdon of the University of Oxford, 
carried out such experiments with dif
ferent species of frog and obtained in 
principle the same results. They found 
that if the nuclei were obtained from 
em bryos in the early (blastula) stage of 
development, the new transplant em
bryos in most cases produced normal 
tadpoles [see illustration on these two 
pages]. If, however, nuclei of advanced 
embryonic stages are transplanted, few-
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at a later stage (" c") promoted a variety of 

normal and abnormal embryos from which 

three nuclear clones were produced: pre

dominantly normal (at left, u nd er "e"), un· 

developed (midd le) and abnormal ( right) . 

er nuclei are able to participate in the 
production of normal embryos. Most of 
the transplant embryos either do not 
cleave normally and die or are arrested 
at later and abnormal developmental 
stages. The conclusion from this last ex
periment is that nuclei change during 
development and differentiation. They 
seem to lose their totipotentiality and be
come more limited in their ability to pro
mote normal development. 

One of the most striking characteris
tics of these experiments is that nuclei 
taken from a single future organ-say, 
the gut-of a single embryo do not give 
rise to similar transplant embryos but to 
a great variety of embryos. This includes 
arrested blastulae, a wide range of ab
normal embrvos and a few normal tad
poles. Accor�lingly, one can conclude 

Capabilities: 
Q't1J:SJ:TJ:ON 014' 

Bell Telephone Laboratories, research and development contractor for the 
U. S. Army's NIKE ZEUS anti-missile missile system, has been investigating 
new types of radar antenna construction. To determine the effects of nuclear 
explosions on these structures, such conditions were simulated with high
explosive charges. Sangamo was selected to provide most of the extensive 
instrumentation required to evaluate the effects of these explosions on models 
of these structures. 

The specifications for the recording system were provided by Bell Telephone 
Laboratories, and Sangamo had full responsibility for instrumentation system 
engineering, electronic equipment fabrication, and field operation of the system 
... providing the contractor with the magnetic tape and oscillograph records 
of transducer outputs. Sangamo developed and manufactured the complete 
instrumentation system which recorded the output of the strain gauge and 
pressure transducers on magnetic tape and replayed this information into the 
input of a recording oscillograph of a digital data reduction system. The instru
mentation system included bridge balance and strain gauge calibration equip
ment, DC preamplifiers for strain gauge channels and pressure transducer 
channels, calibration generators for all pressure transducer channels, magnetic 
tape recorders, wide band FM modulators and record amplifiers, magnetic 
tape reproducers, reproduce amplifiers and wide band FM demodulators. 

Sangamo instrumentation systems have been developed to aid industry and 
science in the precise acquisition and handling of data. 

• The Six Sides of Sangamo 
FOUNDED 1899 

Write for our brochure "Facts and Facilities" 

SANGAMO ELECTRIC COMPANY, Springfield, Illinois 

., Electrical Measurement 

• Electronic Systems 

• Electronic and Power Capacitors 

* Electromechanical Controls 

$ Inductive Components 

.. Underwater Acoustics 
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not only that nuclei differ from one 
organ to another but also that even sin
gle organs are made up of cells contain
ing quite different nuclei. In other 
words, a developing organ of an embryo 
is made up of a heterogeneous popula
tion of nuclei. If nuclei of newly hatched 
tadpoles are transplanted in the way de
scribed, the resulting transplant embryos 
show greater uniformity. This decline 
in variation of the transplant embryos 
could indicate that the nuclei become 

N o R 

. more similar because most of them have 
by now undergone the same kind of 
changes, whereas in experiments with 
embryos the nuclei were caught at dif
ferent phases of change. On the other 
hand, the nuclei of tadpoles may be so 
limited in their potenti�lities that they 
lead usually only to arrest at the earliest 
stages of development. 

Another lluestion is: Are the observed 
nuclear changes of a reversible nature 
or are they stable, irreversible and 
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hereditary? This question can be an
swered by the production of "nuclear 
clones" [see illustration on pages 130 
and 131]. A nucleus of a donor embryo 
is injected into an unfertilized, enucle
ated egg. This develops without further 
nuclear differentiation into a blastula. 
The cells of this blastula are then dissoci
ated and their nuclei are injected singly 
into unfertilized eggs. The embryos de
veloping from this second transfer form 
a clone of embryos, each containing 
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GERM·CELL SPECIALIZATION in gall midge Mayet iola destruc· 

tor is contrasted under normal and experimental conditions. In nor· 

mal development ( top) nucleus of fertilized egg divides into two 

nuclei (small c irc les in "First d iv ision"), then four and so on. 

In "Third division'� and "Fourth division" two nuclei move to pos� 

terior pole of egg; the cytoplasm contracts so as to separate the 

nuclei from the rest of the egg. In "Fifth division" the remaining 14 
nuclei undergo " mitotic division in which only eight sets of 

chromosomes i
·
n each nucleus separate to the poles; the other 32 

pairs eventually dissolve in the cytoplasm of the cell. The germ 

cells develop normally and adult gall midge is fertile (top right.). 

In an experiment ( b ot t om) discussed in the text the germ plasm 
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nuclei that are derived from the one 
initial nucleus used in the Erst transfer, 
and are therefore of identical genetic 
constitution. The experiment is repeated 
to produce a number of such clones. 

The similarity within a clone is in re
markable contrast to the variation found 
among different clones. Each clone rep
resents the quality of only one tested nu
cleus and the differences among clones 
represent differences among individual 
nuclei. The experiment indicates that the 

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

was inadiated with ultraviolet light ( b ottom 

l eft), thus retarding germ·cell formation. As 

a result the two posterior nuclei also under· 

went mitotic division and lost 32 of their 

chromosome sets. Gall midge that developed 

( b ottom right ) was consequently sterile. 

PI RECORDER 
TAPES THE TWINKLING OF AN EYE There are transducers in the 

retina of the eye more sensitive than any yet devised by science. When light falls upon the rods and 
cones, electrical potentials are generated and transmitted by way of other cells to the brain. 

To record the potentials from cells at various depths in the retina, a neurophysiology laboratory in 
San Francisco uses a PI magnetic tape recorder with FM electronics. For analysis or classroom in
struction, the tape recordings can be played back repeatedly, at fast or slow speeds, into oscilloscopes 
or pen recorders. The model PS·207 used by this laboratory is a 7·channel high performance instru· 
mentation type recorder, yet is fully portable-only 65 pounds-and rugged enough for industrial use. 

Other medical uses of this instrument include the recording of heart sounds, pulse pressures, 

EKGs, and electromyograms. It can be taken direct to the patient or project, without signal trans· 
mission line loss. Voice commentary may· be recorded along with the variables under study. For 
details, write for the current PI brochure. �PRECISION INSTRUMENT COMPANY 

P I 1011 Commercial Street • San Carlos • California 
Phone LYtell 1-4441 • TWX: SCAR BEL 30 
Representatives in principal cities throughout the world 
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HAVE YOU EVER SEEN 
A LIVING CELL? 

Most microscopists are only accustomed to 
viewing prepared slides which show cells that 
have been stained chemically to make the 
structural details visible. The static appearance 
oC such lifeless specimens resembles textbook il
lustrations and gives little indication of the 
normal behavior or appearance of the living cell. 
All too few observers have ever seen the true 
delail and interesting activity of the ciliates, 
flagellates, and other dynamic protozoa as they 
exist in nature . . .  ALI VE . . .  as seen through 
the phase microscope. 

With the UNITRON Phase Microscope, you 
now have the means to see highly transparent 
material such as living cells, bacteria, and small 
organisms with startling clarity and without 
special preparation. The contrast is produced 
by the optical system alone, not by artificial 
staining which distorts and kills living speci· 
mens. Phase Contrast is so valuable that it has 
been hailed as "the most important develop
ment in light microscopy since oil immersion 
objectives" and earned for its inventor the 
Nobel Prize in Physics for 1953. Until recently, 
the high price associated with phase equipment 
has limited its use to only the most advanced 
research. 

N ow, the low price of UNITRON Phase 
Microscopes makes this newest technique avail
able to all. The amateur scientist and school 
laboratory will find these microscopes an 
amazingly powerful aid in the observation of 
living protozoa, rotifers, marine plankton as 
well as crystal growth, Brownian motion, etc. 
The research worker finds phase indispen
s able for studying tissue cultures and allied ma
terial. For the industrial laboratory, there are 
a multitude of applications in the study of 
emulsions, suspensions, colloids, fibers, and 
other materials for which the ordinary bright
field microscope fails to reveal all of the speci· 
men detail. Little wonder that these versatile 
instruments are in such widespread use in lead
ing university, industrial, and government re
search laboratories throughout the country and 
are gradually replacing the conventional micro
scope not only for work involving transparent 
material, but for general lab use as well. 

UNITRON Phase Microscopes are used in 
the same manner as the conventional micro
scope and require no special operating technique. 
They may also be used for ordinary micros
copy to view stained slides. In the advanced 
models a continuous transition from phase to 
bright-field is obtained merely by adjusting the 
condenser height. In fact, "dark-field" images 
may be produced as well. The unique optical de
sign insures highest resolution at all powers. 

It may come as a surprise to you to learn that 
the prices of these UNIT RON Phase Models 
are actually below those of many ordinary mi
croscopes of other makes. Perhaps all of this 
sounds too good to be true. If so, your healthy 
skepticism will be dispelled the very first mo
ment you look through a UNITRON Phase 
Model. We are so convinced of this that we are 
willing to ship one of these instruments to you 
for a free lO-day trial with full refund if the 
microscope does not meet with your enthusi
astic approval. 

MANY M O DELS TO C H O O S E  F R O M  
Modol MPEA: Magnificalion 32·600X. 4 �;���� �:�rr� ' ��'.h . . �i���� $ 99 

. 

.•
.. 

Modol MPEB: ( 1 IIuslraled) 20·900X. 
���gri��a�:c��l�g

b��� .c����� $ 1 6 7  
Model MPE: 50· 1500X. Large stand 

��:i������������j��a�� $265 
Model BMPE: 20· 1500X. Bmocular  

Prices f.o. b. N ewt��r�i
i
�� ,�f

n
::de' MPE • • • • •  $490 

F R E E  3 2 - P A G E  B O O K  ON M I C R O S C O PY 
Phase microscopy is so relatively new, that 

information on this subject is often missing 
from the usual books available to the amateur 
microscopist and science teacher. To introduce 
you to this important development, we want to 
send a copy of our new illustrated booklet 
"Experiments with the Phase Microscope", 
prepared for us by Prof. Julian D. Corrington . 
author of many well-known books and articles. 
Subjects covered include interesting experi
ments in the optics of microscopy, an explana
tion of how the phase microscope works, labora
tory projects for the beginner, etc. This booklet 
will be sent to you free of charge, with our com
pliments. At the same time you will receive data 
on UNITRON Phase Microscopes, other in
struments and accessories. To accept this no
obligation oif'er, just fill out the coupon below 
and mail it to us. 

UNf T'?ON 
I NSTRUMENT  C O M PANY . MICROSCOPE SALES D IV  
66 N E E D H A M  Sf . NEWTON H I G H LANDS 6 1 .  MASS 

I U N ITRON Microscopes a n d  the booklet "Expen ments I 
I with the Phase Microscope", No. 6·T. I 
I Nam. I 
I I 
I Slr .. , I 
I City Slal. ___ ! L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 

136 

nuclear ch anges due to natural diUeren· 
ti ation are relatively stable and of a 
heritable nature. It also strengthens the 
belief that the variation observed after 
the first transfer is a true one and not 
a result of damaging the n uclei during 
handling. 

The stable, heritable and apparently 
irreversible nature of these nuclear 
changes poses, of course, a number of 
new questions. For example, one would 
like to find out which of the nuclear 
components is the site of the change. Is 
it the nuclear membrane, the nuclear 
sap, the nucleolus or the chromosomes 
embodying the genes? The chromosomes 
\Vould seem the likeliest site, because so 
far as we know they are the only nuclear 
structure showing continuity throughout 
both mitosis and heredity. But a defi
nite answer cannot be given until experi
ments now in progress shed some light 
on the problem. 

Some years ago it would have been 
almost unthinkable to consider that 
nuclei might, during differentiation, 
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change in their genetic qualities. Re· 
cently more and more cases of irre
versible nuclear changes induced by 
cytoplasmic factors have been brought 
to our attention. They include examples 
from protozoa, ascarides, frogs and gall 
midges. In the last the changes occur at 
the level of chromosomes and are clearly 
visible under the light microscope. 

�ult gall midges are unusual in that 
". . they have a large number of chro
mosomes in the germ cells and a small 
number in the somatic cells, which make 
up the whole body except the germ line. 
We shall describe how this difference 
in chromosome number is established in 
one species, Mayetiola destructor [see 
illustration on preceding two pages l .  

As in other insects, no cell membranes 
are formed during the earliest develop
ment. The zygote nucleus, containing 
about 40 chromosomes, divides into two, 
then four, then eight nuclei. Because of 
the lack of cell membranes, the nuclei 
are free to distribute themselves evenly 

c 

EXPERIMENT performed by H. Kroeger involved chromosome Number 2 from the sali· 

vnry gland of the fruit fly Drosophila busckii. The chromosome is depicted here as it appears 

at the prepupal (a ) and pupal ( d )  stages of the fly's development; and ns it appeared after 

transferal to tbe preblnstoderm r. b )  and blastoderm ( c) egg contents of D. m eia noga$ter. 
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AMERICAN - MARIETTA 
Products for Missile Technolo gy 

M issiles demand power-and American-Marietta produces materials for 

both nuclear and solid fuel propulsion systems. 

At American-Marietta's Sierra Metals Corporation, research scientists 

are pioneering in the development of advanced alloys capable of withstanding 

extremely high temperatures and radioactive bombardment. One new Sierra 

Alloy is  now being tested by the Atomic Energy Commission as a basic 

material  for the first  n u c l e a r  powe red reactor in the missi le field .  

Powdered aluminum i s  a n  essential for sol id rocket fuels used t o  power 

such new missiles as the Minuteman, Hercules, Pershing and Nike-Zeus. 

American-Marietta's Metals Disintegrating Company, the nation's oldest 

producer of finely divided metals, is now a key supplier of powdered 

aluminum for solid rocket fuels . 

P A I N T S . C H E M I C A L  C O A T I N G S · S Y N T H E T I C  R E S I N S 

A D H E S I V E S 0 S E A L A N T S . M E T A L L U R G I C A L  P R O D U C T S  

P R I N T I N G  I N K S · D Y E S · H O U S E H O L D  P R O D U C T S · L I M E  

R E F R A C T O R I E S · C O N S T R U C T I O N· M AT E R I A L S · C E M E N T  

Progress thro ugh Research 
A m e r i  c a n  - M  a r i  e t t a  

C o m p a n y  
C h i c a g o  1 1 ,  I l l i n o i s  

1 3 7 
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MICRO
COM
PARATOR 

In some circles, the study of chicken-feather 
keratin is of lesser import, say, than the 
determination of sedimentation and diffu
sion coefficients and the evaluation of the 
distribution of sedimentation coefficients in 
polydisperse systems. Nevertheless, both 
studies call for ul tracentrifugation. 

Here, and in other fields whose tech
niques require precise measurements of 
molecular properties in centrifugal fields 
to 290,000 g, a necessary adjunct to the 
equipment required is a precision instru
ment to measure the photographic plates 
that are exposed on the centrifuge. 

Gaertner Scientific Corporation excels in 
the design and manufacture of such equip
ment, specifically in this case, the M2001P 
Microcomparator (illustrated ) .  If chicken
feather keratin is your dish ( or if your 
studies fall within any other area where 
preci3e measurement of molecular proper
ties in a centrifugal field is required ) ,  write 
for Bulletin 202. If you require other pre
cision optical instrumentation, by all means 
write and describe your needs. A Gaertner 
standard design, modification, or special in
strument probably can solve your problem. 

Gaertner 123& Wrirhlwood .". 
S C I E N T I F I C  C O R P O R A T I O N  ChiClt;O 1., BU 1·5335 

• Unattended Operation 
• OIrecl' recording in 

microliters from any 
Warburg method 

• Attaches to standar'd 
Warburg apparatus 

• Up to ) 6 channels 
• Servo system cOI1'trol 
• Adaptable to wide 

variety of manomet· 
ric measure'inents 

Write today for 
descriptive literature : 

Mechrolab, 
'nc.' 

Osmometer, Clot T!mer, and 'other advanced" 
labora'tory ins trumen tation
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G I ANT CHROMOSOME NUMBER 3 of larva of the midge Ch iroltomus varies in shape and  
slightly i n  banding pattern depending o n  the type of cell i n  which i t  is fonnd. Identical sec· 

tions here are from the salivary gland (left ) ,  Malpighian tubule ( middle) and rectum ( right ) .  

through the cytoplasm of the egg. At 
the eight-nucleus stage one of the nuclei 
moves all the way down to the posterior 
pole of the egg and comes to lie in the 
vicinity of a particular cytoplasm, the 
germ plasm, which always accumulates 
at this pole. 

During the nex� mitosis all eight 
nuclei divide again, so that 16 are pres
ent. At the same time the cytoplasm 
near the posterior pole constricts in such 
a way that two cells are formed, con
taining the two most posterior nuclei and 
'lll the germ plasm. This cleavage cuts 
off the two newly formed cells from the 
rest of the egg. These two cells are des
tined to become the primary germ cells, 
and all the future eggs or spermatozoa, 
as well as the nurse cells, will derive 
from them. 

At this moment the peculiar fifth di
vision begins in all 14 nuclei lying in 
the somatic part of the egg, but the two 
primary germ cells are exempt from this 
mitosis. When it is time for the dupli
cated chromosomes to start moving apart 
(at the anaphase stage) , it becomes 
clear that the mitosis is most unusual. 
Only eight of the 40 chromosomes 
of each nucleus separate along their 
whole length into two chromosomes and 
move toward the opposite poles of the 
mitotic spindle. The remaining 32 fail 
to separate at their ends and remain 
immobile in the equatorial plane of the 
spindle. Meanwhile the eight .chromo
somes at each pole of the spindle form 
two small daughter nuclei. The 32 
chromosomes left behind soon begin 
to dissolve and the material derived 

from them gradually disperses through
out the cytoplasm and is not seen again. 
In this way 32 chromosomes are elimi
nated from somatic cel ls. 

The primary germ cells are exempt 
not only from this mitosis but also from 
chromosome elimination. During subse
'luent divisions of the germ cells the full 
chromosome number is maintained and 
the germ line is  formed. The small 
nuclei (which contain eight chromo
somes) go on dividing and give rise to 
the small nuclei of all the somatic cel ls. 

It is evident th at the presence or 
absence of a cytoplasmic factor deter
mines the behavior of the nuclei during 
the fifth mitosis. Close observation of the 
future germ-cell nuclei shows that th e 
germ plasm, rich in R NA and mitochon
dria, wraps itself intimately around the 
nuclear membranes of these nuclei after 
the fourth mitosis. One has the impres
sion that the germ plasm protects the 
nuclei from the influence of the neigh
boring cytoplasm, an impression that is 
strengthened by the formation of cell 
membranes cutting this pair of cells off 
from the rest of the egg. 

To study the cause of chromosome 
elimination, C. R .  Bantock of the Univer
sity of Oxford irradiated with ultraviolet 
light the extreme posterior ends of gall
midge eggs, the ends containing the 
germ plasm, before the future germ-cell 
nuclei had migrated into them. The re
mainder of each egg, containing all the 
nuclei, was carefully shielded from irra
diation. In eggs so treated the posterior 
nuclei migrated normally into the germ 
plasm, but now, instead of being pro-
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E l ect ro n i c  

Research to explore the i n formation processi ng i n  nervous systems is  n ow underway at Bell 
Telephone Laboratories. H ere, scientists are experimenting with newly developed electron i c  
elements which are designed t o  i m itate the actions of a l iving nerve cell. Too little is yet k nown 
about l iving cells to permit exact electronic  du plication . However, experiments with groups of 
artificial neurons have roughly d u plicated some of the eye's basic react ion to l ight. This new ap
proach to study i n g  basic nerve network fun ctions can provide clues for stimulat ing further 
exploration into the fu ndamentals of the transmission of i ntelligence. 

Alle n - B radley is very happy that the q uality of their hot molded resistors caused them to be 
selected for these exacting experiments. W ith their u niform properties and conservative ratings
A - B  resistors will provide the same su perior performance in your electronic circuits.  Be certain 
you specify A - B  hot molded resistors-especially for your critical jobs. Send for Publication 6024. 

A·S H o t  M olded 
C o m p o s i ti o n  
Resisto r s  
SHOWN ACTUAL S I Z E  
Hot  mo lded compos i t i on r e s i s t o r s  a r e a va i l a b l e  i n  a l l  s ta n d a rd E I A  a n d  
M I L· R · l l  res ista nce va l ·  ues  and to lera nces .  
'Pending MIL 
Spec A ssignment 

a..., 
Type TR 1 / 1 0 Watt Wi. 
Type C B  1 /4 

Type EB 1 / 2  

Type GB 

Type H B  2 

Watt 
ta. Watt 

Watt .... 
watt�if. 

M I L  Type RC 06* 
M I L  Type RC 07 

M I L  Type RC 20 

M I L  Type RC 32 

M IL Type RC 42 

A l l e n . B r a d , e y  Co .. 1 2 04 S. T h i rd St .. M i l w a u k e e  4. W i s  . •  I n  Ca n a d a :  A l l e n - B r a d l e y  C a n a d a  Ltd .. G a l t .  O n t a r io  

A LLE N - B RA D LE Y  ����:�niC COIDPonents 
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�� hang it 
on 
a star " 

ICF's design and engineering skill has developed the most accurate 
and versatile tracking system available today. It is PTS - a mobile 
Photogrammetric Triangulation System. 

PTS incorporates two or more ballistic cameras. It is the only missile 
tracking system which can consistently produce data having a bias 
factor of substantially less than unity. 

PTS recorded the orbit of Sputnik 1 with an accuracy of 20 milli
seconds on the first attempt - it has performed even better since. Not 
only can it be used for missile and satellite applications, but for meas
urement of contour and deflections of structures such as .adar antennas, 
bridges, buildings, airplane wings, and towers. 

Above all, PTS is highly desirable in missile testing to reconcile 
conflicting trajectories by "hanging" them upon a ballistic camera tra
jectory which, in turn, is "hung" upon the stars. 

tected in some fashion, they shared the 
same fate as the other nuclei-that is, 
their chromosome number was reduced 
from 40 to eight. The primary germ 
cells, in spite of losing 32 chromosomes, 
still gave rise to the beginning of a germ 
line. If the embryos were allowed to 
develop, they produced adult male and 
female midges that looked normal but 
\,Iere actually sterile. Histological exami
n ation of the gonads of gall midges ob
tained from ultraviolet-treated eggs 
revealed that the reproductive cells 
failed to develop. 

It appears, therefore, that the germ 
plasm normally prevents chromosome 
elimination. This might be due to an 
inhibition of the fifth mitosis in the 
future germ-line nuclei or to another 
protective mechanism merely coinciding 
in time with this inhibition. The absence 
of reproductive cells in gall midges 
hatched from irradiated eggs indicates 
that the missing chromosomes are neces
sary for the development of such cells. 
The strong effect of the irradiation sug
gests furthermore that the protective 
factor of the germ plasm is composed of 
RNA, because it is particularly sensitive 
to ultraviolet light. 

Bantock's work on the gall midge 
provides a clear example of nuclear
cytoplasmic interactions. It shows that 
egg formation can proceed normally 
only with the participation of the whole 
chromosome complement of the species, 
whereas somatic differentiation can take 
its normal course with a severely re
duced chromosome number (eight) 
provided that the egg cytoplasm con
tains gene-products of the genes active 
during egg formation. 

Just as the germ plasm prevents chro
mosome elimination in the gall midge, 
it probably plays a comparable role in 
protecting the germ cells in other and 
more complex organisms from speciali
zation and loss of their totipotentiality. 
In frogs a germ plasm of similar chem
ical composition has been discovered 
and here too ultraviolet irradiation of the 
germ plasm causes partial or total steril
ity of frogs developing from such 
treated eggs. 

I n summary, differentiation is most 
likely to result from nuclear-cytoplas

mic interactions that cause progressive 
individuation of the cytoplasm and in
creasing specialization of the nuclei of 
particular cells. The original question 
of how cells specialize has not been 
solved, but we hope we have shown 
that complexity of the cytoplasm in the 
mature egg cell cannot fail to lead to 
specialization. 
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K i d-proof carpets of C y a n a m i d's C r e s l a n ®  a c r y l i c  f i b e r  l o o k  
a n d  f e e l  l i k e  f l e e c y  c l o u d s  o f  c o l o r .  T h e y  t a k e  t h e  d a y - l o n g  
p u n i s hment of a peppy family, bounce back beautifully f o r  more. 

But terfin gers' best frien d - b r e a k - r e s i s t a n t  Q u a l i t y  M e l a m i n e  
d i n n erware, m a d e  by other companies from a Cyanamid mold
ing compound.  H o w  to tell  it  from the prettiest c h in a ? Drop i t !  

Smudges get the brush-off from famous Formica® decorative 
laminates. O n  counter tops a n d  wall s ,  Formica colors brighten 
your spirits, l i ghten your work . d ean as quick as a magic slate. 

Newest bedtime story - G . E .  n ight l ight without bulbs or 
C y a n a m i d's C y a n o c e l ®  m a k e s  p o s s i b l e  a w a f e r - t h i n  sheet o f  
gl owing COIOI·. Someday, you'l l  t u r n  on a w a l l  instead of a lamp. 

4 bright ideas for your home . . .  from cyaNaMiD chemistry 
Carpets* of Cresl an by Holmes, colorful walls of Formica, durable Melamine dinnerware, 
amazing l ight of the future . These are four new ways Cyanamid chemistry makes good 
living even better. In al l ,  there are more th an 6 , 000 Cyanamid products serving you .  

c:::= C Y A. l"tT A. � I � --:=::> A m e r i c a n  Cya n a m i d  C o m p a n y ,  30 R o c k efe l l e r  P l aza, N e w  York 20, N e w  York 

e T R A D E M ", R K  F O R  C H E M i C A L L Y  M O D I F I E D  C F. l l U lO S E  . P I L E ,  80 0/0 C R E S L  ... N A C R Y L I C ,  20 % M O D "' C R Y L I C  
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CELLULAR AGGREGATION is demonstrated in author's labora· 

tory at the Marine Biolo gical Laboratory in Woods Hole, Mass., 

usin� naturally orallge spo nge Microciona and yellow sponge 

Clio,,,,. Solutions containing cells from each are in beakers at top. 

Cells are mixed to gether (photomicrograph at middle le/t). I n  the 

course of  12 hours they creep along the floor of the dish in which 

they have been placed and clump to gether by species, finally 

forming tiny orange spon ges and yellow sponges (bottom right). 
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How Cells Associate 

The cells of Inal1y-celled organislns are marshaled and held together 

by specific physical and chelnical factors. These factors are studied 

of a tissue and allowing theln to recombine by dispersing the cells 

T o explain how cells join with one 
another to form the tissues and 
organs of multicellular organisms, 

the biologist must answer y. uestions that 
are as basic and pressing in their way as 
those that surround the nature of the 
chemical bond. In the absence of the 
intercellular bonds that hold cells to
gether, the human body would collapse 
in a heap of disconnected, individual 
cells, many of them quite indistinguish
able from certain free-living protozoa. 
Were it not for the high specificity of 
these bonds and the selectivity with 
which cells interact with one another, 
there would be no tissues or organs, only 
nondescript clumps of cells. To devise 
an approach to these questions-to sub
mit masses of cells to experimental test 
as they proceed to associate, interact and 
synthesize tissues-challenges the inge
nuity of the investigator. 

The study of cell association proceeds 
along the parallel paths of analysis and 
synthesis. Since the turn of the century 
workers in this field have been develop
ing techniques of tissue culture that 
make it possible to study tissue cells in 
the simplified environment of laboratory 
glassware and, by one means or another, 
to cause the tissues to dissociate into 
cells. Biochemical analysis has sought to 
identify the substances involved in the 
bonding and interaction of cells; mor
phological analysis, facilitated by the 
electron microscope, has concentrated 
on the connection between function and 
structure. But it is the relatjvely novel 
and direct method of synthesis-the ex
perimental synthesis of tissues from free 
cells under controlled conditions-that 
offers particular promise in this field. 
Only by such frontal approach can one 
put hypothesis to the test and find out 
how cells actually associate. 

In nature, as the fertilized egg pro-

by A. A. Museona 

liferates into a mass of rapidly dividing 
cells, the cells first bunch together in no 
clearly apparent order. But the lack of 
order is only superficial. The cells have 
fundamentally identical genetic endow
ments. Their initial diversification must 
arise, therefore, in large measure from 
their different positions in the embryo. 
There is an impressive body of evidence 
for this. In the early embryo, for ex
ample, one can graft cells from a skin
forming area to the eye-forming one. 
The grafted cells develop in harmony 
with their new site, acquiring their 
neighbors' "eyeness" as their persisting 
identity, recognized as such by their 
kind and by other cells. If they are there
after transferred to other sites, they re
main unchanged. 

While the embryonic cell may thus 
"learn" a specific functional identity 

in response to influences in its environ
ment, it also retains an intrinsic identity 
established by its genetic endowment. 
Oscar E. Schotte and Hans Spemann 
performed an experiment many years 
ago that strikingly demonstrates this 
principle. In amphibians the ectodermal 
tissue ( the outer of the three primary 
embryonic layers ) of the mouth forms 
the teeth. But it does so only if it is in 
contact with the mouth endoderm ( the 
inner embryonic layer ) .  A "signal" from 
the endodermal cells triggers a sequence 
of events in the ectoderm that leads to 
the formation of teeth. Actually the mat
ter is more complex; the endodermal 
signal apparently reciprocates a prior 
stimulus from the ectoderm. So before 
any noticeable appearance of teeth sev
eral "messages" may have been ex
changed by the cells in this region. In 
the early embryo it is possible to trans
fer ectcderm from any part of the body 
to the mouth region and make it form 

teeth by placing it in proper association 
with the endoderm. Schotte and Spe
mann took advantage of the fact that 
newts have bony teeth and frogs have 
horny teeth to see what would happen 
if they transplanted frog ectoderm cells 
to the mouth endoderm of the newt. It 
turned out that the frog cells get the 
"message" to form teeth but, being frog 
cells, they form horny teeth. The learned 
identity acquired in this experimental 
association is interpreted by the cells in 
accordance with their genetic endow
ment. 

The movement of cells from one place 
to another in the embryo constitutes 
an essential and conspicuous feature 
of normal development. Singly and 
in groups, cells move to new sites 
where, in association with new neigh
bors, they form new structures. The 
mammalian kidney, for example, arises 
from two separate and initially distant 
components. A little pocket of cells on 
each side of the cloaca elongates into a 
finger-like process, destined to form the 
ureters, and extends into the body cav
ity toward a mass of mesodermal ( mid
dle layer ) cells that at this stage shows 
no definite structure. As soon as the two 
groups of cells come into contact, how
ever, they begin to change rapidly. The 
ureter branches and sends out secondary 
processes; the mesodermal cells with 
which these processes make contact are 
organized into kidney tubules. These 

. changes come quite promptly, as if by 
an exchange of signals between the two 
groups of cells. Proximity and association 
are necessary to the interaction. If the 
cell groups are kept separate, they do not 
produce their typical responses. In one 
strain of mice a genetic defect keeps the 
two kidney components from making 
contact, and the kidney does not form. 

Next to nothing is known about the 
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signals that are supposed to be involved 
in such "inductive" interactions. Jean 
Brachet and H. de Scoeux, working at 
the Catholic University of Louvain, 
found many years ago that the messages 
did not get across when they interposed 
a strip of cellophane between two pros
pectively reactant masses of cells. Cello
phane allows the passage of only very 
small molecules. On the other hand, 
L. W. McKeehan of the University of 
Chicago used thin strips of agar, through 
which larger molecules can diffuse, and 
observed interaction between two tis
sues. Clifford Grobstein of Stanford Uni
versity has performed similar experi
ments with the two components of 
mouse kidney isolated in tissue culture; 
he has found that cellophane blocks their 
interaction, whereas a filter that passes 
larger molecules permits the interaction 
to proceed. 

The simplest and perhaps likeliest de
duction from these experiments is that 

the tissues, as they associate, react to
ward one another through the medium 
of certain metabolic products. These 
products may provide both the signals 
and the means of linking the cells in a 
specific manner. It must be emphasized, 
ho\vever, that at present, with one pos
sible exception, no such products have 
been isolated from the cells of any high
er organism; moreover, there are accept
able alternative explanations for the ex
perimental results. 

But it would seem that some means of 
- intercommunication between cells 
in a developing system must exist. The 
cells act as if they were capable of mutual 
recognition and of specific responses to 
messages conveyed by their neighbors. 
There is support, on general biological 
grounds, for the idea that the messenger 
is chemical in work on slime molds in
itiated bv Kenneth B. Raper of the Uni
versity of Wisconsin and continued by 

John Tyler Bonner of Princeton Univer
sity, by Maurice and Raquel Sussman at 
Brandeis University and others. The 
slime molds live part of their life cycle 
as free amoebae; under certain condi
tions thev come together and form ag
gregates that differentiate into "fruiting 
bodies." Their aggregation is directed 
by a substance ( named acrasin ) that has 
been isolated by Brian Shaffer of the 
University of Cambridge and that is be
ing investigated in a number of labora
tories. It emanates from the initial cluster 
of amoebae and attracts other cells to 
them. Here is an established case of 
chemical communication and guidance 
in the interaction of cells. 

It is not too farfetched to assume 
that all cell contact implies interaction 
through the production of specific re
action products. The Australian biologist 
Sir Macfarlane Burnet suggested recent
ly that production of antibodies by cells 
in adult organisms might present a 

BRIDGES BETWEEN CELLS (desmosomes) are apparently spe· 

cial devices for mutual attachment of cells across their membranes. 

In this electron micrograph by K. R. Porter of the Rockefeller In. 

stitute more than a dozen such bridges (dark, squarish areas) con

nect two skin cells from a salamander larva. The cell membranes 

run horizontally across picture. Magnification is 35,000 diameters. 
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model, and perhaps an extreme case, of 
specific cellular response to chemical 
signals. The interactions among embry
onic cells are, of course, different in 
detail from the true antibody reaction, 
and the subtletv and intricac\' of these 
processes are p;'obablv of a different or
der. But it is precisely such subtle chemis
try that could provide embryonic cells 
with the means of mutual communica
tion and integration. 

As for the intercellular bond, the term 
must not be taken as implying that the 
cells are firmly stuck together or even 
in direct contact with one another. Elec
tron micrographs made by K. R. Porter 
of the Rockefeller Institute, bv Don W. 
Fawcett of the Harvard Medi�al School 
and by others have suggested that cells 
may have special devices for mutual at
tachment on the outer surface of their 
membranes [see illustration on opposite 
page J. Furthermore, there is always some 
distance between cells in contact; this 
space mav be extremely narrow or quite 
wide, and it seems to be filled with a 
cementing substance. Unlike brick-bind
ing mortars, these intercellular cements 
have remarkabh· flexible and dvnamic 
properties. Alth�ugh the\' bind the cells, 
they permit them to move about and re
group without actual dissociation or loss 
of contiguity. 

This dvnamic linking is a cardinal 
feature of cell contact at all levels of 
multicellular organization. Consider the 
cMe of the everted hydra, described b�· 
R. L. Roudabush of Iowa State College 
in 1933. This tin\'. vase-shaped animal 
can be made to t�rn itself inside out like 
the finger of a glove. Its internal diges
tive cells are then on the outside and the 
skin cells inside. The cells sense this 
change, and the hydra promptly pro
ceeds to revert to normal. With the inter
cellular bonds destabilized, the cells 
migrate, gliding past each other from 
wrong side to right side. Throughout the 
process the hvdra retains its over-all con
figuration, keeping its identity as an or
ganization despite the flux of its constit
uent parts. 

It is in terms of such flexibility of con
tact and such perception of position by 
the cells that one must visualize the 
nature of the intercellular bonds. Varia
tions and changes in the stability of cell 
contacts are part and parcel of anv or
ganism-embryonic or adult. Pigment 
cells begin their embryonic development 
in the so-called neural crest; they soon 
lose their contact with this tissue and 
move out, singly and in groups, to find 
positions throughout the integument. 
Their migrations are clearly not random: 
they reach specific destinations and form 

'. 

AGGREGATIO N  IN ROTATING FLASK is illustrated in this series of photographs by the 

author. At top is a suspension of cells from the retina of a seven·day.old chick embryo. In 

middle is the initial stage of a g gregation in a gyrating flask with cells and intercellular 

material accumulating in the vortex of the liquid culture medium. At bottom a later 

stage shows compact aggregations at the "head" of the spiral, with continuing a g grega· 

tion toward the "tail." Magnification in these photographs is approximately 30 diameters. 
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SPECIFIC AGGREGATION PATTERNS characterize each type of 

cell population. These ag gregations were made hy (left to right) 

liver cells, retina cells, ki dney cells and Iimb·bud cells, all 

rotated for 24 hours at 70 revolutions per minute. The first three 

types came from seven·day-old chick embryos, the last from a 

four.day chick embryo. Enlargement is approximately 30 diameters. 

typical pigmentation patterns. Other 
cells leave the neural crest in loose 
swarms, "homing" toward certain sites in 
the head of the embryo, where, in con
junction with the cells of that region, 
they form the lower jaw. 

Changes in cell-contact stability con
tinue to play an important part in the 
life of the organism past the embryonic 
stage. The steady supply of blood cells 
involves the continuous disconnection of 
precursor cells from the bone marrow 
and their entry as free cells into the cir
culatory system. Similarly, sperm and 
egg cells free themselves, as they mature, 
from their tissues of origin. Elsewhere 
stability is greater, but definitely relative. 
Living cells cannot be disengaged from 
their places in the skin by mere pinch
ing. But when the skin is cut, cells rapid
ly dissociate from the periphery of the 
wound, move into the gap, fill it and re
establish stable contacts. 

Few questions about cell association 
yield to fruitful study in the intact 

organism. It is necessary to separate the 
cells and tissues from the complexity of 
the organism in order to control the con
ditions of observation and experiment. 
The first steps in this direction necessar
ily involved the tissues of lower organ
isms. At the turn of the century Curt 
Herbst, working at the Zoological Sta
tion in Naples, found that young sea
urchin embryos would fall apart and 
dissociate into single cells when placed 
in sea water from which he had removed 
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the calcium. He then made the even 
more interesting discovery that the cells 
would coalesce and re-form into an em
bryo when calcium was restored to the 
water. Calcium has since proved to be an 
important element in the binding of 
cells, but not always so dramatically as in 
the sea-urchin embryo. In general cal
cium acts more directly as a cell binder 
in early embryos; later on it seems to 
operate in conjunction with organic ma
terials to which the primary role seems 
to shift. There are, however, many in
vertebrates whose tissues fall apart in 
the adult state when deprived of cal
cium. In 1927 James Gray of the Uni
versity of Cambridge isolated living 
ciliated cells from the mantle tissue of 
mussels by placing fragments of the man
tle in calcium- and magnesium-free sea 
water. 

An experiment by H. V. Wilson of 
the University of North Carolina in 1907 
pointed to even deeper questions. By 
gently pressing a marine sponge through 
a fine sieve he found that he could dis
sociate it into free cells. He then noticed 
that as soon as the dispersed cells settled 
through the sea water onto the dish they 
started to coalesce. The resulting clumps, 
when suitably cultured, grew into small 
but complete sponges. At first it was 
thought that the sponges regenerated 
from cells called archeocytes, which, 
along with skin and digestive cells, 
make up the loosely associated tissues 
of the sponge. But further observation 
showed that all three types of cell per-

sis ted following dissociation and that 
they reassociated in the new aggrega
tions. 

Work by later investigators, particu
larly by Paul S. Galtsoff at the Marine 
Biological Laboratory in Woods Hole, 
Mass., and by Tom Humphreys of our 
laboratory at the University of Chicago, 
has added new dimensions to these early 
findings. When cells of different sponge 
species, preferably of different color for 
easy recognition, are dispersed and then 
mixed together, they separate and re
aggregate by species, forming separate 
clusters [see illustration on page 142]. 
The cells, in other words, are able to 
identify one another, to give out and 
register some kind of signal and so asso
ciate preferentially with their kin. 

A sponge is in some respects a differ
entiated colony of cells rather than a true 
multicellular organism. One might ques
tion whether the capacity of sponge cells 
for mutual recognition and sorting out 
represents a phenomenon of general 
significance, found in other cellular sys
tems and particularly in higher organ
isms. Certainly in the case of mammalian 
tissues it would be difficult to answer the 
question one way or another in the ab
sence of techniques for dissociating them 
into individual cells. Some years ago, 
however, I found that the cementing 
substances in these tissues will yield to 
digestion by trypsin and certain other 
enzymes that break down proteins with
out serious injury to the cells. Practically 
any tissue of embryonic origin can now 
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AND EXERT CONTROL 

Decision and control in today's military and gove rnmental structure 

frequently must follow events almost as soon as they occur. Yet the forces involved may 

span continents, the information needed for their control may be enormous. - '1b help 

leaders make decisions and exert control in response to events of the moment, we at SDC have helped create a new 

technology based on automated information pr ocessing assistance. SAGE is the first sys tem of this technology. Another

the SAC Control System - is in development. Acting by charter in the public interest, we are major contributors to both 

and are working on others now in their first stages. - Our expanding pro grams have created a number of positions for 

Operations R esearch Scientists, H uman Factors Scientists, Computer Pro grammers and Engineers. As members of SDC 

they will work in a close i nterdiscip linary effort in sys tems areas such as: analysis and synthesis, training men in systems 

use, evaluation of the systems-and research into future -generations of these systems. - Positions are open in Santa Monica, 

Calif., W ashington, D. C., Lexington, Mass., Paramus, N. J. Those interested in contributing to this new technology are 

invited to write Mr. R. L. Obrey at 2430 Colorado Avenue, Santa Monica, Califo rnia. "An Equal Opportunity Employer" 

SYSTEM DEVELOPMENT CORPORATION 
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be dissociated and reduced to a suspen
sion of its constituent cellular units. The 
cells may then be maintained in suitable 
nutrient media in a germ-free, tempera
ture-controlled environment. It was now 
possible to conduct studies of the bond
ing and interaction of the tissue cells of 
mammals, birds and other higher organ
isms. 

The next step-the resynthesis of com
plete systems from individual cells-also 
proved to be feasible. We found that, 
like sponge cells, the dispersed cells of 
mammalian or bird embryos will readily 
aggregate into clusters, migrating over 
the surface of the culture dish and form
ing stable connections. Cells from differ
ent kinds of tissue were even observed 
to sort themselves out by cell type in 
forming these clusters. 

The technique lent itself to the study 
of many previously unanswerable ques
tions, but it fell short of being an exact 
and adequately controlled procedure. 
For one thing, it depended primarily on 
active movement by the cells, a highly 
variable capacity susceptible to a host 
of poorly understood conditions. The re
sults in consequence varied unpredict
ably from one experiment to another. 

How could one harness cell aggrega
tion and make it into a critical tool for 

the study of interactions among cells? 
The solution turned out to be extremely 
simple. Most of the irrelevant chance 
factors that dominate the situation in a 
stationary cell culture can be neutralized 
by setting the culture in motion and 
thereby suspending the cells in a con
trolled field of force. To do so we place 
the culture flasks on a horizontally gyrat
ing platform that rotates the flasks 70 
times a minute. In each flask the spin
ning liquid forms a vortex in which the 
cells concentrate rapidly. They soon link 
into clusters, within which they con
struct tissues. 

rrhe formation of these clusters de-
pends on and reflects a dynamic 

equilibrium among the major factors in 
the system: a balance between the con
centrating and shearing-flow forces in 
the liquid; the differential capacities of 
the cells to cohere; and the effects of the 
suspension medium on the cohesiveness 
of the cells. In this relatively simple sys
tem all the pertinent factors-the speed 
of rotation, the size of the flasks, the 
character and volume of the medium, 
the kind and concentration of cells and 
so on-can be effectively controlled. Thus 
if the rotation speed and the medium 
are made the constants of the experi-

ment, the results will reflect the native 
cohesiveness of the cells in the popula
tion tested. The more cohesive they are, 
the larger and fewer will be their aggre
gates; the less their cohesiveness, the 
smaller and more numerous their aggre
gates. In experiments employing this 
system we have obtained strikingly con
sistent results. The rate of aggregation, 
the number, size distribution, shape and 
internal structure of the aggregates are 
always the same when cells of a given 
kind are aggregated under the same set 
of conditions. 

Such experiments yield an aggrega
tion pattern that is characteristic of the 
cells in question and of the particular set 
of conditions under which they are test
ed. These patterns can be readily de
scribed in terms of numbers, ratios and 
rates. The traditionally elusive subject 
of cell-bonding can now be reduced to 
laboratory prose. Moreover, since the 
patterns are reliably repeatable and sen
sitive to changes in conditions, they 
serve as useful base lines for the bioassay 
of the effects under study in a given 
experiment. 

We soon found that aggregation pat
terns vary with different types and mix
tures of cell. Under otherwise identical 
conditions, different kinds of cell "crys-

AGGREGATIONS ARE SMALLER when older cells are used. In 

these photomicrographs the concentration of dissociated retina 

cells was the same in every case; all were rotated for 24 hours at 

70 r.p.m. The cells, however, were taken from chick embryos aged 

7, 9, II, 14, 17 and 19 days respectively. At 19 days the cells simply 

do not form a g gregations. Lowering the temperature or increas

ing the rotation rate, while all other experimental conditions re

main the same, has a similar effect on the size of the ag gregations. 

148 

© 1961 SCIENTIFIC AMERICAN, INC



SOLVES A CRITICAL 
DESIGN PROBLEM 
FOR$ � 

The Instrument That Simulates The Human Mastoid ... 
This remarkable new instrument, an "Artificial Mas
toid" developed by BELTONE Hearing Aid Company of 
Chicago, is the first readily reproducible laboratory de
vice that accurately simulates the mechanical imped
ance of the human head, as determined by the National 
Bureau of Standards. 

'Contributing to the instrument's high accuracy is the 
RCA nuvistor tube used as a cathode-follower type 
.amplifier. After trying several other devices BELTONE 
·selected the RCA nuvistor tube for this critical applica
tion because the nuvistor tube offered high input im
pedance, small size, low noise, low dissipation, and most 
important-absence of mechanical resonance in the 

The BELT ONE "Artificial Mastoid" is used to calibrate 
the output of bone conduction vibrators and audiome
ters that test hearing loss. According to BELTONE the 
unique advantages of nuvistor design helped them pro
duce the most accurate calibrating device yet achieved 
for audiometers used in clinical diagnosis of hearing 
difficulties. The nuvistorized BELTONE "Artificial Mas
toid"is a truly significant contribution to medical science. 

Nuvistor was the answer to BELTONE'S design problem; 
it may well be the answer to yours. For the complete 
nuvistor story, see your RCA Field Representative. For 
technical information write to Commercial Engineer
ing, RCA Electron Tube Division, Harrison, N.J. 

l"ange of 125 to 8000 cycles per second . 

• The Mo" Y,"'ted N;une in E1crtroni" 

RCA FIELD OFFICES ... EAST: Newark 2, N. J.. 744 Broad Street, HUmboldt 5·3900 • MIDWEST: Chicago 54, III., Suite 1154, Merchandise Mart Plaza, 

WHitehall 4-2900 • WEST: los Angeles 22, Calif., 6801 E. Washington Blvd., RAymond 3-8361 • Burlingame, Calif., 1838 EI Camino Real, OXford 7-1620 
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h,llize" into distinct and characteristic 
aggregates. Some kinds of cell consis
tently form a single mass; others produce 
numerous clusters of predictable shapes 
and sizes. Remarkably, those patterns 
that showed themselves to be character
istic of particular kinds of tissue proved 
to be similar for cells from different 
species. Whether from mouse or chick 
embryo, cells of the same tissue aggre
gate into very similar patterns. Their col
lective reactions seem to be guided by 
Signals legible to both species. 

For cells in general we also soon found 
that certain factors operate with uni

form effect. The relationship of the em
bryonic age of the cells to their capacity 
for aggregation proved to be particularly 
striking. Under otherwise equivalent 
conditions, cells dissociated from tissues 
of older embryos are less cohesive than 
their counterparts from younger em
bryos. For each kind of cell, aggregation 
patterns provide a characteristic age pro
file. With increasing age in the donor 
embryo, the dissociated cells produce. 
smaller and more numerous aggregates 
and eventually fail to aggregate. Cells 
dissociated from adult animals usually 
do not recohere at all. 

The precise meaning of this effect of 
aging is not clear. There are grounds for 
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believing that it reflects the loss by the 
cells of their ability to produce either 
the right kind or the right quantity of 
cell-linking substances. It may be that, 
as cells mature and acquire specialized 
functions within their stabilized asso
ciations, their metabolic machinery is 
gradually switched over from those proc
esses that manufacture cell-linking mate
rials to more pressing activities. As a re
sult, when they have been isolated and 
denuded of their coatings, such cells can 
no longer recohere effectively. In con
trast, embryonically young cells exhibit 
the capacity to manufacture those mate
rialS' and to recohere. 

If the recohesion of cells does depend 
on metabolic processes, then it should 
be possible to inhibit it simply by lower
ing the temperature at which the expeli
ment is performed, because metabolic 
processes are known to be dependent on 
temperature. This has proved to be the 
case. Cells that aggregate readily at the 
usual body temperature of 38 degrees 
centigrade cohere less effectively at low
er temperatures; they remain separate 
indefinitely at 15 degrees C., even when 
brought together by rotation. Trans
ferred back to 38 degrees C. after two or 
three days, such cooled cells aggregate 
well. 

We do not know which of the many 

� : -
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EFFECT OF LOWER TEMPERATURES on the size of aggregations of seven·day chick· 

embryo retina cells is plotted on this grapb. The largest aggregations appear at 38 degrees 

centigrade; no aggregation occurs after 24 hours of rotation at 15 degrees C. The vertical 

broken lines show the range of size of the aggregations that build up at each temperature. 
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Part of a six-foot model 

showing presently known structures 
of the mammalian cell, 

one of the educational projects 

of The Upjohn Company 

a sneeze and 
What has a sneeze to do with cells? 
There are 1,000,000,000,000 cells in 
a human body and a considerable per 
cent of these is involved in one way or 

another to produce a good resounding 
sneeze. If the sneeze was the result of 

hayfever, cells caused it-the pollen 
of ragweed or some other plant. 
Through much research with cells and 
their activities, potent new drugs such 

as the new steroids for the treatment 

of sneezes and of other ailments have 
become available in recent years. 
These new drugs start in the labora

tories; then theirvalue must be proved 

in the clinics. Even afterthese long and 
arduous scientific tests much remains 
to be done before enough is available 

to supply the need economically; man

ufacturing processes must be worked 
out; means of distributing determined, 

and information conveyed to the phy
sician that the drug is available, what 

it will do and how to use it. 

It is in coordinating all these activities 

so that patients may have the benefit 

of new drugs promptly that the three
quarters of a century of experience of 
The Upjohn Company in medicine mak

ing is particularly valuable. 

Medicine ... Designed for health ..• 

Produced with care 
copyright •• ,; Til. UpJohn Company, Kalamazoo. Michigan. 
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The interplay 
of plastics 

and pacl(aging 
A complex of technology and art, pack

aging has gained from the versatility of 

plastics. The adaptation of Tenite plastics 

to packaging functions holds promise for 

improvements in other product fields. 

The egg and the coconut, cited in offhand 
discussions as being ideally packaged for 
their environments, seem ill-fitted to the 
complicated methods of modern distribu
tion. The eggshell, unfortunately, can do 

little more than hold the egg together in 
the nest. And the coconut, for all its abil
ity to float across the sea to a friendly 
beach, might be improved by a tear-tape. 

A package today must perform several 

functions beyond mere containment-one 
reason why plastics have become so popu
lar with package designers. Man-made, 
plastics can also be man-tailored. For ex
ample, Eastman's laboratory has developed 
twenty-six formulations of Tenite Poly
ethylene for extrusion into packaging film 
alone, combining such variables as stiff
ness, gloss, transparency, and the ability 
to be heat-sealed on high-speed machines. 

Protecting the packaged contents is an 
obvious essential, and plastics perform 
some remarkable protective functions. 
A hypodermic needle in a molded poly
ethylene container stays both sterile and 
sharp in its heat-sealed package, which 
also holds the needle firmly to protect 

against impact damage [J. Since poly
ethylene is impervious to moisture vapor, 
a polyethylene coating on paper will pro
tect frozen foods from "freezer burn" 
caused by loss of moisture. Some products 

even need protection from their packages. 
For example, the multi-wall paper bags 
Eastman uses for shipping polyethylene 
have an inner coating of Tenite Polyethyl
ene to prevent contamination of the prod

uct by paper fibers 00. 
Packaging for movement and storage is 

a step beyond protection, and here the 
light weight of plastics is important. Poly
ethylene, for years the lightest solid plastic 
(it floats on water), has yielded in this 
respect to polypropylene. Drums for chem
icals are molded of Tenite Polyethylene 
not only because it is highly inert and with
stands impact, but because the light weight 
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means shipping economy 00. Special for
mulations of both Tenite Polyethylene and 

Tenite Polypropylene resist stress-crack
ing, a phenomenon occurring when a ma

terial is under stress in the presence of a 

chemical that normally does not affect it. 
Tenite Polypropylene shows remarkable 
resistance to repeated flexing. Because 

laboratory test bars have been flexed over a 
million times without cracking, it is said 

to have a "built-in hinge." 

Even the preparation of food servings 
has come within the purview of plastic 

packaging. The heat resistance of Tenite 
Polypropylene suggests its use as film for 
the boilable cook-in pouch. Another East
man plastic, Tenite Polyester, is made into 

a film bag in which corn, oil, and salt are 
sealed, to be popped later under three 
minutes of heat from infra-red lamps. 

The mechanics of packaging challenge 

any material, and the adaptability of plas
tics is a special virtue. In fact, their capa

bilities have helped advance package de
sign, as in the case of blister packaging

plastic sheet thermoformed to fit the con
tents and attached to a cardboard backing. 
With Tenite Acetate, Eastman helped to 

pioneer this packaging method, which also 
employs Tenitc Butyrate and Tcnite Pro
pionate today. 

All together, Tenite plastics include 
formulations to be molded, extruded, or 
applied as coatings to other packaging 
materials; to be printed, heat-sealed, or 
laminated. Where color is important, 

Eastman can supply over 42,000 colors 

and effects from its color laboratory �. 
And along with all their other advantages, 

these plastics have proved economical-a 

governing factor in the acceptance of a 

material in the packaging field. 

Continuously adapting Tenite plastics 

to the shifting technology of packaging has 
given Eastman a fund of information and 
materials useful in the design of other 

products. Thus, the stress-cracking resist

ance of polyethylene makes it practical for 

pipe to convey chemicals; the moisture re

sistance of polyethylene led to its use in 
coating burlap for Army Ordnance hut
ments to protect stored equipment; the 

easy formability of sheet of Butyrate makes 

it practical for a miniature planetarium lID. 
\Ve'll be glad to show you how the peo

ple at Eastman, with ingenuity and ex
perience, can make plastics fit your 

ideas for product improvements or new 
developments. And for a comprehensive 

picture of Tenite plastics in packaging, get 
the 20-page booklet "TENITE PLASTICS 

VIEWS-PACKAGING" by writing to 

EASTMAN CHEMICAL PRODUCTS, INC., 

subsidiary of Eastman Kodak Company, 
KINGSPORT, TENNESSEE. 

ACETATE-BUT YRATE 
PROPIONATE -POLYETHYLENE 
POLYPROPYLENE -POLYESTER 

A�e.e, plastiCS by Eastxnan 
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He designs 
antennas for 

every purpose 
except this one 
He's one of a staff of AMF engineers 

which has been designing and pro

ducing precision radar antennas and 

components since early in ww II. 

AMF's accomplishments reflect the 

team effort, enormous experience and 

complete fabrication capability made 

available for each project. 

Here are highlights: 

Fixed base-AMF's experience in de

signing automatic machinery was 

utilized in the 10,000-lb. AN/FPS-19, 
the famous "Dew Line" antenna, de

signed and built by AMF to operate 

unfailingly under fantastic arctic 

conditions. 

Mo bil e-AMF designed and built 

AN/TPQ-I0 precision tracking antenna 

that demounts into shock-resistant, 

immersible components. AN /MPs-4 
and 16 are AMF-designed trailer 

and truck-mounted types. 

Stabilized base-Design and fabrica

tion of sx, AN/SPS-SB High Gain An

tenna, AN/Sps-3 Dual Foster Scanner. 

Precisio n ped estals, theo do lit es

AMF's Precision Instrument Mount 

is controlled by optical digital discs 

accurate to 0.05 milliradans. It tracks 

missiles and satellites. 

Rotary joints-A special AMF capa

bility requiring utmost precision in 

design. Example: multichannel joint 

for AN/FPS-24 System. 

Scanners, Feeds, Servos and Drives, 

Multichannel Phase Shifters, Hydro

static Bearings, Slip Rings, Program

ming, Test, Control and Display sys

tems are all part of AMF's radar 

capabilities. AMF also operates its 

own test ranges. 

For more information, write Ameri

can Machine & Foundry Company, 

Government Products Group, 261 

Madison Avenue, New York 16, N.Y. 

AMERICAN MACHINE & FOUNDRY COMPANY 

temperature-dependent metabolic activ
ities that are depressed by cooling are 
involved in the production of cell-bind
ing materials. But the answer, we are 
confident, is only a matter of time. The 
important point is that the problematical 
issue of cell-bonding can now be ap
proached by means of concrete tests and 
experiments. Given the right tempera
ture and otherwise favorable conditions, 
cells of suitable embryonic age construct 
tissues of the kind from which they have 
come. Aggregated liver cells make liver 
lobules; kidney cells reconstitute kidney 
tubules and corpuscles; intestinal cells 
produce digestive tissue; skeletal cells, 
cartilage and bone; retinal cells, sensory 
epithelium; heart cells, lumps of beating 
heart tissue; and so on. Although they 
are arbitrarily bunched by rotation, the 
cells rapidly organize orderly fabrics in 
the pattern of their original tissue. Like 
parts of an animated jigsaw puzzle, they 
re-establish a new whole in accord
ance with the original blueprint. At .the 
Roekefeller Institute, Paul Weiss and 
Cecil A. Taylor recently grafted such 
aggregated cells back to embryos; the 
lumps became joined to the circulatory 
system of the embryo and developed into 
remarkable facsimiles of their original 
organs. 

As in experiments with stationary cul
tures, mixtures of cells in rotating flasks 
sort themselves out by cell type. One 

can, for example, readily coaggregate 
intermingled skeletal and kidney cells. 
At first the cells are lumped by the 
spinning liquid into chaotic conglomer
ates, but soon they segregate by kind
skeletal cells congregating in the middle 
as nodules of cartilage, kidney cells lin
ing up on the surface. Throughout these 
cellular maneuvers the aggregates main
tain their over-all configuration. The 
situation obviously resembles the case of 
the everted hydra or of the embryo that 
retains its over-all configuration in spite 
of the extensive movement of its con
stituent cells. 

A s might be expected, the final pattern-
1\. ing of such composite aggregates 
reflects their cellular composition. De
pending on the nature of their partners 
in the common aggregate, cells of the 
same kind may settle inside or outside. 
By testing various combinations of cells 
one discovers a kind of hierarchical or
der-a "who goes where" in aggregations 
of various kinds. Preference as to site 
and competition for physiological need 
obviously play an important role in the 
patterning of aggregates. The differen
tial diffusion and availability of various 
constituents of the medium, of oxygen 
and carbon dioxide, also contribute to 
the outcome. But the patterning of ag
gregates also reflects the ability of the 
cells to "recognize" each other, to dis-
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FASTER ROTATION makes the aggregations smaller, as shown hy these curves. The hroken 

curve represents chick.embryo retina cells; the solid curve, chick-embryo liver cells. The op

timal aggregation size is achieved at 70 r.p.m. The vertical scale on this graph is logarithmic. 
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The stockholders of Chance Vought 

ration and Ling-Temco Electronics, 

on June 30, 1961, approved plans for 

binlng these two companies into a 

company - Ling-Temco-Vought, I n  
effective August 31, 1961. 
Combination of these dynamic, I"xnl"'ri.'n"o<i1 

organizations will link depth of 

with depth of management to m 

advanced challenges of electronics, 

communications, aircraft, and missiles. 
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AEROSPACE SYSTEMS 

CHANCE VOUGHT CORPORAT ION 
Aeronaut ics and M i s s i l e s  D i v i s i o n  

H a rbor Boat  Com pany 
Astro n a ut ics  D i v i s i o n  
Ra nge Syst e m s  D i v i s i o n  

TEMCO AERO SYSTEMS 
Overh a u l  
M o d i f i c a t i o n  

COMMUNICATIONS AND TEST SYSTEMS 

C o n t i n e n t a l  E l ectron i c s  
M a n ufactu r i n g  C o m p a n y  

L i n g  E l ectro n i c s  D i v i s i o n  

T h e  C a l i d y n e  C o m p a n y ,  I n c .  D i v i s i o n  
E l ectron C o r p o ra t i o n  

SOU N D  SYSTEMS 

A l tec La n s i ng Corporat ion  
A l tec Serv ice  C o m p a n y  

P e e r l e s s  E l ectr i c a l  P rod ucts D i v i s i o n  
U n ivers i ty Lo u d s pea k e rs , I n c  
C o l u m b i a  C a b i net  Corpora t i o n  

ELECTRONIC PRODUCTS AND SYSTEMS 

Temco E l ectron i c s  D i v i s i o n  
V o u g h t  E lectro n i c s  
M ic ro m od u l a r  C o m p o n e n t s  D i v i s i o n  
U n i ted E l ectro n i c s  C o m p a n y  

COMM ERCIAL AND  INDUSTRIAL PRODUCTS 

T e m c o  I n d u s t r i a l  D i v i s i o n  
V o u g h t  I n d u st r i e s ,  I nc 
Ed F r i e d r ic h ,  I n co rporated 
Fr ied r ich Refr ige rators I nc o r p o rated 

I NFORMATION HANDLING SYSTEMS 

I n fo r m a t i o n  Syste m s ,  I n c  
F F & M E l ectro n i c s ,  I n c  

N a t i o n a l  Data Process i n g  C o r p o ra t i o n  

L I N G - T E  I\A C O - V O U G H T, I  N C . 

·Proposed ntlO nilme 10f the combllled romplnlu illter AUiusl 3 1 ,  1961.  

CHANCE VOUGHT CORPORATION AND lING-TUItO E L E CTRONICS INC. 

criminate between self and nonself, to 
sort out and to associate in accordance 
with functional kinships. 

One of the more remarkable aspects 
of such communication-by-contact in 
embryonic cells is that the signals char
acteristic for cells of a given tissue are 

not unique to a given species, One can 
coaggregate cells from mouse and chick 
embryos, either from different or from 
similar tissues. The cells from the dis
similar tissues aggregate separately, as 
might be expected. But cells of similar 
kind co-operate in the construction of 

CHARACTERI STI C COMPO SITE AGGREGATIONS form when two different kin ds of 

cell are mixed together in a rotating flask. In the resulting ag gregati ons the cells sort out 

according to kind. Shown here are secti ons through such organized aggregations. They are 

composed of cartilage·forming cells surrounded by kidney cells taken from chick embryos. 

KIDNEY CELLS from the chick embryo form a complex organ.like aggregation after 24 

hours of  rotation in a flask. This is a highly enlarged section of such a kidney·cell aggregation. 

1 5 7  
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l V2 Times 
Actual S ize 

SPEC I AL G-E G LOW LAMP 
(N E-68A) HO LDS VOLTAGE 

VAR IATI ONS  TO LESS THAN 3 V 
Ebb+ 

NE '68A 

' Ebb-

SC R E E N  V O L T A G E  R EG U LATOR 

Here at last is  a glow lamp with true voltage regulation specifications . 
Within a range of 5 2  to 65 volts, each individual General Electric NE-68A 
will not vary more than three volts even though current through the lamp 
fluctuates between . 1  and . 3  milliamps.  Minimum maintaining voltage of 
all  NE-68A ' s  at .1  milliamps is 5 2  volts ; maximum voltage at .3  milliamps 
is  65  volts . 

The G-E NE-68A is a pre-aged glow lamp with plated leads ro make 
soldering easier. It  contains a mild radioactive additive for reduced dark 
effect. Special treatment with the G-E Dri-film process insures high leakage 
resistance under humid conditions .  

. 

D IRECT CU RRENT CHARACTERISTICS 
B rea kdown Voltage ( i n  l ig h t) .  . . . . . 60-90 volts d·c  

Brea kdown Voltage ( i n  d a rk) . . . . . . . . . . . . . .  110 volts  d·c  m a x i m u m  

M a i n ta i n i n g  Volts ( . 1  t o  . 3  m . a .  ra n ge) . . . . . . . . .  52·65 volts d o c  

Exti n g u i s h i n g  Volts ( i n  s e r i e s  w i t h  .25 m e go h m  or  more) . > 50 volts d o c  

D e s i g n  C u rrent  . . . . . . . . . . . . . . . . . . . . 0 . 1  t o  0 .3 m . a .  

L e a k a ge R e s i sta n c e  a t  75% R H  a n d  80°F . . . . . . . .  100 m e go h m s  o r  more 

Life (at .3 m . a .  d · c  for a n  average c h a n ge of 5 volts i n  

m a i n ta i n i n g  voltage) . . . . . . . . . . . . . . . . . . 2000 h o u rs 

There is a General Electric Glow Lamp to fit your circuit requirements . 
For the latest information on Glow Lamps as Circuit Control Components 
and Indicators, write for 4-page Bulletin # 3 - 0 1 9 3 .  General Electric Co . ,  
Miniature Lamp Dept. M- l 3 5 ,  Nela Park, Cleveland 1 2 ,  Ohio. 

lhJgress Is Oflr Most Imporl<1nt PrOt/flU 

G E N E R A L  e E L E C T R I C  
1 5 8  

chimeric fabrics, incorporating the cells 
of both species. Coaggregated kidney 
cells from the two species produce 
tubules of mouse and chicken cells. 
Liver, cartilage, retina and other cells 
likewise join in the formation of bi
specific tissues. The means by which 
these cells recognize each other and 
become effectively linked into tissues 
evidently transcend differences between 
species. 

It occurred to us that one might learn 
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RETINA CELLS from seven-day chick em· 

bryo are already differentiated into types that 

will make up retina and its nerves. At top 

are stained dissociated cells. In middle is sec

tion through aggregation formed in 24-hour 

rotation. At bottom 56-hour aggregation 

shows advanced reconstruction of the tissue. 
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Do u g l as  ref ined 40 yea rs of expe r ie n ce 
into ve rsat i l e  N avy S kyh awk 
The new Douglas A4D-5 Skyhawk - a powerful ace-of-all
trades for the Navy - is the result of the same imaginative 
engineering that has brought Douglas to the forefront in 
co mmercial aviation and the push into outer space. 

DO U G LAS 
DOUGLAS AIRCRAFT co., SANTA M O N I CA, CALI F • •  MAKERS O F  M I S S I L E  

A N D  SPACE SYSTEMS · M I LITARY AI RCRAFT . DC-8 J ET L I N ERS · TRANSPORT 

AIRCRAFT . AI RCO M B ®  • G RO U N D  SU PPORT EQU I PM ENT · ASW DEV I C ES 
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the 
trouble 
with \' l; 

r ' V 
rrolling \ ", ( 

" I your own . .  � 

or having 
to buy 
an unproved 
product . . .  

when it comes 
to small 
transformers 
and inductors: 

you're not getting your money's worth 
Even vast manufacturing entities like General Dynamics/Pomona and 
Gener'!l Electric know that with certain components, i t's better to buy 
them than to make them . . .  if you can find technical rapport and abso
lute reliability in the supplier. Case in point :  precision wide-band 
coupling transformers for GE's multiplex microwave telephone systems. 

Aladdin transformers and inductors are used in digital data proc
essing equipment, missile guidance systems, radar (ground, airborne 
and marine), microwave and telephone equipment, j uke boxes, and 
many other applications under a "Who's Who" of corporate names. 

We invite you to en ter into correspondence pertain ing to your 
specific requirements or prob lems; wl'ite: Mr. William W. Stifler, fL, 
Vice Pl'esident and General Manager, 

A D i v i s i o n  of A l a d d i n  I n d u st r i e s ,  I n c .  

N a s h v i l l e  1 0, Te n n .  

M AG N ET I C  C O R E  CO M PO N E NTS 

more about communication among cells 
by trying to interfere with its specificity 
and effectiveness. We found that when 
dissociated cells are maintained in the 
dispersed state for some time ( the time 
required varies from days to weeks, de
pending on the kind of cell and the 
conditions in which they are kept ) , they 
lose two significant capacities progres-

CELLS OF TWO SPECIES will form aggre

gations. These are sections through a g grega

tions of chick-embryo retina cells ( t op ) .  

mouse-embryo retina cells ( middle ) ,  whic;, 

have larger nuclei and stain darker, an d 
mixed cells of both ( bottom) . Coming from 

the same kind of tissue, the mouse and chick 

cells interweave into a common fabric_  

© 1961 SCIENTIFIC AMERICAN, INC



N.E\t\' 
I NS I (; I-IT 

INTO I. I FE 

Although th e i n n erm ost secrets of l i fe a n d  death sti l l  rem a i n  
a mystery, cont i n u i n g  i nvestigatio n s  a re h e l p i n g  us  ga i n  better 
i ns ight i nto these fu n d a m e nta l processes .  O n e  of the  n ewer 
tech n i q u es be ing used su ccessfu l ly to stu dy these p h e n o m e n a  
i s  E P R  ( E l ectro n Pa ra m agnet ic Reso n a n c e )  Spectroscopy. 

Seve ra l recent exper i me nts us ing  EPR to d etect the  p resence 
of free- rad ica l s  h ave h e l ped confi rm new theor ies concern i ng 
the natu re of the l i fe a n d  death p rocesses wh ich  prev ious ly  
had  been based o n  rath e r  i nco n c l u s ive evidence .  

For  exa m pl e : E P R  has  been used  to  stu dy p h otosynthes is ,  a n  
i m porta nt l i fe process i n  Chlore l la  pyrenoidosa ( a n  a lgae) .  
I t  wa s  d e m o n strated that m o re t h a n  o n e  p i g m e nt m u st b e  
a ctivated b y  l ight for efficent  p h otosynthes is  t o  occur .  A n d  i n  

a n other  experiment, t h e  resu lts o f  EPR a n a lysis were u s e d  to 
show a stro ng  corre lat ion  between  the death process a n d  free 
ra d i c a l  co n c e ntrat i o n  i n  fre eze- d ri e d  Serrat ia  m a rcescens 
(a com m o n  bacteri a ) .  

Perhaps E P R  a n a lys i s  ca n be of va l u e  i n  you r  i nvestigations .  
I f  yo u wo u l d  ca re to d i sc u ss p o ss i b l e  a p p l i cat i o n s ,  p l ease  
contact the  I N STR U M ENT D I V I S I O N .  
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Xylene isomers may offer you attractive opportunities for new 

or improved products or provide you a better, more economical 

material for an alternative route in present production. Oronite 

is the only producer of all three xylene isomers - your most 

experienced supplier. Why not talk it over? 

Suggested processes and some typical end-use products em

ploying xylene isomers : 

1 62 

Oxidation 

Ch lorination 

Su lfonation 
N itration 
Ethylation 
Acetylation 
Alkylation 

F i be r s ,  f i l m s ,  a l ky d s ,  po lyeste rs,  p e rf u m e  b a s e s ,  
i n sect repe l l e n t s ,  dyestuffs, preservatives 

S p e c i a l ized solvents,  pa i nts ,  fl a me · p roofi n g  
com pou n d s  

Dyest u ffs, p h e n o l i c  res i n s  

Dyestu ffs , preservatives 

M o l d i n g  com po u n d s ,  syn t h et i c  r u b b e r  

Perf u m e  i nterm e d i a te 

T h e r m o p l a st i c  ru b b e r  

C A L I F O R N I A C H E M I C A L  C O M PA N Y 
O R O N I T E  D I V I S I O N  

E X E C UT I V E  O F F I C E S . 200 B u s h  S t re e t .  S a n  F ra n c i s C O  20, C a l i fo r n i a  

S A L E S  O F F I C E S . N ew Yo r k ,  W i l m i n g to n ,  C h i c a g o ,  C i n c i n n a t i ,  C l ev e l a n d ,  
H o u sto n ,  T u l s a .  L o s  A n g e l e s .  S a n  F ra n c i s c o  

C A L I F O R N I A  C H E M I C A L  I N T E R N A T I O N A L , I N C . 
O F F I C E S . P a n a m a ,  S a o  Pa u l o ,  G e n eva. TOkyo a n d  S a n  F ra n c i s c o  7325  

sively and concurrently. Their cohesivt
ness decreases, and their precision in 
distinguishing between self and nonself 
in the organization of tissue drops mark
edly. These time-related changes raised 
the question of whether they are not also 
causally related; that is, whether the ma
terials on the surfaces of cells and be
tween them that link them together 
might not also play a key role in their 
interaction and communication. 

It seemed not unlikely that these ma
terials are bound to change in response 
to the novel conditions to which the cells 
are exposed when they are maintained 
in the dispersed state. The specificity of 
the materials could thereby become in
activated or blunted, and this would im
pair the ability of the cells to interact 
effectively. These were thin speculations, 
but we decided to test them by trying to 
reactivate modified cells by coaggregat
ing them with freshly dissociated cells of 
their own kind. The fresh cells would 
presumably be effective producers of the 
cell-surface materials. When coaggre
gated by rotation with freshly obtained 
cells of the same kind, the modified cells 
did recover their ability to construct tis
sues. But when coaggregated with fresh 
cells of a different kind, the modified 
cells were largely left out of the aggre
gates. If they were included, they 
formed no clear structures. 

Such findings lend themselves to dif
ferent interpretations. Until we know 

more about the whole problem, they 
are at best suggestive. As such they focus 
attention on the possible role of cell-sur
face and intercellular materials in com
munication among cells and in their de
velopmental association. Wherever such 
materials could be adequately examined 
they have been found to contain protein
bound carbohydrates. This fact is of con
siderable interest since it would seem 
to place them in the same chemical fam
ily with certain other cell products that 
have highly specific functions :  the sub
stances that determine blood groups, 
that compose antibodies, that are in
volved in the mating of microorganisms 
and that influence the selective suscepti
bility of tissue cells and bacteria_ to 
viruses. Could it be that the chemically 
similar materials that bind cells together 
also equip them with the means for mu
tual recognition and specific association? 
If so, then these cell-binding materials 
would be mortars of an extraordinary 
kind. Produced by the bricks themselves, 
they would serve also to co-ordinate the 
construction of the tissue, the organ and 
the organism. 
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makes copies 
of any-thing . . .  

Users of the 914 
are astonished 

and  enthused over what it does 
for them. They are doing things 
with the 9 14 Office Copier they 
never thought possib le  with copy
ing equipment. Copying pages 
in thick-bound vo l umes, n ews 
arti cles, hard-mounted l ayouts, 
mechanical  schemes-anything. 

on ordinary 
paper 

And no expensive 
copying paper 

As if  such versati l i ty i n  a copy· 
ing machine were not enough 
. . .  sav ing hours of labor and 
thousands of do l l ars annua l ly,  the 
new, ful ly automati c 914 Copier 
makes copies di rectly on ordi·  
nary paper (p la in  o r  colored), or  
se lected offset masters. 

book ! 

Copies are as 
good as originals 

What impresses business man· 
agement, next to a wi de range of 
app l i cat ions for the 914 Copier,  
i s  the qua l i ty of reproduction .  
Cop ies  often l ook  better than 
the origin a l  document, users reo 
port. Thi s  despite the fact that 
supp l ies cost about 1¢ per  copy. 

If you spend $50 
or more per month 

for copying suppl ies, a new 914 
Copier can be of real benet;! to 
you. Takes the work out of paper
work. "Worth half a girl more," 
one user said. For full details, 
write to XEROX CORPORATION 
(formerly HaloidXerox Inc.), 9X-95 
Haloid St., Rochester 3, N. Y. 

91 4 OFF I C E  COPI E R  0 XEROX 
C O R P O R AT I O N  
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IN THE PHYSICAL SCIENCE S 
is dependent on precise measurement of infinitesimally small voltages and currents, 
electrical energy such as that involved in the measurement of ions in air. 

Hewlett-Packard engineers, through revolutionary application of photoconductors 
in the � 425A Microvolt-Ammeter, have developed circuits capable of making these 
minute measurements directly, quickly, easily, accurately. 

So sensitive is the r/iJJ 425A that the power required 

to deflect the meter full scale is only 10-18 watts . . .  

less than the power of moonlight on the surface of 

a virus on a cloudy night! 

'traditional characteristics of photoconductors, slow and insensitive to convenient 
light sources, were overcome with imaginative techniques that permit them to be 
used as high-speed switches, changing minute electrical energies into fluctuating 
currents and voltages for amplification and measurement. 

This uniq.ue use of economical photoconductors virtually eliminates the difficulties 
caused by electrical noise and drift in minute measurement. It overcomes the hazards 
of contact "bounce," wear, synchronization and noise associated with mechanical 
devices in meter circuits, providing the 425A with unusually long life and high 
reliability at moderate price. 

This microvolt-ammeter is but one of some 400 Hewlett-Packard instruments serv
ing the needs of science, industry and the military. � engineers work daily to pro
duce precision electronic tools for making ordinary and extraordinary measurements 
dependably and easily. They work in an invigorating atmosphere which rewards 
initiative and offers freedom of action. Company-sponsored research in the world's 
most modern electronic laboratories promises a continuing flow of contributions to 
scientific progress. 

� seeks to engineer into each instrument a genuine 

contribution to the art of measurement. 

r/iJJ 425A Microvolt-Ammeter for making 
these difficult measurements : 

Ion ization leve ls • g rid,  photo m u lt ip l ier  

cu rrents • thermoco u p l e  potentia ls  • voltaic 

currents in chemicals • m i n ute dc potenti als,  

d ifference vo ltages, n u l l s  • vo ltages 

in l iv ing cel ls  • nerve vo ltages 

• voltages in p lants, seeds 

Easy, direct-reading, "touch and measure" 

H E W L E TT- PAC K A R D C O M PA N Y  
1501 Page M i l l  Road, Palo Alto, Califo rnia Hewlett-Pac kard S . A . ,  G e n ev a  

Sales re p rese ntat i ves I n  a l l  pri n c i pa l  areas 6814 
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How TEFLON® 100 FEP anchors this relay team 
This ultra-reliable relay for a missile fire-control 
system uses two flexible printed-circuit pads 
made of D u  Pont TEFLON 1 00 FEP resin . . . . 
replacing 1 4  lead wires and 28 connections.  The 
printed circuits of TEFLON 1 00 FEP improve re
liability by maintaining low contact resistance 
even at 1 00°C. And the thermal stability of the 
new pads permits a tremendous speed-up in pro
duction with unprecedentedly low reject rates.  

Melt-processible TEFLON 1 00 FEP now makes 
available the electronic, chemical and mechani
cal advantages of TEFLON in the forms of long, 
continuous extruded lengths of wire insulation 

C® POBl> TEFLON° 
"6 . U. ' . " U" F L U O R O C A R B O N  R E S I N S  

S E T T E R  T H I N G S  f O R  B E T T E R  L I V I N G  • • •  T H R O U G H C H E M I S T R Y  

and cable jacketing . . .  easily molded electrOnic 
components. TEFLON 1 00 FEP resin is  rated for 
continuous use �o 400°F.  In missiles, in C011.1put
ers, in  automatic wire-wrapping applications 
-wherever utmost reliability and high produc
tio n speeds are called for - this newest mem
ber of the family of TEFLON resins is  helping 
designers solve problems. Find out more about 
it ! Write : E. I. du Pont de Nemours & Co. (Inc.) ,  
Dept . SA-9, Room 2526T, Nemours Bldg. , Wil
mington 98, Delaware. 

In Canada: Du Pont of Canada Limited, P .O.  
Box 660, Montreal, Quebec. 

TEFLON is Du POllt'S registered trademark for its family of 
jluorocarboll resins, including TFE (tetrajluo/,oethylene) 
resills and FEP (fluorinated ethylelle propylene) resins. 
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How Things Get into Cells 

It seel1�S that S07ne things passively flow through the cell membrane 

under various pressures, others are somehow actively pumped across 

the membrane and others are engu�led when the membrane folds inward 

Most cells live in an environment 
unsuited to the maintenance 
of that fine interior balance of 

water, salts and organic matter on which 
life depends. The interchange of sub
stances between the outside world and 
the cytoplasm must be at all times 
meticulously regulated. The barrier that 
thus isolates the interior of the cell is 
the cell membrane, a surprisingly flimsy 
structure only about ten millionths of 
a millimeter thick. 

by Heinz I-Iolter 

�v[any substances are able to permeate 
this barrier directly, and the traffic runs 
in both directions. Within its tiny di
mensions the membrane itself possesses 
a structure and chemical composition, as 
yet only dimly understood, that make it 
selectively and variably permeable. If 
the forces that drive substances across 
the membrane are supplied by the en
vironment of the cell, one speaks of 
"passive transport." If the energy origi
nates in the cell's own metabolism, the 

movement is due to "active transport." 
This interaction between the cell and its 
environment not only serves to maintain 
all the substances inside the cell within 
the concentration range proper to life; in 
some cells, such as nerve cells, it is cen
tral to the function they serve in the 
body [see "How Cells Communicate," 
page 209]. 

Many cells also bring substances into 
their interior by the indirect process of 
ingestion. This process is known as 

INGESTION BY CELLS transports substances acrOss the cell 

membrane. This electron micrograph by Sam L. Clark, Jr., and D. 
Wochner of Washington University shows the process of pinocyto·. 

sis ("drinking by cells"). Between the papillae of the "brush 

border" of mouse intestine cells, pinocytic microvesicles extend 

into the cells, where they are pinched off with their contents. 

The resulting vacuoles migrate into the cells and somehow reo 

lease their contents. Magnification is approximately 6,500 diameters. 
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FORCES OF PASSIVE TRANSPORT across cell membrane are 

represented in these highly schematic diagrams. At far left the 

c-ll contains more of a dissolved substance (colored dots) than 

the culture medium, creating a concentration gradient. Because 

the cell membrane is permeable to water but not to the solute, 

water (open circles) flows in by osmosis, causing the cell to 

swell. When the culture medinm contains more of the solute than 

the interior of the cell (b), water flows out, causing the cell 

phagocytosis or pinocytosis, from the 
Greek roots for "eating" and "drinking" 
and for "celL" The membrane forms 
pockets, or invaginations, that draw ma
terial on the outside toward the cell in
terior; the membrane then envelops this 
sample of the external environment in a 
vacuole or vesicle that pinches off and 
Hoats free in the cytoplasm. 

However much this process resembles 
the simple act of swallowing, it must be 
described as indirect because it raises 
tLe (juestion: What does "inside" mean? 
From the macroorganismic view of the 

0 SODIUM CARRIER 

• SODIUM 

0 POTASSIUM CARRIER 

• POTASSIUM 

rv ENERGY 
OUTSIDE OF CEll 

.

.
.

....
.

. ... : ..... . . 
•• • •••• ••••• •• •• • 

• • • • • • 

•• • •• •  • •• •••• •• • ••• •• • • • • • 
... . .. . : .. .. . . .. . 

1 INSIDE OF CEll 

human being we are inclined to the su
perficial notion that as soon as we have 
swallowed a morsel it is inside us. But 
this is not quite true. The interior of the 
digestive tract is topologically speaking 
outside the body; the real uptake of food 
begins when it enters the cells of the in
testinal wall. So a substance within the 
cell that has been ingested by pinocy
tosis or phagocytosis must be regarded 
as still "outside" because it remains en
veloped in the membrane that engulfed 
it. In order to enter the cell proper and 
become a metabolically accessible com
ponent of the cytoplasm such materials 
must somehow permeate the membrane. 

One force that presses universally on 
the cell membrane is the concentration 
gradient. This force is exerted by the 
random motion of physical particles, 
which tends to disperse them uniformly. 
When two solutions of the same sub
stance but of differing concentration are 
brought into contact, the dissolved sub-

: . :: ... ....... ... : .. 
.. . . .. .. . : : .. : . 

• ••••• • •
•• • •• • •• 

•• • •• •• • • • •  
. . . . .. : .. . . .. .. . 2 

stance or solute will diffuse from the cen
ters of higher concentration until its con
centration is the same everywhere. This 
will happen even if the two solutions are 
separated by a membrane, provided that 
the membrane is permeable to the solute. 
When the membrane is permeable to the 
solvent but not to the solute, the con
centration gradient appears as the fa
miliar force of osmosis; the solvent now 
moves across the membrane from the 
lower to the higher concentration of 
solute. Across the membrane of the cell 
the concentration gradient and osmotic 
forces are considerable, because the cell 
contains many substances in concentra
tions that are very different from those of 
the environment. 

In passive transport it is the differen
tial permeability of the cell membrane 
that regulates the permeation set in mo
tion by these forces. The permeability to 
a given molecule will reBect the chemi
cal composition and properties of the 

. .. . ... .. : . ...... : . • ••
•

•
•••• • • ••• • ••• •• • •• • • 

MODEL OF ACTIVE TRANSPORT proposed by T. J. Shaw of 

the University of Cambridge employs hypothetical carriers for 

sodium and potassium. The free potassium carrier cannot move 

across the membrane (1) until it forms a compound with a potas· 

sium ion (2). Then the carrier migrates from the outside wall of the 

membrane to the inside wall (3), where it gives up the potassium 

ion to the interior of the cell and receives energy from the ceIL The 

energy tums it into a sodium carrier (4), which cannot cross the 
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to shrink. Solvent drag occurs (e) when a flow of solvent (o/Jen 

ci.rcles) across the cell membrane pulls along a few molecules of 

the solute (colored dot,,) even against a concentration gradienl. 

The foree of an eleetrical potential across the cell membrane 

also causes passive transport (el). The solution on one side of the 

membrane contains a high concentration of negative ions, whereas 

that on the other side has mOre positive ions. This creates a 

potential gradient that causes ions to migrate across the membrane. 

molecule as well as its size, and the 
membrane not only will exclude certain 
substances completely but also will allow 
others to cross it at different rates. 

D epending on the environment to 
which they are adjusted, cells of 

various kinds will exhibit widely dif
ferent permeabilities. The common 
amoeba and the human red blood 
cell, for example, show a more than 
IOO-fold difference in permeability to 
water. On the scale of the permeability 
constant-expressed in terms of the num
ber of cubic microns of water crossing 
one stluare micron of cell membrane 
in one minute driven by an osmotic pres
sure diffcrence of one atmosphere-the 
amoeba stands at only .026, which is 
very tight indeed. The adaptive value is 
apparent: organisms living in fresh wa
ter encounter the greatest possible 
gradient between the outside and inside 
of the cell and must restrict the entry of 

.. : . . .. ... . . . : . . • • • •• • • • • 
••• • •• ••• •••••• • 

• • • • •••• : ... 
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water in order to save the energy neces
sary to pump it out again. The red 
blood cell has no need of such protec
tion because it is normally surrounded by 
blood plasma, a medium in relative os
motic balance with the interior of the 
cell. Placed in water, the cell begins to 
swell immediately and, because its mem
brane is not elastic enough to stand the 
inrush of water, quickly bursts. 

If, as is usually the case in nature, the 
molecules of the solute are dissociated 
into ions that carry an electric charge, a 
new force comes into play. It is well 
known that many-perhaps all-cell mem
branes have the ability to maintain dif
ferences of electric potential between 
inside and outside. Such differences set 
up a potential gradient that acts along 
with the concentration gradient as a 
driving force for passive transport across 
the cell membrane. A third force in 
passive transport is that of solvent drag. 
It comes into play only if a solution can 

. .. .. . . . : . . . . . . • •• • •• • • • • • • • ••• • ••• • ••• • • 

. .. .. . � . . ... • •• • • •••• • • • 

. . _ .. . . ... . . ... . 
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How in bulk across a membrane; in other 
words, if the membrane is porous. Solute 
particles diffusing in the direction of Bow 
are then speeded up, whereas particles 
diffusing against the Bow are slowed 
down. This drag effect is generally of 
little importance, but in special cases it 
may be considerable. 

The three driving forces of passive 
transport may act singly or together. But 
whether a concentration gradient, an 
electric potential gradient or a solvent 
drag is the moving force, the movement 
always goes in a "downhill" direction, 
and the membrane acts as a passive bar
rier. Cell biology, however, knows of 
many important instances in which the 
transfer of substances across the mem
brane cannot be accounted for by any of 
these forces. The movement in these 
cases is "uphill," against the forces of 
passive transport, and so must involve 
expenditure of energy generated by the 
cell's metabolism. In this active mode of 

. . . . . .. .... . .. : .. 
. \ .. .

.
. � . . . . . .. .. . . •• • 

• • • • ••••••••• ••• •• 
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6 
membrane until it in turn combines with a sodium ion (5). The car· 

rier migrates to the outside wall of the membrane and releases the 

ion (6). It also gives up energy, probably through the mediation of 

an enzyme, to become once again a potassium carrier (1). This 

is called active transport because the cell supplies energy to 

operate the system against the large concentration gradients of 

sodium outside and potassium inside the cell. The gradients cause 

sodium to "leak" slowly into the cell and potassium to leak 0111. 
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transport the membrane is no mere pas
sive barrier but functions as a dynamic 
organ. 

Until recently all the information 
about the structure of the cell mem

brane came exclusively from permeabil
ity studies and was therefore of a quite 
indirect nature. It was observed, for ex
ample, that many substances that are 
soluble in lipid (fatty) solvents pene
trate the membrane easily. This suggest
ed the idea that the cell membrane must 
contain a layer of lipids; substances 
soluble in lipids could penetrate the 
membrane by being dissolved on one 
side and released on the other. But it was 
also observed that water-soluble mole
cules can pass the cell membrane. This 
made it necessary to assume some sort of 
sievelike structure, with pores or non
lipid patches or both, and patches with 
electrical charges to account for the 
peculiarities of the passage of ions. Final
ly, a protein component was added to 
the lipid layer in this hypothetical 
scheme in order to account for certain 
other observations, particularly the low 
surface tension, or "wettability," of the 
membrane, which excludes a purely 
fatty composition. 

These observations and hypotheses 
were pulled together in a model of the 
cell membrane proposed by J. F. 
Danielli of King's College in London 
in 1940. According to this model the 
membrane consists of a double layer of 

MODEL OF CELL MEMBRANE proposed by J. F. Danielli of King's College in London 

shows double layer of lipid molecules oriented parallel to each other. A protein layer 

covers them and lines a pore (arrow). Polar (electrically charged) ends of molecules are 

represented by circles. The hatched area is mucus, which is thought to coat most cells. 

lipid molecules covered by two pro
tein layers. The lipid molecules are 
oriented parallel to one another at right 
angles to the plane of the membrane, 
with the nonpolar (uncharged) ends of 
the lipid molecules pointing toward one 
another and the polar groups pointing 
toward the surfaces of the membrane. 
Adsorbed to the polar ends are layers of 
protein, consisting of protein chains that 
form a network on the outer and inner 
surfaces of the membrane and so endow 
it with a certain degree of elastiCity and 
mechanical resistance as well as low 
surface tension. Because the length of 
the lipid molecules is about 30 angstrom 
units (one angstrom unit is one ten
millionth of a millimeter) and the thick
ness of a monomolecular protein layer 
is some 10 angstroms, Danielli fixed the 
total thickness of the membrane at about 
80 angstroms. 

Danielli's model of the membrane has 
now been beautifully supported by the 

• • • 

results of electron microscopy. The 
"unit membrane" developed from elec
tron micrographs by J. David Robertson 
of the Harvard Medical School has the 
appearance and dimensions predicted by 
the model and has been observed in 
many types of cell. It shows two elec
tron-dense lines, about 20 angstroms 
thick, which could very well correspond 
to the two postulated layers of protein; 
they are separated by a lighter 35-ang
strom core corresponding to the lipid 
layer. The total thickness of 75 ang
stroms comes satisfactorily close to that 
of the model. 

Without upsetting the symmetry of 
the model, it appears that the picture 
must be amended to provide for a dif
ference in the chemical nature of the 
inside and outside surfaces of the mem
brane. This would permit the chemical 
gradients across the membrane suggest
ed by some observations. Moreover, 
many cells wear a carbohydrate-con-

PROCESS OF PINOCYTOSIS according to current hypothesis 

involves adsorption of particles, molecules or ions on cell sur

face. The loaded cell membrane then slides or flows along, form· 

ing a recess extending toward the inside of the cell. This trans

ports the adsorbed substance inward. In amoeboid type of pino

cytosis (single diagram at left) the recess is a long channel from 
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MEMBRANES OF TWO CELLS in a mouse nerve fiber are en

larged 400,000 diameters in this electron micrograph by 1_ David 

Robertson of the Harvard Medical SchooL Each membrane is ap

proximately 75 angstrom units thick and consists of two dense lines 

each 20 angstrom units wide separated by a light area 35 angstroms 

across. The gap between the cells is nearly 150 angstroms. The 

two dense lines of each membrane correspond to Danielli's protein 

component; the light area between them may be the lipid region. 

taining overcoat of mucoprotein, which 
is of different thickness in different 
types of cell. This laver may or may 
not influence permeability, but it prob
ably has an important function in 
pinocytosis. 

In addition to these cross-sectional 
features, permeability studies indicate 
that the membrane varies in structure 
laterally. Cell membranes show, for 
example, filtration effects in admitting 
particles up to a given size and blocking 
others, and this suggests the presence of 
pores. So far the electron microscope has 
failed to prove the existence ef pores. 
But this is not surprising, because the 
pores are assumed to be very small and 
far apart, accounting for only one thou
sandth or so of the total area of the mem
brane. If one speaks of the membrane 
as a sieve, it is a sieve with very few 
holes in it [see "Pores in the Cell Mem
brane," by Arthur K. Solomon; SCIEN
TIFIC AMElUCAN, December, 1960]. 

/ 

Still more important, in order to ex
plain the high selectivity with which 
many cells discriminate between sub
stances, one must assume that different 
patches of membrane have different 
chemical specificity. Certain enzymes, 
for example, have been shown to be lo
calized on the surfaces of the cells. Ap
parently their function is to convert sub
stances that are otherwise insoluble in 
the membrane into soluble derivatives 
that can permeate the membrane. There 
are many cases in which one substance 
is allowed to penetrate the cell while an
other, closely related and similar in size 
and electrical properties, is rejected. 

1'he flimsy structure of the cell mem
- brane therefore appears as an elab

orate apparatus that is designed for ac
tive intervention in the movement of sub
stances into and out of the cell. Such an 
apparatus is plainly necessary to the 
process of active transport that handles 

so much of the traffic. To accomplish 
this uphill movement the cell must work 
against the forces of passive transport. 
But intensive research by many investi
gators has so far failed to disclose the 
mechanism by which the necessary 
energy is transferred from the cell's 
metabolic machinery to the transport 
process. Probably different energy-trans
fer mechanisms come into play. 

The liveliest interest in this field cen
ters on the active transport of ions. 
Biologists have been aware of the exist
ence of potential differences across cell 
membranes for more than 100 years; for 
nearly that long they have realized that 
the membrane potential influences the 
transport and distribution of ions. But 
they have only recently begun to under
stand that membrane potentials are 
themselves set up and maintained by the 
active transport of ions. 

The importance of the problem is in
cHcated by the fact that many cells con-

which small vesicles are pinched off 10 form tiny vacuoles. In 

submicroscopic piuocytosis by other types of cell (series of six 

diagrams) , vesicles are pinched off directly from the cell sur-

face. The "hairs" holding the particles are hypotheticaL The dis

appearance of the vacuole wall (far right) is also a theoretical 

concept. It is not known how substances actually leave the vacuole. 
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tain in their cytoplasm much more po
tassium than sodium and yet must live in 
a medium in which the ratio between 
those two ions is just the reverse. Blood 
plasma, for instance, contains 20 times 
more sodium than potassium, whereas 
the red cell contains 20 times more po
tassium than sodium. The membrane of 
the red cell shows a passive permeability 
to both sodium and potassium ions that 
is low but definite. If this permeability 
were allowed to express itself, the sodi
um would leak into, and the potassium 

would leak out of, the cell. To maintain 
the difference in ionic composition, 
therefore, the cell constantly extrudes 
sodium and accumulates potassium 
against an aggregate 50-fold concentra
tion gradient. 

Most of the models proposed to ex
plain active transport assume the exist
ence of some kind of carrier molecule. 
This still hypothetical carrier is supposed 
to form a compound with the ions on one 
face of the membrane; the compound 
then passes through the membrane to 

be destroyed, releasing the ion, at the 
other. The movement of the compound, 
as distinct from the ion, is assumed to 
be downhill, following a chemical con
centration gradient. 

One such model, put forward by T. J. 
Shaw of the University of Cambridge in 
1954, not only explains the movement 
of potassium and sodium ions across the 
membrane but also furnishes a link be
tween them. In Shaw's model the potas
sium and sodium ions (K+ and Na+) 
are transported across the membrane by 

PINOCYTOSIS CHANNELS in Amoeba proteus were drawn in 

1934 by S. O. Mast and W. L. Doyle of Johns Hopkins University. 

The channels appear in small pseudopods and are often convo· 

luted. They disintegrate into vacuoles or droplets at the inner 

PHAGOCYTOSIS BY AMOEBAE resembles some types of pino· 

cytosis. Here the amoeba is engulfing a tiny multi celled organism, 

o 

PINOCYTOSIS CHANNELS in amoebae are compared with pha. 

gocytosis vanwie (jar right) . Four types of channel are, from left, 
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a rotifer. The amoeba approaches its prey, extends large pseudo

pods and a membrane (hatched area) around it. Finally a large 

, 
I 
I 
I 
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I 
I. 
I 
, 
1 
I 

those formed in salt solution, wider channel, "bottle" channel 

in solution of tobacco mosaic virus and a cavity formed in a solu· 
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lipid-soluble carriers (X and Y) that 
are specific for the two ions. The com
pounds formed (KX and NaY) can 
move across the membranes by diffusion, 
whereas the free carriers cannot. At the 
outside surface of the membrane the 
sodium carriers are converted to potas
sium carriers, losing energy in the proc
ess. At the inside surface the potassium 
carriers are reconverted to sodium car
riers, thanks to the supply of energy 
(probably furnished by energy-rich 
phosphate compounds) from the me-

end. The amoeba ingests these and then ab

sorbs the substances contained within them. 

vacuole completely encloses the rotHer 

and the amoeba prepares to digest its prey. 

tion of the chemical methionine. The phag

ocytosis vacuole contains a paramecium. 

SILICONE NEWS from Dow Corning 

Better than 1000 words 

Fuel injection pump model by Visioneering, Inc., Fraser, Michigan 

Military training aid made 
easily with Silastic RTV mold 

Working models or "visuals" for use in educa
tional and display work can now be inexpen
sively produced. Even "one-of-a-kind" is 
practical because of the ease with which 
prototypes can be cast from a mold of 
Silastic® RTV, the fluid Dow Corning sili
cone rubber that sets up at room temperature. 

For full details, 
address Dept. 1021, 
Dow Corning Corporation, 
Midland, Michigan 

Extremely fine Meller alumina powder is 
perfect for precision grinding, honing, fin
ishing of metal parts . _ . and for polishing 
optical glass, diodes and crystals, jewelry, 
silver, etc. Thin, hexagonal particles are all 
uniform in size . .  _ eliminate polishing in 
metal finishing operations. Ultra-high purity 
of Meller alumina powder also makes it an 
excellent catalyst carrier, or component of 
other synthetic crystals and high-tempera
ture ceramics_ Hardness of 9 (Mohs) . _ _  
melting point 2050°C ... resistant to com
mon acids. Low in cost, too_ Write for 
stock prices. Adolf Meller Company, Box 
6001, Providence, R.l. Tel. DExter 1-3717 
(Area Code 401). 

SAPPHIRE 
PRODUCTS 

Synthetic Sapphires ' Ruby Lasers & Masers 
Alumina Powder 

Simply mix Silastic RTV with catalyst and 
pour over or in your original. Allow the rub
ber to set up . _ . easily strip-off the cured 
mold and you're ready to cast perfect rep
licas in plaster or plastics. Working with 
low melt alloys? Don't worry ... Silastic RTV 
is good to 500 F_ 

Corning 

NEW-from the makers of UN 1M AT! 

This remarkable 10" tool room lathe 

does the work of FOUR machines 

(lathe, drill press, jig borer, vertical 

milling machine) in the space of ONE, 

and at less cost than a single-purpose 

lathe meeting the same high tool room 

standards of precision. The exclusive 

VERTI-BED holds a detachable 

head-stock-and-motor unit for vertical 
functions without impeding simulta

neous horizontal operations. Best bet: 

the double-spindle model shown 

above-no change-over necessary! 

WRITE FOR CATALOG AND PRICE LIST 

AMERICAN EDELST AAL 
Dept_ DI, 350 B'way, N. Y_ 13, 
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Here's the most economical 
laboratory ware you can buy. 
It's proof against acids, caus
tics, corrosives. In brief, it can 
do just about anything glass 
can do-except break! 

And new Nalge techniques 
keep making N algene plastic 
lab ware even better. Now 
Nalgene graduated cylinders, 
for example, give you accuracy 
never before possible even in 
glass, through uniform mold
ing. And so throughout the 
constantly expanding N algene 
line, from test tubes to carboys. 

Ask your laboratory supply 
dealer. And mail the coupon 
for the new catalog 
covering today's most 
complete line of un
breakable lab ware. 
· 
· 
· 

L� THE NALGE CO., INC. � ROCHESTER 2, NEW YORK 
r- The Quality Standard of Plastic Laboratory Ware ..., 

The Nalge Co., Inc. 

75 Panorama Creek Dr., Dept. 259 

Rochester 2, N. Y. 
Send me new catalog on complete 
Nalgene Laboratory Line. 
Name ________________________ _ 

Company ______________________ _ 

Street ________________________ _ 

City _____________ Zone_State __ __ 

�----------------� 
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tabolism of the cell. This ingenious 
model contains many assumptions diffi
cult to prove experimentally, and it is by 
no means universally accepted. Never
theless, it may serve to illustrate the in
tricacy of active transport. 

Long before biologists were troubled 
by processes involving such elegant 

FERTILIZATION as visualized by Albert 

Tyler of California Institute of Technology 

involves pinocytic engulfment of the sperm 

by the egg. Interaction of complementary 

substances on the surfaces of the sperm 

and the egg ca uses the egg to admit 

one sperm. Other sperm are then exclnded. 

manipulation of the physical forces that 
prevail across the cell membrane, they 
had observed cells in the plainly intelli
gible act of "eating." In the late 19th 
century Elie Metchnikoff of the Pasteur 
I�stitute in Paris saw white blood cells 
engulfing bacteria and gave them the 
name "phagocytes." In 1920 Asa A. 
Schaeffer of Temple University drew the 
classical picture of an amoeba catching 
its prey [see middle illustration on pre
ceding two pages]. It was not until 1931 
that Warren H. Lewis of Johns Hopkins 
University observed the somewhat less 
obvious process of pinocytosis. Studying 
tissue-culture cells by means of time
lapse photography, he saw membranous 
fringes at the periphery of the cells un
dulating so intensely that once in a while 
a part of the membrane would close up 
like a clenched fist and trap a small por
tion of the surrounding medium in a 
vesicle. The whole action seemed to 
Lewis so much like the process of drink
ing that he coined the word "pinocy
tosis." 

With the exception of a confirmatory 
report of a similar phenomenon in 
amoebae by Samuel O. Mast and W. L. 
Doyle of Johns Hopkins in 1934, Lewis' 
discovery attracted little attention. Pino
cytosis remained more or less a curiOSity 
until in the 1950's the electron micro
scope showed that ingestion is a much 
more universal process in cellular life 
[see "Pinocytosis," by Ronald C. Rust
ad; SCIENTIFIC AMERICAN, April]. 

In amoebae and tissue-culture cells 
pinocytosis is within the range of micro
scopic visibility. In the scale of dimen
sions accessible to the electron micro
scope a great number of cell types show 
the formation of submicroscopic vesi
cles. Physiologically speaking, one of the 
most interesting examples is that of the 
"brush border" cells in the epithelium of 
the kidney and the intestine: the vesicles 
that bring substances into the cell form 
at the base of the villi from which the 
cells get their name [see illustration on 
page 167]. The essential feature of 
pinocytosis or phagocytosis is the same 
in all cells: an area of the cell membrane 
detaches itself from the cell surface to 
form a vacuole or vesicle, which leaves 
the periphery of the cell and migrates 
toward the interior. 

The size range of the vesicles formed 
by pinocytosis is wide. In amoebae and 
tissue-culture cells the average diameter 
of a newly pinched-off pinocytosis vacu
ole is one to two microns (a micron is 
a thousandth of a millimeter); the vesi
cles discernible in the electron micro
scope may range from .1 to .01 micron. 
These vesicles often change their orig-
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Curiosity-compounded and directed: that is research. It is the "why" of the child subjected to the 
practical scrutiny of the scientist. It is the patient accumulation of data by the ton-to produce a single 
statistic. It is the flash of insight that plucks a fact seemingly from thin air to help solve a problem
or the ability to recognize the blessings of serendipity. Successful research is doing thousands and 
thousands of these things-superbly well. Intensive, successful research at General Cable produces 
the wire and the cable that are the nerve and circulatory systems of electronic and electrical 
eQuipment of every type and use. General Cable Corporation, 730 Third Avenue, New York 17, N.Y. 

MANUFACTURERS OF THE MOST DIVERSIFIED LINE OF ELECTRICAL WIRES AND 
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SECTION OF AN AMOEBA after pinocytosis of a protein solution containing 

active glucose shows much of the radioactivity still confined to the pinocytosis vacuoles 

(heavily blackened areas) , although much is evenly distributed (gray) . The author and his 

colleagues made the autoradiograph by placing the section on a photographic negative. 

inal size bv fusing with one another. 
Since most cells contain an array of other 
vacuoles and granules, the pinocytosis 
vesicles soon become unrecognizable un
less thev are marked by a "tracer" of 
some kind. The vacuoles formed in pha
gocytosis are, of course, much larger, 
accommodating whole bacteria, proto
zoa and bits of tissue debris in the case 
of phagocytes. 

S imple experiments with amoebae 
show clearly that pinocytosis does 

not occur in all media and at all times 
but is induced by the presence of certain 
substances in the medium. In pure water 
amoebae do not pinocytose, at least not 
enough to be detected in the microscope. 
If sugar or some other carbohvdrate is 
added to the water, nothing happens. 
But if salts, proteins or certain amino 
acids are added to the water, pinocvtosis 
sets in. Cicily Chapman-Andresen, in 
our group at the Carlsberg Laboratory 
in Copenhagen, has found that amoebae 
are able to sustain the activity for about 
30 minutes at a time, regardless of the 
nature of the inducer, and in this period 
will form about 100 channels. When that 
number of channels has been formed 
and the corresponding number of 
vacuoles has been ingested, pinocytosis 
stops and does not begin again until after 
a three- or four-hour period. Chapman
Andresen interprets this as meaning that 
after 30 minutes of pinocvtosis the sur
face membrane available for invagina
tion has been exhausted. 

She has also helped to settle an old 
question by showing that phagocytosis 
and pinocytosis can be regarded as es
sentially the same sort of physiological 
process. In this experiment the amoebae 

176 

are Erst allowed to phagocytose as mam' 
food ciliates as they will take from a 
solution teeming with these organisms. 
Upon transfer to a pinocytosis-inducing 
solution they will form only a few chan
nels, less than 10 per cent of the normal 
number. And vice versa: amoebae that 
have pinocytosed to exhaustion will not 
feed when transferred to a droplet con
taining their food organisms. So it seems 
that the availability of the same mem
brane is the limiting factor in both cases. 

H. Stanley Bennett of the University 
of Washington proposed in 1956 that 
pinocytosis is induced by the adsorption 
of the inducer molecules or ions on the 
surface of the cell membrane. This idea 
has been fully verified by several investi
gators. There is not much doubt that in 
amoebae the adsorbing sites are fur
nished bv the mucus coat that covers 
the surface of the amoeba. Inasmuch as 
a mucous substance is supposed to cover 
many other cells, it will be interesting to 
End out whether it serves the same func
tion in all cases. 

The vesicle that carries the inducing 
substance into the cell also brings along 
some of the fluid medium. Chapman
Andresen and I performed a "double 
label" experiment to determine which of 
the two-the inducer or the fluid-is 
physiologically more significant. We ex
posed amoebae to a solution that con
tained a radioactively labeled protein 
as an inducer and a sugar with a differ
ent radioactive label as an indicator of 
the amount of ingested fluid. If the pro
tein was the principal nutrient ingested 
as well as the inducer of ingestion, then 
we expected that the vesicles would con
tain relatively more protein than the out
side medium. '''' e found that this was 

Nimbus is the second step in NASA's 
research and development program to 
study weather technology. Differing from 
its predecessor, Tiros, Nimbus will view 
the Earth at all times. 

Orbit-Weighing approximately 650 Ibs., 
Nimbus will circle the earth every 108 
minutes in a 600 mile-high polar orbit. 

Equipment-As many as 6 TV cameras, 
plus infrared measuring devices, tape re
corders, telemetry and command instru
ments will be contained in the satellite. 

Data Acquis ition-Cloud pictures and other 
information will be played back on com
mand to U.S. meteorologists at Fairbanks, 
Alaska. Foreign scientists, also, will be 
invited to participate in the program. 

Control and Stabilization-A specially built 
system will keep TV cameras always ori
ented toward the earth and permit cameras 
to view particular sectors of the global 
cloud pattern. 

General Electric's Missile and Space 
Vehicle Department will provide systems 
integration for Nimbus, and will develop 
the control and stabilization system. MSVD 
is a department of the G.E. Defense Elec
tronics Division. 16(}{)}A 

GENERAL . ELECTRIC 
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MISSILE AND SPACE VEHICLE DEPAr�TMENT, PHILADELPHIA, PA. 

NIMBUS will be America's next·generation weather satellite in space. 

Continually viewing the globe with TV cameras and other sensors, 

Nimbus will help man forecast the weather and learn more about its 
causes. General Electric's Missile and Space Vehicle Department is 

constructing the space craft and providing systems integration for the 

system designed by the National Aeronautics and Space Administration. 

GENERAL . ELECTRIC 
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Or sha l l  we say, outer space goes i ndoors. However you put it, the mean ing 
is the same:  Tenney has brought the exotic hyper-environments of outer  space 
down to earth - and put them i nto Space Simu lators engineered to create, 
measure a nd eva luate the effects of extreme spacia l  a ltitudes, solar radiation, 
b l istering heat, cryoge nic  cold and orbital motion. Al l  to assure the safe 
and certa i n  progress of space exploration. 

Tenney's space s imu lation engineers, with more combined experience than 
any other  compa ny, can help you with your  particu lar project. Write to 
M r. Frank Gardner for further deta i ls.  

.mh ��l!l!'!!'L.rospace Division � 1 0 9 0  S P R I N G F I E L D  R O A D . U N I O N , N E W  J E R S E Y 
O L D E S T A N D  L A R G E S T M A N U F A C T U R E R  O F  E N V I R O N M E N T A L  T E S T  E Q U I P M E N T  
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indeed the case. But we were surprised 
by the magnitude of the effect: a more 
than 10-fold concentration of the pro
tein relative to the sugar. The total 
amount of protein taken up in 30 min
utes corresponded to about 25 per cent 
of the total mass of the amoeba. This is 
a considerable meal, and it indicates that 
the uptake of the surface-adsorbed sub
stance is what mainly matters to the cel l 
in pinocytosis. 

But the nutrient contained in the 
vesicle must still be regarded as outside 
the cell, for the envelope that encloses 
it is a portion of the external membrane. 
The question remains whether and how 
this mode of communication with the 
environment delivers raw materials to 
the metabolic machinery of the cell .  
The simplest means of transfer from th� 
vacuole to the cytoplasm would be the 
disappearance of the membrane itseL 
under the influence of cytoplasmic eil 
zymes. But the electron microscope doe" 
not support this suggestion; the vesicle 
membrane has never actually been seen 
to disappear. 

B ecause the membrane persists, the 
study of its permeability properties 

becomes the main task in the investiga
tion of pinocytosis. There is no doubt 
that the pinocytosis vesicles lose water 
to the cytoplasm. This manifests itself 
as a visible shrinkage of the vacuoles. 
John M. M arshall, Jr., of the University 
of Pennsylvania School of Medicine and 
I have shown that in amoebae the 
shrinkage is accompanied by a progres
sive concentration of the vacuolar con
tents. Centrifugation shows that in the 
first hours after pinocytosis the vacuole" 
become heavier and heavier compared 
with the surrounding cytoplasm. Event
ually the pinocytosis vacuoles wind up 
as cytoplasmic granules of approximate
ly the size and centrifugal behavior of 
mitochondria. 

It has been demonstrated, further
more, that the vacuolar membrane is 
permeable not only to water but also to 
low-molecular substances such as glu
cose. Chapman-Andresen and I, using 
radioactive glucose, found that the glu
cose so ingested quickly spreads from 
the vacuoles and is homogeneously dis
tributed in the cytoplasm. The glucose 
enters the cell's normal metabolism as if 
it had been taken up by diffusion 
through the cell surface; its metabolic 
product, radioactive carbon dioxide, 
soon shows up among the amoebae's ex
cretion products. Chapman-Andresen 
and D. M. Prescott have made similar 
findings with regard to certain amino 
acids. There is therefore no doubt that a 
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T H E  N EW AGE OF COM M U N ICATION 

With an assist from satellites, you'I/ . . .  
DIAL ANY PHONE I N  THE WORLD 

FROM YOU R  CAR 

This sa les m a n  of t h e  1 970s is ta lk ing with o n e  custo m e r  w h i l e  

e n route to s e e  a n other. Can't  h e  do that today? N o t  a lways, 

a n d  n ot everywhere. The rel i a b i l ity of today's mobi le  radio· 

telepho n es is d rastica l ly  red u ced by l i m ited range a n d  over· 

c rowded c h a n nels .  Wea k sign a l s  a n d  delays a re com mon place. 

Yet, it 's tech n i ca l ly fea s i b l e  right n ow to dial  you r  office 

fro m  you r car  . . .  or ta l k  with an associate o n  a Pu l l m a n  from 

an a i r l i n e r  i n  m i d ·ocea n . . .  with t h e  s peed and c la rity of a 

loca l phone c a l l .  

The com m u n i cation s  satell ites of t h e  '70s w i l l  m a ke th i s  

convenience a rea l ity. From a n  a lti.tude of 22,000 m i les, t h e  

satel l ite system wi l l  "see" a l l  t h e  earth, t h u s  be a b l e  to relay 

you r  c a l l  by m i c rowave to any telephone in the world. Fu l l  

uti l ization of m i c rowaves - possible o n ly with these relay 

stations in  space - w i l l  provide the addit io n a l  c h a n nels n eeded 

to rel ieve present day congest ion .  That, of cou rse, w i l l  m a ke 

pract ica l  a p u b l i c  p h o n e  i n  every a ir l i ner, a convenience phone 

i n  every b u s i n ess m a n ' s  a uto. I n  short,  t h e  com b i n at ion of  

e lectronics a n d  space tech n ology t h at holds t h e  a nswer to 

m a n ' s  growi ng com m u n ication n eeds. 

RADIATION I n corporated designs a n d  bu i lds com m u n ications 

and data process i n g  systems for today's s pace progra ms.  We 

a re a lso at work o n  the even m ore sophisticated h a rdware 

w h i c h  t h e  New Age of C o m m u n i c a t i o n  w i l l d e m a n d .  O u r  

capa b i l it ies i n c l u d e  t h e  a ppl ication o f  electro n i c  solutions to 

many i n d u str ia l  problems.  For more i nformation a bout us 

a n d  our role in these a reas, write Radiation I n c.,  Dept. SA91 , 
Melbo u rn e. Florida . . 

����!��� 
M a i n  offi ces a n d  p la nts are located at Melbourne and Orlando, Florida; Palo Alto. Ca l iforn ia ;  a n d  Phi ladelphia,  Pen n sylva n i a  
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This precision instrument embodies a concept which enables science 
to measure and evaluate the precise degree to which inforluation is 
altered or lost at each stage during the recording or retrieval of micro
form images. 
Available in standard 1110dels or eustonl engineered to your specifi ca
tions. For detailed information write : 

Ansco Contract Sales Dept., 

Vestal Pa.·kway East, Binghamton, New YOl·k. 
I Ansco 

Ie .\11] :) tl] !Inrl 
LO N G  TERM PRESERVAT I O N  
O F  B I O LO G I CAL SPEC I M ENS  
I N  L I Q U I D  N 2  AT - 3 2 0 0  F. 

Today, liquid nitrogen is u s e d  f o r  storage o f  
viruses, bacteria. cancer cells, tissue, sperm and 
blood .  CR YENCO specializes in providing equip
.ment for your low temperature investigation and 
work. 

Now, we are producing a complete line of 
low temperature biological storage dewars ( Bio
sta.s ) - from 325 cu. in. to 1 7 . 5  cu. ft. Ease of 
operation and convenience are featured. Operation 
is economical with safe, long storage time - you 
fill only every 30 to 90 days, depending on unit 
and use. 

Write for our complete catalog on CRYENCO 
BIOSTATS, company letterh�ad, please. 

C "'foYYENC O 
/'"'"' j> 

CRYOGENIC ENGINEERING COMPANY 
218 WEST 48th AVEN U E . DENVER 1 6, COLORADO 

Low Temperature, High Vacuum Equipment 
and Engineering 

1 80 

PUT 
U LTRASON ICS 

TO WORK 

The phenomenon o f  "cavitati on" pictured here, 

i s  created by saturati ng a l i qu id  with h igh fre

quency sou nd waves. Pressures on the order of 

10,000 psi a re generated at  frequencies of 20 KC. 
Consi der just a few of the uses to wh ich th i s  

tremendous energy has been  put ; fractu r i ng  

bio logi ca l cel ls ; emu lsi fyi n g ;  degassi ng,  acceler

a t i n g  react i o n s ; c l ea n i n g  i n s t r u m e nts  a n d  

a pparatus. I t  wi l l  even c lean i nside a hypo
dermic needle or  b l i nd  hole. 

Let us  provide a unit for demonstrat ion use 
in your own la boratory. See for yourself what ca n 

be done with Blackstone U l trason ic  Systems 

for production and laboratory. Wire for deta i ls.  

3 4 15 4  
U LTRASON ICS D I V I S I O N  

BLACKSTONE CORPORATION 
1 1 2 1  A L L E N  ST R E ET, JAM ESTO W N ,  N E W  Y O R K  

cell can be "fed" substances of small 
molecular size by pinocytosis. Experi
ments with large molecules have not yet 
been made. 

These results seem to indicate that 
some change in the permeability of the 
membrane occurs. The change is not dis
cernible in the electron microscope; the 
membrane seems to be the same before 
and after pinocytosis. It is reported, how
ever, that the mucous coat from the ex
ternal surface peels off the vacuolar 
lining and collects, together with the ad
sorbed material, as a central mass in the 
vacuole. 

At the same time another and possi
bly important event takes place. Small 
secondary vesicles form, pinch them
selves off from the primary vacuole and 
migrate into the cytoplasm. The signifi
cance of this process for the distribution 
of the contents of the primary vacuole 
cannot yet be judged. But one effect is 
obvious : such permeation processes as 
can work across the membrane of the 
microvesicles must be greatly facilitated 
by the enormous increase in intracellu
lar-membrane area. The secondary vesi
cles could also serve a selective function. 
carrying certain substances away from 
the primary �acuole and leaving others 
behind. 

The main difficulty with pinocytosis 
as a basic process in cellular physiology 
is its lack of specificity. It is true that a 
high degree of specificity is observed in 
the performance of phagocytes when 
they have been sensitized by antibodies 
to engulf particular bacteria. Albert Ty
ler of the California Institute of Technol
ogy has postulated that fertilization in
volves a pinocytotic engulfment of the 
sperm by the egg, an act initiated by the 
interaction of specific substances at the 
surfaces of the two cells. But by and 
large the mechanical uptake of adsorbed 
material and fluid from the external en
vironment must be rather undiscrimi
nating. On many occasions the cell may 
have to cope with useless or even ob
noxious substances so ingested. 

A more selective mechanism must 
exist somewhere. It is easiest to imagine 
that the selection is accomplished, pas
sively or actively, at the membranes that 
surround the vacuoles and vesicles in
side the cell. If this view is correct, pino
cytosis ought to be regarded not as al
ternative to membrane transport but 
rather as a supporting process. Its essen
tial feature would be the creation of 
large interior interfaces where the forces 
of passive and active transport can set 
to work with even higher efficiency than 
at the cell surface proper, and with less 
danger of substance losses by leakage. 
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Major talents at the focus of Kol l s m a n  capa b i l it ies 

encompass every intel lectual d iscipl ine having d irect or 

indirect bearing on man's control of  motion in  aerospace. 

This deep involvement of ranking scientific minds in the 

total research problem is the mold of sophisticated 

I 
m i l it a ry and civ i l i an  h a rdware today • . •  t h e  A 
catalyst of more advanced system s  tomorrow. ..,-
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SH I L � E LAG H 
u. s. Army Missile System 

( 

The SHILLELAGH is being developed for the U. S. Army under the over�all direction of the U. S. Army Ordnance Corps. 
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The United States Army SHILLELAGH surface-to-surface gUided 

missile - like its Irish namesake - will be simple. reliable . . .  lethal. 

Against enemy targets-mOVing or stationary-SHILLELAGH's accu

racy and firepower will provide the U. S. Army a devastating new 

weapon that kills with a first-round probability approaching unity 

. . .  and at ranges never achieved in antitank warfare. SHILLELAGH 

is now under development at Aeronutronic, prime contractor on 

this advanced weapon system. 

AERONUTRONIC DIVISION 8-m�otorY5 07Jl/la1nt1. DEFENSE PRODUCTS GROUP 
FORD ROAD. N EWPORT B E A C H .  CALIFORNIA 

SHILLELAGH is one of many advanced programs currently under development at Aeronutronic's 
new, million-square-foot Engineering & Research Center at Newport Beach in Southern California. 

Write for information about Aeronutronic's 
capabil ities and career opportunities now 
open for engineers and scientists . 
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How Cells Move 

A parameciu7n moves by the beating of its cilia; an amoeba, by the 

streaming of its cytoplasm; a muscle, by its over-all contraction. 

All these processes appear to share an under�ying molecular unity 

T ife is movement. This definition, 

L though incomplete, is perhaps as 
good as any. One is tempted to 

add that the movement is "constructive," 
or even "purposeful," but such qualifica
tions raise definition problems of their 
own. So let us just say that where there is 
life there is movement. By this criterion 
we need not hesitate to describe cells 
as living and viruses as nonliving. Until 
it meets a living cell a virus is as inert 
as any stone. 

Activity is a manifestation of the en
ergy of living things. Generations of bi
ologists have sought to answer the ques
tion : How does an organism move? 
Early workers understandably concen
trated their attention on the activity of 
muscle, a word from the Latin for "little 
mouse." Later, when it was recognized 
that organisms are composed of cells, the 
search for the secret of motion moved 
down to the cellular level. Today we try 
to reach down to the level of the mole
cule, still seeking the final answer, which 
continues to elude us. 

In large, complex organisms such as 
ourselves, the muscle cells are the cells 
most highly specialized for producing 
movement. Striated muscles activate our 
limbs, cardiac muscles make the heart 
beat, and smooth muscles push food 
along its digestive course. Less familiar 
are the movements exhibited by other 
cells within our bodies and by many one
celled organisms . The sperm cell, for ex
ample, is powered by a single whiplike 
flagellum . The paramecium and a num
ber of other one-celled organisms are 
propelled through their liquid environ
ment by fine, hairlike extensions called 
cilia . If the cell is stationary, as are the 
ciliated epithelial cells of the trachea, 
the cilia propel a liquid film past the cell, 
thereby keeping the surface of the cell 
washed clean. At a deeper level there is 
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by Teru Hayashi 

a constant turbulence within every liv
ing cell-a churning of the cell contents 
termed protoplasmic streaming. vVhen 
this streaming results in the locomotion 
of the entire cell, the cell exhibits amoe
boid movement. In nonmoving cells pro
toplasmic streaming carries a constant 
supply of molecular building materials 
to sites where large molecules are syn
thesized, carries these large molecules to 
other sites and in general provides the 
cell with an internal transportation sys
tem . The beautifully precise turning 
and positioning of the chromosomes in 
cell division are also a manifestation of 
movement within the cell [see "How 
Cells Divide," page 100]. 

The simplest form of protoplasmic 
streaming occurs in the plant cell, 

which has a rigid cell wall with the pro
toplasm in thin layers just inside the 
wall. The innermost part of the cell is 
filled with a watery solution in a space 
called a vacuole. Close examination of 
the huge rhizoid (rootlike) cell in the 
water plant Nitella reveals that the thin 
protoplasmic layer is composed of a 
cortical gel layer, immediately inside the 
cell wall, and the more fluid endoplasm, 
or interior protoplasm. The endoplasm is 
the layer in motion; it circulates around 
the sides of the cell in a uniform direc
tion, a movement called cyclosis [see top 
illustration on page 186]. 

A more complex type of streaming is 
found in the locomoting amoeba, in 
which the endoplasm flows forward in 
the direction the cell is moving. At the 
advancing end the endoplasmic material 
moves to the sides of the cell in a "foun
tain" Bow, where it becomes transformed 
into the stiff, nonmoving material of the 
cortical gel. At the rear end of the cell 
the opposite series of events is taking 
place; the gel material is transformed in-

to the Bowing endoplasm that provides 
the forward-moving stream. In its sim
plest form, then, the amoeba moves by 
means of a Bow of endoplasm through a 
tunnel of cortical gel, the tunnel wall be
ing built up continuously at the front end 
of the cell from the Bowing material and 
being torn down at the rear end to supply 
the material for the Bow. 

A still more complex movement takes 
place in the slime molds, such as Plas
modium, which are large masses of pro
toplasm containing many nuclei not 
separated from each other by cell mem
branes . The streaming of the protoplasm 
is similar to that in the amoebae but is 
complex because many streams exist si
multaneously, moving in different di
rections .  

Exquisite techniques for studying pro
toplasmic streaming have been devised 
by such workers as Robert D. Allen of 
Princeton University, R. J. Goldacre of 
the Chester Beatty Research Institute 
of the Royal Cancer Hospital in London 
and Nobura Kamiya of Osaka Uni
versity in Japan, each of whom advo
cates a different hypothesis to explain 
protoplasmic Bow. All agree that endo
plasm Bows passively, that there is an 
outside motive force urging it along. 
Where they disagree is on the nature of 
the force. Let us see how Kamiya and 
his associates have tried to settle the 
matter. 

If a small mass of Plasmodium is di
vided into two parts but with a very 
thin connecting strand remaining, the 
protoplasm will flow from one side to the 
other for a while, then reverse and 
Bow in the opposite direction, in an oscil
latory motion . If the connecting strand 
is fine enough, the Bow within it at any 
moment is simple and unidirectional. 
Taking advantage of this, Kamiya and 
his students constructed a double cham-
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MOVEMENT IN STRIATED·MUSCLE CELL results from action 

of thick and thin filaments, seen here in an electron micrograph by 

H. E. Huxley of University College London. Dense A bands, bi· 

ENO VIEW OF FILAMENTS from an insect flight muscle shows 

regular hexagonal array of thick filaments (larger spots) and thin 

filaments (smaller spots). The electron micrograph, made by Jean 

sected by H zones, mark overlap of thick and thin filaments. Light 

1 bands, bisected by Z lines, are regions occupied by thin filaments 

alone. This is a very small part of one fibril of a rabbit muscle cell. 

Hanson of King's College in London and Huxley, enlarges the fila· 

ments approximately 250,000 diameters. This cross section shows 

only a part of one of the many fibrils that make up one fiber. 
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PROTOPLASMIC STREAMING, or cyclosis, in the rootlike cell of 
the water plant Nitella is diagramed. The outside wall of the cell is 
rigid. Just within is the very thin cortical gel layer. Next is the fluid 

endoplasm, which streams circularly ( arrows) at 20 microns per. 
second. The inner part of the cell is the vacuole, filled with 
a watery solution. The long cell is only 42 microns thick. 

ber with a small opening in the wall be
tween the chambers [see illustration be
low]. The two protoplasmic blobs were 
placed one in each chamber and con
nected by a single thin strand through 
the opening in the middle wall, so that 
the mold would now flow from one 
chamber to the other for a time, then 
back again. To the two chambers Ka
miya attached devices to measure 
the rate of flow in the strand, the 
pressure causing the flow and the rate 
of oxygen consumption. Provision was 
also made for introducing chemical 
agents into the chambers during the 
measurements.  

Here are a few of the results drawn 

from many precise experiments. First, 
the flow through the strand has the same 
characteristics whether it is the natural 
flow or a flow enforced with applied 
pressure. This indicates that the motion 
of the endoplasm is indeed a passive one, 
caused by local changes in pressure. Sec
ond, this motive force in the form of 
pressure differences has been measured 
and found to be about two pounds per 
square inch, a considerable force not
withstanding the small dimensions of 
the cell .  Kamiya has also found that the 
energy for this movement comes from 
fermentation-that is, by the nonoxida
tive breakdown of glucose-rather than 
from the oxidative respiratory process 

STUDIES OF STREAMING in the slime mold Plasmodium are carried out in .this ap
paratus by Noburo Kamiya of Osaka University. The slime mold is in two compartments 
(left) and has a tbin connecting strand. Rubber hulb with screw attached ( right) and 

mercury manometer (center) control and measure pressure of the flow in streaming. 
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that supplies energy for other functions. 
Reviewing the information, Kamiya 

hypothesizes that the motive force caus
ing the pressure change can be either a 
contraction of the cortical gel layer on 
one side of the Plasmodium or a shear
ing action that propels the endoplasm 
sideways across the surface of the corti
cal gel layer. Kamiya pOints out that 
the latter mechanism would also explain 
the cyclosis in Nitella. 

Contraction of the cortical gel has also 
been invoked by those studying the 

amoeba; there is a century-old hypoth
esis that contraction of the cortical gel in 
the rear end of the advancing amoeba 
pushes the endoplasm forward. Gold
acre favors this view on the basis of many 
ingenious experiments. Allen, on the oth
er hand, finds his own observations in
compatible with that hypothesis and 
maintains instead that a contraction of 
the cortical gel in the region of its forma
tion, which he calls the "fountain zone," 
pulls the endoplasmic material forward. 

Thus three mechanisms have been put 
forward to explain protoplasmic stream
ing in general and amoeboid movement 
in particular : (1) gel-endoplasm shear
ing or sliding, (2) rear-gel contraction 
and (3) front-gel contraction [see illus
trations on page 189]. The actual parts 
of the cell engaged in one or more of 
these actions must be of molecular di
mensions, because the best and most re
cent electron micrographs of the cells 
involved do not reveal any mechanical 
structures in the cortical gel region that 
could help us to decide among these 
choices. 

Whereas visible parts are markedly 
lacking in streaming protoplasm, they 
exist in abundance in cilia and flagella. 
Vastly improved techniques in electron 
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His problem: 

To develop 
time-temperature curves 

for a wide variety of living cells 

Name of this scientific American: 

Dr. Ralph Buchsbaum, 

University of Pittsburgh 

Because heat is a universal environ
mental factor, scientific exploration 
i n t o  t h e  w o r l d  o f  l i v i n g  c e l l s  
requires a n  accurate knowledge of 
the time-temperature tolerances 
exhibited by various cells. A fam
ily of curves which defines these 
tolerances is now being developed 
at the University of Pittsburgh 
under the direction of Dr. Ralph 
Buchsbaum. 

A Home Away From Home 

In order to study the chemical, 
physiological and morphological 
relationships of living cells, one 
must create an environment which 
makes observation possible, yet 
keeps the cell in a normal state of 
health while studies are being made. 
Further, the environment must be 
such that it can be controlled as 
desired by the observer. 

Early attempts in the study of 
cells involved a transplant-or more 
specifically, an explant-of tissue 
into a medium which could support 
life for the cell under study. This 
method, however, had certain disad-

vantages. For example, the imme
diate responses of cells could not be 
observed because several hours were 
required for the first cells to migrate 
out from the explant. In addition, 
the concentration of an experimen
tal drug used could not readily be 
maintained, the drug could not eas
ily be removed, the effects could not 
be observed on a single cell over the 
entire experimental period and, 
finally, repeated doses could not be 
given to the same cell. 

The Perfusion Chamber 

One of the first men to develop a 
practical alternate was Dr. Buchs
baum of the University of Pitts
burgh. Dr. Buchsbaum developed a 
perfusion chamber in which the iso
lated cell is continuously bathed in 
a flow of nutrients which sustain 
cell life. Using this device, it is now 
possible to alter the environment of 
a cell in any desired manner over 
any required period of time-and 
observe the results. 

At present, Dr. Buchsbaum is 
usi n g  a p e r f u s i o n  c h a m b e r  an d 

appropriate instrumentation in 
order to develop a family of time
temperature curves for a variety of 
cells. In a typical case, the tempera
ture of the cell is gradually elevated 
to a given level, held at that level for 
a pre-determined period, and then 
brought back on a planned tempera
ture descent to the original tempera
ture state. In this fashion, Dr. 
Buchsbaum not only can determine 
the temperature tolerance of differ
ent cells, but also accurately deter
mine effects of the time factor. 
Motion pictures help to clarify fur
ther the nature of these events. 

Although many media are used in 
these experiments, the most common 
contains all essential components of 
body fluids which ordinarily bathe 
the cell in the intact, living organ
ism-components which include a 
water solution of salts, sugar, amino 
acids, etc. 

The Need For Precise Measurement 
And Control 

Initial instrumentation require
ments for this project called for a 
flexible system capable of tempera-

"Pioneers in Precision" II!!) LEEDS & NORTHRUP 
INSTRUMENTS. AUTOMATIC CONTROLS. FURNACES 
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ture measurement and control to an 
accuracy of less than O.5°C. In addi
tion, the system had to offer a means 
of programming temperature con
trol at a known rate. 

Finally, it was found desirable to 
u s e  an i n s t r u m e n t a t i o n  s y s t e m  
whose measurement and control 
accuracies could be further refined 
-to permit accuracies to within 
several tenths of a degree C. The 
instrumentation, made by Leeds & 
Northrup, meets these requirements. 

Precise information of the kind 
being developed by Dr. Buchsbaum 
will permit a better understanding 
of the temperature-tolerances of 
whole organisms-as well as better 
insight into the healing process 
which follows burns and freezing. 

Close investigation of Leeds & 
Northrup precision instrumentation 
in the research field-or any major 
industrial process-reveals a level 
of quality which leaders in science 
and industry respect. For informa
tion, contact Leeds & Northrup 
Company, 4935 Stenton Avenue, 
Philadelphia 44, Penna. 

microscopy have revealed a wealth of 
exquisite nne structure in these "diverse 
incredibly thin feet," as Anton van 
Leeuwenhoek described them in 1676. 
In particular we have learned that these 
two types of motile "hair"-cilia and 
flagella-share the same basic structure. 

Barely visible under the ordinary light 
microscope, these nne hairs are built up 
of two center £laments smrounded by a 
ring of nine outer £laments in what is 
called a "9 + 2" arrangement [see illus· 
tration on page 196]. The nine outer £la
ments appear to be double structures, 

> 
THEORIES OF AMOEBOID MOVEMENT are diagramed on this page. Robert D. Allen 
holds that semiliquid endoplasm streaming up center of the cell is pulled forward by 
contraction of the cortical gel near the head (above). Red arrows in each diagram indicate 
point at which force is applied. In all three diagrams endoplasm is turning to gel at head . 
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CONTRACTION AT TAIL, where gel is liquefying into endoplasm, accounts for move· 
ment, according to theory supported by R. J. Goldacre. The contraction would squeeze the 
endoplasm forward, in the manner of toothpaste being squeezed from a tube. Wavy lines 
are contracted molecules of endoplasm, which is more liquid than in Allen's theory. 

> 

GEL·ENDOPLASM SHEARING or sliding is third theory. Chemical "ratchets" on the inner 
edge of the gel would push forward individual molecules of endoplasm. The flow of these 
molecules would ca .... y along the endoplasm molecules nearer the center. As in top and 
center diagrams, endoplasm turns to gel at the head and gel turns to endoplasm at the tail. 
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MUSCLE·FIBRIL CONTRACTION is demonstrated in sequence from a motion picture 
by A. F. Huxley. At top a microelectrode approaches fibril. It touches and electric current 
is turned on. Contraction can be seen as two dark A bands come together, pinching the light 
I band. The last photograph shows maximum contraction. Fibril is from frog muscle. 
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whereas the two central ones appear to 
be single. The widespread occurrence of 
this arrangement demands that any ex
planation of ciliary movement must in
clude a role for these filaments . 

The classic study of ciliary movement 
was made by Sir James Gray of the 

University of Cambridge with motion
picture micrography. The most common 
type of ciliary beat consists of an effec
tive stroke and a recovery stroke [see 
top illustmtion on page 192]. In the effec· 
tive stroke the cilium sweeps rapidly as 
a stiff, slightly curved rod, the only 
region of true bending being near its 
base. vVe can easily see that such a stroke 
-which resembles the power stroke 
made by a swimmer-will efficiently 
move the cell through its watery medium 
or move the medium past the cell.  In the 
recovery stroke the cilium starts bend· 
ing near the base and the bending pro· 
ceeds as a wave toward the tip. The di· 
rection of this bending carries the cilium 
back to its original position. 

J .  R .  G.  Bradfield of the Cavendish 
Laboratory at the University of Cam· 
bridge has advanced an ingenious, if 
speculative, mechanism to account for 
the two kinds of stroke. He proposes that 
five of the outer filaments on one side of 
the cilium contract simultaneously and 
throughout their entire length to pro
duce the effective stroke. The other four 
filaments are idle during this stroke but 
then contract slowly, beginning at the 
base, to produce the recovery stroke. The 
two central filaments, Bradfield believes, 
may act as telegraph lines to carry the 
message for contraction rapidly up the 
cilium so that the total contraction re
quired for the effective stroke can be 
realized. Therefore even the apparently 
simple beating of a single cilium would 
seem to involve the complexity of mes
sage transmission . And when the cilia of 
many adjacent cells beat together rhyth
mically, as they do in the trachea and 
elsewhere, the co-ordinating signals 
must be more complicated still . 

The undulant motion of some flagella, 
which may be as much as 50 times long
er than cilia, is similar to that of cilia but 
more involved. Waves of bending arise 
at the attached end and move toward 
the tip, exerting a pushing force on the 
medium and driving the cell forward. In 
many cases the progressing cell rotates, 
causing the undulating flagellum to as
sume the shape of a coil . This move
ment would seem to require localized 
co-ordinated contractions, presumably of 
the internal filaments. 

Although there is yet no direct evi· 
dence for contraction in cilia and flagella, 
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The impact of electronics on medicine has evolved a whole 
new concept in therapeutic and diagnostic techniques. As 
a manufacturer of active components for electronic cir
cuitry, Tung-Sol has contributed to one of the newer 
weapons in the fight against cancer-the microwave linear 
electron accelerator (LINAC). 

Tung-Sol is accustomed not only to meeting such critical 
standards of reliability as are suggested by the LINAC appli
cation, but of maintaining these standards in large volume 
production. That is why so many designers of the most 
sophisticated circuitry rely on Tung-Sol electron tubes, 
transistors and diodes. Tung-Sol Electric Inc., Newark 4, 
New Jersey. 
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no alternative mechanism seems appeal
ing. (One old proposal visualized the 
cilium as a tiny hose that lashes in reac
tion to water forced through it by the 
cell . ) The chief support for the contrac
tion hypothesis comes from the examina
tion of muscle cells, which provide much 
more favorable objects for study. 

In a splendid demonstration of the 
power of the electron microscope, 

H. E. Huxley of University College 
London and Jean Hanson of King's Col
lege in London have elucidated for us 
the ultrafine structure of muscle cells 
in the rabbit. The muscle cell, usual
ly termed muscle fiber, is a long, thin 
cylinder encased in a thin membrane. 
This cylinder contains fine threads called 
myofibrils that run lengthwise through
out the full length of the cylinder. The 
small spaces between the myofibrils are 
apparently filled with that watery solu
tion of various substances which is the 
liquid portion of protoplasm. This fluid 
can probably penetrate the fibrils easily, 
since the individual fibrils do not have 
membranes surrounding them. The fi-

brils themselves are bundles of even finer 
filaments of two kinds, a thick and a thin 
variety, packed in a precise geometric 
array [see illustrations on page 185]. The 
entire fiber has a diameter of only 50 
microns, a thread barely visible to the 
naked eye; the fibrils are one to two 
microns thick, and the thick filaments 
are only 100 angstrom units in diameter, 
or perhaps large enough to hold three 
protein molecules side by side. 

The action of muscle involves many 
things, including the message to action 
brought by the motor nerve, the spread
ing of this message over the surface of 
the muscle fiber, the relaying of this 
message to the actual contractile parts 
of the cell, the contracting action itself 
and the energy sources for the action. 
The essential action, however, is simply 
shortening or contraction, and so we 
shall be concerned simply with the ques
tion : How does muscle shorten? 

Any proposed mechanism for action 
must agree with certain well-established 
observations, due in large part to the 
work of A .  V. Hill and his students at 
the University of Cambridge. First, 
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MOTION OF A CILIUM on an organism moving toward the right involves a sweeping effec
tive stroke (left) followed by a graceful recovery stroke ( right) . Cilia are quite short. 
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MOTION OF A FLAGELLUM propels the organism Monas to the right. Effective stroke is 
at left, recovery at right. Flagella are longer than cilia and can move in several ways. 
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BULOVA ANALOGUE TECHNIQUES 
APPLIED TO 
PATTERN RECOGNITION 

Bulova's unusually creative team of electronic scientists 

and engineers play an ever increasing role in the state 

of the art advances in analogue techniques. Consider 

the nature and application of these Bulova techniques 

as they relate to spoken word recognition. 

Advances in digital techniques used in pattern recognition have tended 
to obscure the prior art of analogue pattern recognition. Work with the 
analogue approach was successfully applied to the matching of mops 
and similar data as early as 1950. How�ver, since that initial success, 
no major new application to these principles has developed. 

At the present time, pattern recognition has token on a much brooder 
area of application than previously and is now applied to such things as 
automatic readers, spoken word recognition and photographic inter
pretation. Bulova Research & Development Laboratories is extending 
this analogue approach to these modern requirements; the first effort 
is being devoted to spoken word recognition. 

Spoken word recognition can serve two functions: (1) it can be used for 
coding to conserve transmission bandwidth or (2) as automatic vocal 
control. Although both are concerned with analysis, the major differ
ence between these applications is that only the bandwidth reduction 
problem involves synthesis. 

One of the analogue approaches to word recognition assumes the use 
of a standard word library in the fom of waveforms. The comparison 
of a wove form derived from a spoken word and the library word 
results in recognition. The concept, as shown in the diagram, utilizes 
waveform duration and amplitude normalization, a form of cross cor
relation and a criteria of best match. Experimental equipment, consist
ing basically of closed loop tope recorders and necessary electronic 
analogue computing equipment, has been set up for evaluation of this 
analogue technique. The first tests as performed on speech waveforms, 
compared envelopes. The comparison was based on obtaining the 

ENGI NEERS: If you are interested in enhancing the state of the art in 
applying advanced theory and develop your inherent capabilities 
under enlightened management in a professional. atmosphere, write 
Dr. R. Hersey, Personnel Manager. 

ANALOGUE PATTERN RECOGNITION 
BULOVA RESEARCH & DEVELOPMENT 

absolute magnitude of the difference between the spoken word wave
form and the library waveform. The minimum of the integral of this 
difference establishes the choice. In other words, the criteria is a best 
match based on 

I 
;;" I I(t) - g(t -�)ldt where f (t) represents the envelope 

of the spoken word 
9 (t) represents the envelope 

of the library word 

As shown in the block diagram, the envelope is placed in temporary 
storage after amplitude and duration normalization. Repetition of the 
input envelope results in the generation, out of the correlator, of the 
series 

�, fo t I I(t) - g,(t ?:,) I dt 
The value of i which produces the 
minimum term as i is varied indio 
cates the best match and thus 
produces the word·identificotion. 

Tests of this system have been performed in our laboratory with 
encouraging results. The attached figures are recordings of the corre
lotor output as a function of correlation time for the two words linin e" 
and "five". Each pulse amplitude is proportional to the magnitude of 
the difference integral and it can be seen that a significantly better 
match is obtained for "nine" vs llfive" as compared to "nine" vs IIfive". 

STANDARD "NINE" 
VS 

S. R. "NINE" 
4-5-61 

STANDARD "NINE" 
VS 

B. F. "FIVE" 
4-5-61 

STANDARD "NINE" 
VS 

8. F. "NINE" 
4-5-61 

The reliability of any speech recognition technique depends on the 
degree of independence of the identifying parameter on the informa
tion property of speech. It is the intent to apply the analogue matching 
technique to various envelope characteristics of speech to test the 
efficiency of this approach relative to this criterion. Envelopes can be 
developed which are proportional to amplitude, frequency, zero cross
ings and their derivatives. Experimental evaluation of these envelopes 
will lead to a simple, real-time, spoken word recognizer. 

Bulova's developments in the fields of electronics and analogue techni
ques offer significant advances in the state of the art to meet the 
growing needs of both industry and the Military. 

� B U LOVA RESEARCH & DEVELOPMENT 
LABORATORIES 

a division of BULOVA WATCH COMPANY, INC. 
62·10 WOODSIDE AVENUE · WOODS IDE 77. NEW YORK 
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SECTION OF STRIATED·MUSCLE FIBER, highly schematic, shows how fiber is related 
to fibrils and to the filaments that cause the striations. The large, pie·shaped segment has 
been cut from a single fiber, as shown at top right. One such fiber is a long thread barely 
visible to the naked eye. The circles in the wedge are the numerous fibrils that pack a fiber. 
One of them projects. At bottom a single fibril is enlarged to show how interdigitating 
filaments make up the striations. One thick and one thin filament project from the fibril. 
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when muscle shortens, it gives off heat, 
and the amount of heat is directly pro
pOl·tional to the amount of shortenin g. 
Second, the tension that the active 
muscle can develop is at a maximum 
when the muscle reaches a certain 
length; if the muscle is stretched beyond 
that length, or allowed to contract to a 
shorter length, the ten sion decreases 
from the maximum. Finally, when the 
muscle is contractin g, it is in an "active 
state" in which it strongly resists bein g 
stretched. ''''hen relaxed, the muscle is 
plastic and easily extensible. 

From such observations it is plausible 
to in fer that the muscle cell contains 
a group of contractile elements in a 
chemical relationship with its surround
ing cell material, a picture that has been 
fully borne out in electron microscope 
studies. It is generally agreed today that 
the fibrils represent the contractile ele
ments of the muscle cell. 

In 1954 A. F. Huxley (no relation 
to the H. E. Huxley mentioned earlier ) 
and his associates at the University of 
Cambridge reported the first of a series 
of observations of the muscle fibril dur
ing contraction, using beautifully simple 
and direct methods . They placed a tiny 
electrode against the surface of a muscle 
and stimulated it with carefully regu
lated shocks that caused only a limited 
local reaction, which they observed with 
an interference microscope. Motion pic
tures of the reaction showed conclUSively 
that during contraction certain striated 
regions of the muscle (the so·called I 
and A regions) move together [see ill us· 
tmtion on page 190]. 

From these and similar studies, there
fore, the two Huxleys independently and 
Simultaneously proposed that contrac
tion takes place when the two sets of fila
ments, the fine and the thick, telescope 
into each other. They suggest that the 
force that makes the filaments slide past 
each other comes from an interaction be
tween the thick and thin filaments-a sort 
of chemical, make·and-break ratchet 
capable of clawing one set of filaments 
past the other. The proposed mechanism 
seems quite compatible with many of the 
detailed facts obtained from physiologi
cal studies. In only a few muscles, how
ever, does the electron microscope show 
two sets of interdigitating and geo
metrically perfect filaments;  they have 
been found only in the rabbit, the frog 
and in the Right muscles of a few insects.  
No indication of such an organization 
appears, for example, in the best electron 
micrographs of smooth muscle of the 
viscera. Similarly, no filament structure 
is found in amoebae, and although 

© 1961 SCIENTIFIC AMERICAN, INC



SOUNDCRAFT 

INSTRUMENTATION 
TAPE 

IN SPACE 

AND UNDERSEA 

WITH TIROS 11 * 
AND 

THE SEA DRAGO 

The Tape Selected For The Video System In Tiros II! 
Orbiting with the Tiros Weather Satellite TI. devel· 

oped by RCA for the National Aeronautics and Space 

Administration, Soundcraft Tape is used exclusively 

in both narrow and wide angle video tape systems. 

Only % of an inch wide, this tape records longitudi· 

nally rather than across the width and is the result 

of over five years of research. 

On The Nuclear Submarine, Sea Dragon, the first 

undersea magnetic video tape recorders also de· 

veloped by RCA, used Soundcraft instrumentation 

tapes to record and store data on under·ice char· 

acteristics of icebergs and ice flows. As man probes 

deeper and deeper into the unknown, science can· 

tinues to call on the world's most modern tape 

plant for reliable magnetic tapes. 

Discover how Soundcraft's consistent record of ac· 

complishment can be extended and applied to fulfill 

your recording needs. Write for complete literature. 

'Soundcraft Instrumentation Tape is. of course. used in Tiros I. 
and in other vital space projects as well. 

REEVES 

SOUNDCRAFT 
CORP. 

Main Office: Great Pasture Road, Danbury, Connecticut 

New York: 10 East 52nd St. _ Chicago: 28 East Jackson Blvd. 

Los Angeles: 342 North LaBrea _ Toronto: 700 Weston Road 

R·13t 
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EFFECT OF TEMPERATURE 
ON ELECTRICAL CONDUCTIVITY 
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TEMPERATURE, f. 
All th ree types of Handy & Harman silver
magnesium-nickel retain useful e lectrical con
ductivity even at high temperatures. 

HIGH CONDUCTIVITY 
at 

HIGH TEMPERATURES 
with 

SILVER-MAGNESIUM-NICKEL 
One of the hardest-working alloys Handy & 
Harman makes for electrical and electronics 
use is silver-magnesium-nickel. This 99,5% 
silver alloy is distinguished by its ability to 
harden irreversibly when heated in an oxidizing 
atmosphere, Once hardened, it does not again 
anneal. 

What does this mean to you? It means you have 
at your disposal a silver alloy that can be 
shaped while soft, then hardened for spring 
properties and low creep rate., .while retaining 
the excellent corrosion resistance and the very 
high thermal and electrical conductivities you 
expect from silver. 

At present, industrial users are applying silver
magnesium-nickel to make electrical contacts 
that must be brazed without loss of hardness ... 
high thermal conductivity spring clips ... in
strument and relay springs requiring high elec
trical conductivity and/or operation at high 
ambient temperatures . .. contact arms, wipers 
and sliders. Perhaps these applications will 
suggest a use for this alloy that will make your 
own products more reliable or economical. 

Silver-magnesium-nickel is supplied in three 
basic types and in a variety of convenient 
forms. If you'd like further information on its 
physical and working properties, just write or 
phone, and ask for Bulletin A-3. 

Your No. J Source of Supply 
CJnd Authority on Precious Nletal. 

filaments are found in cilia, they are not 
arranged in an interdigitating manner. 

To mention the movement ot amoebae 
and cilia in the same breath with muscle 
action may seem rather farfetched. Yet 
if we recall the various hypotheses that 
have been presented, we note that move
ment is ascribed either to contraction or 
to a sliding of one thing past another in 
all cases, so that perhaps it is not unrea
sonable to look for a common basis for all 
biological movement. To do this we must 
move from the structural level of the cell 
toward the molecular level . 

A small boy, confronted by a ticki:lg 
watch, is driven by curiosity to take 

it apart to see how it works; the physi
ologist has similarly tried to take apart 

the complex machine we know as the 
muscle cell .  There are different degrees 
of taking things apart, however . We may 
take something apart a little or take it 
apart completely, and perhaps attempt 
to put the completely dissociated struc
ture back together again, even if only 
partly. Physiologists refer to partly or 
wholly disintegrated muscle as a simpli
fied system, and the study of such sys
tems has been extremely fruitful. 

The original simplified system is the 
one devised around 1949 by Albert 
Szent-Gyorgyi (now at the Institute for 
Muscle Research in VI/ oods Hole, M ass. ) , 
who worked with the same rabbit muscle 
later studied by the Huxleys. He tied 
a freshly dissected muscle cell to a 
frame at its natural length and then 

"9 + 2" ARRANGEMENT of filaments in flagella is clear in this electron micrograph by 
I. R. Gibbons of Harvard University and A. V. Grimstone of the University of Cambridge. 

HAN D Y & H  A R'M A N Sections with membranes around them are flagella of the organism Pseudotrichonympha; 

General Offices: 850 Third Ave., New York 22, N.Y. other sections are the bases of flagella. Each of the filaments in the outer ring is double. 
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Other Scientific Instruments by RCA 
RCA X-Ray · Diffraction and 
Spectroscopy Equipment: 
Table Model, Crystalloflex II 
Console Model, Crystalloflex IV 
Electrllnic Circuit Panel 
Also a complete line of Cameras, 
Vacuum Spectrometer, Pole Figure Goniometj)r> 
Single Crystal layer Line and Microfluorescence 
Attachments, and other Accessories", 

IS THE WORD 
FOR THE 
RCA 
ELECTRON 
MICROSCOPE 

Only the EMU can give you so many unique design features . . •  
features that mean the most productivity for your research dollar: 

• An exclusive vacuum system, completely automatic, resulting 
in a high output of micrographs. A unique arrangement and 
simplicity of controls, making the instrument highly responsive 
in the hands of the skilled operator and unusually productive 
even for the beginner. 

• A philosophy of design so sound that even early models of the 
RCA Electron Microscope are still in use. (Since most new im
provements and accessories can be adapted to instruments in the 
field, the useful lifetime of RCA microscopes can be prolonged.) 

• An Electron Diffraction Chamber, far superior to any in the 
field, is easily installed; permits performing transmission and 
reflection type diffraction studies. 

• Available soon - a new Universal stage for hot and cold 
specimen analysis will further extend the usefulness of RCA 
Electron Microscopes. 

You would expect the leader in electronics to provide the foremost 
instrument for electron microscopy. Today more RCA Electron 
Microscopes have been sold than all others combined. The RCA 
Electron Microscope is backed by an unexcelled nation-wide 
service organization and is further supplemented by RCA's own 
Applications Laboratory in Camden, N. J. A NEW LEASING 
PLAN now makes it possible to obtain all RCA scientific instru
ments with no down payment, low monthly terms, and a favor
able option to buy. See your RCA Representative for additional 
information. Or write to RCA, Scientific Instruments, Dept. Zl11, 
Building 15-1, Camden, N. J. In Canada: RCA VICTOR Company, 
Limited, Montreal. 

The Most Trusted N arne 

CORPORATION OF AMERICA 
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2 _ _ _ _ _ > �  
POSSIBLE RATCHET ACTION in striated muscle is diagramed. 
Thick and thin filaments of relaxed muscle are at left. As muscle 

contracts it reaches maximum tension ( center ) ; further contrac
tion lowers tension because fewer ratchets are engaged ( right ) .  

soaked it in a cold solution of glycerine 
overnight . The muscle cell is killed by 
this treatment, and many of its com
ponents are leached out. Its structural 
integrity remains, however, and it can 
be preserved in a freezer for months 
if kept in the glycerine solution .  If 
this unmistakably dead muscle cell is 
warmed to room temperature in a dilute 

salt solution and exposed to the action of 
adenosine triphosphate ( A  TP ) ,  a re
markable thing happens : the dead cell 
contracts . ATP, of course, is the sub
stance that provides the energy for many 
cellular functions [ see "How Cells Trans
form Energy," page 62] .  

If muscle cells are primed to move by 
ATP, why not other cells that are ca-

pable of motion? This thought occurred 
to H. Hoffmann-Berling at the M ax 
Planck Institute for M edical Research in 
Heidelberg. He glycerinated sperm cells 
and young connective-tissue cells ( fibro
blasts ) ,  which exhibit a form of amoe
boid movement. When ATP was applied 
to these dead cells, each moved in its 
characteristic fashion : the fibroblast cells 

CROSS BRIDGES connect thick and thin filaments of striated 
rabbit muscle, as seen in this electron micrograph by H. E. Huxley. 

This is part of the A band, enlarged some 900,000 diameters. The 
bridges may be the ratchets in a system that moves filaments. 
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I II 
H O N E YW E l l M EAS U R E S 

+ 
-I 

. . 

I n  VI VO p H  P L U S  
N ow being used in bio-medical research, the in vivo pH channel is one of the twenty
eight physiological measurement channels which you may select for your Honeywell 
Electronic Medical System. 

The new Honeywell pH electrode enables you to now measure and record blood pH 
continuously with consistent accuracy. A one-piece instrument in which both active and 

reference electrodes are within a hypodermic needle, its accompanying circuitry is per
manently sealed within the syringe barrel. The electrode (I)  and its amplifier make up 
only one channel of a typical Honeywell Electronic Medical System (II ) .  

The p H  record (III)  i s  produced immediately (and simultaneously with contempo
rary data) on a direct-writing Honeywell multi-channel Visicorder oscillograph. Other 

Honeywell recorders, digital print-out devices, tape recorders, and automatic data reduc
tion equipment are available for incorporation into any Honeywell Electronic Medical 
System. 

M I N N E A P O L I S - H O N E Y W E L L  E L E C T R O N I C  M E D I C A L  S Y S T E M S  

5 2 0 2  E A S T  E V A N S  A V E N U E · D E N V E R  2 2 ,  C O L O R A D O  

pH study courtesy T. W. Nielsen, Ph.D.,  Department 

of Physiology, University of Colorado Medical School 

Honeywell 
� � �g?� 
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A n e s t h e s i o l o g i s t  o b s e r v i n g  
b l ood p ressure  a n d  ECG wave
forms of p at i e n t  d u ri n g  s u r
g e ry-o n f u l l  8-ce n t i m eter  by  
1 0- c e n t i m et e r  d i s p lay a rea of 
Te ktron i x  Type 502 Osc i l l o 
scop e-at N orth Caro l i n a  M e 
m o r i a l  H o s p i ta l ,  C h a p e l  H i l l ,  
N o rth Caro l i n a .  

The Tektro n i x  T y p e  502 Osc i l l o s c o p e  i d ea l l y  s u i ts  m e d i ca l  a p p l i cat i o n s ,  m e c h a n i 
ca l  a p p l i cat i o n s ,  m a n y  ot h e r  l a b o ratory a p p l i cat i o n s  d e m a n d i n g  d u a l - b ea m  d i s p l ays 
o n  l i n e a r  t i m e  bases at h i g h  s e n s i t i v i ty . . .  o r  d u a l - beam X-Y d i s p l ays at m ed i u m  
s e n s i t i v i ty  . . .  o r  s i n g l e - b eam X - Y  d i s p l ays at h i g h  s e n s i t i v i t y .  

T y p e  502 p e rfo r m a n c e  c h a racte r i s t i c s  i n c l u d e :  c al i b rated v e rt i ca l  s e n s i t i v i ty i n  
1 6  ste ps from 200 J.l.v/c m to 20 v/c m ,  both b e a m s ,  ca l i b rated sweep ra n g e  i n 21 rates 
fro m 1 J.l.seclc m to 5 sec/c m ,  c o n stant  i n p ut i m p e d a n c e  and d i ffe r e n t i a l  i n p ut at a l l 
s e n s i t i v i t i es .  Ot h e r  T e ktro n i x  feat u res i n c l u d e :  fl ex i b l e  t ri g g e r  fac i l i t i e s ,  2 X ,  5 X ,  1 0X ,  
o r  20X sweep mag n i fi cat i o n ,  a m p l i t u d e  cal i b rato r,  e l ectro n i ca l l y - reg u l ated power  
s u p p l i e s .  

Type 502 Dua l -Beam Osc i l l o scope ( f.o .b . factory ) • • • • • • • • • • • • •  $825 

For a d e m o n strati o n  of a Type 502 in your own appl ication-o r a s s i sta n c e  with a n y  
p r o b l e m  i n v o l v i n g  p reci s i o n  m e a s u rement-pl ease cal l y o u r  Tekt r o n i x  F i e l d  E n g i n e e r. 

Tektronix, Inc. 
P. O .  BOX 500 • BEA VERTON. OREGON / MltcheIl4-0161 . TWX�BEAV 311 ' Cable: TEKTRONIX 
TEKTRONIX FIELD OFFICES: A l b u q uerque,  N. Mex . • Atlanta, Ga . •  Baltimore (Towson) Md . •  Boston (Lexington) 
Mass. · Buffalo, N .Y . • C h i cago (Park R i dge) I I I . • Cleveland,  Ohio . Dallas, Texas . Dayton, Ohio . Denver, Colo . • Detroit 
(lathrup Vi l lage) Mich . • Endicott (Endwel l )  N . Y  . • Greensboro, N .C . •  Houston, Texas . I n dianapol is ,  Ind . • Kansas City 
( M i ssion) Kan . • Los A ngeles. Cal if .  Area (East L .A . • Encino . West L.A.) • M i n neapolis. Minn . •  Montreal . Q uebec, Canada 
New York City Area (Al bertson, l . I . ,  N . Y ,  • Stamford, Conn . •  Union,  N.J.) • Orlando, Fla . •  Philadelphia, Pa, • Phoenix 
(S cottsdale) Ariz . • Poughkeepsie.  N . Y  . • San Diego. Cal if  . •  San Francisco, Calif. Area (lafayette, Palo Al to) • St. Petersburg,  
Fla. · Syracuse, N . Y  . •  Toronto (Wi l lowdale)  Ont. ,  Canada . Washi ngton, D.C. (Annandale ,  Va.) 

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics : Port land, Oregon ;  Seatt le,  Washington · 
Kentron Hawaii  ltd .. Honol u l u .  Hawa i i .  Tektro n i x  is  represented in twenty overseas countries by qual ified engi neering 
organizations. 

I n  E u rope please contact Tektron i lC  I nternational A.G. , Terrassenweg 1 A, Zug, Switzerland, Phone (042) 4·91 -92, for the 
address of the Tektronix Represe ntative i n  your cou ntry. 
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contracted and the sperm tails lashed 
vigorously. Similar studies have since 
been made on a variety of cilia and fla
gella, cancer cells and tissue-culture 
cells ; many are activated by ATP. These 
dramatic results furnish a strong argu
ment for the idea that cell movement in 
general has a common molecular basis. 

When the muscle cell is taken apart 
completely, two important and interest
ing proteins are found : actin and myo
sin. These two substances make up the 
bulk of the structural material of the 
muscle cell . In the test tube they com
bine to form actomyosin, and they were 
originally studied in this form. In 1939 
V. A. Engelhardt and M. N. Ljubimova 
of the Institute of Biochemistry of the 
Academy of S ciences in Moscow found 
that actomyosin is an enzyme capable of 
releasing the chemical energy of ATP. 
Soon afterward Szent-Gyorgyi reported 
that a reconstituted gel of actomyosin 
will contract suddenly when A TP is ap
plied . It has since been shown by H. H .  
Weber at the M ax Planck Institute for 
M edical Research and in our laboratory 
at Columbia University that artificial 
fibers formed of actomyosin can con
tract, perform work and develop tension 
with much the same characteristics as 
living muscle.  The conclusion seems in
escapable that actin and myosin form the 
molecular basis of muscle contraction. 

E laborating on this view, H .  E. Huxley 
has adduced evidence to show that 

the myosin is located in the thick fila
ments of the fibril, whereas actin seems 
to be localized in the thin filaments.  He 
visualizes that the interaction of these 
proteins in the two different filaments 
provides the ratchet mechanism for pull
ing the filaments past each other. 

If there is a common molecular mech
anism for cell movement, then contrac
tile proteins similar to actomyosin should 
be present in other types of cell . The 
confirmation of this reasoning has not 
been easy; whereas muscle cells are spe
cialized for movement and therefore 
contain large amounts of actomyosin, 
movement is just one of many functions 
carried out by the amoeba and the slime 
mold, and they would not be expected 
to contain much contractile protein. In 
1952, however, Ariel G.  Loewy, then at 
the University of Pennsylvania, succeed
ed in isolating from slime mold a con
tractile protein that has properties strik
ingly similar to those of actomyosin. 
Thus it would seem that the motive force 
for protoplasmic streaming is provided 
by the action of contractile protein. In 
support of this view, Kamiya's group has 
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Special  test faci l i t ies developed by V ickers Research 
and Development teams are used to evaluate nozzle 
designs, fuels ,  controls ,  instrumentation, etc. This 
setup is used i n  hypergol ic bipropel lant studies. 

CA PA B I L I TY 
i s  s p e l l e d 

a-t-t- i - t- u - d - e  
c - o - n -t- r- o - I 

Selection of the optim u m  attitude control system for a 
particular missi le or space vehicle req uires special tech
n ical skil ls ,  facilit ies for conducting the necessary test 
program ,  and knowledge solidly based o n  related experi
ence. All these are available "in quantity" at Vickers. 

Actual experience dates back to hot gas servo studies 
i nitiated in 1 955 and now covers the addit ional areas of 
hydrogen peroxide-powered reaction control , hypergolic 
bipropellants and secondary i nject ion  systems using 
either  l iquid (freon) ,  or  hot  gas bled from engine com
bustion chambers.  

The facilities and skil ls responsible for these develop
ments in attitude controls are available to you as  a vital  
aid in solving the problems of space-flight orientatio n .  
F o r  m ore detai ls ,  write for Bulletin A-5264, and/or call  
the Vickers'  Application Engi neer i n  your area . H e  i s  a 
thoroughly experienced practitioner in the " Programed 
Power" * field . 

Nozzle designed for hypergol ic bipropel lant  shown under test ,  flame 
temperature 5800oR.  Exhaust flame is  characterized by wel l  defined 
series of shock diamonds. 

AERO HYDRA U L I C S  D I V I S I0N 

V I C K E R S  I N C O R PO RAT E D  d ivi!> ion of 
DETRO IT  32, M I C H I GAN SPERRY RAr  

TOR RA N C E ,  CAL I F O R N I A  C O R PO RATlo r  

* PROGRAMED  POWER I N :  

POWER TRANSMISSION 
ENERGY CONVERSION 

FLU ID TRANSFER 

Space veh icle simulator used i n  development o f  atti tude 
contro l  systems weighs 2 tons, yet can be set i n  motion 
with a finger touch. Entire unit is  supported on a 3-inch 
steel bal l that floats on a hydrostatic bearing and is free 
to move in three planes : pitch , yaw and roll .  
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PA N E L E S C E NT® E L ECT R O L U M I N E S C E N T  PA N E LS 

new clarity for 
readout displays 
new economy, too 

I f  data-display machines play a n  important role i n  your business act i v i t y ,  here's  
how Sylvania  electro l u m inescent readout panels c a n  improve your firm's  competi
t i ve pos i t ion . For the user : they speed up readabil ity,  "slow down" m aintenance 
costs .  For the m a nufacture r :  they reduce equipment costs ,  enhance styl i n g  to put a 
possessive gleam in your customer's eye . 

Panelescent El readouts are exceedingly thin,  flat a n d  rel iable solid-state devices.  
They lend themselves readily to very compact,  attractive displays.  Not subject to 
sudden fai lures,  they can be m aintained on a planned ( rather than emergency ) 
basis .  Power requirements are negligible,  circuitry is relatively s imple.  Economies ,  
therefore, are substanti al . A s  for thei r l i fe span,  tests  to date  i ndicate they'll  put  in  
a full  40-hour week for  two years  before retirement .  

Immediately available are styles that p roduce the complete English alphabet ,  0-9 
n u merics and selected symbols, 0/8 " to 4" high. A v a riety of other p atterns and s izes 
are available for your specific needs. A wide range of c rossed-grid panels with 
resolutions as high as 5 0  lines per  inch are i n  stock and available now. 

If  you're manufacturing (or using) cash registers,  calculators , tote boards, dispatch 
boards,  adding machines,  digital  voltmeters a n d  other measuring equipment,  you' l l  
find the free booklet ,  "Sylvania Electroluminescent Display Devices," extremely 
i n formative.  I f  you'd l i ke extra copies for your engineering staff, j ust note the 

quant ity needed on the coupon below. 

®Pnnl'iCSccl1t j ", a Re>g'istered Trademark 
r---------------------
I 
I 
I 
I 
I 
I 
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S Y L V A N I A  E L E C T R I C  P R O O U CTS I N C . 
E l e c t ro n i c  T u b e s  D i v i s i o n  
O e p t .  E L ,  B u ff a l o  9 ,  N. Y .  

P l ease s e n d  m e  c o p i e s  of y o u r  b o o k l e t  
( n u m ber)  
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shown that ATP extracted from Plas
modium will react with rabbit actomyo
sin fully as well as with the ATP ob
tained from rabbit muscle . 

What of ciliary or flagellar movement? 
In 1958 Engelhardt and a co-worker re
ported finding an actomyosin-like pro
tein in sperm cells, which they have 
named spermosin. So far this is the only 
isolation of a contractile protein asso
ciated with flagellar movement. It has 
been shown, however, that flagella 
broken off from various types of cell con
tain enzymes capable of releasing the 
energy of ATP, and Leonard Nelson of 
Emory University has ingeniously com
bined chemistry and electron micros
copy to show that the splitting of ATP 
is restricted to the outer nine filaments 
of the 9 + 2 arrangement. 

We see, therefore, that the intensive 
s tudy of Simplified systems leads us to 
two general and important conclusions.  
The first of these is that the basis of 
muscle movement is a combined protein 
called actomyosin, which is capable of 
producing a contraction when provided 
with energy by ATP. The second is that 
this concept of a molecular basis for con
traction can be extended to other types 
of cellular movement. 

It  may be recalled that the hypotheses 
advanced to account for the various 
types of movement inside cells involve 
either a contraction or a sliding of one 
substance past another. We can now 
appreciate that the difference between 
these alternatives may be more apparent 
than real, and that contraction may in
volve a sliding. For those cells which do 
not possess oriented filamentous struc
tures, the sliding-contraction may be of 
molecular dimensions .  Such an idea is, 
of course, highly speculative, but the 
widespread attention being given to the 
actin and myosin molecules may demon
strate the reality of the sliding-contrac. 
tion mechanism or may lead to a totally 
new concept. 

'rhere are always hazards in assuming 
. . that substances observed to behave 

in a certain way in a test tube behave the 
same way inside a living cell. And some
times paradoxes arise. To illustrate, a 
number of investigators have posed the 
following question : If actomyosin is the 
machinery of contraction and ATP the 
fuel for this contraction, the contracting 
muscle should show a depletion of ATP; 
is this true? 

To answer the question it is possible 
to carry out an experiment with identical 
muscles, one from each hind leg of a 
frog. One muscle serves as a control ; the 
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This is FLUIDICS in action-one aspect oj Pfaudler Permuti(s comprehensive 
program to help industry solve problems in the handling oj liquids and gases. 

DON'T FIGHT CORROSION, 
FORGET IT . . . "WITH NUCERITE 
The question is no longer how. In
stead, the key word is when. 

Today, for the first time, there is a 
practical way to cope with a broad 
range of corrosives in the 500 to 
1500°F temperature range. 

It's Pfaudler® Nucerite, * a re
cently developed family of ceramic
metal composites with exceptional 
corrosion resistance at elevated tem
peratures. 

Nucerite also offers great potential 
in coping with problems involving 
impact, abrasion, and thermal shock. 

Various formulations have been 
widely field tested. You can get some 
idea of possible applications from this 
very abbreviated list of successful 
tests. 
1. Metal halides at 1292°F (a 
specialty alloy failed in this service 
in 2 to 3 weeks) 

2. Cl. and CCI. mixture at 600°F 
(stainless steel !4 inch thick cor
rodes in a matter of minutes) 

3. Coal tar pitch at 750°F (solid 
ceramic materials previously used 
failed due to thermal shock) 

4. Aqua regia plus heavy abrasive at 
225°F (tantalum was the only metal 
able to withstand this) 

Where field or lab data substan
tiate the serviceability of Nucerite 
in a given application, Pfaudler now 
accepts orders for limited production 
of process equipment having simple 
shapes, rounded corners and a uni
form cross section. Orders have al
ready been received for pipe, tubing, 
columns, bayonet heaters, and a 
300-gallon reactor. 

The conquest of corrosion at high 
temperatures is one phase of our 

FLUIDICS program. With the addi
tion of Nucerite, Pfaudler can now 
offer you the widest possible choice 
in corrosion-resistant materials. 

These include Glasteel-combin
ing the corrosion resistance of glass 
with the working strength of steel; 
fabricated metals like tantalum, 
titanium and zirconium; and Pfaud
lon® 301, a bonded plastic spray-on 
coating for protecting metal sub
strates. 

Available data may answer your 
questions about Nucerite. If not, 
you may want to participate in a 
field evaluation program. Informa
tion is also available on our com
plete corrosion engineering facilities. 

Write to: Pfaudler Division, Dept. 
SA-91 ,  Rochester 3, New York. 

*Patent applied for 

P FA U D LE R  P E R M U T I T  I N C . 
S p e c i a l i s t s  i n  F L U I D I C S • . •  t h e  s c i e n c e  o f  f l u i d  p r o c e s s e s  
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CONTROL POWER 

i 

for Air and Space 

POWER 
(fuel) 

CONTRD 
(systems) 

C h e m i c a l  ----- M o n o ·  a n d  B i · Propel i a n t  a n d  Sol i d  

L i q u i d  -----------� L i q uefi a b l e  Gases 

Gas N itrogen ,  Hyd roge n ,  Oxyg e n ,  and H e l i u m  

Booster Attitude � Reaction J et and V a n e  

Act u a t i n g  Systems 

Satel l i te O r i e ntation 

and R e n d ezvous -------� Reaction J et System 

Vern i e r  Accel erat ion 

and Retro-Th rust Proport i o n a l  Th rust M otors 

Aerodyn a m i c  --------� V a n e  a n d  J etavators 

T h r u st Vecto r i n g  ------� Nozzle G i m b a l l i ng a n d  

Seco n d a ry I nj ection 

Th rust R a nges ---------.. 0.01 I bs.  to 600 I bs. 

T e m p e ratu re R a n ges ( Fl u i d )  ----I� - 6 5 0  to +6000 ° F. 

R e s p o n s e  R a nges --. 4 m i l -seco n d s  to 90 m i l -seconds 

Tota l I m pu l s e  1 0  I b ./sec.  to 1 00,000 I b ./sec.  

Pressu re R a nges --------� 2 psi  to 7500 psi  

D u ra t i o n  a n d  E n v i ro n m e nt a l  

Tem perature (Atm o s p h e re·Space) ----. -800 to +2000 ° F . ;  

1 m i n ute to 1 5  h o u r s  

Accu rate co ntrol power i s  vita l to t h e  su ccessfu l 

o perati o n  of tod ay's . . .  a n d  tomo rrow' s  . . .  aero·space 

ve h i c les.  K i d d e ' s  experi ence in t h e  deve l o p m e n t  of 

d e p e n d a b l e ,  prove n · i n ·f l ight  m i ssi le control  power 

systems can save you rese a rc h  t i m e  and m o n ey. 

For m o re i nfo rmati o n  write K i d d e  tod ay. 

� 
Kidde Aero-Space Division 

Walter Kidde & Company, Inc. , 993 Main St. , Belleville 9, New Jersey 

Sales· E n g i n e e r i n g  Offices:  Atlanta • Boston • Dayton • H u n t i n gton (N Y) • SI. Lou i s  • San D iego • Seattle 

Van Nuys (Cal) • Wash i n gton (0 C) • Waller Kidde·Pac if ic ,  Van Nuys, Cal iforn ia  

Waller Kidde Company of Canada Ltd . ,  Montre a l ,  Toronto, Vancouver 
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other is stimulated to contract. Both 
are then frozen quickly and analyzed 
for their chemical content ;  the tech
nique has been refined so that the 
chemical change caused by a single 
twitch of the muscle can be detected. 
The results are discomforting because 
they show that very little ATP disap
pears, certainly not enough to account 
for the energy exhibited by the muscle. 
However, another energy-rich biochemi
cal compound-creatine phosphate-does 
disappear. 

The facts seem irreconcilable . Acto
myosin contracts with ATP and not with 
creatine phosphate . On the other hand, 
it is the creatine phosphate that disap
pears in active muscle and, as Francis D. 
Carlson of Johns Hopkins University 
has recently shown, it disappears in 
amounts that are directly proportional 
to the number of contractions the muscle 
performs.  

Yet al l  may not be lost .  Carlson has 
drawn up a plausible scheme to reconcile 
these facts . Briefly, he proposes that the 
energy from creatine phosphate is fun
neled through a "compartmentalized" 
ATP, which in turn feeds the energy into 
the actomyosin. This ATP, then, works 
like the middle man in a bucket brigade, 
receiving a bucket of energy from 
creatine phosphate, passing it to the 
muscle and immediately obtaining an
other load of energy. The energy-laden 
ATP does not get used up because it is 
constantly re-formed.  

It turns out, indeed, that a candidate 
for the role of compartmentalized A TP 
can be found in muscle . The candidate 
is the relatively little-studied protein 
actin, each molecule of which has an 
ATP molecule bound to it. A number of 
investigators are now looking into the 
matter and we may learn before long 
whether or not actin meets the require
ments of Carlson's hypothesiS. 

�suming that the story runs smoothly 
to its denouement and we are finally 

able to describe in detail how actin, 
myosin and A TP produce contractile 
movements in cells , is this the end of the 
problem? It would be pleasant to think 
so.  But scientific problems have a way of 
eluding solution . There is a sense in 
which "the more we find out, the less we 
know," which is merely to say that the 
resolution of one problem usually opens 
up a number of others. Once we under· 
stand biological movement on the molec
ular level we may wish we could under
stand it on the submolecular, or atomic, 
level.  Such is the charm and fascinatio ' 
of scientific inquiry. 
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When you need a 
control system� remem ber . .  

remote control system for p i p e l i n es 
Today, oil and gas pipeline companies can substantially boost 
operating efficiency, cut costs and increase p rofits with AE's 
new Supervisory Pipeline System . 

With this automatic system a single dispatcher at a central 
location can start or stop remote pumping stations, open or 
close valves,  or perform any other "on-off" function . 

A check-before-operate feature insures that the cor-rect func
tion has been selected before it  can be initiated. Lamps on the 
central console indicate the proper completion of each operation. 

In addition, conditions along the entire pipeline can be auto
matically scanned and verified. Telemetered data on tempera-

ture, rate of flow, capacity, pressure, etc . ,  are p resented in 
analog or digital form. 

Remote control and supervision solves many problems for the 
pipeline industry . . .  just as it can in any field . 

If you're looking for the solution to your control problem, write 
the Director, Systems Sales, Automatic Electric, Northlake, 
Illinois .  

AUTOMATIC ELECTRIC 
Subs id i a ry of ---

GENERAL TELEPHONE & ELECTRONICS 
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S HAKING 
A MOLECULE 
TO SHOW ITS 

STRUCTURE 

A molecule acts very much like a collection of weights held 
together by springs. Each part vibrates at frequencies peculiar 
to it alone. When excited by infrared at one of these natural 
frequencies, the molecule absorbs energy and oscillates more 
strongly. As the molecule undergoes stretching, bending and 
deforming vibrations, individual atoms, groups and bond 
structures are revealed. The pattern of vibration recorded by 
an infrared spectrophotometer is as distinctive as a fingerprint. 

Infrared is a Perkin-Elmer specialty. The highly integrated 
electronic-optical systems used in poE spectrophotometers pro
duce a record of the amount and position of absorbed energy 
along the infrared waveband. This record is a rapid, certain 
means of identifying and measuring chemical compounds. 

In the spectrum of the acetaldehyde molecule shown above, 
the structure of the chemical is clearly displayed. For example, 
the deepest dip in the curve unmistakably identifies the double 
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bond of the carbonyl group. The record was made with a 
Perkin-Elmer Infrared Spectrophotometer. This instrument 
has become an indispensible quantitative and qualitative tool 
of chemists, scientists and engineers. It is used to analyze 
molecular structures, check quality, identify substances in a 
wide range of industries including chemical, petrochemical, 
plastics, food, pharmaceutical, cosmetics. 

This is another example of Perkin-Elmer instruments for 
scientific measurement. P-E's experience with precise meas
urement techniques is applied in building other complex 
electronic-optical systems. These do vital jobs such as tracking 
missiles, controlling process streams, mapping the ground 
from high altitudes. Qualified scientists and engineers inter
ested in careers with Perkin-Elmer are invited to write to the 
Director of Industrial Relations. Perkin-Elmer Corporation, 
800 Main Avenue, Norwalk, Connecticut. 

Perkin-Ellner 
Cn! � 
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For more than sixty years, UNION CARBIDE has been a trade name for calcium carbide - which, when combined with water, produces the gas acetylene 

Feeding fire . . .  with water 

Sounds impossible . . .  yet one of today's most useful flames thrives 
on water. When water comes in contact with a rock-like substance called 
.calcium carbide, acetylene gas is born -fuel for the white-hot oxy-acetylene 
flame that can slice through steel and other metals. 

Just as it burns so readily, acetylene combines freely with many 
chemicals. That's why it has become the raw material for a variety of things 
you use every day. Among its descendants are the versatile vinyl plastics . . .  
long-wearing, wrinkle-resistant DYNEL modacrylic fibers . . .  non-flammable 

. dry-cleaning solvents . . .  and a host of chemicals that bring you synthetic 
rubber, wonder drugs, and those paints that dry in minutes to a beautiful, 
washable finish. 

To meet the fast-growing needs of industry, the people of Union 
- Carbide produce thousands of tons of calcium carbide and billions of cubic 
feet of acetylene every year. It is typical of the hundreds of beneficial products 
that have come forth during more than half a century of research into the 

.basic elements of nature. 
"Dynel" is a trade mark of Union Carbide Corporation 

Learn about the important work 

going on now in chemicals, car
bons, gases, metals, plastics, and 
nuclear energy. Write for "The 
Excitmg Universe of Union 
Carb ide" B ooklet P, U n i o n  
Carbide Corporatwn, 270 Park 
Avenue, New York 1 7, N. Y. In 
Canada, Union Carbide Canada 
Limited, Toronto. 

U N ION 
CAR B I DE 

. . .  a hand 
in things to COIn e 
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How Cells COIllIllunicate 

The activities of cells In multicellular animals are co-ordinated 

by "chemical messengers" and nerve cells. During the past few years 

the character of the nerve impulse has been considerably clarified 

I
n the animal kingdom, the "higher" 
the organism, the more important 
becomes the system of cells set aside 

for co-ordinating its activities. Nature 
has developed two distinct co-ordinating 
mechanisms. One depends on the release 
and circulation of "chemical messen
gers," the hormones that are manufac
tured by certain specialized cells and 
that are capable of regulating the activity 
of cells in other parts of the body. The 
second mechanism, which is in general 
far superior in speed and selectivity, de
pends on a specialized system of nerve 

by Bernhard Katz 

cells, or neurons, whose function is to 
receive and to give instructions by 
means of electrical impulses directed 
over specific pathways. Both co-ordinat
ing mechanisms are ancient from the 
viewpoint of evolution, but it is the 
second-the nervous system-that has 
lent itself to the greater evolutionary 
development, culminating in that won
derful and mysterious structure, the hu
man brain. 

Man's understanding of the working 
of his millions of brain cells is still at 
a primitive stage. But our knowledge 

is reasonably adequate to a more re
stricted task, which is to describe and 
partially explain how individual cells
the neurons-generate and transmit the 
electrical impulses that form the basic 
code element of our internal communi
cation system. 

A large fraction of the neuronal cell 
population can be divided into two 
classes: sensory and motor. The sensory 
neurons collect and relay to higher cen
ters in the nervous system the impulses 
that arise at special receptor sites [see 
"How Cells Receive Stimuli," page 222], 

CEREBRAL CORTEX is densely packed with the bodies of nerve 

cells and the fibers called dendrites that branch from the cell body. 

This section through the sensory·motor cortex of a cat is enlarged 

some 150 diameters. Only about 1.5 pel' cent of the cells and den· 

drites aetua lly present are stained and show here. The nerve axons, 

the fibers that carry impulses away from the cell body, are not usual· 

ly shown at all by this staining method. The photomicrograph 

was made by the late D. A. Scholl of University College London. 

2 09 
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NODE OF RANVIER 

<-[ NUClEUS OF 
SCHWANN CELL 

MOTOR NEURON is the nerve cell that 

carries electrical impulses to activate muscle 

fibers. The cell body (top) fans out into a 
number of twigs, the dendrites, which make 

synaptic contact with other nerve fibers 

I see top illustration 011 opposite page). 

Nerve impulses arising at the cell body 

travel through the axon to the motor·plate 

endings, which are embedded in muscle 

fibers. Myelin sheath is formed by Schwann 

cells as shown at bottom of opposite page. 

By insulating the axon the myelin wrapping 

increases the speed of signal transmission. 

210 

whose function is to mOll1w; ,he or
ganism's external and internal environ
ments. The motor neurons carry impulses 
from the higher centers to the "working" 
cells, usually muscle celis, which pro
vide the organism's response to changes 
in the two environments. In simple re
flex reactions the transfer of signals 
from sensory to motor neurons is auto
matic and involves relatively simple 
synaptic mechanisms, which are fairly 
well understood. 

When a nerve cell, either motor or 
sensory, begins to differentiate in 

the embryo, the cell body sends out a 
long fiber-the axon-which in some un
known way grows toward its proper 
peripheral station to make contact with 
muscle or skin. In man the adult axon 
may be several feet long, although it 
is less than .00 1 inch thick. It forms 
a kind of miniature cable for conduct
ing messages between the periphery 
and the central terminus, which lies 
protected together with the nerve-cell 
body inside the spinal canal or the 
skull. Isolated peripheral nerve fibers 
probably have been subjected to more 
intense experimental study than any oth
er tissue, in spite of the fact that they 
are only fragments of cells severed from 
their central nuclei as well as their ter
minal connections. Even so, isolated 
axons are capable of conducting tens of 
thousands of impulses before they fail to 
work. This fact and other observations 
make it clear that the nucleated body of 
the nerve cell is concerned with long
term maintenance of the nerve fibers
with growth and repair rather than with 
the immediate signaling mechanism. 

For years there was controversy as to 
whether or not our fundamental concept 
of the existence of individual cell units 
could be applied at all to the nervous 
system and to its functional connections. 
Some investigators believed that the de
veloping nerve cell literally grows into 
the cytoplasm of all cells with which 
it establishes a functional relationship. 
The matter could not be settled con
vincingly until the advent of high
resolution electron microscopy. It turns 
out that most of the surface of a nerve 
cell, including all its extensions, is in
deed closely invested and enveloped 
with other cells, but that the cytoplasm 
of adjacent cells remains separated by 
distinct membranes. Moreover, there is 
a small extracellular gap, usually of 100 
to 200 angstrom units, between adjoin
ing cell membranes. 

A fraction of these cell contacts are 
functional synapses: the points at which 
signals are transferred from one cell to 

the next link in the chain. But synapses 
are found only at and near the cell body 
of the neuron or at the terminals of the 
axon. Most of the investing cells, par
ticularly those clinging to the axon, are 
not nerve cells at all. Their function is 
still a puzzle. Some of these satellite cells 
are called Schwann cells, others glia 
cells; they do not appear to take any 
part in the immediate process of impulse 
transmission except perhaps indirectly 
to modify the pathway of electric current 
flow around the axon. It is significant, 
for example, that very few scattered 
satellites are to be found on the exposed 
cell surfaces of muscle fibers, which 
closely resemble nerve fibers in their 
ability to conduct electrical impulses 
from one end to the other. 

One of the known functions of the 
axon satellites is the formation of the 
so-called myelin sheath, a segmented in
sulating jacket that improves the signal
ing efficiency of peripheral nerve fibers 
in vertebrate animals. Thanks to the 
electron microscope studies of Betty Beh 

Geren-Uzman and Francis O. Schmitt of 
the Massachusetts Institute of Technol
ogy, we now know that each myelin 
segment is produced by a nucleated 
Schwann cell that winds its cytoplasm 
tightly around the surface of the axon, 
forming a spiral envelope of many turns 
[see bottom illustmtion all opposite 
page J. The segments are separated by 
gaps-the nodes of Ranvier-which mark 
the points along the axon where the elec
trical signal is regenerated. 

There are other types of nerve fiber 
that do not have a myelin sheath, but 
even these are covered by simple layers 
of Schwann cells. Perhaps because the 
axon extends so far from the nucleus of 
the nerve cell it requires close associa
tion with nucleated satellite cells all 
along its length. Muscle fibers, unlike 
the isolated axons, are self-contained 
cells with nuclei distributed along their 
cytoplasm, which may explain why these 
fibers can manage to exist without an 
investing layer of satellite cells. What
ever the function of the satellites, they 
cannot maintain the life of an axon for 
long once it has been severed from the 
main cell body; after a number of days 
the peripheral segment of the nerve cell 
disintegrates. How the nerve cell nucleus 
acts as a lifelong center of repair and 
brings its influence to bear on the dis
tant parts of the axon-which in terms 
of ordinary diffusion would be years 
away-remains a mystery. 

The experimental methods of physiol
ogy have been much more successful in 
dealing with the immediate processes 
of nerve communication than with the 
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equally important but much more intrac
table long-term events. We know very 
little about the chemical interactions 
between nerve and satellite, or about 
the forces that guide and attract grow
ing nerves along specific pathways and 
that induce the formation of synaptic 
contacts with other cells. Nor do we 
know how cells store information and 
provide us with memory. The rest of 
this article will therefore be concerned 
almost solely with nerve signals and the 
method by which they pass across the 
narrow synaptic gaps separating one 
nerve cell from another. 

Much of our knowledge of the nerve 
cell has been obtained from the 

giant axon of the squid, which is nearly 
a millimeter in diameter. It is fairly 
easy to probe this useful fiber with 
microelectrodes and to follow the move
ment of radioactively labeled substances 
into it and out of it. The axon membrane 
separates two aqueous solutions that are 
almost equally electro conductive and 
that contain approximately the same 
number of electrically charged particles, 
or ions. But the chemical composition of 
the two solutions is quite different. In the 
external solution more than 90 per cent 
of the charged pillticles are sodium ions 
(positively charged) and chloride ions 
(negatively charged). Inside the cell 
these ions together account for less than 
10 per cent of the solutes; there the prin
cipal positive ion is potassium and the 
negative ions are a variety of organic par
ticles (doubtless synthesized within the 
cell itself) that are too large to diffuse 
easily through the axon membrane. 
Therefore the concentration of sodium is 
about 10 times higher outside the axon, 
and the concentration of potassium is 
about 30 times higher inside the axon. 
Although the permeability of the mem
brane to ions is low, it is not indiscrimi
nate; potassium and chloride ions can 
move through the membrane much more 
easily than sodium and the large organic 
ions can. This gives rise to a voltage drop 
of some 60 to 90 millivolts across the 
membrane, with the inside of the cell 
being negative with respect to the out
side. 

To maintain these differences in ion 
concentration the nerve cell contains a 
kind of pump that forces sodium ions 
"uphill" and outward through the cell 
membrane as fast as they leak into the 
cell in the direction of the electrochemi
cal gradient [see illustration on page 
216]. The permeability of the resting 
cell surface to sodium is normally so low 
that the rate of leakage remains very 
small, and the work required of the 

MOTOR·NEURON CELL BODY and its dendritic extensions are richly covered with syn· 

aptic knobs, which grow at the endings of other nerve fibers. Normally many such fibers 

must carry impulses to the knobs before the motor neuron will generate signals of its own. 

SCHWANN 
CElL 

MYELIN SHEATH is created when a Schwann cell wraps itself around the nerve axon. 

After the enfolding is complete, the cytoplasm of the Schwann cell is expelled and the cell's 

folded membranes fuse into a tough, compact wrapping. Diagrams are based on studies of 

chick-embryo neurons by Betty Ben Geren-Uzman of Children's Medical Center in Boston. 
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RECEPTOR CELL 

AND 

SENSORY 

NEURON 

1 

i 
• 

THALAMUS CORPUS STRIATUM 

CEREBELLUM 

�--� �----�>-----, 

SPINAL CORD 

MOTOR 

NEURONS 

ENDING ON 
MUSCLE 

FIBERS 

SIMPLIFIED FLOW DIAGRAM OF NERVOUS SYSTEM barely hints at the many possible 

pathways open to an impulse entering the spinal cord from a receptor cell and its sensory 

fiber. Rarely does the incoming signal directly activate a motor neuron leading to a mnscle 

fiber. Typically it travels upward through the spinal cord and through several relay centers 

before arriving at the cerebral cortex. There (if not elsewhere) a "command" may be given 

(or withheld) that sends nerve impulses back down the spinal cord to fire a motor neuron. 

2 1 2  

pumping process amounts to only a frac
tion of the energy that is continuously 
being made available by the metabolism 
of the cell. We do not know in detail 
how this pump works, but it appears to 
trade sodium and potassium ions; that is, 
for each sodium ion ejected through the 
membrane it accepts one potassium ion. 
Once transported inside the axon the 
potassium ions move about as freely as 
the ions in any simple salt solution. 
When the cell is resting, they tend to 
leak "downhill" and outward through 
the membrane, but at a slow rate. 

The axon membrane resembles the 
membrane of other cells. It is about 50 
to 100 angstroms thick and incorporates 
a thin layer of fatty insulating material. 
Its specific resistance to the passage of 
an electric current is at least 1 0  million 
times greater than that of the salt solu
tions bathing it on each side. On the 
other hand, the axon would be quite 
worthless if it were employed simply as 
the equivalent of an electric cable. The 
electrical resistance of the axon's fluid 
core is about 100 million times greater 
than that of copper wire, and the axon 
membrane is about a million times 
leakier to electric current than the 
sheath of a good cable. If an electric 
pulse too weak to trigger a nerve impulse 
is fed into an axon, the pulse fades out 
and becomes badly blunted after travel
ing only a few millimeters. 

How, then, can the axon transmit a 
nerve impulse for several feet with

. 
out decrement and without distortion? 

As one steps up the intensity of a volt
age signal impressed on the membrane 
of a nerve cell a point is reached where 
the signal no longer fades and dies. In
stead (if the voltage is of the right sign) , 
a threshold is crossed and the cell be
comes" excited" [see illustrations on page 
214]. The axon of the cell no longer be
haves like a passive cable but produces 
an extra current pulse of its own that 
amplifies the original input pulse. The 
amplified pulse, or "spike," regenerates 
itself from point to pOint without loss of 
amplitude and travels at constant speed 
down the whole length of the axon. The 
speed of transmission in vertebrate nerve 
fibers ranges from a few meters per sec
ond, for thin nonmyelinated fibers, to 
about 100 meters per second in the 
thickest myelinated fibers. The highest 
speeds, equivalent to some 200 miles 
per hour, are found in the sensory and 
motor fibers concerned with body bal
ance and fast reflex movements. After 
transmitting an impulse the nerve is left 
briefly in a refractory, or inexcitable, 
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Muse 

REFLEX ARC illustrates the minimum nerve circuit between stim

ulus and response. A sensory fiber arising in a muscle spindle 

NERVE.CELL NETWORK IN THE RETINA, here magnified 

about 600 diameters, exemplifies the retinal complexity in man and 

apes. The top layer, where light strikes, is pigmented epithelium; 

behind it lie the rods and thicker cones, which are the photorecep-

SPINAL CORD 

enters the spinal cord, where it makes synaptic contact with a motor 

neuron whose axon retums to the muscle containing the spindle. 

tor cells. These cells have rich connections with a wide variety of 
nerve cells; some conduct impulses to the rear (in the direction 

of the optic nerve), whereas others evidently transmit impulses 

laterally and even, in some cases, forward (upward in the diagram). 
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NERVE fiBER IAXON) 

INVESTIGATION OF NERVE FIBER is carried out with two microelectrodes. One pro· 

vides a stimulating pulse, the other meaSUl'es changes in membrane potential (see below). 
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ELECTRICAL PROPERTIES OF NERVE FIBER are elucidated by measuring voltage 

changes across the axon membrane when stimulating pulses of varying size are applied. In 

the resting state the interior of the axon is about 80 millivolts negative. Subthreshold stimu

lating pulses (top left and top right) shift the potential upward momentarily. Larger pulses 

push the potential to its threshold, where it becomes unHable, either subsiding (bottom left) 

or flaring up into an "action potential" (bottom right) with a variable delay (broken curve)_ 
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state, but within one or two milliseconds 
it is ready to fire again. 

The electrochemical events that un
dedie the nerve impulse-or action po
tential, as it is called-have been greatly 
clarified within the past 15 years. As we 
have seen, the voltage difference across 
the membrane is determined largely by 
the membrane's differential permeability 
to sodium and potassium ions. Many 
kinds of selective membrane, natural 
and artificial, show such differences. 
What makes the nerve membrane dis
tinctive is that its permeability is in turn 
regulated by the voltage differencc 
across the membrane, and this peculiar 
mutual influence is in fact the basis of 
the signaling process. 

It was shown by A. L. Hodgkin and 
A. F. Huxley of the University of Cam
bridge that when the voltage difference 
across the membrane is artificially low
ered, the immediate effect is to increase 
its sodium permeability. \\Te do not know 
why the ionic insulation of the mem
brane is altered in this specific way, but 
the consequences are far-reaching. As 
sodium ions, with their positive charges, 
leak through the membrane they cancel 
out locally a portion of the excess nega
tive charge inside the axon, thereby fur
ther reducing the voltage drop across the 
membrane. This is a regenerative process 
that leads to automatic self-reinforce
ment; the flow of some sodium ions 
through the membrane makes it easier 
for others to follow. When the voltage 
drop across the membrane has been re
duced to the threshold level, sodium ions 
enter in such numbers that they change 
the internal potential of the membrane 
from negative to positive; the process 
"ignites" and flares up to create the nerve 
impulse, or action potential. The im
pulse, which shows up as a spike on 
the oscilloscope, changes the permeabil
ity of the axon membrane immediately 
ahead of it and sets up the conditions 
for sodium to flow into the axon, repeat
ing the whole regenerative process in a 
progressive wave until the spike has 
traveled the length of the axon [see illlls
tmtion on opposite page]. 

Immediately after the peak of the 
wave other events are taking place. The 
"sodium gates," which had opened dur
ing the rise of the spike, are closed 
again, and the "potassium gates" are 
opened briefly. This causes a rapid out
flow of the positive potassium ions, which 
restores the original negative charge of 
the interior of the axon. For a few milli
seconds after the membrane voltage has 
been driven toward its initial level it 
is difficult to displace the voltage and 
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PROPAGATION OF NERVE IMPULSE coincides with changes 

in the permeability of the axon membrane. Normally the axon in· 

terior is rich in potassium ions and poor in sodium ions; the fluid 

outside has a reverse conlposilion. When a nerve impulse arises, 

having been triggered in some fashion, a "gate" opens and lets 

sodium ions pour iuto the axon in advance of the impulse, making 

the axou interior locally positive. In the wake of the impulse the 
sodium gate closes and a potassium gate opens, allowing potassium 

ions to flow out, restoring the normal negative potential. As the 

nerve impulse moves along the axon (I and 2) it leaves the axon in 
a refractory slate briefly, after which a second impulse can follow 

(3). The impulse propagation speed is that of a squid axon. 
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set up another impulse. But the ionic 
permeabilities quickly return to their in
itial condition and the cell is ready to fire 
another impulse. 

The inflow of sodium ions and subse
quent outflow of potassium ions is so 
brief and involves so few particles that 
the over-all internal composition of the 
axon is scarcely affected. Even without 
replenishment the store of potassium 
ions inside the axon is sufficient to pro
vide tens of thousands of impulses. In 

the living organism the cellular enzyme 
system that runs the sodium pump has 
no difficulty keeping nerves in continu
ous firing condition. 

This intricate process-signal conduc
tion through a leaky cable coupled with 
repeated automatic boosting along the 
transmission path-provides the long
distance communication needs of our 
nervous system. It imposes a certain 
stereotyped form of "coding" on our sig
naling channels: brief pulses of almost 
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"SODIUM PUMP," details unknown, is required to expel sodium ions from the interior of 

the nerve axon so that the interior sodium-ion concentration is held to about 10 per cent 

that of the exterior fluid. At the same time the pump drives potassium ions "uphill" from a 
low external concentration to a 30·times-higher internal concentration. The pumping rate 

must keep up with the "downhill" leakage of the two kinds of ion. Since both are positively 

charged, sodium ions have the higher leakage rate (expressed in terms of millivolts of driv

ing force) because they are attracted to the negatively charged interior of the axon, where.!s 

potassium ions tend to be retained. But there is still a net outward leakage of potassium. 
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constant amplitude following each other 
at variable intervals, limited only by the 
refractory period of the nerve cell. To 
make up for the limitations of this simple 
coding system, large numbers of axon 
channels, each a separate nerve cell, are 
provided and arranged in parallel. For 
example, in the optic nerve trunk emerg
ing from the eye there are more than a 
million channels running close together, 
all capable of transmitting separate sig
nals to the higher centers of the brain. 

�t us now turn to the question of what 
happens at a synapse, the point at 

which the impulse reaches the end of 
one cell and encounters another nerve 
cell. The self-amplifying cable process 
that serves within the borders of any one 
cell is not designed to jump automatical
ly across the border to adjacent cells. 
Indeed, if there were such "cross talk" 
between adjacent channels, for instance 
among the fibers closely packed together 
in our nerve bundles, the system would 
become quite useless. It is true that at 
functional synaptic contacts the separa
tion between the cell membranes is only 
100 to a few hundred angstroms. But 
from what we know of the dimensions of 
the contact area, and of the insulating 
properties of cell membranes, it is un
likely that an effective cable connection 
could exist between the terminal of one 
nerve cell and the interior of its neigh
bor. This can easily be demonstrated by 
trying to pass a subthreshold pulse-that 
is, one that does not trigger a spike
across the synapse that separates a motor 
nerve from a muscle fiber. A recording 
probe located just inside the muscle de
tects no signal when a weak pulse is ap
plied to the motor nerve close to the 
synapse. Clearly the cable linkage is 
broken at the synapse and some other 
process must take its place. 

The nature of this process was discov
ered some 25 years ago by Sir Henry 
Dale and his collaborators at the Na
tional Institute for Medical Research 
in London. In some ways it resembles 
the hormonal mechanism mentioned at 
the beginning of this article. The motor 
nerve terminals act rather like glands 
secreting a chemical messenger. Upon 
arrival of an impulse, the terminals re
lease a special substance, acetylcholine, 
that quickly and effiCiently diffuses 
across the short synaptic gap. Acetyl
choline molecules combine with receptor 
molecules in the contact area of the mus
cle fiber and somehow open its ionic 
gates, allowing sodium to flow in and 
trigger an impulse. The same result can 
be obtained by artificially applying ace-
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NERVE·MUSCLE SYNAPSE is the site at which a nerve impulse activates the contraction of 

a muscle fiber. In this electron micrograph (made by R. Birks, H. E. Huxley and the author) 

the region of the synapse is enlarged 53,000 diameters. Motor nerve terminal runs diagonal. 

ly from lower left to upper right, being bounded at upper left by a Schwann cell. Muscle 

fiber is the dark striated area at lower right, with a folded membrane. Nerve terminal 

is populated with "synaptic vesicles" that may contain acetylcholine, which is released 

into the synaptic cleft by a nerve impulse and evokes electrical activity in the muscle. 

tylcholine to the contact region of the 
muscle fiber. It is probable that similar 
processes of chemical mediation take 
place at the majority of cell contacts in 
our central nervous system. But it is most 
unlikely that acetylcholine is the univer
sal mediator at all these pOints, and an 
intensive search is being made by many 
workers for other naturally occurring 
transmitter substances. 

Synaptic transmission presents two 
quite distinct sets of problems. First, ex
actly how does a nerve impulse manage 
to cause the secretion of the chemical 
mediator? Second, what are the physico· 
chemical factors that decide whether a 
mediator will stimulate the next cell to 
fire in some cases or inhibit it from firing 
in others? So far we have said nothing 
about inhibition, even though it occurs 

throughout the nervous system and is 
one of the most curious modes of nervous 
activity. Inhibition takes place when a 
nerve impulse acts as a brake on the next 
cell, preventing it from becoming acti
vated by excitatory messages that may 
be arriving along other channels at the 
same time. The impulse that travels 
along an inhibitory axon cannot be dis
tinguished electrically from an impulse 
traveling in an excitatory axon. But the 
physicochemical effect that it induces at 
a synapse must be different in kind. Pre
sumably inhibition results from a process 
that in some way stabilizes the mem
brane potential (degree of electrifica
tion) of the receiving cell and prevents it 
from being driven to its unstable thresh
old, or "ignition" point. 

There are several processes by which 
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such a stabilization could be achieved. 
One of them has already been men
tioned; it occurs in the refractory period 
immediately after a spike has been gen
erated. In this period the membrane po
tential is driven to a high stable level 
(some 80 to 90 millivolts negative inside 
the membrane) because, to put it some
what crudely, the potassium gates are 
wide open and the sodium gates are firm
ly shut. If the transmitter substance can 
produce one or both of these states of 
ionic permeability, it will undoubtedly 
act as an inhibitor. There are good rea
sons for believing that this is the way 
impulses from the vagus nerve slow 
down and inhibit the heartbeat; inci
dentally, the transmitter substance re
leased from the vagus nerve is again 
acetylcholine, as was discovered by Otto 
Loewi 40 years ago. Similar effects occur 
at various inhibitory synapses in the 
spinal cord, but there the chemical na
ture of the transmitter has so far eluded 
identification. 

Inhibition would also result if two "an
tagonistic" axons converged on the same 
spot of a third nerve cell and released 
chemically competing molecules. Al
though a natural example of this kind 
has not yet been demonstrated, the 
chemical and pharmacological use of 
competitive inhibitors is well estab
lished. (For example, the paralyzing ef
fect of the drug curare arises from its 
competitive attachment to the region of 
the muscle fiber that is normally free to 
react with acetylcholine.) Alternatively, 
a substance released by an inhibitory 
nerve ending could act on the excitatory 
nerve terminal in such a way as to re
duce its secretory power, thereby caus
ing less of the excitatory transmitter 
substance to be released. 

This brings us back to the question: 
How does a nerve impulse lead to the 
secretion of transmitter substances? Re
cent experiments on the nerve-muscle 
junction have shown that the effect of 
the nerve impulse is not to initiate a 
process of secretion but rather, by alter
ing the membrane potential, to change 
the rate of a secretory process that goes 
on all the time. Even in the absence 
of any form of stimulation, packets of 
acetylcholine are released from discrete 
spots of the nerve terminals at random 
intervals, each packet containing a large 
number-probably thousands-of mole
cules. 

Each time one of these quanta of 
transmitter molecules is liberated spon
taneously, it is possible to detect a sud
den minute local response in the muscle 
fiber on the other side of the synapse. 
Within a millisecond there is a drop of 
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B u d  Trans-aire B l owers are i deal for use where exce.ssive heat is gener
ated by eq u ipment i n  a n  enclosed rack, cab i net or console. They draw 
in fresh a i r  or exhaust heated air.  

These blowers occupy less area, a n d  a smaller panel space than others 
hav i n g  s i m i lar a i r  d isplacement capab i l ity. They are the lowest priced 
u n its of equal  capacity and performance. 

To prevent overheat i n g  they have thermal overload protect ion. Auto· 
matic reset. 

See the B u d Trans-aire B lowers at you r  Authorized B u d  Distri butor or 
write for l i terat u re .  

B U D  R A D I O , I N C . 
CLEVELAND 3, OHIO 

schober 
THE SUPERB ELECTRONIC ORGAN YOU CAN 

ASSEMBLE YOURSELF 
No special  ski l ls  a re n eeded to assemble this 
magn ificent musical  instrument and save more 
than half its true value. 
Matched k its, the m i racle of pri nted c i rc u itry 
and complete detai led step· by-step i nst ructions, 
make it easy for you to asse m b l e  a n  elect ro n i c  

organ with mag n i ficent pipe organ tone. two 
complete 6 1 - note keyboards a n d  l u strous hand· 
rub bed cab i n etry i n  the f in ish of you r  cho ice. 

The Schober you b u i l d  wi l l  equal  or s u rpass the 
comparable prod uctio n - l i n e  o rgan for qual ity, 
rel iabi l ity a n d  c i rcu itry. 

Write for free deta i l s  on Schober Organs. Also 
ava i lable:  a demonstrat ion record for $2.00, 
wh ich i s  ref u n dable upon the pu rchase of your 
fi rst k i t. No salesman wi l l  cal l .  

O R G A N  CORPORAT I O N  
D e pt. S A - 2 ,  43 West 6 1 st Street. N ew Y o r k  2 3 .  N .Y.  
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Free chart 
Original FE ON Chart of 

The Comparative 
Chemical Resistance of 

Textile Fibers 
This new chart includes all 
generic fibers 
Textile fibers are an engineering 
raw material. Applied imagineer
ing may give your product o r  
process the inherent advantages 
of woven fiber fabrics. Our de
sign group is ready to help you 
in your application. 

A limited number of Mr. Sperry 
Ehlers' ACS Abstract on The 
Selection of Filter Fabrics Re
examined are still available. 

Address your request for free 
chart and information to -

F I LTRAT ION FABRICS D I V I S I O N  O F  

American Machine and Metals. Inc. 
EAST M O L I N E, I L L I N O I S  

.5 millivolt in the potential of the muscle 
membrane, which takes about 20 milli
seconds to recover. By systematically 
altering the potential of the membrane 
of the nerve ending it has been possible 
to work out the characteristic relation 
between the membrane potential of the 
axon terminal and the rate of secretion of 
transmitter packets. It appears that the 
ra te of release increases by a factor of 
about 100 times for each 30-millivolt 
lowering of membrane potential. In the 
resting condition there is a random dis
charge of about one packet per second at 
each nerve-muscle junction. But during 
the brief 120-millivolt change associated 
with the nerve impulse the frequency 
rises momentarily by a factor of nearly a 
million, providing a synchronous release 
of a few hundred packets within a frac
tion of a millisecond. 

It is significant that the transmitter is 
released not in independent molecular 
doses but always in multi molecular par
cels of standard size. The explanation of 
this feature is probably to be found in 
the microstructural make-up of the nerve 
terminals . They contain a characteristic 
accumulation of so-called vesicles, each 
about 500 angstroms in diameter, which 
may contain the transmitter substance 
parceled and ready for release [see 
illustration on page 218] .  Conceiva
bly when the vesicles collide with the 
axon membrane, as they often must, the 
collision may sometimes cause the ve
sicular content to spill into the synaptic 
cleft. Such ideas have yet to be proved 
by direct evidence, but they provide a 
reasonable explanation of all that is 
known about the quantal spontaneous 
release of acetylcholine and its acceler
ated release under various natural and 
experimental conditions . At any rate, the 
ideas prov;de an interesting meeting 
pOint between the functional and struc
tural approaches to a common problem. 

Because of the sparseness of existing 
knowledge, we have left out of this 

discussion many fascinating problems of 
the long-term interactions and adaptive 
modifications that must certainly take 
place in nerve pathways . For handling 
such problems investigators will prob
ably have to develop very different 
methods from those followed in the past. 
It may be that our preoccupation with 
the techniques that have been so suc
cessful in illuminating the brief reactions 
of excitable cells has prevented us from 
making inroads on the problems of learn
ing, of memory, of conditioning and of 
the structural and operating relations 
between nerve cells and their neighbors. 
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An unusual new device to increase 

radio reflectivity, now under devel

opme n t  at Nort hrop's R a d i oplane 

Division, may wel l  revolutionize the 

field of space communications. Called 

ADSAT (for Anomalou s Dispersion 

Spheri c a l  Array Target) , i t  should 

extend t h e  usefulness of passive 

c o m mu n i c at i o n s  s a t e l l i t e s  out to  

2 2 ,000 miles-the 24-hour orbit .  

The germ o f  the ADSAT idea actu

ally c ame from early X- ray diffrac

tion experiments with ordin ary salt 

crystals which yielded a pattern of 

intense bri ght and dark spots. This 

hint  of resonance with the crystal 

lattice led Northrop rese archers to 

attempt to dupli cate this effect at 

radio frequencies - and the first ver

sion of AD SAT looked much like a 

molecular model, with silver- coated 

ping-pong balls serving as " atoms. " 

The size of the balls and the inter

vals betwee n  them were c arefully 

c alculated to resonate with and rein

force the incoming frequencies. 

In its pre sent,  b a s i c  form , t h e  

A D S AT s a t e l l i t e  is  a c o l l a p s i ble, 

spherical network, 100 to 400 feet 

across,  with the re sonant b al l s  at 

each intersection of the network . It 

is designed to be launched in a small 

package, and inflated in orbit, much 

like Echo. The reflected signal, how

ever, can be 1 ,000 times as strong as 

that obtained from a simple, Echo

type target of equal size. 

The development of the ADSAT 

concept demonstrates once again 

Northrop's unique ability to visualize 

problems i n  space technol ogy, de

cide what should be done,  and come 

up with solid, workable answers. 

RAD IOPLANE 
A D I V I S I O N  O F  

NORTHROP 
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How Cells Receive Stimuli 

In complex organisms 

changes In the en{nrOn7nent. 

certain cells are highly specialized to detect 

cells have been The properties of such 

elucidated by studies of the visual receptors of the horseshoe crab 

by William H. Miller, Floyd Ratliff and H. K. Hartline 

T
he survival of every living thing 
depends ultimately on its ability 
to respond to the world around it 

and to regulate its own internal environ
ment. In most multicellular animals this 
response and regulation is made pos
sible by specialized receptor cells that 
are sensitive to a wide variety of physi
cal, chemical and mechanical stimuli. 

In many animals, including man, 
these receptors provide information that 
far exceeds that furnished by the tradi
tional five senses (sight, hearing, smell, 
taste and touch). Sense organs of which 
we are less aware include equally im
pOl·tant receptors that monitor the in
ternal environment. Receptor organs in 
the muscles, called muscle spindles, 
provide a continuous measure of muscle 
stretch, and other receptors sense the 
movement of joints. Without such re
ceptors it would be difficult to move or 
talk. Receptor cells in the hypothalamus, 
a part of the brain, are sensitive to the 
temperature of the blood; pressure
sensitive cells in the carotid sinus meas
ure the blood pressure. Still other inter
nal receptors monitor carbon dioxide in 
special regions of the large arteries. Pain 
receptors, widely distributed through-

VISUAL RECEPTOR of the horseshoe crab 

(Limulus) is enlarged 19,000 diameters in 

the electron micrograph on the opposite 

page. Called an ommatidium, it is one of 

about 1,000 photoreceptor units in the com

pound eye of Linmlus. Here the ommatidium 

is seen in cross section; the individual 

receptor cells are arranged radially like 

segments of a tangerine around a nerve fila

ment (dendrite) arising from an associated 

nerve cell (see illustration on page 227). 
The d,uk ring around the dendrite and 

spokelike areas may contain photosensitive 

pigment. The electron micrograph was made 

by William H. Miller, one of the authors. 

out the body, respond to noxious stimuli 
of almost any nature that are likely to 
cause tissue damage. 

Receptor cells not only have diverse 
functions and structures but also con
nect in various ways with the nerve 
fibers channeling into the central nerv
ous system. Some receptor cells give rise 
directly to nerve fibers of their own; 
others make contact with nerve fibers 
originating elsewhere. All receptors, 
however, share a common function: the 
generation of nerve impulses. This does 
not imply that impulses necessarily 
occur in the receptor cells themselves. 
For example, in the eyes of vertebrates 
no one has yet been able to detect im
pulses in the photoreceptor cells: the 
rods and cones. Nevertheless, the rods 
and cones, when struck by light, set up 
the physicochemical conditions that trig
ger impulses in nerve cells lying behind 
them. Typical nerve impulses are readily 
detected in the optic nerve itself, which 
is composed of fibers of ganglion cells 
separated from the rods and cones by at 
least one intervening group of nerve 
cells. 

Eventually physiologists hope to un
ravel the detailed train of events by 
which a receptor cell gives rise to a 
discharge of nerve impulses following 
mechanical deformation, absorption of 
light or heat, or stimulation by a par
ticular molecule. In no case have all the 
events been traced out. In our discus
sion we will begin with the one final 
event common to all sensory recep
tion-the generation of nerve impulses. 
We will then examine in some detail the 
events occurring in one particular re
ceptor: the photoreceptor of Limulus, 
the horseshoe crab. Finally, we will de
scribe some characteristics of the output 
of receptors acting singly and in con
cert with others. 

The nerve fiber, or axon, is a thread-

like extension of the nerve-cell body. 
The entire surface membrane of the cell, 
including that of the axon, is electri
cally polarized; the inside of the cell is 
some 70 millivolts negative with respect 
to the outside. This potential difference 
is called the membrane potential. In 
response to a suitable triggering event 
the membrane potential is momentarily 
and locally altered, giving rise to a nerve 
impulse, which is then propagated the 
whole length of the axon [see "How 
Cells Communicate," page 209]. 

In any particular nerve fiber the im
pulses are always of essentially the same 
magnitude and form and they travel 
with the same speed. This has been 
known for some 30 years, since the 
pioneering studies of E. D. Adrian at 
the University of Cambridge. He and 
his colleagues found that varying the 
intensity of the stimulus applied to a 
receptor cell affects not the size of the 
impulses but the frequency with which 
they are discharged; the greater the in
tensity, the greater the frequency of 
nerve impulses generated by the recep
tor. Thus all sensory messages-concern
ing light, sound, muscle position and so 
on-are conveyed in the same code of 
individual nerve impulses. The animal 
is able to decode the various messages 
because each type of receptor communi
cates to the higher nerve centers only 
through its own private set of nerve 
channels. 

Adrian and others have investigated 
the problem of how the receptor cell 
triggers sensory nerve impulses. Adrian 
suggested that the receptor must some
how diminish the resting membrane 
potential of its nerve fiber; that is, it 
must locally depolarize the axon mem
brane. The existence of local potentials 
in the eye has been known since 1865, 
and much later similar potentials were 
recorded in other sense organs. But the 
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relationship of these gross electrical 
changes to the discharge of nerve im
pulses was not clear. For some simple 
eyes, however, the polarity of the local 
potential changes in the receptors is 
such that they appear to depolarize the 
sensory nerve fibers. This led Ragnar 
Granit of the Royal Caroline Institute 
in Stockholm to propose that they be 
called "generator" potentials. The pres
ent view is that stimulation of the re
ceptor cell gives rise to a sustained local 
depolarization of the sensory nerve 
fiber, which thereupon generates a train 
of impulses. 

Some of the first direct evidence for 
generator potentials at the cellular level 
was produced in 1935 by one of the 
authors of this article (Hartline), then 
working at the Johnson Research Foun
dation of the University of Pennsyl
vania. He found what appeared to be 
a generator potential when he recorded 
the activity of a single optic nerve fiber 
and its receptor in the compound eye 
of Limulus. Superimposed on the poten
tial was a train of nerve impulses [see 
illustration all page 228]. 

In 1950 Bernhard Katz of University 
College London obtained unmistak
able evidence for a generator poten
ti�il in a somewhat simpler receptor: 
the vertebrate muscle spindle. When the 
spindle was stretched, a small, steady 
depolarization could be recorded in the 
nerve fiber coming from the spindle. 
As viewed on the oscilloscope, it ap
peared that the base line of the recorded 
signal had been shifted slightly up
ward. Superimposed on the shifted sig
nal, or local potential, was a series of 
"spikes" representing individual nerve 
impulses. The stronger or the more rapid 
the stretch, the greater the magnitude 
of the potential shift and the greater 
the frequency of the impulses [see illus
tration on page 226]. Analysis of many 
such records showed that in the steady 
state the frequency of nerve impulses 
depends directly on the magnitude of 
the altered potential. If a local anes
thetic is applied to the spindle, the im
pulses are abolished but the potential 
shift remains. Katz concluded that this 
potential shift is an essential link be
tween the stretching of the spindle and 
the discharge of nerve impulses; indeed, 
that it is the generator potential. More
over, the potential can be detected only 
very close to the spindle, showing that 
it is conducted passively-which is to 
say poorly-along the nerve fiber. 

Important confirmation of the role of 
the generator potential was provided 
by the work of Stephen W. KufHer and 
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CILIARY 
STALK 

INNER 
SEGMENT 

SYNAPSE 

RECEPTOR CELLS, typical of those found in vertebrates, respond to a variety of stimuli: 
heat, light, chemicals and mechanical deformation. The "pit" on the head of the pit viper 

contains a network of free nerve endings (a) that are sensitive to heat and help the viper 

locate its prey. Rods (b) are light·sensitive cells in the retina of the eye; photosensitive pig-
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ment is in the laminar structure at top of drawing. Taste buds (c) 

are chemoreceptor cells embedded in the tongue. The cochlea, a 

spiral tube in the inner ear, contains thousands of sensitive cells 

(d) in the so·called organs of Corti. When the hairlike bristles of 

e 

these cells are mechanically deformed by sound vibrations, im

pulses are generated in the auditory nerve fibers leading to brain. 

Muscle spindle (e) contains a number of nerve endings that reo 

spond sensitively to stretching of muscle fibers surrounding them. 
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MUSCLE SPINDLE responds to stretch hy firing nerve impulses at a rate proportional to 
the degree and speed of stretching. These recordings made by Bernhard Katz of University 

College London were the first to show that stretching causes depolarization of the nerve 

near the spindle (base line shifted upward in the traces) and that this depolarization is the 

precondition for the firing of nerve impulses. The shift is called the generator potential. 
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Carlos Eyzaguirre, then at Johns Hop
kins University, using the so-called 
Alexandrowicz stretch-receptor cells in 
crustaceans. These are large single re
ceptor cells with dendrites (short fibers) 
that are embedded in specialized recep
tor muscles. Kuffier was able to insert a 
microelectrode within the cell and re
cord its membrane pote,ltial as well as 
the nerve impulses in its axon. He found 
that when he distorted the cell's den
drites by stretching the receptor muscle, 
the cell body became depolarized and 
the depolarization spread passively to 
the site of impulse generation, which is 
probably in the axon close to where it 
emerges from the cell body. When this 
generator potential reached a critical 
level, the cell fired a train of nerve im
pulses; the greater the depolarization 
of the axon above this critical level, the 
higher the frequency of the discharge. 

There is now abundant evidence that 
a receptor cell triggers a train of nerve 
impulses by locally depolarizing the 
adjacent nerve fiber-either its own fiber 
or one provided by another cell. With 
few exceptions, a fiber of a nerve trunk 
will not respond repefitively if one 
passes a sustained depolarizing current 
through it; it responds only brieRy with 
one to several impulses and then accom
modates to the stimulus and responds 
no more. Evidently that part of the 
sensory nerve fiber close to the receptor 
must be specialized so that it does not 
speedily accommodate to the generator 
potential. It is nonetheless true that a 

certain amount of accommodation, or 
adaptation, almost always takes place 
when a receptor cell is exposed to a sus
tained stimulus. In any event, the in
itiation of nerve impulses in the axons 
of receptor cells by means of a gener
ator potential appears to be a general 
phenomenon. 

The question still remains: How does 
the external stimulus produce the gener
ator potential? In most of the receptors 
studied there is no evidence whatever 
on this point. Only in the photoreceptor 
do we have precise knowledge of the 
first step in the excitation of the sense 
cell. Yet the study of the photoreceptor 
is beset by special difficulties. In most 
eyes the receptors are small and densely 
packed, and their associated neural 
structures are complex and highly organ
ized. A fortunate exception is the com
pound eye of Limulus, which provided 
early evidence for the generator poten
tial. In this eye the receptor cells are 
large and the neural organization is rela
tively simple. 

The coarsely faceted compound eye 
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OMMATIDIUM OF LIMULUS is a remarkable structure roughly 

the size of 1I pencil lead. About 1,000 form the crab's compound eye. 

The ommatidium consists of about 12 wedge-shaped retinular cells 

clustered around u central fiber, which is the dendrite (sensitive 

+--.:...-.. --- ECCENTRIC CEll 

process) of a nerve cell, the eccentric cell shown at lower right. 

When light strikes the ommatidium (at the top), the eccentric cell 

gives rise to nerve impulses (see illustration on next page), Photo

sensitive pigment rhodopsin is believed to be in the rhabdom. 
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of Limulus has some 1,000 ommatidia 
("little eyes"), each of which contains 
about a dozen cells. The cells in each 
ommatidium have a regular arrange
ment. The retinular cells-the recep
tors-are arranged radially like the seg
ments of a tangerine around the dendrite 
of an associated neuron: a single eccen
tric cell within each ommatidium [see 
illustration on preceding page J. 

a 

� 
LIGHT 

o 500 1,000 

Hartline, H. G. Wagner and E. F. 
MacNichol, Jr. , working at Johns Hop
kins University, found by the use of 
microelectrodes that the eccentric cell 
gives rise to the nerve impulses that 
can be recorded farther down in the 
nerve strand leaving the ommatidium. 
The microelectrode also records the 
generator potential of the ommatidium. 
Because of the anatomical complexity 
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o 700 1,400 2,100 2,800 3,500 4,200 

TIME (MILLISECONDS) 
RECORDINGS FROM OMMATIDIA show trains of nerve impulses evoked by light. The 

upper recording from a nerve bundle (0) was made by one of the authors, H. K. Hartline, 

some 25 years ago. Shift of base line underlying nerve spikes is the generator potential. 

Lower recording, made wiLh microelectrode (b), shows generator potential more clearly. 
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of the ommatidium, the site of origin of 
the generator potential has not been 
identified with certainty. Nor has activ
ity yet been detected in the axons of 
the retinular cells. As in the vertebrate 
and invertebrate stretch receptors, local 
anesthetics extinguish the nerve im
pulses without destroying the generator 
potential. Moreover, as in the stretch 
receptors, there is a proportional re
lationship between the degree of de
polarization and the frequency of nerve 
impulses. 

Recently M. G. F. Fuortes o£ the 
National Institute of Neurological Dis
eases and Blindness has shown that 
illumination increases the conductance 
of the eccentric cell. He postulates that 
the increase is produced by a chemical 
transmitter substance that is released 
by the action of light and acts on the 
eccentric cell's dendrite. Presumably the 
increased conductance of the dendrite 
results in a depolarization that spreads 
passively to the site of impulse genera
tion, where it acts as the generator 
potential. 

In photosensory cells-alone among all 
receptors-there exists direct experi

mental evidence of the initial molecular 
events in the receptor process. It has 
been known for about a century that 
visual receptor cells in both vertebrates 
and invertebrates have specially differ
entiated organelles containing a photo
sensitive pigment. In vertebrates this 
reddish pigment, called rhodopsin, can 
be clearly seen in the outer segments 
of rods. The absorption spectrum of 
human rhodopsin corresponds closely to 
the light-sensitivity curve for human 
vision under conditions of dim illumina
tion, when only the rods of the retina 
are operative. This is strong evidence 
that rhodopsin brings about the first 
active event in rod vision: the absorp
tion of light by the photoreceptor struc
ture. (There is evidence for similar 
pigments in the outer segments of 
cones, but they have proved more diffi
cult to isolate and study.) 

The visual pigments are known to 
be complex proteins, but the light
absorbing part of the pigment, called 
the chromophore, has been found to be 
a relatively simple substance: vitamin 
A aldehyde. Because it contains a mUTI
ber of double chemical bonds in its 
make-up, vitamin A aldehyde can exist 
in various molecular configurations 
known as "cis" and "trans" isomers. We 
know from the work of Ruth Hubbard, 
George Wald and their colleagues at 
Harvard University that the absorption 
of light changes the chromophore from 
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These "geysers" actually consist of steam rocketing up from 
deep in the ground. From this well area; operated by Magma 

and Thermal Power Companies, steam is conducted by pipe
line to The Geysers Power Plant a quarter-mile away. 

Now ... electric power from geysers! 
Nickel in stainless steel helps make possible America's first geothermal power plant. 

Here's a power plant under construc
tion in California that will produce 
enough electricity for a town of 
50,000 people-all from the steam of 
geysers. 

To withstand the continuous attack 
of this highly corrosive steam at 
The Geysers Power Plant, Pacific 
Gas and Electric Company selected 
stainless steel with nickel for all 
points where condensed steam con
tacts metal. 

With nickel in it, stainless steel is 
more than a match for this corrosive 
steam. This ability plays a key role 
in turning out power every day of the 

year, with virtually no maintenance 
in a plant designed for unattended 
operation. 

Nickel helps metals and alloys 
withstand the severest conditions. 
Nickel-containing metals safely hold 
liquid oxygen at a sub-zero cold that 
shatters many materials. America's 
first nuclear-powered merchant ship 
uses alloys with nickel in them to con
tain the tremendous pressures and 
corrosive conditions in its power 

plant. And an alloy with nickel in it 
will enable the famous X-I5 rocket 
ship to make the hot ride home from 
space without burning up. 

Does your company have problems 
of these kinds in a product or a proc
ess? Why not write to us about them. 
Perhaps nickel or one of its alloys 
can help you. 

THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street �> New York 5, N. Y. 

INca NICKEL 
NICKEL MAKES STEEL PERFORM BETTER LONGER 
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ll-cis vitamin A aldehyde to the trans 
configuration. This photochemical re
action is the first step that leads, through 
a chain of chemical and physical events 
as yet unknown, to the initiation of the 
generator potential of the receptor cell 
and finally to the discharge of impulses 

>
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V) 
Z 10-2 UJ 
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� 

o 

in the optic nerve. This is the only case 
in which the specific molecular mech
anism is known whereby a receptor 
cell detects environmental conditions. 

Supporting evidence that rhodopsin 
governs the response to a light stimulus 
can be found by comparing the absorp-

2 3 
TIME ISECONDS) 

tion spectrum of Limnlus rhodopsin 
with the sensitivity of the Limulus eye 
at various wavelengths. In 1935 Clar
ence f.I. Graham and Hartline measured 
the intensity of flashes at several wave
lengths required to produce a fixed 
number of impulses in the Linwllls 

4 5 

NERVE IMPULSES TRIGGERED BY LIGHT are directly related 

to intensity of steady light falling on the Limltllts eye. Recordings 

were made from the optic nerve fiber arising from one ommatidium. 

At high light intensity (top) the nerve fires about 30 times per sec· 

ond. As intensity is reduced by factors of 10, firing is reduced in 

uniform steps, falling to a low of two or three impulses per second. 

>
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DURATION AND INTENSITY OF LIGHT have equivalent ef
fect on the Limltllts eye. Evidently the receptor responds to the 

total amount of energy received in a brief flash (arrows) regardless 

of how the energy is "packaged" in duration and intensity. Thus a 

brief intense flash (top left )  evokes about the same response as a 

flash a 1,000th as hright lasting 1,000 times longer (bottom right). 
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Creative minds 

thrive best 

where the climate 

is best 

Lockheed·California Company proves this 
every day. For nowhere do Scientists and 
Engineers find a more creative, more stim· 
ulating, more academic climate. 

In this environment Scientists and Engi· 
neers are encouraged to try the untried; to 
express new ideas; experiment, explore. 

Small wonder Lockheed's future in Space· 
craft and Aircraft is brighter than everl 

Scientists and Engineers of initiative 
and talent will find it worthwhile to examine 
immediate openings in: Aerodynamics; 
thermodynamics; dynamics; electronic reo 
search; servosystems; electronic systems; 
physics (theoretical, infrared, plasma, high 
energy, solid state, optics); hydrodynamics; 
ocean systems; structural design (wing, 
empennage, fuselage). 

Write today to Mr. E. W. Des Lauriers, 
Manager, Professional Placement Staff, 
Dep t .  2909, 2405 N. Ho l l y w o o d  W a y ,  
Burbank, California. An equal opportunity 
employer. 

LOCKHEED· 

CALIFORNIA CO. 
A DIVISION 

OF LOCKHEED AIRCRAFT CORPORATION 
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optic nerve. When a sensitivity curve 
obtained from this experiment is super
imposed on the absorption curve found 
by Hubbard and Wald for Limulus 
rhodopsin, the two match almost per
fectly. At a wavelength of about 520 
angstrom units, where rhodopsin ab
sorbs light most strongly, the Limulus 
eye generates the highest number of 
impulses for a given quantity of light 
energy received. It turns out that the 
wavelength sensitivity of the Limulus 
eye is close to that of the human eye in 
dim light when rod vision dominates. 

Many other familiar sensory experi
ences are manifestations of the prop
erties of individual sense cells. Perhaps 
the most elementary experience is our 
ability to perceive when a stimulus has 

been increased in intensity. Under such 
circumstances we can be sure that the 
sensory fibers conveying information to 
the brain are firing more rapidly as the 
stimulus is increased. We are also 
familiar with the experience of sensory 
adaptation; for example, a strong odor 
usually seems to decrease in intensity 
after a time, although objective meas
urements would show that its intensity 
has remained constant. 

We know from photography that 
shutter speed and lens opening can be 
interchanged to produce a constant ex
posure, which is the same as saying that 
intensity and duration of illumination 
can be interchanged (within limits) to 
produce a constant photochemical effect. 
The same equivalence holds for the 
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EFFECT OF FLICKERING LIGHT on the Limulus ommatidium provides a basis for ex· 

plaining "flicker fusion": the inability to perceive a rapid flicker. Tbe recordings show the 

response of the ommatidium to a light flickering at various rates; when the horizontal line 
is raised, the light is on. At low flicker rates the generator potential, indicated by a rise in 
base potential, rises and falls. As flicker rate increases, the generator potential no longer 

falls between flashes, and spacing between nerve impulses becomes more uniform. 
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Watching a magnetic thin-film shift register in operation: Mr. K. D. Broadbent (center) and Mr. A. W. 

Vance (standing) of the Research Laboratories, with Mr. G. Cokas of Technical Plans and Programs. 

A special report [1'om American Systems Incorporated ... 

Thin-Film Digital Devices 
Supporting the trend in computer technology toward 

higher speeds, smaller size, and increased .reliability, 
American Systems Incorporated has been conducting 
an intensive research and development program in thin
film digital devices. 

The first of these, a microminiature magnetic thin
film shift register, is in the prototype production stage. 
This register, mounted on a I-inch by 3-inch base, can 
store 256 bits and operate up to 1 megacycle per second. 
Originated by Kent D. Broadbent, ASI Research Lab
oratories scientist, the new register is characterized 
by precise bit definition, high immunity to noise, and 
low power requirement. 

Advanced magnetic thin-film devices now undel' de
velopment include three-dimensional multiple plane 
systems. In these, complete logical sequences may be 
performed within the magnetic structure, without the 
need to convert information at intervals into electronic 
signals. Research interests include dielectric, conduct
ing, semiconducting, and superconducting films, and 
crystal growth and ordering phenomena in films. 

Complementing the work of the Research Labora
tories, technical programs are under way at American 
Systems in six other Divisions: 

INFORMATION SCIENCES 

Mathematical and statistical research; computer pro
gramming, and advanced programming systems; com
putation services; digital system studies; l ogical 
design , advanced systems analysis. 

DATA PROCESSING 

Data processing subsystems research and develop
ment; logic of command and control complexes; optical 
recognition systems. 

ELECTROMAGNETIC SYSTEMS 

Electromagnetic physics; electronic and mechanical 
scanning antenna systems; development and manufac
turing of complete sensor systems and special micro
wave components. 

INSTRUMENTS 

Research and development in analytical instruments; 
detection and monitoring of toxic high-energy missile 
fuel vapors; gas leak and water vapor detection; on
stream and process control instrumentation. 

COMPONENT DEVELOPMENT 

Advanced component technology; materials and 
processes; computer component development; chemical 
deposition of magnetic surfaces on drums, disks, rods. 

AUDIO·VISUAL 

Audio-visual (INSTRUCTRON) devices for assembly 
line and instructional applications; production of work 
stations designed on human factors principles. 

Qualified scientists and engineers 
who aj'e intej'ested and expej'ienced 
in these fields of activity are en
couraged to investigate career 0PPOj'
tunities with Amej'ican Systems. All 
qualified applicants will receive con
sideTation Tegardless of race, creed, 
coloj', or national origin. 

AMERICAN SYSTEMS Incorporated 
1625 East 126th Street, Hawtho1'ne, California 
AN AFFILIATE OF SCHLUMBERGER 
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human eye exposed to short flashes of 
light, and the equivalence can be dem
onstrated in the photoreceptor of Limu
Ius. About the same number of nerve 
impulses are produced by exposing the 
ommatidium to a weak light for a 10th 
of a second as by exposing it to light 10 
times as bright for a lOOth of a second 
[see bottom illustration on page 231]. 

We also know from watching motion 
pictures or television that a light flicker
ing at a high rate appears not to be 
flickering at all. A neural basis for this 
phenomenon can be seen in the gener
ator potentials and nerve impulses re
corded when a Limultls ommatidium is 
exposed to a light flickering at various 
rates [see Ulustmtion on page 232]. 
Flicker is detectable as fluctuations in 
the generator potential, which in turn 
gives rise to bursts of impulses. As the 
repetition rate increases, the rate of dis
charge becomes steadier and finally is 
indistinguishable from a response to 
continuous illumination. As can be seen 
from the records, this "flicker fusion" is 
directly attributable to the generator 
potential, which becomes smooth at the 
highest repetition rates. 

The experiments described so far 
were carried out on single cells or 

single sensory units. In the eye, ear and 
other organs, however, receptor cells 
are grouped close together and usually 
act in concert. In fact, modern studies 
show that receptor cells of complex 
sense organs seldom act independently. 
In such organs the receptor cells are 
interconnected neurally and as a result 
of these connections new functional 
properties arise. 

Although the compound eye of Limu
Ius is much less complex than the eyes 
of vertebrates, it still shows clearly the 
effects of neural interaction. In Limulus 
the activity of each photoreceptor unit 
is affected to some degree by the activ
ity of adjacent ommatidia. The fre
quency of discharge of impulses in an 
optic nerve fiber from a particular 
ommatidium is decreased-that is, in
hibited-when light falls on its neigh
bors. Since each ommatidium is a 
neighbor of its neighbors, mutual in
hibition takes place. This inhibition is 
brought about by a branching array 
of nerve axons that make synaptic con
tact with each other in a feltwork of 
fine fibers behind the ommatidia. The 
inhibition probably results from a de
crease in the magnitude of the genera-

MUTUAL INHIBITION results when two neighboring ommatidia are illuminated at the tor potential at the site of origin of the 

same time (top) . The inhibition is exerted by cross connections among nerve fibers. When nerve impulses, as a consequence of 

ommatidia attached to fiber A and fiber B were illuminated separately, 34 and 30 impulses which the rate of firing is slowed down. 
were recorded respectively in one second. Illuminated together, they fired less often. I When two adjacent ommatidia are 
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.JET TEST BOAT. Boeing jet. powered r esearch hydroplane, 
capable of speeds up to 100 knots, is newest addition to Boeing 
equipment devoted to advancing man's knowledge. Aqua·let will 
be used to test experimental hydrofoil designs. Test model is 

suspended between prows from structure which controls action 
of model being pushed through water. These hydrodynamic design 
studies are typical of expanding Boeing efforts in marine field, 
which include building a hydrofoil patrol craft for U.S. Navy. 

Capability has many faces at Boeing 

CARGO-.JET. Boeing C·135 cargo.jet, first of 
30 ordered by the Military Air Transport Servo 
ice, has already been delivered. These 30 C·135s 
will provide MATS with work capability equiva. 
len t to 100 propeller.driven transports. 

SUPERSONIC transport model being tested 
in Boeing wind tunnel. Boeing is investing sub· 
stantial sums in supersonic transport research. 
Future skyliners would be able to fly from New 
York to London in less than three hours. 

SPACE GLIDER. Drawing of Dyna·Soar, U.S. 
Air Force manned space glider designed to rock 
et into space, then re·enter earth's atmosphere 
for conventional pilot.controlled landing. Dyna. 
Soar is being developed by U.S. Air Force in 
cooperation with NASA, with Boeing as prime 
contractor for both the system and the glider. 
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BREATH 

Providing a safe atmosphere for man on extended flights into space will 
demand the most ingenious environment control system ever devised 
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Sustaining human life over long periods of  time in a 
sealed space capsule is one of today's highest priority 
engineering tasks. The prime need: an infallible 
environment control system which will supply a 
safe breathing atmosphere ... regulate temperature, 
humidity, pressure ... remove toxic gases and other 
air contaminants ... and still be so simple in design 
and construction that the crew can maintain it. 

This system must not only satisfy classic airborne 
requirements for lightness, efficiency, compactness
but solve a myriad of new and extreme problems. 
Minute flow rates of liquids and gases must be 
metered under weightless conditions. Improved com
ponents must be developed to prevent gases from 
leaking-even in infinitesimal amounts. Proven tech
niques in system integration must be applied to 
assure fool-proof operation. 

An intensive program, begun three years ago 
at Hamilton Standard, has already produced much 

of the basic data needed to build such a system. 
For example, a Hamilton Standard carbon dioxide 
removal subsystem, soon to be tested by the National 
Aeronautics & Space Administration, could, in pre
sent form, sustain three men in a sealed capsule 
indefinitely. Development of this unit and other 
devices to control humidity, temperature and pres
sure in space vehicles are logical extensions of ex
perience Hamilton Standard has gained in building 
environment control systems for such advanced 
aircraft as the F-I04, B-58, and the new B-70 bomber. 

Life support research typifies Hamilton Standard's 
expanding capabilities in space and new fields of 
science. Other activities include solar power gen
erators ... missiles and space systems ... electronics 
... ground support equipment ... aerospace and in
dustrial engine controls, starters, air-conditioning 
systems ... electron beam welding and cutting ma-
chines ... and new propellers. 

UNITED AIRCRAFT CORPORATION 

LIFE SUPPORT SYSTEMS 

© 1961 SCIENTIFIC AMERICAN, INC



illuminated at the same time, each dis
charges fewer impulses than when it 
receives the same amount of light by 
itself [see illustration on preceding 
pagel. The magnitude of the inhibition 
exerted on each ommatidium (in the 
steady state) depends only on the fre
quency of the response of the other. The 
more widely separated the ommatidia, 
the smaller the mutual inhibitory effect. 
When several ommatidia are illuminated 
at the same time, the inhibition of each 
is given by the sum of the inhibitory 
effects from all others. 

Inhibitory interaction can produce 
important visual effects. The more in
tensely illuminated retinal regions ex
ert a stronger inhibition on the less in-
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tensely illuminated ones than the latter 
do on the former. As a result differences 
in neural activity from differently light
ed retinal regions are exaggerated. In 
this way contrast is heightened and cer
tain significant features of the retinal 
image tend to be accentuated at the ex
pense of fidelity of representation. 

This has been shown by illuminating 
the Limulus compound eye with a 
"step" pattern: a bright rectangle next 
to a dimmer one [see illustration be
low l. The eye was masked so that 
only one ommatidium "observed" the 
pattern, which was moved to various 
positions on the retinal mosaic. At each 
position the steady-state frequency of 
discharge was measured. The result was 
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DISTANCE ON THE EYE I MILLIMETERS) 

CONTRAST HEIGHTENING AT CONTOURS is demonstrated by letting "step" pattern 

New projects . . .  

new career 
opportunities 
for engineers 
and scientists at 

HAMILTON STANDARD 

New product activity in a wide variety of areas 
is constantly quickening the pace at this 
long-established Division of United Aircraft 
Corporation. The new projects offer positions 
with unlimited advancement potential and 
professional fulfillment ... a company-spon
sored engineering program . • .  many excellent 
benefits. There are career opportunities in: 

MISSILES & SPACE SYSTEMS 
For men skilled in analog computer develop
ment, including computer equipment design, 
reliability, logic design, circuit fabrication de
velopment; also, inertial devices and systems 
analysis, guidance and control operations anal
ysis, conceptual design. 

ELECTRON BEAM TECHNOLOGY 
Electrical engineers, physicists, metallurgists, 
to participate in development program on 
electron beam equipment for joining, cutting 
and vapor deposition, utilizing techniques in 
high vacuum electron optics, electronics and 
high voltage design, and to explore the diverse 
applications of this technology. 

AEROSPACE EQUIPMENT 
Men skilled in thermodynamics, sonics, ther
moelectricity, control devices (gas flow sensing 
equipment) for exploratory development. 

ELECTRONICS 
Men skilled in energy conversion, instrumen
tation, stabilization and navigation systems. 

All Qualified applicants will receive consideration for employ. 
ment without regard to race, creed, color or national origin. 

FOR DETAilS AND TO ARRANGE AN INTERVIEW, 
please write to Mr. A. J. Fehlber, Supervisor, Profes
sional cnd Scientific Recruiting 

of light, a bright area next to a darker one, fall on the Limltllts compound eye (top) .  If eye UNITED AIRCRAFT CORPORATION 

is masked so light strikes only one ommatidium, a recording of its output forms a simple rnffi[D]��'IT®rn �ffirn[[)ffirn[[) [[)m���mj)rn step·shaped curve (bottom ) as the pattern is moved across the eye. If the eye is unmasked, 
the output of the single ommatidium is inhibited in varying degrees by the light striking its Windsor Locks, Connecticut 

neighbors. The net effect (lower curve) is to heighten contrast at Iight·dark boundaries. 
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cA" 9fl\)[tatiO" to · · ·  
PHYS I C I STS 

M AT H E M AT I C I A N S  

A N D E N G I N E E R S  

b!r. om - M .  I .  T .  

The Laboratory's staff of ove r 1000 u n d e r  the d i rect ion of  
Dr.  C. Sta rk Dra per  i s  e n gaged in  t h e  conception and perfect i o n  
of co m p l ete ly a uto m at ic  c o n t r o l  systems fo r the f l ight  a n d  
g u i d a nce o f  m i ss i les a n d space ve h i c les .  Its a c h i evem e nts 
i n c l u d e  the N avy M a r k  1 4  G u nsight ,  the Air Force A- 1 G u ns ight ,  
H e r m e t i c  I n t e g ra t i n g Gyros ( H I G ) ,  a n d t h e S h i p I n e rt i a l  
N avi gati o n  System ( S I N S) .  The Laborato ry d eve loped ba s i c  
theory, co m po n e nts a n d syste m s  f o r  t h e  A i r  Force T H O R  a n d ,  
later ,  t h e  T ITA N  m i s s i l e .  

T h e  La borato ry a l so d eve l o ped t h e  N avy's PO LA R I S  g u i d a n c e  
syste m .  Stu d i e s  fo r NASA a re c u rrent ly b e i n g  carr ied o ut. 

o Grad uate courses may b e  taken for credit  whi le earning ful l  pay. 

Research and Development opportunities exist in: 
• ANALYS I S  OF SYSTEMS AND COMPONENTS 

• H I G H  PERFORMANCE SERVOMECHANISMS 

• POWER SUPPL I ES AND MAGNET I C  AMPL I F I ERS 
• D I G ITAL AND ANALOG COMPUTERS 

• ELECTRO·M ECHAN I CAL COMPONENTS 
• TRANS I STOR C I RCU ITRY AND PULSE C I RCU ITRY 

• RESEARCH ,  DES I G N  AND EVALUAT ION  OF 
GYROSCOPE I NSTR U MENTS 

• COM PUTER PROGRAM M I NG AND S I M U LATOR STU D I ES 

• OPT I CS,  ASTRONAUTICS AND MANY OTHER AREAS 

CA L L  OR WR I TE H O WA RD F. MILLER. PERSONNEL O FFI CER 

I N STR U M ENTATION LABORATORY 
MASSACHUSETTS I N STITUTE O F  TEC H N OLOGY 

s e  A L B A N Y  ST R E ET B LD. SA • CAM B R I DG E  39.  MASS. 

U N I V E RS ITY 4 - S 9 00. E XT. 3 5 44 

* A l l  q u a l i fied a p p l i c a n t s  w i l l  ' receive consideration for  e m p l oyment without regard 
to race, creed, color o r  national or ig in .  
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a faithful reproduction (in terms of fre
quency of impulses) of the form of the 
pattern. Then the eye was unmasked 
so that all the ommatidia observed the 
pattern, and a recording was again made 
from the single ommatidium. This time 
the frequency increased on the bright 
side of the step and decreased near the 
dim side. This is expected because near 
the bright side of the step the neighbor
ing ommatidia illuminated by the dim 
part of the step pattern have a low fre
quency of firing and therefore do not 
exert much inhibition. Consequently 
the frequency of discharge of the re
ceptors on the bright side of the step 
is higher than its equally illuminated 
but more distant neighbors. Similar 
reasoning explains the decrease in fre
quency on the dim side of the step. 
The 

'
net effect of this pattern of re

sponse is to enhance contours, an ef
fect we can easily demonstrate in our 
own vision by looking at a step pattern 
consisting of a series of uniform gray 
bands graded from white to black. 
Artists are quite familiar with the ex
istence of "border contrast" and may 
even heighten it in their paintings. And 
as we all know, significant information 
is conveyed by contours alone, as is 
demonstrated by cartoons and other line 
drawings. Georg von Bekesy of Har
vard University has suggested that a 
similar reciprocal inhibition in the audi
tory system would lead to a sharpening 
of the sense of pitch. 

There is also evidence that in many 
sense organs the response can be 

modified by neural influences exerted 
back onto them by higher centers of the 
nervous system. Thus the sensitivity of 
the vertebrate stretch receptor or muscle 
spindle is established by variations in 
the length of the spindle fibers, and this 
length is dependent both on the output 
of the receptor and on its interaction 
with higher centers. The sensitivity of 
the vertebrate olfactory receptors can 
also be altered, in all probability, by the 
flow of impulses from above. Similar 
influences, not yet well understood, also 
seem to be at work in the retina of the 
eye. 

It is evident, then, that the responses 
of complex sense organs are determined 
by the fundamental properties of the 
individual receptor cells, by the in
fluences they exert on one another and 
by control exerted on them by other 
organs. In this way the activity of the 
receptor cells is integrated into com
plex patterns of nervous activity that 
enable organisms to survive in a world 
of endless variety and change. 
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T H E 31 5  
i s  s u p ported by a strong fou ndation ! 

The outstanding performance of the NCR 315 is based on a strong 

foundation of vital back-up and support. This new generation computer 

exemplifies the same back-up and support provided by NCR in all 

areas of data processing. Standard programs . . .  from scientific routines 

to common English translators . . .  to reduce programming time and cost. 

Professional instructors to provide complete customer training. Trained 

specialists to assist in system and site design. Preventive and corrective 

maintenance to maintain your NCR equipment in top operating 

efficiency. All provided with the 315 . . .  all backed by a company with 

77 years of experience in the office equipment business. 

Investigate today ! Call your NCR representative, a trained 

systems consultant, or write : E lectronic Data Processing 

Systems and Sales, Dayton 9, Ohio. 

T H E NA T I O NA L CA S H  R E G I S T E R C O M PA N Y, DAYTON 9, OHIO 
1 039 OFFICES IN 12 1  COUNTRIES . 77 YEARS OF HELPING BUSINESS SAVE MONEY 
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To discover what you believe is possible . . .  , 
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You're so sure the answer's there. From what ments to measure , record, and analyze some of 
you already know . . .  from what's been proved the things that can help supply you with the 
so far, it has to be. But that's when your hard- answer you must have. Are you in the middle 
est work begins. To give your answer precise of such an answer search right now? Or looking 
shape and substance. To prove it. And 

C EC  
for a starting point on a problem? Call 

u s e  it to m ove to the n ext step.  At in a man from the CEC sales and service 
some point during your quest, there's offi c e  n earest you. It's worth a try. 
a good chance C E C  can c o m e  in a nd help. C O N S O L I DAT E D  E L E C T R O DY N A M I C S 
Because this is exactly what CEC m en do for PA SA D E N A ,  C A L I F O R N I A  • A S U B S I D I A R Y  O F  B E LL & H O W E L L  

DATA R E C O R D E R S  D I V I S I O N · A N A LY T I C A L  & C O N T R O L  D I V I S I O N . T R A N S D U C E R  

a living - find the means and build the instru- D I V I S I O N · C O N S O L I D AT E D  S Y S T E M S  C O R P  . •  C O N S O L I DA T E D VA C U U M  C O R P .  
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NOW-
Plasma flame sprayed 
coatings with precisely 
controlled characteristics 

You can apply coatings of high melting 
point materials such as tungsten, alumina, 
zirconia, other refractory materials and a 
wide range of metallics. 

New METeD Plasma Flame Spray System permits 
precision control of a wide range of coatings, and 
exact duplication of desired results. 

Features of improved plasma flame spray system 
GUN Nozzle and electrode positions fixed 
and foolproof. Nothing to adjust. Light 
for manual use; sturdy for machine 
mount. Compact: can operate inside 5" 
bore. Sprays up to 15 pounds per hour. 
Can be used with nitrogen, argon or 
helium, with simple nozzle change. 
6-piece construction. 

POWDER FEEDER Extremely accurate and 
consistent powder feed rates. Calibrated 
control permits exact duplication of coat
ings. Powder feeds without flutter, re
gardless of particle size, wear of parts, 
or amount in hopper. Operates at atmos
pheric pressure, refillable with gun in 
use. Hopper removable with twist of 
wrist; contains non-spill valve. 

CONTROL UNIT Push button controls are 
mounted in modular design cabinet, 
with fail-safe features. 

The new plasma spray system is 100% a 
METeo design, engineered for flame 
spraying only. Both METeo equipment 
and materials are backed by METeo's 
technical service in the field and at head
quarters. For detailed information on the 
new equipment and unique characteris
tics of METeo materials, send for Plasma 
Bulletin No. 16. 
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N. Y.Col iseum 
October 9·15 

Name 

Titlo 

Company 

Address 

City 

1119 Prospect Ave., Westbury, L. I., N. Y. 
Telephone, Edgewood 4·1300 Cable 
METCD In Great Britain, METCD LTD., 
Chobham-near-Woking, England. 

. _ - ------- ---, 
METCO: Please send me free I 
bulletin on METCO Plasma I Flame Spray System. I 
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MATHEMATICAL GAMES 
Surfaces with edges linked 
as the three nngs of a 

In the same wa'y 
well-known design 

by Martin Gardner 

T
hree curiously interlocked rings, 
familiar to many people in this 
country as the trade-mark of a 

popular brand of beer, are shown in lhe 
illustration below. Because they appear 
in the coat of arms of the famous Italian 
Renaissance family of Borromeo they 
are sometimes called Borromean rings. 
Although the three rings cannot be 
separated, no two of them are linked. 
It is easy to see that if any one ring 
is taken from the set, the remaining 
two are not linked. 

In a chapter on paper models of topo
logical surfaces, which appears in 'rl1e 
Fi1"st Scientific American Book of Mathe
matical Puzzles and Diversions, I men
tioned that I knew of no paper model 
of a single surface, free of self-inter
section, that has three edges linked in 
the manner of the Borromean rings. 
"Perhaps," I wrote, "a clever reader 
can succeed in constructing one. " 

This challenge was first met in the 
fall of 1959 by David A. Huffman, asso
ciate professor of electrical engineering 
at the Massachusetts Institute of Tech
nology. Huffman not only succeeded in 
making models of several different types 
of surface with Borromean edges; in do
ing so he also hit upon some beautiful
ly simple methods by which one can con
struct paper models of a surface with 
edges that correspond to any type of 
knot or set of knots-interlaced, inter
woven or linked in any manner whatever. 
Later he discovered that essentially the 
same methods have been known to topol
ogists since the early 1930's, but because 
they had been described only in German 
publications they had escaped the atten
tion of everyone except the specialists. 

Before applying one of these methods 
to the Borromean rings, let us see how 
the method works with a less complex 
structure. The simplest closed curve in 
space is, of course, a curve that is not 
knotted. Mathematicians sometimes call 
it a knot with zero crossings, just as 

they sometimes call a straight line a 
curve with zero curvature. Diagram 1 in 
the illustration on page 244 is such a 
curve. The colored area in the diagram 
represents a two-sided surface whose 
edge corresponds to the curve. It is easy 
to cut the surface out of a sheet of 
paper. The actual shape of the cutout 
does not matter, because we are inter
ested only in the fact that its edge is 
a simple closed curve. But there is 
another way to color the diagram. We 
can color the outside of the curve [dia
gram 2 in the illustration on page 244] 
and imagine that the diagram is on the 
surface of a sphere. Here the closed 
curve surrounds a hole in the sphere. 
The two models-the first cutout and the 
sphere with the hole-are topologically 
equivalent. vVhen put together edge to 
edge, they form the closed, two-sided 
surface of a sphere. 

Now let us try the same method on 
a slightly more complicated diagram 
[diagram 3 in the illustration] of the 
same space curve. Think of this curve 
as a piece of rope. At the crossing we 
indicate that one segment of rope passes 
under the other, like a highway under
pass, by breaking the line as shown. This 
curve also is a knot of zero crOSSings, be
cause it can be manipulated so that the 
crossing is eliminated. (The order of a 
knot is the minimum number of crossings 
to which the knot can be reduced by 
deformation.) As before, we shade the 

The three Borrol1tean rings 
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As part of our research on thermionic energy converters, 

we have developed -and perfected -a technique for 

probing plasmas. We can measure electron temperatures, 

plasma potential and electron density without perturbing 

the output current of the converter. 

This understanding of the mechanism of space charge 

neutralization may well result in far more efficient therm

ionic energy converters and give a better insight into the 

mechanism of other plasma devices. 

We invite inquiries from any scientist who is interested 

in a stimulating, creative environment that is conducive 

to scientific accomplishment. Most of our projects are on 
an individual, rather than team, basis. Independence of 
scientific thought is encouraged as is the origination of 

new programs. Facilities for experimental work and nu
merical computation are superior. 

Inquiries are particularly invited from scientists of 
reputation in: Solid State Physics • Plasma Physics 

• Nuclear Engineering. Gaseous Electronics . Direct 

Conversion • Chemical Physics. 

Please write to Mr. W. H. Walsh, Personnel Department: 

RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 

400 Main Street, East Hartford a, Conn. 

AU qualified applicants will be given consideration for employment without regarcl 
to race, creed, color or national origin. 
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ForWind ... 

Gurley Wind Instruments indicate and 

record wind velocity and direction. Equip

ment transmits outdoor information to 

one or more indoor indicators. Recorders 

contain 15 days' record in strip-charts. 

Gurley Pilot Balloon Theodolite permits 

optical tracking of weather balloons. 

Available in many models and combina

tions. Write for Bulletin 6000 describing 

Gurley Anemometers, Wind Direction In

struments, Recorders and Pilot Balloon 

Theodolites. 

•.. orWater 

Gurley Current Meters measure stream 

velocity in fresh water ... salt or brackish 

... shallow or sluggish streams ... industrial 

waste and sewage. Gurley Current Meters 

have been the standard of the profession 

since 1870. Write for Bulletin 700, de

scribing the diversified line of highly

standardized, easily-disassembled equip

ment made of non-corroding materials. 

w.& L.E.GURLEV 
562 FULTON STREET, TROY, 
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Models 0/ sur/aces with an unknotted edge 

diagram with two colors, tinting it so 
that no two regions with a common 
boundary have the same color. This can 
always be done in two different ways, 
one a reverse print of the other. 

If we color diagram 3 as shown in 
the illustration, the model is merely a 
sheet of paper with a half-twist. It is 
two-sided and topologically equivalent 
to each of the previous models. But 
when we color the diagram in the al
ternate way [diagmm 4], regarding the 
white spaces as holes in a sphere, we 
obtain a surface that is a Mobius strip. 
It too has an edge that is a knot of 
zero crossings (that is, not a knot) , but 
now the surface is one-sided and topo
logically distinct from the preceding 
model. The closed, no-edged surface 
that results when the two models are 
fitted together is a cross cap, or projec
tive plane: a one-sided surface that can
not be constructed without self-inter
section. 

The same general procedure can be 
applied to the diagram of any knot or 
group of knots, linked together in any 
manner. Let us see how it applies to the 
Borromean rings. The first step is to 
map the rings as a system of under
passes, making sure that no more than 

two roads cross at each pass. Next, we 
color the map in the two ways possible 
[diagmms 1 and 2 in the illustmtion on 
page 246]. Each crossing represents a 
spot where the paper surface (the 
shaded areas) is given a half-twist in 
the direction indicated. The one-sided 
surface shown in diagram 1 is easily 
made with paper, either in the elegant 
symmetrical form shown or in topo
logically equivalent forms such as the 
one depicted in diagram 3. The model 
that results from . diagram 2, with the 
Borromean rings outlining the holes in 
a sphere, seems at first glance quite dif
ferent from the preceding model. Actu
ally it is topologically the same. Some
times the two methods of coloring lead 
to equivalent models, sometimes not. 

It can be proved that this double 
procedure can be applied to any desired 
knot or group of knots, of any order, 
linked together in any manner. Most 
models obtained in this way, however, 
turn out to be one-sided, or what topol
ogists call "nonorientable. " Sometimes it 
is possible to rearrange the crossings of 
the diagram so as to yield an orientable 
(two-sided) surface, but usually it is 
extremely difficult to see how to make 
this sort of modification. The following 
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Daven metal film resistors 
• True glass-to-metal seal plus 

epoxy encapsulation 

• 25 PPMrC. temperature coef
ficient over normal operating 

temperatures at no surcharge 

• Weldable leads, which are readily 
solderable, are standard on all 
units at no surcharge 

• Exceeds Mll-R-10509D, Character
istic C specs 

• Off-the-shelf delivery from your 
Daven distributor 

Write for full details on Types 
DA 2 and DA 4 

Switches· Resistors· Attenuators • Power Supplies 
• F i lter s· Networks· laboratory Equipment 
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method, also rediscovered by Huffman, 
guarantees a two-sided model. 

To illustrate the procedure, let us 
apply it to the Borromean rings. First 
draw the diagram, but with light pencil 
lines. Place the point of the pencil 
on any one of the curves and trace it 
around, in either direction, back to 
the starting point. At each crossing 
make a small arrow to indicate the di
rection in which you are traveling. Do 
the same with each of the other two 
curves. The result is diagram 1 in the 
illustration on page 248. 

Now go over this diagram with a 
heavier pencil or crayon, starting at any 
paint and moving in the direction of 
the arrows for that curve. Each time 
you come to a crossing turn either 
right or left as indicated by the arrows 
on the intersecting strand. Continue 
along the other strand until you reach 
another. crossing, then turn again, and 
so on. It is as if you were driving on 
a highway and each time you reached an 
underpass or overpass you leaped to the 
other road and continued in the direc
tion its traffic was moving. You are 
sure to return to your starting point 
after tracing out a simple closed curve. 
Now place the crayon at any other point 
on the diagram and repeat the proce
dure. Continue until you have gone over 
the entire diagram. Interestingly enough, 
the closed paths produced in this way 
will never intersect one another. In 
this case the result will look like diagram 
2 in the illustration on page 248. 

Each closed curve represents an area 

I � 

� ...•• 
2 

of paper. Where two areas are along
side each other, the touching points 
represen t half -twists ( in the direc
tion indicated on the original diagram) 
that join the areas. Where one area is 
inside another, the smaller area is re
garded as being above the larger, like 
two Boor levels in a parking garage. The 
touching points represent half-twists, 
but now the twists must be thought of as 
twisted ramps that join the two levels. 
The finished model is shown at 3 in the 
illustration on page 248; it is two-sided 
and its three edges are Borromean. It 
can be proved that any model con
structed by this procedure will be two
sided. This means that it can be painted 
in two contrasting colors, or constructed 
from paper that is differently colored on 
its two sides, without having one color 
run into the other. 

The reader may enjoy building models 
of other knots and linkages. The figure
of-eight knot, for example, leads to 
very pleasing, symmetrical surfaces. 
The first diagram in the illustration on 
page 251 is one way in which this fa
miliar knot can be mapped. Diagrams of 
this sort, by the way, are used in knot 
theory for determining the algebraic 
expression for a given knot. Equivalent 
knots, in the sense that one can be de
formed into the other, have the same 
algebraic formula, but not all knots 
with the same formula are equivalent. 
It is always assumed, of course, that 
the knots are tied in closed curves in 
three-dimensional space. Knots in ropes 
open at the ends, or in closed curves 

3 

Topologically equivalent one-sided sur/aces with Borromean-ring edges 
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CREATIVE MAGNETICS 
FOR "PACKAGED-II COMPUTER INTELLIGENCE 

Our General Ceramics Division builds complete memory sys

tems that bring new compactness, flexibility and reliability 

to today's giant computers. 

The specially built General Ceramics unit shown above 

contains 8,000 characters, 56 bits per character - some 

450,000 bits of central memory for a large-scale com

puter. It operates with 6 microsecond cycle time, 2.5 

microsecond data access time. At far left is a memory 

exerciser which automatically checks the unit with six 

different automatic programs. 

We offer these systems in random access memories, 

and either sequential, interlaced or non-interlaced buffer 

memories. Standard in-stock units are available with 

word capacities of 32 to 32,000 (any bit length) with 

sequential cycle times down to 3.3 microseconds, data 
access to 2 microseconds. 

Reliability is assured through lOO-percent quality 
control at all levels - beginning with mechanical and 
electrical testing of each individual core and continuing 
with both visual and electrical inspections at all stages 
of assembly. Advanced techniques, such as ultrasonic 
cleaning, automatic l2-per-second core testing and other 
electronic functional checks made by specially designed 
equipment, provide that extra edge of reliability which 
Indiana General's customers have come to expect. 

For further details about the advantages of utilizing 
our complete memory systems in your computers, write 
to General Ceramics, Memory Core �� 
Products Department, Keasbey, N. J. • 
Ask for Bulletin 26. 

INDIANA GENE-RAL CORPORATION VALPARAISO, INDIANA 

Permanent Magnets Ferrites • Technical Ceramics Memory Products Magnetic Separation and Handling Equipment 

© 1961 SCIENTIFIC AMERICAN, INC



for research 
and 

development ... 
the most versatile, 
portable 16mm 
motion picture 
camera I 

• 

For 
documentation, 
instrumentation, 
film reports, public relations, 
for every industrial and 
scientific application ... no 
other camera does them all 
as well as ARRIFLEX! 
World·famous mirror·shutter reflex system 

• Precision registration mo vement. 

Electric motor drive • Divergent turret • 

Many other unique features that make 

professional filming a simple procedure 

for the research engineer and scientist. 

SEND COUPON TODAY! 
•••.....•••• ....•••..............•••. 
• ARRIFLEX CORPORATION OF AMERICA : 
: 257N PARI< AVE. SOUTH. NEW YORK 10, N, Y. 
· 
: ","rilltout ohligation, ] would like: 
: 0 DE}'lOXSTRATION 0 LITERA'ITRF. 

o on ARRlFLEX 16 0 on A RIIIFLEX 35 

name' ________ ________________ __ 

company ______ ________________ __ 
· 
: address ______ ____________ ____ _ 

: city zone state 
· . 
•••••••••••••••••••••••••• 0 ••••• 0 •••• 

248 

/ 

2 

A 

c 

B 

Steps in making a two·sided sur/ace with Borromean.ring edges 

in four-dimensional space, can all be 
untied and are therefore equivalent to 
no knots at all. 

The figure-of-eight knot is the only 
knot that reduces to a minimum of four 
crossings, just as the overhand or tre
foil knot is the only type that has a 
minimum of three crossings. Unlike the 
trefoil, however, the figure-of-eight 
knot has no mirror image, or rather it 
can be deformed into its mirror image. 
Such knots are called "amphicheiral," 
meaning that they "fit either hand," 
like a rubber glove that can be turned 
inside out. 

No knots are possible with one or two 
crossings. There are two five-crossers, 
five six-crossers, eight seven-Cl'ossers 
[see illustration on page 251 ]. This 
tabulation does not include mirror
image knots but does include knots 
that can be deformed into two simpler 
knots side by side. Thus the square 
knot [knot 7 in the illustration]' is the 
"product " of a trefoil and its mirror 
image; the granny [knot 8] is the 
"product" of two trefoils of the same 
handedness. Knots 3 and 16 have very 
simple models. You have only to give 
a strip five half-twists and join the 
ends to make its edge form knot 3, seven 
half-twists to make it form knot 16. 

A knot that cannot be deformed into 

simpler knots side by side is called a 
prime knot. All the knots in the illus
tration are prime except 7, 8 and 9 
(knot 9 is a product of a trefoil and 
a figure-of-eight) . Knots have been care
fully tabulated up through 10 crossings, 
but no formula has yet emerged by which 
the number of different knots, given n 
crossings, can be determined. The num
ber of prime knots with 10 crossings is 
thought to be 167, but since this number 
is based on empirical techniques, no 
knot theorist can be certain it is cor
rect. Only wild guesses can be made as 
to the number of prime knots with 11 
and 12 crossings . 

Like topology, to which it obviously 
is closely related, the theory of knots 
is riduled with unsolved, knotty prob
lems. There is not even a general method 
known for deciding whether or not any 
two given knots are equivalent or for 
telling whether a tangled space curve is 
knotted or not. To illustrate the latter 
difficulty, I have concocted the puzzle 
depicted in the illustration on page 252. 
This strange-looking surface is one
sided and one-edged, like a Mobius 
strip, but is the edge knotted? If so, 
what kind of knot is it? The reader is 
invited to study the picture, make a 
guess, then test his guess by the fol
lowing empirical method. Construct the 
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SENIOR SCIENTISTS are needed for immediate openings 
in the General Dynamics I Astronautics Electronics Research 
Laboratories. 

A large, company-sponsored program in thin film and solid 
state research for applications to Microminiaturization, Solar 
Energy Conversion, and Magnetic Computer Components is in 
progress. Included are: (1) studies of the kinetics and structures 
of films using advanced electron microscope techniques; (2) 
epitaxy studies using pyrolytic vapor decomposition and ultra
high vacuum deposition of thin film crystals; (3) materials 
research for thin film passive and active components prepared 
by vacuum deposition, sputtering, anodization and electron beam 
graphics and cathodolysis; and (4) techniques for accurately 
monitoring and controlling the fabrication conditions and film 
characteristics for thin film microcircuit and large area energy 
conversion device fabrication. 

If you are interested and have experience in thcse tasks and are 
trained in solid state physics, metallurgy and ceramics, physical 
chemistry or electronics, inquire now. Advanced degree pre
ferred but not necessary if talent and experience in these areas 
are indicated. 

GENERAL DYNAMICS 

Please write to Mr. R. M. Smith, 
Industrial RelaJions Administrator-Engineering, 
General Dynamics/Astronautics, Dept. 130-90, 
5678 Kearny Villa Road, San Diego 12, 
California. If you live in the New York area, 
it may be more convenient to contact 
Mr. T. Cozine, General Dynamics/Astronautics, 
1 Rockefeller Plaza, New York City, 
Telephone CIrcle 5-5034. 
ALL QUALIFIED APPLICANTS WILL RECEIVE CONSIDERATION FOR EMPLOYMENT WITHOUT 
REGARD TO R'&'CE, CREED, COLOR, OR NATIONAL ORIGIN. 

ASTRONAUTICS 
(Formerly CONVAIR/ASTRONAUTICS) 
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Sometime in 1963. this spacecraft will land 
on the moon. In it will be over 200 pounds 
of scientific instruments designed to gather, 
analyze and transmit information about the 
moon's surface, subsurface and atmosphere. 

The Hughes-designed Surveyor will be built 
to "soft land." As it approaches the moon, 
after a 66-hour flight from the earth, retro
rockets will be fired to cushion the impact 
of landing. 

Then, standing on three legs, the 750-pound 

moon explorer will set to work-as scientists 
here on earth watch via television. High
quality television pictures of the lunar land
scape will be taken and transmitted. Drills 
will pierce the moon's surface and samples 
will be brought up into the spacecraft for 
chemical analyses. Other instruments will 
measure the geophysical characteristics of 
the lunar surface, as well as the moon's mag
netic and radiation fields. 

Hughes will build seven Surveyor vehicles 

which are scheduled to be launched at 
Cape Canaveral during the period 1963-66. 
The work is being performed for the National 
Aeronautics and Space Administration. 
Technical direction is by the California 
Institute of Technology· Jet Propulsion 
Laboratory. 

The information which Surveyor gives us 
will be an important step toward the day 
when man himself will stand on the moon 
and look out into the universe. 

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

i HUGHES i 
I I I I L __________________________ � 

HUGHES A.IRCRAFT COMPANY 
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Electronics is our business. Imaginative pi
oneering in advanced electronics by more 
than 5,000 Hughes engineers and scientists 
is speeding man's progress in a host of new 
ways-with revolutionary 3-dimensional ra
dar systems, with ion engines to take man on 
long space journeys, with computers that can 
do years of work in hours. Such creative ef
forts have helped build Hughes into one of 
the world's most important producers of elec
tronic systems and products. 

surface with paper and cut it along the 
colored line. This will produce one 
single strip that will be tied in the same 
type of knot as the edge of the original 
surface. By manipulating the strip care
fully so as not to tear the paper you can 
reduce it to its simplest form and see if 
your guess is verified. The result may 
surprise you. 

In the 1860's the British physicist 
William Thomson (later Lord Kelvin) 
developed a theory in which atoms are 
vortex rings in an incompressible, fric
tionless, all-pervading ether. J. J. Thom
son, another British physicist, later 
suggested that molecules might be the 
result of various knots and linkages of 
Lord Kelvin's vortex rings. This led to 
a flurry of interest in topology on the part 
of physicists (notably the Scottish physi
cist Peter Guthrie Tait) , but when the 
vortex theory was discarded, the interest 
waned. Perhaps it will revive now that 
chemists at the Bell Telephone Labora
tories have produced radically new com-

pounds, called catenanes, that consist of 
carbon molecules in the form of rings 
that are actually linked. It is now theo
retically possible to synthesize com
pounds made up of closed chains that 
can be knotted and interlocked in bizarre 
ways. Who can guess what outlandish 
properties a carbon compound might 
have if all its molecules were, say, figure
of-eight knots? Or if its molecules were 
joined into triplets, each triplet inter
locked like a set of Borromean rings? 

est month's problem was: How many 
different triangles can be formed 

with n straight lines? It takes at least 
three lines to make one triangle, four 
lines will make four triangles, five lines 
will make 10 triangles. Applying the 
calculus of finite differences, as ex
plained last month, one draws up the 
table at the top of page 254. 

The three rows of differences indi
cate a cubic function. Using Newton's 
formula, the function is found to be: 

Knots oj jour crossings (1), five crossings (2, 3), six crossings (4-8) and seven (9-16) 
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The 

COULTER 
COUNTER® 
automatically 
counts and sizes 
living cells small 
as 0.065 cubic 
microns 

At present there are more than 

2.000 biological and industrial 

Coulter Counter installations. 

Among the Coulter Counter's 

unique achievements; the cap

ability to plot a size distribution 

curve in 100 seconds ... Iess time 
than required for a Mean Cell 

Volume. Extensively used for 1 
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A one·sided. olle·edged sur/lice. Is fhe edge knolled? 

)�n(n-l) (n-2). This will generate the 
series 0, 0, 0, 1, 4, 10 .. . and therefore 
has a good chance of being the formula 
for the maximum number of triangles 
that can be made with 11 lines. But it is 
still just a guess, based on a small num
ber of pencil and paper tests. It can be 
verified by the following reasoning. 

The lines must be drawn so that no 
two are parallel and no more than two 
intersect at the same pOint. Each line is 
then sure to intersect every other line, 
and every set of three lines must form 
one triangle. It is not possible for the 
same three lines to form more than one 
triangle, so the number of triangles 
formed in this way is the maximum. The 
problem is equivalent, therefore, to the 
question: In how many different wavs 
can n lines be taken three at a tim�? 
Elementary combinatorial theory sup
plies the answer: the same as the formula 
obtained empirically. 

Solomon W. Golomb, a mathema
tician at the Jet Propulsion Laboratorv 
of the California Institute of Technology, 
was kind enough to send me his solution 
to the necklace problem mentioned last 

month. The problem was to find a for, 
mula for the number of different neck
laces that can be formed with 11 beads, 
assuming that each bead can be one of 
two colors and not counting rotations 
and reHections of a necklace as being 
different. The formula proves to be far 
beyond the power of the simple method 
of differences explained last month. 

Let the divisors of 11 (including 1 and 
11 ) be represented bv d" d�, ds . . .  For 
each divisor we find what is called 
Euler's phi function for that divisor, 
svmbolized <f> (d). This function is the 
�umber of integers that are prime to d; 
that is, which have no common divisor 
with d. It is assumed that 1 is such an 
integer, but not d. Thus <I> (8) is 4, be
cause 8 has the following four integers 
that are prime to it: 1, 3, 5, 7. By con
vention, <I> (l) is taken to be 1. Euler's 
phi functions for 2, 3, 4, 5, 6, 7 are 1, 2, 

2, 4, 2, 6, in the same order. Let a stand 
for the number of different colors each 
bead can be. For necklaces with an odd 
number of beads the formula for the 
number of different necklaces with n 
beads is the one given at the top of the 
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THIS IS GLASS [t] FROM CORNING A BULLETIN OF PRACTICAL NEW IDEAS 

A LOOK AT TRANSPARENCY 
One of the most useful qualities of glass 
is that you can see through it. In almost 
a century of experience, we've learned 
how to balance other useful properties of 
glass with transparency to give designers 
windows onto all sorts of worlds. 

This small compendium on transpar
ency-plus may give you an idea or two 
on how to get a look at whatever you'd 
like to watch. 

The window through which this 
schlieren photograph was taken is 
99.999+% fused silica, the most trans
parent glass for visible light ever made. 
Its extremely low coefficient of expansion 
gives it extremely high heat shock resist
ance. Couple these properties with a low 
refractive index variation and complete 
absence of physical flaws, and you have 
a window glass for such applications as 
this North American Aviation supersonic 
wind tunnel. 

To study the impact of two opposing 
gas waves traveling at Mach 80, physi
cists at Boeing Laboratories take photo
graphs through a 12-foot length of 6" 
O.D. PYREX glass pipe. This is the same 
borosilicate glass we use in pipe for 
chemical and food processing plants and 
for drainlines and heat exchangers. 

A quarter-inch polished plate of 
PYREX brand infrared reflecting glass 
keeps this steel mill crane operator cool. 

The glass bounces as much as 93% of the 
infrared, yet transmits about 75% of the 
visible light. 

This is a radiation shielding porthole 
which lets sailors on nuclear-powered 
submarines look directly, and safely, into 
the reactor chamber. It's made of a high
lead-content glass which stops gamma 
rays. For other hot cells, we've turned 
out shielding windows as big as five feet 
thick and nine tons heavy. 

The mercury that makes this light 
switch noiseless is enclosed in a PYREX® 

tube. Transparency makes pre assembly 
inspection easy. Other features: the 
mercury can't corrode the glass; the glass 
serves as electrical insulation, and it can 
be sealed to metal. 

� C O RNING MEA N S 

A different kind of heat 
comes from a welding torch. 
This VYCOR® brand glass 
nozzle lets the welder keep a 
close eye on his work, but 
isn't affected by the heat. 
VYCOR brand glass is 96% 
silica, approaches fused silica 
in heat shock resistance. 

Four-paned spaceports go into the 
Project Mercury capsules. Two panes of 
VYCOR brand glass and two of alumino
silicate glass provide optical quality plus 
the space traveling necessities of great 
physical and thermal strength coupled 
with low weight. 

AND FURTHERMORE ... 
We have certain brochures and bulle
tins which explore more deeply the de
sign possibilities of glass, with specific 
reference to transparency. We'll be glad 
to send you any or all of them upon re
ceipt of the coupon. 

RESEA RC H I N G LAS S 

KJ CORNING GLASS WORKS, 4909 Crystal St., Corning, N.Y. 

I 
I 
I 
I 
I 
I I 

Please send information on: 
o IR Reflecting Glass 0 PYREX Pipe 0 Flat Glasses 0 VYCOR o Fused Silica 
Name .................................................................................................................... Title. __ .................. . 
Company ..................... ___ .................................................................................................................. . 

I Street.. ................................................................................................................................................. . 
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GROWTH 

POSITIONS 

in 10 fields 

at CHANCE VOUGHT 

in Dallas 

Contract work on programs and systems 
to operate within, outside, and below 

the atmosphere is becoming increasingly 
important at our Dallas facilities. This 
work has created new growth positions 
for scientists and engineers in a number 
of interesting fields - specifically: 

• Space Technology 

• Materials Development 

• Conceptual Design 

• Astrionics - Avionics 

• Energy and Power Systems 

• Structures 

• Operations Analysis 

• Ground Support Equipment 

• Aerodynamics - Thermodynamics 

• Electronics Systems 

These new career positions call for a 
great deal of personal contribution and 
growth potential. We are particularly 
interested in professional people who 
are recognized now for their work in 
one of these areas. 

All qualified applicants will be con
sidered without regard to race, creed, 
color or national origin. 

Send resume to: 

Professional Placement 

CHANCE VOUGHT 

P. O. Box 5907 Dallas 22, Texas 

CHANCE& 
VOUGHT � 
A Subsidiary of Ling-Temco-Vought. Inc. 
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illustration at the bottom of this pagc. 
'#hen 11 is even, the formula is the one 
at the bottom of the illustration. 

The single dots are symbols for multi
plication. Golomb expressed these for
mulas in a more compressed, technical 
form, but I think the above forms will 
be clearer to most readers. They are 
more general than the formulas asked 
for, because they apply to beads that 
may have any specified number of colors. 

T his is my first opportunity to com-
ment on the many letters received 

concerning the short problems presented 
in this department for June. In the 
problem about the old-fashioned toaster 
nothing was said to exclude the pro
cedure of letting one side of a piece of 
bread toast partially, taking it out and 
putting it back iater to finish the toast
ing. With this permitted, R. J. Davis, Jr., 
of General Precision, Inc., was the first 
to send in a solution cutting the total 
time for toasting and buttering three 
slices to the record of III seconds. 

Davis' procedure is as follows, the 
numbers referring to the number of sec
onds after the start of the procedure: 

1. Put in slice A. 
3. Put in slice B. 

18. Remove A (it has toasted 15 sec-
onds on one side) . 

21. Put in slice C. 
36. Remove B. 
39. Put in A, turned. 
42. Butter B. 
54. Remove C. 
57. Put in B. 
60. Butter C. 
72. Remove A. 
75. Put in C. 
78. Butter A. 
90. Remove B. 
93. Put in A, turned to complete the 

toasting on its partially toasted side. 
108. Remove C. 
111. All three slices now toasted and 

buttercd, with A still in toaster. 
Even if A must be removed from the 

toaster to complete the entire operation, 
the time is 114 seconds; this is six sec
onds less than 120, the solution that was 
given. 

NUMBER OF LINES 0 2 3 4 5 

NUMBER OF TRIANGLES 0 0 0 1 4 10 
FIRST DIFFERENCES 0 0 1 3 6 

SECOND DIFFERENCES 0 1 2 3 
THIRD DIFFERENCES 1 1 1 

The allswer to last month's problem 

In the problem of finding the number 
of distinct types of hexahedron, I neg
lected to say that only convex hexa
hedrons were to be considered. It would 
have been a better problem to include 
thc concave forms, because there are 
only three, thus bringing the total to thc 
round number of 10. T. Wyatt Johnston 
and P. Y. Southam, both at the research 
laboratories of the RCA. Victor Com
pany in Montreal, were the first to call 
my attention to the three concave forms. 
They can be cut from a tetrahedron as 
shown in the illustration at the top of 
page 256. 

My most serious error was that of 
completely misinterpreting Seth Zim
merman's procedure for minimizing the 
number of yes-no questions in attempt
ing to guess an object when the possible 
objects can be given probability values. 
The correct procedure can be applied 
only when the probability values for 
each object are known and is best made 
clear by an example. 

Assume that a cleck of cards consists 
of one ace of spades, two deuces of 
spades, three threes and so on up to 
nine nines, making 45 spade cards in all. 
The deck is shuffled; someone draws a 
carel. You are to guess it by asking yes
no questions. How can you minimize the 
number of questions? 

The first step is to list in order the 
probability values for the nine elements: 
1/45,2/45,3/45 . . . The two lowest val
ues are combined to form a new element: 
1/45 plus 2/45 equals 3/45. In other 
words, the probability that the chosen 
card is either an ace or deuce is 3/45 .. 
There are now eight elements: the ace
deuce set, the three, the four, and so on 
up to nine. Again the two lowest proba
bilities are combined: the ace-deuce 

Equations for the solLttion of the necklace problem 
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1 00% t in plat ing of silicon 

diodes meets rigid military spec

ifications for resistance to corro

sive salt spray and provides 

optimum solderability of these 

hermetically sealed units,  accord-

Photo courtesy International Rectifier 
ing to one manufacturer. In 

addition,  tinplating protects 

against ad verse environmental 

conditions, i ncluding corrosion 

r e s u l t i n g  f r o m  e x c e s s i v e  

hum idity. 

Another capacitor maker recom

mends consideration of hot-dip 

t inning, plus centrifugal spinning. 

This method provides a fine 

solderability base and i ncreased 

corrosion resistance. It also af

fords longer shelf l ife i n  storage. 

Solder clad m iniature base 

tab stampings can speed tran

sistor production. Each replaces 

two components used to make 

ohmic j u nctions to germanium 

or silicon transistor triodes. They 

consist of a layer of high purity 

solder alloys metallurgically 

bonded to a base tab conductor 

such as Kovar, n ickel or n ickel

iron .  Solder and base ratio is 6: 1 .  

Free B u l l et i n  
Write today for a 
free s u bscription 
to T I N N EWS-a 
m o n t h l y  b u l l et i n  
o n  t i n s u p p l y, 
p r i c e s  a n d  n e w  
u s e s .  

The Malayan Ti n B u reau 
Oepl. T·I5J, 2000 K Street, N .W., Washington 6, D.C. 

256 

The three concave hexa/teilrons 

value of 3/45 and the 3/45 probability 
that the card is a three . This new ele
ment, consisting of aces, deuces and 
threes, has a probability value of 6/45. 

This is greater than the values for either 
the fours or fives, so when the two low
est values are combined again, we must 
pair the fours and fives to obtain an 
element with the value of 9/45. This 
procedure of pairing the lowest ele
ments is continued until only one ele
ment remains. It will have the proba
bility value of 45/45, or 1. The chart 
below shows how the elements are com
bined. The strategy for minimizing the 
number of questions is to take these 
pairings in reverse order. Thus the first 
question could be : Is the card in the set 
of fours, fives and nines? If not, you 
know it is in the other set so you ask 
next: Is it a seven or eight? And so on 
until the card is guessed. 

Note that if the card should be an ace 
or deuce it will take five questions to 
pin-point it. A binary strategy, of simp!\
dividing the elements as nearly as possi
ble into halves for each question, will 
ensure that no more than four questions 
need be asked, and you might even guess 
the card in three. Nevertheless, Zimmer
man's procedure will give a slightly 
lower expected minimum number of 
questions in the long run; in fact, the 
lowest possible. In this case, the mini
mum number is three. 

The minimum is computed as follows : 
Five questions are needed if the card 
is an ace. Five are also needed if the card 
is a deuce, but there are two deuces, 
making 10 (luestions in all. Similarly, the 
three threes call for three times four, or 
12, (luestions. The total number of ques
tions for all 45 cm'ds is 135, or an average 
of three 'luestions per card.  

�[Jmld i.. .. � .. • r. • 
••• 

�. . 
••• 

� . ..  • •• 

1 
4s 

; . !  • £ · ·t 
2 3 

45- 4s 

1 2  
45 

4 
4s 

• 
• ·G 

5 
4s 
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6 7 8 
45 4s 45 

Strategy for nliuilnizing the Itlunber 0/ yes-no questions in guessing (( card 
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Careers in a New Era of Space Technology Leadership 

Today Space Technology LaboratOl'ies, Inc" is engaged in a program of diversification and planned growth. 

Programs. Research, development, design, and con
struction of three Orbiting Geophysical Observatories 
for NASA . Systems engineering support and technical 
consulting services for the Army Advent program. 
Systems engineering and technical direction of the 
Atlas, Titan, and Minuteman weapon systems for the 
Air Force. Original and applied research in a broad 
spectrum of disciplines : particle physics, solid state 
theory, guidance, space physics, communication the
ory, propulsion and power, and electromagnetic sys
tems in the infrared, ultraviolet and microwave regions . 

Facilities. Presently under construction on a nO-acre 
site at Redondo Beach, near Los Angeles International 
Airport, is the STL Space Technology Center com
prising ten buildings specially designed for research 
and development in missile and space systems, for the 
fabrication and environmental test of subsystems and 
components, and for the production of scientific and 
t e c h n i c a l  d e v i c e s  d e r i v e d  from S T L ' s  s u s t a i n e d  
research program. These new facilities will be aug
mented by the STL research and fabrication installa
tion at Canoga Park, California. 

Immedi ate Opportunities at STL exist for qualified engineers and scientists at all levels of experience, in the 
following activities: 

BALLISTIC MISSILE PROGRAM MANAGEMENT ( Los Angel es, Vandenberg AFB, Norton AFB-San Bernar
dino ) . Responsible for systems engineering and technical direction for the Air Force ICBM Weapon Systems 

Programs -Atlas, Titan, and Minuteman - including achievement of all technical obj ectives of these programs. 

MECHANICS DIVISION ( Los Angeles ) . Responsibilities of the Propulsion, Engineering Mechanics, and Aero
sciences Laboratories within this division include:  analyzing and evaluating performance of rocket engines, 

propellants and propulsion subsystems and components ; conception, design, development, and evaluation of 
ballistic missile and space vehicle systems;  development and implementation of structural, dynamic, aerody

namic, and re-entry vehicle research and development concepts for both ballistic missile and space vehicle 
programs;  and development of new subsystems for missile and spacecraft applications. 

SYSTEMS RESEARCH AND ANALYSIS DIVISION ( Los Angeles ) . Systems Research Laboratory activities 

include:  management of complete space and missile systems studies including initial design ; operations analy

sis ; preliminary design in such areas as structures and aeromechanical and electromechanical systems ; traj ec
tory and error analysis ; space navigation ; and communication systems. Computation and Data Reduction Center 
performs the following functions : numerical analysis ; applied mathematics ; statistical analysi s ;  scientific pro

gramming; computational systems programming; data processing analysis;  and test evaluation programming 
and analysis . 

ELECTRON I C S  DIVISION ( Los Angeles ) . The Communication, Electromechanical, Guidance, and Space 

Physics Laboratories of this division are responsible for analysis, design, and development of advanced guidance, 

control, and communications systems for ballistic missiles and space vehicles - from applied research to elec

tronic product and ground support equipment design. Disciplines include the physical, electronic, and electro
mechanical aspects of guidance, tracking, control, communication, and computer systems, geophysics, and space 

physics. 

RESEARCH LABORATORY ( Los Angeles and Canoga Park, California) . Fields of interest include:  physical 
studies of gaseous electronics, artificial meteors, reactor kinetics, microwave electronics ; studies of quantum 

chemistry, thin film applications, electron and ion dynamics, and theoretical physics ; heavy particle studies ; 
ion propulsion research including neutralization and beam diagnostics, emitters, acceleration and ion optics, and 

engine design. 

FABRICATION, INTEGRATION & TEST DIVISION ( Los Angeles ) .  Incorporates the areas of mechanical and 

electronic fabrication and assembly, environmental test, mechanical and electrical integration of spacecraft, inte
grated subsystems and systems checkout, and launch operations. 

ELECTROMAGNETIC SYSTEMS DIVISION ( Canoga Park, California )  . The Radio Physics and Signal Equip

ment Laboratories of this division are engaged in developing advanced communication, radio direction finding, 
electro-optical, and penetration and reconnaissance systems;  and in investigating advanced signal processing, 
electronic and anti-submarine warfare techniques. 

FLIGHT TEST OPERATIONS ( Cape Canaveral ) .  Responsible for directing systems test programs and for 
supplying technical leadership to contractors conducting flight testing of ballistic missiles, space programs, and 
vehicles modified for special development purposes. 

Resumes and Inquiries from engineers and scientists, at all levels of experience, will receive prompt and 
careful attention. All qualified applicants, regardless of race, creed, color or national origin, are invited to 
communicate with Dr. R. C. Potter, Manager of Professional Placement and Development, for opportunities 
in Southern California or at Cape Canaveral . 

S PA C E T E C H N O L O G Y  L A B O R ATO R I E S ,  I N C .  P. O .  B O X  9 5 0 0 5 V ,  L O S  A N G E L E S 4 5 ,  C A L I F O R N I A  
P. O .  B O X  4 2 7 7 V,  P A T R I C K  A F B .  F L O R I D A 

e 
a subsidiary of Thompson Ramo Wooldridge Inc .  

l o s  An geles ' Vandenberg A F B  • C a n o g a  Park · Norton A F B ,  Sa n Bernard i no D a y t o n · C a p e  C a n a v e r a l · W a s h i n g t o n  D . C  . •  B o s t o n · H u n t sv i l l e  

Those attending ARS Space F l i ght Report T o  The Nation are i nvited t o  vis it  STL Booth 2 1 6 .  
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FIRST successful missile-to-missile intercept . . .  Raytheon's Hawk. 

Raytheon brings proven capability to the 
Defense against ballistic missiles is one of 

today's most challenging technological prob

lems. Raytheon, since its development of 

Lark in 1950, and its participation in 1954 in 

the Wizard studies, has been working on a 

broad technological front in the development 

of systems concepts and equipments for de-

fense against missiles and aircraft. 

The development and production by 

Raytheon, as prime contractor, of the U.S. 

Army and Marine Corps Hawk, and the 

U.S .  Navy's Sparrow III  missile systems, are 

part of this broad spectrum of defense system 

capability .  Allied programs include study of 
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Artist's conception of the ballistic missile challenge. 

challenge of ballistic missile defense 
Field Army Ballistic Missile Defense, devel

opment of the PINCUSH ION and COSAR 

Advanced Radar Systems, and responsibility 

as Systems Manager for the ARPA T Missile 

Defense Research Program. 

One of the world's largest scientific-indus

trial organizations, Raytheon has the proven 

capability to create the required technology 
and manage every phase of a complex 

system - from early study ·and design 
through development, production and field 

support of operational systems and equip
m e n t .  E x e c u t i v e  Offices, Lexington  73, 
Massachusetts. 

R A Y T H E O N  C O M P A N Y  

M I S S I L E A N D  S P A C E D I V I S I O N  

© 1961 SCIENTIFIC AMERICAN, INC



We don't wa nt to put l ife on other planets 
Just one l iving cell .  The discovery of j ust one l iving cell  in space would 
be one of man's greatest accompl ishments. It would affirm the possi
bil ity that man-like civi l izat ions could exist o n  other worlds. 

But what if  the l i fe we found i n  space had been put there by our own 
spacecraft ? What a tragic i rony that would be ! 

To prevent this awesome mistake, Cal Tech's Jet Propulsion Labora
tory is designing its spacecraft for the Nat ional Aeronautics and Space 
Adm inistration to be 1 00% sterile before leaving our atmosphere . 

The JPL Steril izat ion Program began even before the first Ranger 
shot. Different steri l izat ion tech n iques are being tested in the JPL Lunar 
Program : heat soak ing internal components at 1 250 Centigrade for 24 
hours ; coat ing all exposed s urfaces of the spacecraft with ethylene 
oxide gas ; using l iqu id steri lants during the spacecraft assembly. 

By the t ime Mari ner  A makes the first "fly-by" to Venus., these tech-

n iques will  be perfected. Then,  spacecraft will be free of any l iving 
organism that might upset our hopes of finding other life on other planets . 

Spacecraft sterilization is only a small part of the work on JPL's  
Planetary Program and the job of space exploration as a whole . It 's  a 
job that requires the most creative, inventive minds this country has to 
offer. Minds that will only take know for an answer. 

Write to us. Learn first-hand about the fascinating work our scient ists 
and engineers do as America's leaders in space exploration. Learn how 
you can be part of this work . . .  how your particular talent will be taxed 
to the limit in  this, the greatest experiment of mankind. 

.J E T P R O P U LS I O N  LA B O R AT O R Y  
4 8 0 2  O a k  G r o v e  D r i v e ,  Pa s a d e n a , C a l i f o r n i a  
Operated by California Institute of Technology for the National Aeronautics and Space Administration 

A ll qualified applicants lIIi/l receh'e consideration for employment with our regard /0  race, creed or l1atiollal origin. / U. S. cill'zellsMp or curre,,' security clearance required. 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

Substances that spread out over other 
substances in a layer one molecule 
thick can give rise to fascinating 

effects .  One such effect made a lasting 
impression on me when I was a boy. My 
uncle fashioned a wonderful toy boat 
from a flat stick about three inches long; 
the bow end was cut to a point and the 
stern end had a rectangular notch. After 
smearing everything but the stern with 
a film of white vaseline, he pressed a 
small lump of gum camphor into the 
notch and launched the boat in the bath
tub. To my amazement the boat prompt
ly took off under its own power and 
circled the tub at a lively clip . Almost as 
astonishing was my uncle's method of 
steering the boat: he could set it on a 
new course merely by dipping his finger 
into the water beside the hull. His finger 
seemed to repel the bow, even from a 
distance of several inches. vVhat made 
the boat go? Why did it avoid his finger? 

Eventually I learned that such boats 
are driven by the camphor molecules 
that rush from the stern and spread as a 
layer one molecule thick on the other
wise clean surface of the water. The 
layer of camphor molecules lowers the 
surface tension of the water behind the 
boat, and the higher surface tension in 
fron t  of the boat pulls it forward. Other 
substances, such as oils, also form mono
molecular layers on water. Molecules of 
the oil n aturally present in my uncle's 
skin spread on the water from his finger 
and exerted enough pressure on the boat 
to change its course . 

The pressure developed by such 
monolayers varies with the size and 
structure of their constituent molecules.  
By measuring the pressure the experi
menter can determine how the atoms in 
the m olecule are grouped and how the 
monolayer interacts with other sub
stances [see "M onomolecular Films," by 

I-low the alnateUf' can e:rperi1nent 
with fihns onl'y one molecule thick 

Herman E. Ries, Jr.; SCIENTIFIC AMEm
CAN, M arch). Al though some of thcse 
studies are beyond the reach of the ama
teur, he can perform many engrossing 
and even useful monolayer experiments 
with apparatus assembled from materi als 
ordinarily found in the ki tchen and bath
room. By adding a few items from the 
hardware store and the drugstorc i t  i s  
possible to  measure the thickness of films 
down to a small fraction of the wavc
length of light, to determine the prcssure 
exerted by a mm, to learn the size and 
general shape of the mol ecul es in a film, 
to deposit monolaycrs on glass that pro
duce striking patterns of i ridescencc and 
t11 substitute surface tension for conven
tional standards of weight in the calibra
tion of laboratory balances . 

The experiments are not difficult  even 
for beginners. vVith information sup
pl i ed hy Hohert B.  Dean, a physical 
chemist of Bainbridge, N.Y., I set up the 
apparatus alld made most of i t  work on 
the first try. 

"To have any luck at al l in experiment
ing with monolayers," Dean writes, "you 
must set lip a clean place in which to 
work and give carefu I attention to de
tail. The quantity of material comprising 
a monolayer i s  so minute that our or
dinary standards of cleanliness must be 
revised by at least two orders of magni
tude. A flyspeck constitutes gross con
tamination. 

"The disproportion between the area 
and the volume of a monol ayer, which 
makes cleanliness so important in these 
experiments, was observed in 176.5 by 
Benjamin Frankl in .  He spread oil on a 
pond in London to learn why oil s licks 
tcnd to '<luiet troubled waters . '  'At 
length being at Clapham,' he wrote, 
'where there i s  on the common a l arge 
pond which I observed one day to be 
very rough with the wind, I fetched out 
a cruct of oil and dropped a little of it 
on the water .  I saw i t  spread itself with 
surprising swiftness upon the s urface; 
but the effect of smoothing the waves 
was not produced; for I had applied it 
first on the leeward side of the pond 
where the waves were greatest, and the 
wind drove my oil back upon the shore. 

I then went to the windward side where 
they began to form; and there the oil ,  
though not more than a teaspoonful ,  
produced a n  instant calm over a space 
several yards s(luare which spread amaz
ingly and extended itself gradually till 
i t  reached the lee-sidc, making all that 
quarter of the pond, perhaps half an 
acre, as smooth as a looking glass . '  

"By dividing the known volume of his 
oi l  by the estimated area of the pond that 
it covered, Franklin concluded that the 
thickness of the film must be on the order 
of one ten-mil l ionth of an inch . It  is in
teresting to repeat Franklin's experi
ment. He used olive oi l ,  but any good 
salad oi l  should work as well . A cubic 
inch of oil ( h alf an ounce ) should calm 
10 mill ion square inches of water ( about 
1 .6 acres ) .  Consider h ow much the vol
ume of the oil is reduced when the area 
of the pond is scalcd down to laboratory 
proportions-say to a dish eight inches 
wide by 12 inch es long. On the assump
tion that the monolayer is  a ten-millionth 
of an inch thick, the volume occupied by 
a RIm covering the water i n  the dish 
would be only one hundred-thousandth 
of a cubic inch, which is small even as 
Hyspecks go.  

"The inch is rather an unwieldy unit 
for measuring films so thin.  For this 
reason those who experiment with mono
layers customarily turn to the metric sys
tem for a more convenient scale: the 
angstrom unit. ( One angstrom unit is 
one ten-millionth of a millimeter, or 
about four hundred-mil l ionths of an 
inch. ) 

"To determine the over-all dimensions 
of a mol ecule in a monol ayer ( the pro
portions of the volume that it occupies ) 
thc experimenter must know approxi
mately how many molecul es the layer 
contains. Thi s  i s  found by an indirect 
method. For example, standard refer
ence texts show that glyceryl trioleate, 
the principal constituent of olive oil, has 
a molecular weight of 88.5 and a density 
of .91.5. One gram mol ecul ar weight ( the 
weight of 6 X 102� mol ecules ) occupies 
967 cubic centimeters, or 967 X 1024 
cubi� angstrom units.  One molecule of 
glvceryl trioleate will therefore occupy 
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how to 
keep 
dollars 
indoors 

It isn't just hot air. It's dollars 
ditched when air goes out the win
dow instead of being purified with 
activated charcoal and recir
culated. In schools, hospitals, 
hotels, etc., air purification 
teams up with heating and cooling 
equipment, saves money. Smaller 
installations do bigger jobs. 

how to 
trap a 
ghost 

Before solvent va pors fly out the 
window, many smart users liter
ally wring them out of the air into 
liquid form, good as new, at costs 
as low as 2c a gallon-with acti
vated charcoal recovery systems. 
Bonus: you may also raise worker 
efficiency with the right atmos
phere, reduce heating costs. 

how to 
make 
dew � 

Do you make do with water laden 
with chlorine and organic decay 
or discoloration when fresh morn
ing dew will do better? Make dew 
do for you too with water purified 
by activated charcoal. Chemical, 
pharmaceutical and food produc
ers have been doing it for years. 
I t's a s u r e  b e t  f o r  pr o d u c t  
improvement. 

activated 
charcoal 

Activated charcoal (or carbon), a 
hard,  granular, black material, 
acts as a molecular sponge, puri
fies air, gases, liquids - recovers 
solvents-removes odors and im
purities-does hundreds of jobs. 
Write forBulletinK·101. Barnebey
Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 
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6 X 10"3 of this volume, or 1,612 cubic 
angstrom units. Franklin's estimate of 
the thickness of his fllm-one ten-mil
lionth of an inch-is equivalent to about 
25 angstroms. If this had been the cor
rect value, each molecule in his mono
layer would have occupied an area of 
only 65 square angstroms. But relatively 
simple measurements that any careful 
amateur can make prove that a molecule 
of glyceryl trioleate has a cross-sectional 
area of 97 square angstroms, which cor
responds to a monolayer thickness of 
only 16 angstroms.  We must conclude 
that some of Franklin's oil was lost on 
the edges of the pond . 

"All possible precautions are taken in 
the laboratory to avoid errors of this sort. 
The material under investigation is first 
mixed with an insoluble spreading agent, 
such as hexane, that evaporates quickly 
and completely. An accurately weighed 
amount of the mixture is then gently 
floated on the clean surface of a trough 
of water. To assure even distribution 
somewhat less material is applied to the 
water than is required for a complete 
monolayer. The monolayer is subjected 
to pressure by sliding a waterproofed 
strip of glass or metal, called a barrier, 

across the surface of the trough from one 
end toward the other. Tbis squeezes tbe 
molecules into a continuous layer that 
presses against a floating barrier at the 
far end of the trough. The floating bar
rier is linked mechanically to a sensitive 
balance that registers the pressure trans
mitted by the monolayer. In troughs of 
typical dimensions ( in excess of 600 
square centimeters ) many substances 
are capable of transmitting pressures on 
the order of half a gram. If pressure is 
applied beyond the amount needed to 
pack the molecules closely, the mono
layer buckles ;  this establishes an upper 
limit to the pressure that can be applied 
to the floating barrier. When the pointer 
of the balance s tops moving up the scale, 
the experimenter knows that a closely 
packed layer has been formed. The area 
occupied by each molecule is then com
puted by dividing the known area of the 
monolayer by the known number of 
molecules . The length of the molecules, 
which in many substances is equal to the 
thickness of the film, is determined by 
dividing the known volume of the mono
layer by its area. 

"As an introduction to monolayer ex
periments, clean a container, say a glass 

talcum powd�r 
on 3ul'f� c e of 

water 

par(lffin
coated rim 

��._.jf;9-&:�:--'::>" 
.-.-" . . 

5CY40W" tapped 
1f.z-inch wood base 

Talcum powder is used 10 demonstrate how Ihe oil 011 a hair spreads aver a water surface 
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feasibility of billion 
component circuitry for advanced 
instrumentation is being studied 
at Sandia . . . one of the many 
projects in Sandia's continuing 
program of applied research. 
Other areas of activity • . .  

--mattlrialls development, and 
_...erlvironllleI1tal and field testing. 

Sandia presently has openings at 
the Ph.D. level in the following 
fields: Engineering, Mathematics, 
Physics, Chemistry, Ceramics, 
and Materials Science. 

Qualified Scientists interested 
in careers at Sandia are invited to 
send resumes to Professional 

. 

Employment Section 569. 
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SUNBEAM electri c 
heater cases get uniform 
finish with RANSBURG 
electrostatic . .. 6 times 
as many per gallon of 
paint-IS times faster. 

"Paint Mileage Leaps 500% ... 

Production Upped 15 Times" 
Reports ENAMELED 
STEEL & SIGN CO. 
Curt Simmons, President, ENAMELED 
STEEL & SIGN COMPANY of Chicago, de
scribes results with RANSBURG Automatic 
No. 2 Process Electro-Spray: "We first 
painted cases for the new SUNBEAM port
able electric heaters with air hand spray 
at the rate of 200 pieces per day using 6 
gallons of paint. Now, with RANSBURG 
electrostatic we've increased production 
1400% to 3000 pieces daily with only 15 
gallons of paint." An increase of 500% in 
paint mileage! What would savings like this 
mean in your finishing department? 

QUALITY IMPROVED WITH 

RANSBURG ELECTRO-SPRAY 

Sags and runs, a problem with the air 
hand spray, have been eliminated with the 
automatic electrostatic equipment. Mr. 
Simmons adds: "Now we achieve a uni
formity over the configura ted area which 
wasn't always possible before. We know 
the 50,000th piece will turn out the same 
as the first." 

ENAMELED STEEL-sold on the efficiency 
and versatility ofRANSBURG Electro-Spray 
-uses 14 automatic No. 2 Process units 
to meet the heavy demands of their di
versified, high volume production. 

NO REASON WHY YOU CAN'T DO IT TOO 

Manufacturers-large and small-are reporting 
similar savings in paint and labor with increased 
production. If your volume doesn't justify automatic 
electrostatic equipment, perhaps the RANSBURG 
electrostatic hand gun will help cut costs in your 
finishing operation. Write for our new brochure 
showing actual in-plant production photos, savings 

figures and detailed in-: 
f o r m a t i o n  on R A N S--<"'.,.lbtP"iH" BURG No. 2 Process 
Electro-Spray. 

RANSBURG 
Electro-Coating Corp. 

Box 23122, Indianapolis 23, Indiana 
Affiliates in AUSTRALIA. AUSTRIA. BELGIUM . BRAZil 
DENMARK. ENGLAND. FRANCE. FINLAND. GERMANY 
HOLLAND. INDIA. IRELAND • ITALY. NEW ZEALAND 
NORWAY . PAKISTAN . SOUTH AFRICA . SPAIN 

SWEDEN and SWITZERLAND 

264 

Y1:" shaft 
bushing image of C"05S 

/ wiTe from 
.:J3mm. 
slide 

{" solder or epo)lY projector �������;,-J;, �c�e�m�e�n�t_ (John�on leN type) 
� vernier dial 

� 

7l" 
strip 

ot' glass 
coated 

itn paraf
fin (four 
needed) 

edge ot" g'dSS trdY 
ground flat dnd 

coate;d with pa,"�ffin 

A hydrophilic balallce 10 measure Ilu� spreading pre,,, .. wre of 1II0JlOlIIo/eCII/ur layers 

baking dish about six inches square, with 
scouring powder and rinse with tap wa
ter until the glass wets completely. Dry 
the dish with a paper towel. Keep your 
fingers off! Then with a paper towel ap
ply a film of white vaseline around the 
rim of the dish. Set the dish level and 
fill it to the brim with water. Let the 
water overflow for a time to carry away 
as much surface contamination as pos
sible. In spite of such measures the sur
face of the water will most certainly be 
covered bv a contaminating monolayer 
of some sort. To detect the monolayer, 
dust some talcum powder on the surface 
and blow it around gentlv. (You must 
use unperfumed, unmedicated talcum 
powder of the kind supplied to hospitals: 
You can buv it at a drugstore.) Try to 
compress the monolayer. Pressure can 
be applied b�' the edge of a clean, un
touched piece of wax paper. Place one 
edge of the paper against the water 
where it eUI"\'es up from the edge of the 
dish and pass it across the surface to-

ward the opposite side. Particles of pow
der some distance from the edge of the 
paper will move, as if acted on 'at a 
distance' by the paper. 

"Sweep the powder (and monolayer) 
off the opposite side of the dish. Repeat 
the experiment, using clean paper each 
time, until the powder is not pushed 'at 
a distance.' The classical tool for remov
ing contamination from water surfaces 
is a strip of glass or metal coated with 
paraffin. Usuallv several are used. The 
sweep is started with one barrier; when 
it has been advanced some distance, an
other sweep is started with a second 
barrier and so 011. The strips are simply 
laid across the end of the container and 
advanced slowly toward the other end. 
The surface can

' 
also be sucked clean; in 

the case of Franklin's panel it had been 
blown clean bv the wind. No method 
gets all thc dil:t in one sweep. I prefer 
to wipe the surface with ordinary paper 
and then sweep it with paraffined glass 
barriers. In this initial experiment, how-
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The new Sperry Rand Research Center has been 
established to pursue a specific objective-the 

advancement of man's knowledge and understanding 
through basic research in the broad and diversified 

scientific fields that are of potential long-range 
interest to the many technical activities of 

the Sperry Rand Corporation. 

To achieve this ambitious goal, many significant 
investigations must be pursued to great depths. 

Investigations in depth are vitally 
important to Sperry Rand in the following areas: 

1. Solid State Physics including theoretical and 
experimental studies of magnetic, electrical, 

optical, chemical, and mechanical properties. 

2. Information Processing including such areas as 
communication, information and coding theory; 

automatic control; modulation, generation and detection 
techniques; human factors. 

3. Plasma Physics including electromagnetic wave 
interactions, reentry problems, propagation studies. 

4. Applied Mathematics including probability and 
statistics, discrete mathematics, solid and fluid mechanics. 

5. Earth Sciences including geophysics, physical 
oceanography, atmospheric physics, 

and special topics in Life Sciences. 

an important 
word 

at the new 

At the present time professional 
openings are available to senior 
scientists with experience in: 

• Semiconductor Physics 
• Magnetic Resonance Phenomena 
• Solid State Theory 
• Physical Chemistry 
• Communication Theory 
• Signal Processing 

Theory & Application 
• Automatic Control Theory 
• Plasma Physics 
• Wave Propagation 
• Reentry Physics 
• Stochastic Processes 
• Game Theory 
• Fluid & Solid Mechanics 
• Operations Research 
• Geophysics 
• Oceanography 
• Atmospheric Physics 

Inquiries may be directed 
in complete confidence to: 
Mr. Frederick M. Swope, Jr., 
Sperry Rand Research Center, 
North Road, 
Sudbury, Massachusetts 

SPERRY RAND RESEARCH CENTER 
SUDBURY,MASSACHUSETTS 
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� MODEL 107 � OSCILLOSCOPE 
DC to 2000 Mc bandwidth ... 0.2 millimicrosecond r i s e  
time ... single transient and 
repetitive signal capability 
... sensibility: 55 mv/trace 
width. Small spot size, maxi· 
mum resolution. Six cali
brated sweep speeds: 5, 30, 100, 300, 1000 and 3000 milli· 

microseconds/em. Easy to operate invalu
able for measurement of diode recovery 
time, ultra·high·frequency phenomena and 
in many other applications. «ID) MODEL 751 

PULSE GENERATOR 
All solid·state, transistor' 
ized, high·speed pulse gen· 
erator produces positive 
pulses of fast rise time (less 
than 1 mil limicrosecond). 
Repetition rate: 10 cycles to 100 kc. Output pulse width: 
2 to 100 millimicroseconds. 
Pulse amplitude: 20 v. into 

'_ 50 ohms approx. Operable 
in any position. Price: $285. 

� MODEL 850 � CAMERA SYSTEM 
Optimized, fully integrated 

system for photographic recording of the 
fastest transients at 1:1 magnification. 

� DIODE RECOVERY 
CABLE SYSTEM 

Model 760, a complete sys· 
tern for accurate observation and measure
ment of diode recovery time in the milli
microsecond region. Controls and meter on 
front panel of sturdy metal case. 

(i fI!j PULSE INVERTERS 
Model TR·6 - coaxial·ferrite 

balun with excellent frequency response for 
converting 50 ohm single·ended to push·pull 
100 ohm signals. Model 819 (for use with 
EG&G Model 751 Pulse Generator) to provide 
negative pulse output. 

� RADIATION � MEASUREMENTS 
Complete systems using 

EG&G detectors and Model 707 Scope ... 
available for measurement of high·fre· 
quency pulsed radiation. 

«ID) TRANSFORMERS, 
POWER SUPPLIES 

EG&G is outstandingly well 
staffed and equipped to design and produce 
custom-built transformers, chokes, mag
netic amplifiers, DC to DC converters, pulse 
transformers and power supplies for military 

?�r���f;:C!)11 t��:s ·O·f
at7�Sh

tr��t�r
s. 

trans-

Full technical information on all products 
available on request. 

mm-oom----------.�III!I·'II!li··I�.II!II·tllll-
169 BROOKLINE AVENUE, BOSTON 15, MASS. 
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ever, wax paper is adequate. Add 
powder as necessary during the sweep
ing so that you can follow your progress .  
When at last the movement of the paper 
does not push nearby particles of pow
der, you have a reasonably clean surface 
on which to deposit your first monolayer. 

"Before depositing the monolayer 
take a pinch of powder with the un
touched edge of a paper scoop and dust 
the surface lightly. Then touch the sur
face with the tip of a single hair from 
your head. Unless your hair is exception
ally free of oil ,  a circular area ranging up
ward from the size of a dime will dart 
out from the hair. If you have dry hair, 
it may be necessary to dip the hair in 
olive or salad oil. Wipe the hair clean 
with a paper towel. There will still be 
enough oil sticking to the hair to drive 
the talcum completely off the surface. A 
more elegant tool for applying the oil is 
a freshly drawn glass fiber. It is clean 
and so enables you to choose any mate
rial you wish for the monolayer. 

"Oils and other materials that form 
monolayers on water are characterized 
by comparatively large, insoluble mole
cules that include one group of atoms 
that is attracted to water and another 
group that is repelled by water . In many 
substances-for example, olive oil-the 
hydrophilic, or 'water-loving,' group of 
atoms is situated at the end of the mole
cule. It is the attraction between this end 

and the water that accounts for the for
mation of the monolayer. The area occu
pied by a monolayer depends on how the 
molecules are arranged. If they are ori
ented at random, the area may be rela
tively large. But when the layer is com
pressed, as by pushing against its edge 
with a piece of wax paper, the mole
cules crowd against one another and are 
believed to upend in tight formation, 
with the hydrophilic ends in contact 
with the surface. If  more molecules are 
present than can be accommodated in 
the monolayer, they may clump together 
as drops. Or, to put it another way, the 
monolayer is in equilibrium with the 
Boating drops. You can see such droplets 
on the surface of clear soup. When por
tions of the monolayer are skimmed off, 
the droplets supply replacing molecules 
to the monolayer . Conversely, such drop
lets can be made to grow by compress
ing the monolayer into a smaller area." 

The editor of this department tried 
the above experiment with a monolayer 
of olive oil on a dish that measured eight 
by 16 inches. Half an hour of skimming 
failed to diminish the apparent size of 
the droplet, even when it was examined 
by a lO-power magnifying glass. When 
the layer was compressed between bar
riers and viewed at a low angle, how· 
ever, random points of reflected light ap
peared on the surface, pOSSibly indicat
ing places where oil from the buckled 
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Automation through communications 
. .. 

In moving works wonders 
mountains of paperwork 

Today, completely new concepts in communica
tions are helping business and industry to 
achieve undreamed-of efficiency. Vast volumes 
of day-to-day correspondence and data can be 
sent over high-speed electronic systems linking 
far-flung centers into tightly synchronized 
operations. 

As a leading specialist in microwave and carrier 
systems, Lenkurt Electric is working wonders 
today in closing the "communications gap" 
wi th these modern vehicles of mass data 
transportation. 

For instance, a single system can carryall com
munications simultaneously - telephone, tele
type, video, business data - even supervisory 
and control instructions. And they are received 
at distant points the moment they are sent. 

Lenkurt Electric is working in close alliance 
with the telephone industry, railroads, pipeline 
companies and electric utilities to reduce oper
ating costs and step up efficiency with micro
wave and carrier communications. 

Lenkurt Electric Co., Inc., San Carlos, Calif. 

LENKURT ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE & ELECTRONICS 
_ _ _ Specialists in VIDEO. VO ICE and DATA TRA N SMIS SION - • - • • - • 
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What's News In Chemicals ... 

Enjay develops new raw material for paint producers 
Development of raw materials by 

Enjay has done much in recent years 

to spur the tremendous growth of 

quick-drying, high-gloss paints and 

lacquers. 

A good example is Enjay pseudo

cumene (1,2,4 trimethylbenzene). 

Now available in bulk for the first 

time, this low-cost, highly reactive 

aromatic hydrocarbon can be read

ily converted to intermediates used 

in making surface coatings, plasti

cizers, drugs, dyes, and many other 

products. Large quantities will be 

used in the production of trimellitic 

anhydride for surface coatings and 

plasticizers. Over the years Enjay has 

pioneered in developing many cost

cutting new products to meet the 

changing needs of the chemical in

dustry. Find out how pseudocumene 

and other Enjay chemicals can help 

you by writing to Enjay, 15 W. 51st 

St., New York 19, N. Y. 

EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 

ENJAY CHEMICAL COMPANY 
A DIVISION OF HU MBLE OIL & REFINING CO MPANY 
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monolayer gathered as minute droplets. 
My results were more gratifying in 

another experiment suggested by Dean 
for demonstrating differences in the 
spreading pressure of substances that 
form monolayers. "Each oil," he writes, 
"has its own spreading pressure. An oil 
with higher spreading pressure will dis
place one of lower spreading pressure. 
To observe the effect, prepare a clean 
surface of water. Then cut a length of 
fine silk thread ( or a thread of nylon or 
rayon ) about half again as long as the 
width of the dish. Smear the thread with 
a film of vaseline, using a piece of paper 
towel for the applicator, and lower it 
zigzag onto the surface of the water. The 
ends are draped over the sides of the 
dish about a quarter of an inch and stuck 
down with dabs of vaseline. ( Use a clean 
toothpick to handle the vaseline. ) Sweep 
the surface on each side of the thread 
with a barrier until the water is clean. 
A monolayer of egg albumin is now ap
p lied to the cleaned surface on one side 
of the thread by dipping a clean tooth
pick into the white of a freshly opened 
egg and touching it to the surface . The 
spreading monolayer will exert pressure 
on the thread, causing it  to bend into 
the clean area. If a bit of olive oil is 
now applied to the clean surface, the 
resulting monolayer will cause the 
thread to exert a pressure of about 20 
dynes 0/1,400 ounce ) per centimeter 
against the albumin and collapse it. In 
experiments of this sort, where one 
monolayer is used to apply pressure to 
another, the movable barrier ( the vase
line-coated thread ) is called the piston 
and the driving substance the piston oil. 
Tricresyl phosphate exerts a spreading 
pressure of about 10 dynes per centi
meter of thread length, somewhat less 
than is needed to collapse a monolayer 
of albumin, and can therefore be used as 
a piston oil to keep an albumin mono
layer under pressure. 

"Tricresyl phosphate is a plasticizer 
used in gasoline and in vinyl plastics. 
The spreading pressure and surface be-

cdpilla,.y 
tube 

havior of most other plasticizers have not 
been reported in the literature. Many of 
them would doubtless make good piston 
oils and their measurement could well 
be undertaken by amateurs." 

I had a lot of fun setting up pistons. 
It turned out that our medicine cabinet 
was stocked with a variety of monolayer
forming substances ranging from insect 
repellents to hand lotions. In many cases 
the name of the substance was printed 
on the label. By pairing these off and 
testing each against the others I found 
it possible to arrange them in order of 
ascending spreading pressure. Care must 
be taken not to apply too much piston 
oil to the water or the piston will snap 
into a tight bow and the piston oil will 
spill over into the compressed mono
layer. The pressures that I recorded were 
merely relative, of course. With Dean's 
encouragement I next undertook the 
construction of a hydrophilic balance for 
making quantitative measurements of 
spreading pressures . 

The apparatus consists of three prin
cipal subassemblies: a trough for hold
ing the water and monolayer, a base for 
leveling the trough and a calibrated tor
sion balance [see illllstration on page 
264]. The construction can be varied 
dimensionally or otherwise to suit the 
whim of the builder and the materials at 
hand. One primary design consideration 
should be kept in mind, however: The 
experimenter will spend most of his time 
cleaning the apparatus. Keep it simple 
and easy to take apart. 

The trough is a glass baking dish eight 
inches wide, 16 inches long and two 
inches deep. The rim of the dish is 
ground flat so that a glass barrier that 
spans the dish can be slid from one end 
to the other without rocking. Invert the 
dish on a piece of plate glass and grind 
it down with successive grades of wet 
carborundum. I used No. 180 grit for 10 
minutes and No. 240 for about the same 
interval. Apply firm pressure as the dish 
is pushed back and forth. Add water 
and additional carborundum as the grit 

( fir�-g'azed) 
Micropipette for depositing mOllo1ayers 

What's News at Enjay 

-
Look to Enjay 
for the latest in 
technical literature 
To carry out our concept of total cus
tomer service, highly trained technical 
experts at the Enjay Laboratories devote 
careful attention to application research 
closely duplicating actual factory condi
tions. The results of this research are 
passed on to you in the form of carefully 
prepared technical bulletins .. . 

CHEMICALS: Enjay published a hard-
cover book on oxo alcohols which 
has long served as a standard refer
ence in its field. A new booklet on 
ketones will be printed soon. 

RUBBER: A new 74-page manual brings 
you up-to-date technical data on 
Enjay Butyl HT 10-66, an important 
new polymer now in commercial 
production which offers high heat 
resistance, faster cures and compati
bility with other elastomers. 

PLASTICS: The outstanding advantages 
of new Escon® 125 molding-grade 
polypropylene with long-term heat
aging stability are fully described in 
a series of new bulletins. 

ADDITIVES: Petroleum marketers will 
want a copy of our new file folder 
on Paradyne® 101, an improved 
gasoline additive for modifying com
bustion deposits . 

These few examples show how Enjay 
not only brings you an unbroken stream 
of new products, but also supplies the 
facts you need to apply them profitably. 
If you use chemicals, rubber, plastics, or 
petroleum additives, make sure you have 
our latest literature in your areas of 
interest. 

ENJAY CHEMICAL COMPANY 

A DIVISION OF HUMBLE OIL" REFINING COMPANY 
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becomes gummy. Don't worry if a few 
pits made by the coarse grades of abra
sive remain after grinding with the finer 
grades .  After being ground the dish is 
first cleaned with scouring powder, then 
with household ammonia, and is rinsed 
in running water for several minutes. Ac
cording to Dean this procedure, if vigor
ously followed, should suffice. I gave the 
inner surface an additional scrubbing 
with a swab dipped in nitric acid and 
rinsed the acid away with running wa
ter-the final step used by amateur tele
scope makers in cleaning glass for silver
ing. If acid is used, remember that it is 
corrosive, highly poisonous and should 
not be used in the kitchen.  The rim 
of the dish is then coated with Iiaraffin.  
Either  of two methods works well. The 
glass can be heated in the oven to a 
temperature above the melting pOint of 
the wax and a block of paraffin of the 
grade used for sealing jelly glasses 
rubbed completelv around the rim . No 
h arm will  be done if melted wax runs 
down the sides of the dish. Alternatively, 
the wax can be dissolved in hexane and 
painted on the rim with an oil-free 
brush.  In making up this solution use 
about one part paraffin to 20 parts of 
hexane.  If you are in a hurry, shave the 
paraffin.  It dissolves slowly ill  hexane.  

M y  sweeping barriers are half-inch 
strips of window glass 10 inches long. 
Half a dozen were cut with an ordinary 
glass cutter of the wheel type. The edges 
were rounded slightly by grinding on 
plate glass with No.  240 carborundum 
grit and water. They were cleaned with 
scouring powder, rinsed, dried and 

� loop to h o o k  " o n  tors i o n  
V ba l <J o c e  

Fixtllre for ln easliring surface tension 

2 7 0  

dipped i n  melted paraffin. Floating bar
riers of several types were tried ; all of 
them worked. The simplest was a soda 
straw. After the straw was cut to a length 
of seven inches ( an inch less than the 
width of the trough ) an l l -inch length 
of vaseline-coated silk thread was run 
through the straw. The ends of the straw 
were then sealed with a few drops of 
melted paraffin . A wooden strip about 
3/8 inch wide, seven inches long and 118 
inch thick, coated with paraffin, was also 
successful .  Vaseline-coated silk threads 
two inches long were attached to the 
underside of the strip with dabs of paraf
fin . The third version is the rectangular 
boat of aluminum foil shown in the illus
tration on page 264. It was also coated 
with paraffin and equipped with threads.  
It  seemed to respond to surface pres
sures somewhat more promptly than the 
soda straw or stick, doubtless because it 
is less massive. 

The balance consists of ( 1 )  a torsion 
fiber supported by and in axial align
ment with a pair of shafts, ( 2 )  a beam 
in the form of a bell crank attached to 
the fiber and fitted with an optical lever 
and ( 3 )  a supporting framework of 
strap iron.  One shaft can be rotated with 
a vernier dial for adjusting the torsion 
fiber. The other shaft can be rotated as 
well as shifted along its axis to any de
sired position. The arms of the beam 
are equal in length, and force applied to 
either arm twists the torsion fiber the 
same amount. The magnitude of the 
force can be measured either by apply
ing a measured twist to the fiber in the 
opposite direction ( by means of the cali
brated dial ) until the beam is restored 
to its original position or by observing 
the displacement of the optical lever. 
When calibrated with care, the balance 
is accurate to better than 1 per cent from 
one to 500 milligrams and is sen sitive to 
a small fraction of a milligram. 

The torsion fiber was made from the E 
string of a violin and is . 0 1  inch in 
diameter. The beam was made from the 
G string of a guitar and is .027 inch in 
diameter . I used strings instead of bulk 
music wire because they are long 
enough, available in any music store and 
cost only 30 cents . The torsion fiber is 
12 inches long. The apex of the beam is 
soldered to the middle of the fiber. Acid
core solder and a hot iron were used to 
make the joint. Some strings are chro
mium-plated but can be soldered easily 
if the plating is sanded off with 00 grade 
carborundum cloth . A small hook is bent 
in the horizontal arm and an inverted D, 
bent from G-string stock, is soldered to 
the bottom of the vertical arm. The D 
engages the floating barrier as shown in 

the illustration on page 266. A brace of 
the same wire is soldered between the 
horizontal and vertical arms of the beam. 

The reflector of the optical lever was 
cut from a thin pocket mirror of the type 
available at the cosmetic counter of a 
novelty store. It is about a quarter of an 
inch square and is attached to the apex 
of the beam by quick-drying cement .  It 
reflects the image of a silk thread from 
a 35-millimeter slide projector to a 
screen on the wall. The thread is 
stretched across an empty slide holder. 
The screen is a strip of white cardboard 
with a vertical scale divided into 10-
minute intervals of arc. 

The assembled balance was set up on 
the bench and, after the torsion fiber 
was pulled tight, oriented so the mirror 
would reflect the image of the silk thread 
onto the screen. The image was centered 
on the zero graduation in the middle of 
the scale bv turning the clamped shaft. 
A coil of No. 36 bare copper wire that 
weighed one gram was then suspended 
from the hook of the horizontal arm and 
the dial was rotated until the beam was 
restored to its zero position. As luck 
would have it, this required precisely 
one full turn. (A 25-foot length of No.  
36 copper wire should weigh approxi
mately one gram according to the hand
book, but the weight of commercial wire 
may vary as much as 5 per cent .  A gram 
of wire should be weighed out on an 
accurate analytical balance. ) The wire 
was then cut precisely in the middle and 
half of the coil was suspended by the 
beam. Zero was again restored, this time 
by turning the dial through 180 degrees.  
A quarter of the coil required 90 degrees 
of dial rotation, and so on. Each degree 
of rotation therefore corresponded to 
2 .78 milligrams .  

To prepare the balance for  measuring 
the surface pressure of a monolayer the 
glass trough is cleaned, the rim of the 
trough is given a fresh coat of paraffin 
and the trough is leveled so that it can 
be filled to the brim with water. The 
surface is then swept by the barriers un
t i l  free of contamination . Next, the float
ing barrier is placed on the water about 
a quarter of the length of the trough 
from one end. The associated threads, 
which act as seals to prevent the mono
layer from leaking past the barrier, are 
draped over the rim of the trough about 
a quarter of an inch and are stuck fast 
with dabs of vaseline . The torsion bal
ance is then placed over the trough so the 
ends of the inverted D just touch the 
floating barrier .  The ends of the D are 
stuck to the barrier with dabs of vaseline. 
The projector and screen are placed so 
that the image of the thread falls 

.. 
on the 
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Bring me men to match my mountains . • • Foss  
Guided Missiles Range Division needs men of 

vision, men of ability, men of dedication for chal
lenging career positions. 

Much h as been done. Great strides have been 
taken. Yet the tasks that lie ahead are even more 
demanding. Fully qualified men are invited to j oin 
with GMRD in doing the j ob that must be done. 

Guided -Missiles Range Division of Pan American 
World Airways, Inc. , as prime contractor to the U. S. 
Air Force at Cape Canaveral for planning, engineer
ing and operation of the Atlantic Missile Range, has 
successfully supported over 600 missile launchings, 
including manned sub-orbital space explorations. 

Now new car.eer positions are available in planning, 
engineering and operation. Physicists, engineers and 
mathematicians with B.S.,  M.S. and Ph.D. degrees 
having interest and experience in range instrumenta
tion systems determination are i nvited to submit 
resumes in confidence. Address Professional Employ
ment Manager, Guided Missiles Range Division, 
PAN AMERICAN WORLD AIRWAYS, INC., 
Dept. R 4 1, P. O. Box 43 3 6, MU 1 1 3 ,  Patrick Air 
F o r c e  B a se, F l o r i da.  I n q u i r i e s  w i l l  r e c e i v e  
prompt replies and all qualified applicants will be 
considered for employment without regard to race, 
creed, color or national origin. 

G U I D E D  M I SS I LES RANGE D IV I S I ON 
-

PATRICK A I R  FORCE BASE, FLO R I DA 

27 1 
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a M a l l o ry f i rst . . •  

The Mallory Mercury Reference 
Battery is the first low imped
ance, multi-voltage, commercial
design DC reference source for 
laboratory instrument calibra
tion: pH, speed, temperature and 
voltage measurements ; bias cir
cuits ; telemetering. 

Rugged , non-glass construction . . .  
resists damage by electrical and 
physical abuse . Operates in 
any position. 

low impedance -only 72 to 1 ohm 
per cell. 

Accuracy : ± 72% of stated voltage. 

Stable,  long Iite -3 years or more. 

M ulti ·voltage-8 outputs, from 0 
to 10.80 volts, in 1 . 35-v.  steps. 

P R I C E  $ 3 9 . 50 
Avai lab le from: 
FISHER SCIENTIFIC CO. ,  Pittsburgh, Pa.  

CEN TRAL SCIENTIFIC CO., Chicago, I I I .  

MAC ALASTER BICKNELL CO. ,  Cambridge, Mass. 

BRAUN CHEMICAL CO., Los Angeles, Calif. 

-and from Mallory electronic parts 
distributors . 

For complete specifications and appli
cation data, write for Bulletin 1-200. 

M a l l o ry B att e ry C o m p a n y  
N o rt h  T a rryto w n , N .Y .  

a division of 

M A'i:LORY 
In Canada : Mallory Battery Company 
of Canada Limited, Toronto 4, Ontario 

In Europe: Mallory Batteries, Ltd. , 
Dagenham, England 

2 7 2  

zero graduation o f  the screen. Both areas 
of the water surface are again swept 
with the barriers.  

A monolayer is now placed on the 
larger of the two uncontaminated sur
faces . For the initial experimen t Dean 
recommends measuring the spreading 
pressure of stearic acid . Chemicals of the 
highest purity must be used or the meas
urements will not agree with the values 
tabulated in reference texts . ( To obtain 
these chemicals you may want to have 
your druggist write Distillation Products 
Industries, Rochester 3,  N . Y . ,  for order
ing information . He should ask for list 
No . 42 of organic chemicals . )  One cubic 
centimeter of stearic acid is mixed with 

d yop/ eb of 
" p i st o n "  o i l 
to :; pn:a d 
o i l  fi l m  a 5  
m o n o laye r 
i s  d e po s i t e d  
on g la ss 
s l j d �  

4 9  cubic centimeters o f  hexane. Five 
cubic millimeters of this solution are 
then carefully Roated onto the water 
with a micropipette . This volume con
tains enough molecules to cover a sur
face of some 400 square centimeters with 
a monolayer . To make a calibrated mi
cropipette, buy or draw a glass tube 
with an inner diameter of about one 
millimeter. This capillary tube is then 
pushed into a rubber stopper that il l 
turn fits into a larger section of tubing 
fitted with a length of rubber hose and 
mouthpiece [see illustration on page 
269 } .  Before inserting the capillary into 
the stopper weigh it on the torsion bal
ance.  Then dip the outer end in a con-

Windlass for (Zeposili.ng /II oliolayers on glass 
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l 
D E  L UXE LAB KIT FOR 
CO M P LETE S C I E N C E  PROG RAM 

Gift o f  Gifts f o r  Y o u r  Talented Son-Nephew 
Economical  and convenient solution t o  the science teaching 
problem for a l l  grades Ull to high schoo l .  Grade 1 throngll 
!) ND.b;A approved. S e l f - contained unit provides a l l  m a t e 
r i a l  f o r  an a d e q u a t e  science progr a m .  K i t  includes 1 JO 
experiment manual  corre l a t e d  to s t a t e  courses of s t u dy and 
m a j or text books with 1 7  to 60 eXllcri ments for each grade 
level.  Demonstrations and CXI)crimcnts I!over a i r .  e lectriC'itr.  
magnetism, living things, etc . ,  e l c .  :Ko imp,orlant phase , of  
science ins trllction i s  omitted.  Enry conce ivable materIal  
for I)crfoflll ing experiments ( even rubber bands ) is incl u d 
e d .  T h e r e  arc 1 7 8  d i ff e r e n t  laboratory items . . <\ 1 1  cont a i ned 
in atlracth'c wooden cahinet. ( 2 4" x 1 8 1h H  x 8 1,6 " )  w i t h  
s h e l v e s  f o r  convenient access.  S h i l m i n g  weight 5 :!  I h s .  I d e a l  
f o r  any school no m a t t e r  h o w  l o w  the budge t .  

5': 0;.  No. 1 9 . 0 3 1 - 5 . . . .  . . . . . . . .  $ 1 99 . 50 F . O . B .  F o r t  Laud e rd a l e  

M I RAC LE IN AN EGG S H ELL 
Easy-Exciti ng M eth. 
ad to Teach Life Cycle 

Visually demonstrates 7 most dramatic s t ages  in de\'eloJ) 
IllcnL A c t u a l l y  observe the changes as they take place from 
fertilized egg to hatched chick st.anding alone. Each stage 
easily assembled and fitted into opa.Que h a l f  shell  w i t h  
transparent c o v e r .  S p e c i a l  stand h o l d s  each stage in Ilroper 
order. Moldcd i n  four colors. Sturdily cons tructed for 
extensive u s e .  

Stock N o .  70.453-5 . . . . . . . . . . . .  $ 5 . 9 B  Postpaid 

American M ade
Over 50% Saving 

STEREO M ICROSCOPE 
Y e a r s  in develop m e n t .  E Q u a l s  �300 to 
$4 0 0  inst.rument.  Precision ,-\Illerican 
made.  Psed 'for ( 'heeking, inspecting, 
small assembly work. rll to 3" work
ing distance. C lear,  sharp. erect 
i m age. ""ide, 3 dimensional field.  2 
s e t s  of objecti\'es 011 rotating t urret. 
23X a nd  40X. 10 Day Free T r i a l .  

Stock No.  B 5 . 0 56-S . . . . . . . . . .  $99 . 5 0  f .o. b. Barri ngton, N .J .  
Low Power S UP)llementary Lens A t tachment for abovc S t ereo 
-provides 15X down to 6X with clear, extra large 1 % �  
fi eld at. 6 X .  

Stock N o .  3 0 . 276-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 7 . 5 0  

S e e  the Stars. M o o n ,  Planets Close U p !  
3" ASTR O N O M I C a l  R EF L E CT I N G  T E L E S C O P E  

D ••••• _ ,'  ....... Mt. Palomar Type ! A n  U nusual Buy !  
S e e  t h e  IlinJ{f; of S a t u rn .  the 
fascinating p l anet � I a r s ,  huge 
craters on thc � I oon. �-:Qua
torial mounl with lock 0 1 1  both 
axes.  Alull linized and orer
coated W' diameter high-speed 
f/IO mirror. Teles('ope cOllie s 
equ iJ)ped with a 60X eyepiece 
a n d a Iliounled Barlow L e n s .  
Optical  F inder T e lescope i n 
c l u d e d .  H a r d w o o d .  por t a b l e  
t r i p o d .  Fln:�E with S�ope : 
Valuable S'I'AR CHART p l u s  

2 7 2 - page " HANDBOOK OF HEAVENS" p l u s  " HOW 'fO 
USE YOUR TELESCOPE· '  BOOK. 
Stock No. 8 5 . 050-S . . . . . . . . . . . . . . . . . • . . . . . .  $29.95 Postpaid 

7x50 B I N OCULARS-TR E M E N D O U S  BUYI 
War Surplus American-Made 

B ig  savings ! Brand new ! Crystal 
clear viewlng-7 power. E\'ery opti
cal element i s  coated. A n  excellent 
n i ght gl ass-the size recommended 
for s a tellite viewing . Individual eye 
ruc u s .  };xit pupil 7 m lll .  Approx. field 
a t  1 . 0 0 0  yds.  i s  3 7 6  ft.  Carrying 
('a g e  i ncluded. A m erican 7 x 5 0 ' s 
normally cost $ 1 9 5 .  Our war surplus 
price s aves you r e a l  money. 

L I F E  S I Z E  VIS IBLE  H UMAN H EA D  

Study t h e  most complex organ easily, i n 
expensively . Ideal f o r  student, hobbyist,  
)J I'ofession a l .  You will  b e  a mazed at the 
d e t a i1 . )lolded from actual human skull. 
Eyes, ears. a n d  teeth easily removed 
il nd disassembled for complete study . 
Entire brain,  spinal ('ord a n d  organs of 
mouth and t h roa t presented in vivid 
det a i l .  A m a zingly low price--conforms 
to riJ!id laboratory standardS.  I 6 -page fully 
t J  atert medie a l  ha ndbook included. 

Stock No.  7 0 . 447-S . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 9 .  95 Postpaid 

TWICE L I FE S IZE MODEL HUMAN HEART 

1 2 H  high, easily assembled a n d  d i s a s 
sellibled. .:\ I I sections r e m o v a h l e  for 
complete interior study.  JGt includes 
a l t  necessary parts.  full  color anatomical  
chart and complete instructions for as
sembly and coloring.  Extremely \'alu
a b l e  educational a i d  available nOw for 
unusually low Ilrice. Ideal  for i n s t i t u 
t i o n s  and s t u dents.  

7 0 . 470-5 . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 3 . 0 0  Postpaid 

1 6" V I S I B L E  MAN K I T  
:\ mazing ! You look right through i t !  H e 
r e a J s  the wonders of the hu m a n  body i n  
e x a c t  scale w i t h  a l l  v i t a l  organs precisely 
detailed.  A u thentic laboratory Illodel in
cludes complete s k e l eton. skin, muscles,  cir
c u l atory system. Ingenious parts - w i t h  in
parts assembly permits examination of res· 
pirator)' system, chambers of the heart, 
interior of kidneys, e t c .  Internal organs de
mountable for close inspection. Just 1 6H 
high when assembled.  b u t  compares favor 
ably with expensive hand- made m e dica l  
schoo l mode l s .  I d e a l  for  researchers. l a b s ,  
doctors. teachers, s t u dents.  hobbyi s t s .  B a s e  
and ] 2 - page IN'fRODUCTION ']'0 A l'\ 
.'\ TOj\1 Y included. 

Stock No. 70. 22B-S . . . . . . . . . . . . . . . . . . . . . . . . . .  $4.98 Postpaid 

1 5 ';' '' V I S I B L E  WOMAN K I T  
ASLOnishing counterpart of t h e  famous V I S T 
llL"� :\JA � .  A u thentic,  exact-sca le, laboratory 
luodel of fem a l e  figure lets you look right 
through tran s llaren t " skin" -examine v ita l  
organs ,  glands.  ner ves ,  ve i ns,  a r teri e s .  A l l  
parts remo\'able, replaceable.  Articulated 
skeleton permits inspection of 2 0 6  bones.  
Separa t e  group of Internal parts s hows 7·  
months Ilrcgnancy. I d e a l  for students,  doctors, 
nurses, hobbyists.  Compares favorably with e x 
l)enSive m e d i c a l  school models.  Complete w i t h  
b a s e .  .<\ u thoritati\"e 1 2 - page book, INTHO
])UC'l'IO� TO A.�ATOMY, inclu ded. 

Sto c k  No. 7 0 . 283-5 . . . . . . . . . . . . . . . . . . . . . . . . . .  $4.98 Postpaid 

W O O D E N  S O L I D  P U Z Z L E S  
Here is  a fascinating assort-g lllent of wood puzzles that will ' J).

,. _ 

provide hours of pleasure.  
Twelve different puzzles,  ani-
mals and geometric forms to 
take apart and reassemble,  
give a chance for all  the fam i
ly,  young or old, to test. skil l ,  
patien ce,  and,  best o f  all  to 

stimulate ability to think and reason while 
having lots o f  fun.  

Stock No.  7 0 . 205-5 . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 3 . 00 Postpaid 

SCIENCE TREASURE CHESTS C§ For Bo ys-G irls-Ad ults ! 

Science Treas u r e  C h est-Extl'a-pow
crful ma gnets, polarizing filters, com
pass, one-way-mirror film, prism, dif

'- fraction grating, a n d  lots of other 
items for hundreds of thrilling experi

ments,  plus a Ten-Lens Kit fOt: mak!ng telescopes. 
microscopes, etc. Full  instructIOns mcluded. 

Stock No. 7 0 . 342-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . $5.00 Postpaid 

Sc ience Treasure Chest O eLuxe-E\'erything i n  Chest 
above plus exciting additional items for more advanced 
experiments including crystal-growing kit. electric motor, 
molecular models set, first- surrace m irrors, an d lots more. 

Stock No. 70.343-5 . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 0.00 Postpaid 

LEARN H OW YOU SEE. H EAR. 
TOU C H .  TASTE AN D S M E L L  

5 Scientific Twice Life Size Model Kits 

Visually demonstrate the five 
senses. Find out how and why 
you experience sensation or 
enj oy any phase of human 
l ife.  Lab models of the eye. 
ear, nose, skin, tongue and 
lower j aw. Eye model fea

tures unique life movement of eye and 
muscle. Ear offers full view of exterior 
and interior ears-has see-through fea
tures. Now for the fi rst time available for 
individual, student and professional use at 
a reasonable price. Each kit includes ful l  
color anatomy chart. 
Stock No.  70. 464-S A l l  F ive Senses . - $ 1 0 . 0 0  Pstpd. 
Stock No.  70.465-5 Eye . . . . . . . . . . . .  $ 2 . 00 Pstpd. 
Stock No.  70. 466-5 Eo. . . . . . . . . . . . .  $ 2.00 Pstpd. 
Stock No.  70.467-S Touch . . . . . . . . . . $ 2.00 Pstpd. 
Stock No.  70. 468-5 Sme l l  . . . . . . . .  $ 2 . 00 Pst pd. 
Stock No.  70. 469-S Taste . . . . . . . . . . $ 2.00 Pstpd. 

B U I L D  A SOLAR E N E RGY F U R N A C E  

Wonderful Sc ience School P roject �. 
B u i l d  your own Solar Furnace for 
oXllcrimcntation-m any Ilract.. ical uses. 
It·s e asy-inexpensive. Us e  your scrap 
wood. We furnish instruction book l e t .  

;�!Is t���liri�oW��!il �Ir����eo W:,�I �o�g�- , , ' ' \ 
�"'uses enamel to metal .  Sets IJ aper 
aflame i n  seconds . Use our �Tesnel Lens-1 4" diameter 

. r . l  1 4". 

Stock No. 70 . 1 30-S . . . . Fresnel Lens . . . . $6.00 Pstpd.  

50·1 50·300 POW E R  M I CROSCOPE 

Amazing Val uc--3 ,\chrom a t i c  Objective 
Lenses on Uerolving Turret ! Imported ! 
'i'he color- corrected. ccmented achrom atic 
lenses i n  the objectives  give you far 
SUperior results to the single lenses found 
i n  the microscopes selling in this range. 
Results are worth the difference !  Fine 
rack a n d  pinion focusing. 
Stock No.  7 0 . 008-S . . . . $ 1 4 .95 Pstpd. 
M O U NTED 500 POWER OBJECTIVE 
. . . T h r e a d e d  f o r  easy a t tachment 011 
above m icroscope. Achromatic lenses for 
fine viewing. 3 DlIll . foca l  length.  

Stock No. 3 0 . 1 97-S . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $5.00 Pstpd .  

"fiSH" WITH A GIANT MAGNET 
Bring Up Under·Water T,.easu,.es �� 

Heal fun l Profitable.  too ! Simply trail 
powerrul 5 lb.  M agnet out the stern of your 
boat-retrieve outboard motors, fishing t ackle, 
anchors, other metal valuables.  Alnico V-Type 
Magnet h a s  terrific l i fting power-�?OOO Gauss 
rating-lifts over 1 2 5  lbs.  011  land-more under w a t c r. 
:Many i ndustrial  uses,  too ; recover tools a n d  parts from 
inaccessible spots, hold work i n  place,  rid shop floors of 
mctal fragments, pins, etc. 

Stock No. 70 , I B3-S 5-lb .  size . . . . . . . . . . . .  $9.95 Pstpd.  

Stock No.  7 0 . 4 1 6-S 3 '12 lb.  size . . . . . . . .  $7.95 Pstpd. 

- - - - - - - - - - - - - - - - -
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I (','t' E D M U N D  I fl S C I E N T I FIC CO_ 

Barrington, N .  J. 
I 1 44  Pages ! Over 1 000 Barga i n s !  I Huge selection of l enses. prisms, 
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including important advances 
in mi litary defense 
Yes, paper defenses against a war of 

stealthy death! But papers with peace
t im e  u s es t o o. Papers that  sense  air  
contamination . . .  that wring water and 
micron solids from aviation gasoline or 
natural gas lines . . . that filter radio
active dusts, and wrap sensitive areas in 
the gas-proof, moisture-proof, mildew
proof security of 50 % activated charcoal. 

Knowlton Special izes 
on the Adva ncing Edge of P rog ress 

Knowlton develops new papers for 
new uses . . .  from the idea through the 
prototype stage and the production runs! 
\;V e offer manufacturing facilities for 
specialty papers requiring extremely 
close dimensional, chemical or physical 
l imits  and uniform ity. O u r  entire 
energies are focused on the new, the 
different,  the can't-be-done job s .  In 
recent m o n t h s ,  we have turned out 
papers that feature . . •  

• High-pressure a ir  flow 
• High-temperature fl uid flow 
• High-uniformity chemical absorption 
• High gas adsorption 
• High.impregnation with organic solids 
• Hig h-sensitivity to air-borne conta minants 
• High moisture resistance 
• High linear and shear strength 
• High abrasive resistance 
• High-potential recombinations of 

mechanical and physical properties 

WRITE for a free copy of the 

booklet: "Craotiv. 'magi nation 

i n  the Development of Tec h n i  ... 

cal and Industrial Pape,s". •' .:. : .' , 

. .

. .

. 

. 
� 

�� .� 
®!J]� . . : . . ' . 
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tainer of water tinted with food color
ing. Capillary attraction will draw water 
into the tube. M easure the length of the 
water column and immediately weigh 
the capillary. The difference in weight 
between the empty and filled capillary 
in milligrams is equal to the volume in 
cubic millimeters that is occupied by 
water. Paint a mark across the tube at the 
inner end of the water column. Work 
quickly so that water is not lost by evap
oration. Use India ink for marking the 
graduations and apply it with a single 
hair. Divide the remainder of the tube 
( from the mark to the outer end ) into as 
many equal intervals as the water 
weighed in milligrams and mark off the 
intervals with ink lines. This method of 
calibration is adequate if the tube does 
not taper. Finally, coat the inner and 
outer surfaces of the capillary with sili
cone oil. 

The hexane will evaporate, leaving an 
uncompressed monolayer on the surface 
that has a volume of .1 cubic millimeter. 
A clean barrier is now slid gently onto 
the water at the end of the trough far
thest from the floating barrier and grad
ually pushed toward the barrier. 

As the area is thus reduced, the bal
ance will begin to respond to growing 
pressure exerted by the monolayer; 
eventually the reading will mount 
sharply to a maximum value. The maxi
mum pressure ( in grams ) indicated by 
the balance is divided by the length ( in 
centimeters ) of the floating barrier plus 
half the distance between the ends of 
the barrier and the edges of the tank. 
The quotient is multiplied by 980 to get 
spreading pressure in dynes per centi
meter. The spreading pressure of stearic 
acid at 25 degrees centigrade is about 
30 dynes per centimeter, and its mole
cule occupies 20 square angstroms. 

Spreading pressure can also be deter
mined by measuring the surface tension 
of a monolayer and that of water. Sus
pend a clean glass slide, such as a micro
scope cover slip, by a small chain or 
wire as shown in the illustration on page 
270. Hook the chain to the horizontal arm 
of the torsion balance and adjust the 
balance to zero. Then bring a container 
of water up under the glass until the 
surface of the water touches the bottom 
edge of the glass. Surface tension will 
pull it into the water. Now turn the dial 
of the torsion balance until the bottom 
of the cover slip is raised precisely even 
with the surface of the water. ( Ignore 
the meniscus of liquid that clings to the 
glass. ) To find the surface tension of the 
water in dynes per centimeter, multiply 
by 980 the weight ( in grams ) that is in-

dicated by the torsion balance when the 
bottom of the wet slide is even with the 
surface and divide by twice the length 
( in centimeters ) of glass in contact with 
the water. If the temperature of the wa
ter is 0 degrees C., the result should be 
75.6 dynes per centimeter; at 20 de
grees it should be 72 .7 dynes per centi
meter. By reversing the formula you can 
use this procedure as a primitive method 
of establishing a standard of mass for 
calibrating balances. At 20 degrees C. 
the downward pull on the balance ( in 
grams ) caused by surface tension is 
equal to the product of 145.4 times the 
length of the glass in contact with the 
water divided by 980. A weight, such 
as a length of wire, is then cut to produce 
the same deflection and used as the 
standard of mass. I have found the meth
od accurate to about one part in 200. 

A clean slide is then fully immersed in 
water that has been swept free of con
tamination, a monolayer is floated on the 
s urface and the slide is carefully raised 
by rotating the dial of the balance. The 
surface tension of the monolayer is then 
computed as in the previous experiment. 
The difference between the surface ten
sion of the water and that of the ' mono
layer is equal to the spreading pressure 
of the monolayer. 

One final experiment: Set up a clean 
dish about four inches deep and fill it 
to the brim with water containing a few 
drops of barium hydroxide ( approxi
mately a . 0 1  normal solution ) .  Divide 
the surface with a piston, float a mono
layer of stearic acid on one side and a 
monolayer of olive oil on the other. Then, 
with a small windlass improvised from 
handy materials [see illust1'(ttiOl1 on page 
272 ] ,  slowly lower a clean microscope 
slide into the stearic acid and pull it up 
again. \;Vith practice you can make a 
monolayer of acid cling to the glass sur
face on each pass. Observe the action 
by watching the piston. Continue dip
ping the slide and replenish the mono
layer as required. After about 20 mono
layers have been applied the glass will 
begin to take on color ( caused by the 
interference of light waves ) .  Continued 
dipping may produce a pattern of color 
like that observed on soap bubbles and 
oil slicks. If the layers are evenly de
posited, the color will consist of a single 
hue and the slide will function as an in
terference filter. Certain thicknesses will 
act as nonreflecting coatings. According 
to Dean, by immersing the slide fully on 
the first dip and to successively shallow
er depths thereafter it is even possible 
to build up a step gauge for measuring 
thicknesses optically. 
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CREATO R OF COM PLETE 
The 800·man professional staff of the Applied Physics Laboratory plays a significant role i n  advancing the MISSILE A N D  frontiers of science and strengthening the nation's defense. The scope of the laboratory's activities em-
braces development and design engineering, theoretical and experimental research, and 
systems synthesis and analysis. _________________ _ SATELLITE SYSTEMS 
Scientists and engineers seeking a n  inte l lectually stimulating atmosphere and opportunities t o  make original 
contributions are invited to join our professional staff. Highly attractive positions are avai lable i n  the fol low
i ng fields: 

I N CLUDING 
TRANSIT 

- C i rcuit analysis and design for m icroelectronic applications · Sol id state and thin films · Missi le  guidance and TYPHON 
control systems · Missi le flight instrumentation and  analysis . Data storage and  processing systems · Digital 
and analog computer techniques · Missi le  and satel l ite communication l inks · Telemetry · Microwave appl i- TALOS cations and c ircuits · Antennas · Rel iabi l ity engineering. _________________ _ 

APL's modern facilities are located in Howard County, Maryland, equidistant from Washington and Baltimore, TARTAR 
and in Silver Spring, Maryland, a resideritial suburb of Washington. Both locations afford a choice of c ity, 
suburban, or country l iving. The area is known for its high l iving standards, excel lent public schools, and ex- TERRIER tensive opportunities for graduate study. _____________________ _ 

Addr ••• your Inquiry to : Prof ••• lonal Staff AppOintments, Th. Applied Physic. Laboratory, Th. John. Hopklna UnlverallJ . 

8641 ' Georgie Avenue, SlIv.r Spring, Maryland 
. 

All qualified appli cants wil l  receive consideration for emptoNment without regard to racet creed, color or national origin. 

2751 
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Where no metal but Platinum 
Electrodes made of Platinum metal alloy deliver 
longer, trouble-free service in aircraft spark plugs 

A spark plug fires an average of 1 1 00 times per minute at 
cruising speed in a piston-engine airliner. With each vital spark, 
the ignited gasoline in the engine's combustion chamber heats 
the electrodes to high temperatures. 

To withstand the rapid, repeated heating and cooling with 
every cycle of the engine - arid to resist electrical erosion, and 

corrosion by lead-containing fuels - spark plug manufacturers 
make electrodes of a Platinum metal alloy. 

This critical application dramatizes one vital fact : the de
pendability of Platinum. No metal but Platinum will do the 
job as well. 

It could pay you to use a Plati n u m  Meta l 

Your problem might be readily and economiCally solved with 
Platinum Metals-where high temperature corrosion and spark 
erosion are involved, such as in aircraft spark plugs . . .  where 
reliable make-and-break electrical contact is indicated, such as 
in lo�, �9ise high fidelity transmission . . .  where wear-resisting, 
non-tar�lshing surfaces are required, such as for printed electri
cal circuits . . .  where a combination of severe corrosion and 
erosion must be met, as in the case of spinnerettes for rayon 
production . . .  where peak catalytic 'efficiency is required, as in 
the refining of high octane gasoline . . .  or where product purity 
must be retained despite high temperatures, as in the case of 
lens glasses . . .  the Platinum Metals have proved to be the most 
economical for certain critical equipment. 

Industry is going to higher temperatures and higher preSiiures. 
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will do the job as well . . .  
Perhaps your own progress has been blocked by the limitations 
of materials to withstand such severe conditions. The Platinum 
Metals have removed many barriers. Have you considered them 
for your problems? 

Platinum, palladium, rhodium, ruthenium and iridium have 
unique potentials, well worth your attention. Specialists are 

prepared to work closely with you in evaluating these metals 
for new commercial and scientific uses. 

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

CAN THESE PROPERTIES OF THE 
PLATINUM METALS HELP YOU ? 

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

The six Platinum Metals are : 
P LATI N U M ' PALLA D I U M ' R H O D I U M  
RUTH E N I U M ' I R I D I U M ' O S M I U M  

<���> PLAT I N U M  M ETALS D I V I S I O N ,  T h e  I nternat iona l N i ckel  Com pa ny, I nc . , 67 Wa l l  Street,  New York 5 ,  N . Y. 
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. Dedicated to the serious, the important, and the enduring in scientific 
literature, The Library of Science counts as members more than 50,000 
scientists, educators , and related professionals. Now, to mark the fifth 
anniversary of its founding, The Library of Science is pleased to invite 
your membership under an exceptionally advantageous offer. Take any 
one of the four works depicted here as your free Membership Gift, 
choose with it your first Selection at the reduced Member's Price, and, 
in addition, select one of the five volumes listed below as your 

HISTORY O F  TECHNOLOGY, by Charles Singer & 
others. The development of the scientific skills by which 
man has mastered his environment. Volumes 3 and 4-
the Renaissance and the Industrial Revolution. 

PUBLISHER'S . PRICE $53.80 

EVOLUTION AFTER DARWIN, edited by Sol Tax. "The 
most comprehensive and illuminating stock·taking of 
the departments of knowledge which have grown out 
of the evolutionary hypothesis." Scientific American. 
3 vols., 1434 pages. PUBLISHER'S PRICE $27.50 

SCIENTIFIC ENCYCLOPEDIA. 1 839 pages, 1456 illustra
tions, more than 1 400 articles, over 100,000 definitions. 
The third revised edition of the modern classic of 
scientific reference. PUBLISHER'S PRICE $29.75 

EXTRA - FREE FI FTH ANNIVERSARY GIFT BOOK 
FRON T I E RS I N  S C I E N C E, b y  Beadle, P auHng, 28 others. PUBLISHER'S PRICE $6 .00 
M O D E R N  ASPECT OF MAT H EMATICS, by Ludenne FeHx. PUBLISHER'S PRICE $5 .00 
MASS, L E NGTH A N D  TIME, by Norman Feather. PUBLISHER'S PRICE $4.00 
LOGIC MACHINES & D I A G RAMS, by Martin G ardner. PUBLISHER'S P RICE $5 .00 
I N S I D E  T H E  L I V I N G  C E LL, by J. A. V. Butler. PUBLISHER'S PRICE $3.50 

BRAIN lAC K-30 "PORTABLE LABORATORY," deSigned 
by Edmund C. Berkeley. Ideal for the young people in 
your family-as well as adults. A practical demonstra
tion of the basic principles of computer circuitry, with 
64-page theoretical and instruction booklet. 

Which va luable works may we s.end you FREE? 

J'he Library of Science L86 
59 Fourth Avenue, New York 3, N. Y. 

Enroll me as a member and send my choice of Gift Set, 
additional free fifth Anniversary book, and first Selection 
-as indicated below. Bill me for my Selection only at the 
reduced Member's Price, plus postage. I need take as few 
as five more Selections during the next 24 months from the 
75 or more available to me. and I receive a free Bonus Book 
of my choice after every fourth Selection. 

Membership Gift Set' ____________ _ 

F ree Anniversary Book'- __________ _ 

F i rst Selection' _______________ _ 

Name . .  , . . . . . .  , . . . . . . . . . . . . , . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .  " . . . . . . . . . . . . . .  . . 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .  " . . . . . . . . . " . . . . 

City . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  Zone . . . . . . . .  , .State . . . . . . . . . . . . . . . . . . . . .  . .  

2 7 8  

LIST PRICE $18.95 

Start membership with one of these six outstanding books 
NATURE OF THE CHEMICAL 
BOND, by Linus J. Pauling. 
The Nobel Prizewinner's bril
liant presentation of modern 
structural chemistry - newly 
revised, enlarged Third Edi
tion. Publisher's Price $8.85 

MEMBER'S PRICE $6.50 
MAT H E M AT I C S  A N D  T H E  
PHYSICAL WORLD, by Mor. 
ris Kline. From primitive 
numerology to non-Euclidean 
geometry, here are the meth
ods, logic, and application of 
mathematical science. 

Publisher's Price $6.00 
MEMBER'S PRICE $4.95 

O P E RAT I O N S  R E S E A R C H ,  
b y  Churchman, Ackofl & 
Arnofr. Definitive introduc
tion to the techniques, plan
n i n g ,  f o r m u l a t i o n  a n d  
implementation o f  opera
tions research projects. 

Publisher's Price $12.00 
MEMBER'S PRICE $7.95 

STRUCTURE OF SCIENCE, 
by Ernest Nagel. His cogent 
examination of one of the 
critical areas in the philos
ophy of science-the logiC 
of scientific explanation. 

Publisher's Price $10.00 
MEMBER'S PRICE $5.95 

THE LAWS OF NATURE, by 
R. E. Peierls. The logic and 
unity of physics - quantum 
theory, relativity, wave me
chaniCS, exclusion principle, 
mesons, and other particles. 

Publisher's Price $4.50 
MEMBER'S PRICE $3 .95 

A S S A U LT ON T H E  U N 
KNOWN, b y  Walter Sulli
van. First complete account 
o f  t h e  d i s c o v e r i e s  a n d  
achievements o f  the Inter
national Geophysical Year. 
474 pages; 39 illustrations. 

Publisher's Price $7.95 
MEMBER'S PRICE $5.75 

'J'he Library of Science, <9 FOURTH AVE'UE "IV >ORK 1 N Y 
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by F. Fraser Darling 

TROPICAL AFRICA, by George H. T .  Kim
ble. Twentieth Century Fund ($15). 

W
hen one picks up a work like 
this-two well-produced octavo 
volumes totaling 1,100 pages

one' s  first react ion is almost reverent ial : 
a man has labored devotedly for an ap
preciable fract ion of his life . Moreover, 
as one soon discovers, Professor Kimble 
has not worked alone ; he  has papers 
from nearly 50 authorities and h as had 
a panel of consultants .  One reads the 
tit les of the two volumes and approves : 
Land and Livelihood and SOCiety and 
Polity. Then one thumbs through the 
volumes and looks at the photographs  
(for none of  us is quite grown up) ; made 

by Omar Marcus and arranged by Anita  
Ventura, these handsomely illustrate the 
rich variety of the newer Africa and the 
beauty of the African. Thus conditioned 
to a favorable view of the work, one be
gins to  dip into  the text in an un
organized way ; one encounters a passage 
with which one wholly agrees ,  then an
other with which one wholly disagrees, 
then a piece of curious informat ion one 
did not know, then an account of a ter
ritory one has not visited. Enough for 
that evening, but one is eager for a seri
ous reading. 

Then comes the awkward period 
when one looks up some aspect on which 
one thinks one had special knowledge, 
and one is disappointed. One says  to 
oneself that it is not quite  fair to make a 
judgment in th is way ,  until one' meet s  
another specialist ,  who says  he i s  sure 
that it is a good book but a little scrappy 
in his part icular field. Now one goes 
back to work, analyzing and attempting 
a new synthesis of opinion. What does 
the work attempt in the newer fields of 
geography? How does this book com
pare with Lord Hailey's monumental 
African Su·rvey and John Gunther's In
side Africa? 

It should not be compared with them 

BOOKS 
A geographical study 
of Africa in transition 

at all, for it is almost certain Kimble de
cided at the outset that his book must be 
entirely different from them and an ex
ample of the "team" approach to geo
graphical research. Hailey' s work took 
several years, he  being a retired Gov
ernor of Bengal, practically the highest 
posit ion attainable in the Indian civil 
service, which has bred some of Britain' s  
finest administrators ; h i s  book i s  essen
tially an administrator' s  work about ad
ministration. Kimble has used it well in 
the masterly condensation that is his 
Chapter 21: "The Machinery of Govern
ment." Gunther's remarkable book is  a 
piece of excellent ,  vivid reporting that 
from time to time irritated me t o  the 
point of scratching my head, and I see 
litt le influence of this book in the pres
ent work. 

Kimble has been a most able chari
oteer in managing a variety of steeds 
whose style and ways  of thought must 
have been quite different ,  for the book 
reads well throughout. Indeed, he  fin
ishes the race with a source book and 
a reflective synthesis of unequaled quali
ty for Africa. Of course, the book is al
ready out of date ;  any book present ly 
written about Africa must be out of date  
by the t ime it is published. Prime Min
ister Macmillan, in his elegant ,  wafting 
way ,  speaks of "the wind of change" in 
Africa, but the metaphor is altogether 
too gentle. As one who has made seven 
journeys of depth into  Africa in the last 
six years, I am not inclined to call the 
blast of an explosion anything so politi
cally and poetically soothing as a wind. 
Kimble's book nonetheless arranges a 
large mass of enduring factual detail 
effect ively ,  and it will serve well as a 
textbook because of it s scholarly yet dis
cursive style of discussion. 

One of the newer directions of geo
graphical research ,  against which Kim
ble' s  work should be evaluated, is the 
much st ronger concentrat ion on the 
study of economic growth . The stim
ulus for this trend probably arose dur
ing and immediately following World 
War II, when the increased accessibility 
and social interchange of the regions of 
the world, an upwelling nationalism and 

the proVISIOn of large-scale foreign aid 
made the economic growth of "lesser" 
countries inevit able. 

An indication of the response to  this 
stimulus is the unparalleled flow during 
the past decade of speculat ive material 
concerning the development potentials 
of what are termed, rightly or wrongly , 
the underdeveloped countries of the 
world . This outpouring of literature has 
been sponsored and financed primarily 
by government agencies of the "greater" 
countries, by international bodies such as 
the United Nations and by large philan
thropic foundations . To assimilate and 
digest this material and to provide addi
tional informat ion, there are now sever
al new periodicals ,  new college courses 
and a number of major research centers 
devoted entirely to  the study of eco
nomic growth . 

Largely as a result of the polit ical in
terest in supplying aid to  underdevel
oped countries, many young researchers 
are being called upon to assist in the 
formulation and implementat ion of 
technical assistance programs. Geogra
phers and workers in neighboring disci
plines are being asked to  undertake not 
scholarly theoret ical studies but investi
gations of problems of a practical sort .  
Yet the work o f  examining the nature of 
the economic growth process and of un
derstanding the changes that growth 
brings to  underdeveloped countries has 
barely begun. 

The evolut ion of scholarly knowledge 
is gradual and does not always  advance 
on an even front . But this view of scien
t ific  inquiry cannot prevail in a deluge 
of foreign aid and technically trained 
assistants .  And it is not a view of re
search that would be upheld by govern
ments  and peoples intent on raising 
st andards of living by the medium of ac
cept ing cold-war foreign aid that may 
not be available tomorrow. 

Kimble' s  book is definitely concerned 
with Africa as an underdeveloped conti
nent rather than as a region of intrinsic 
geographic interest .  The book may well 
be a t imely achievement in that it has 
got it s scholarly foot in the door before  
the door has been shut by the urgent 
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BOOK OF 
15 PARADOXES 

in Math and Logic 

HERE'S a wonderful way to � 
sharpen your mind. 15 

0 Iy great paradoxes in math and n 
logic, compiled by noted ). 
Prof. i\ubrey Kempner. Not y 
simple parlor-game puzzles, 25 
hut real brain teasers. See 
for you rsel f-do you know 
the answers to 2-1, all trian-
gles are isosceles, one-sided Moebius Surfaces, 
a+b7>"b+a, '-'+'-1+'+- . .  =0? 

A L L  TH I S-for o n l y  25¢ 
You alld your colleagues will also be stumped by 

the bOllllcing ball, Pythagoras and his Paradox . 
and eight othel's, including the distallcc bctu'cCIl 2 poillts inside a Sqlta1'C illch is longer tho'll the distance fr0111 J}.arth to SIIU! "Paradoxes and Common Sense" 
costs only 2S¢. Paper bound. handy pocket size. 
List price SOC, Send TODA Y for your copy for 2SC 

D. Van Nostrand Company. Inc .. Dept. 289. 120 

Alexander Street, Princeton, N. J. ( Est. 1848) 

-------------------------- , 

MAIL THIS COUPON NOW 

D. Van Nostrand Company, Inc., Dept. 289 
120 Alexander Street, Princeton, N. J. 

Here's my 25¢, so send me Professor 
I,cmpner's "Paradoxes and Common 
Sense" in math and logic. No further obli· 
g-ation, nothing more to buy. 

:\a1lle .. 

Address ... 

City. . . .. .... ... Zone ...... State ... . 
(In Canada: 25 Hollinger Road. Toronto 16) 

L _________________________ J 
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Your introduction 
to an amazing 
biological riddle-

Viruses 
and the 
nature 
o:f life 

by WENDELL M. STANLEY 
Nobel Prize-Winner in Chemistry (1946) 
and EVANS G. VALENS 
Co-author of the award-winning 
Elements 0/ the Universe 

A ti mely , readable, scient i fic 
survey of the mysterious "living 
mole cule" tha t causes more 
than half of the infectious dis
eases of modern man-yet may 
hold the key to the nature of 
life itself. 

This is the remarkable story of 
two sides of virology - first, 
science's attack on the killer 
viruses; and second, the new 
frontiers that are opening up in 
genetics and cancer research. 

With special chapters by six 
leading scie n tis ts . Over 200 
photographs; bibliography; 
index. 
$4.95 at all bookstores, or frum 

. E. P. DUTTON & COMPANY 
300 Park Ave. South, N. Y. 10 

pragmatists charged with spending a lot 
of money in a short time. ''''hat a pity it 
i s  that foreign aid cannot be contained 
in a reservoir letting out a steady stream 
instead of the unmanageable flood re
quired by poli tical expediency. Kenneth 
E .  Boulding has written a pungent piece 
of poetry that expresses this idea very 
well: 

Poor countries aTe inclined to dicker 
With those who'll make them richer 

quicker: 
This gives the conflict added zest 
Between the Russia11s a11d the West. 
And they might well be Doubting 

Thomases 
'o\1ho trust i11 other people's promises, 
Whe11 all development must roll 
On Thought, Work, Thrift, a11d 

Self-Control. 

The reflective study of the influences 
of geographiC processes on the economic 
growth of underdeveloped countries in
volves a large number of variables .  Ob
viously an understanding becomes possi
ble only with some attempt to isolate and 
group the variables into components, 
then to analyze the role of each com
ponent in turn. The notion of the 
"ecological matrix" applied in Norton 
S. Ginsburg' s  new Atlas of Economic 
Development groups the variables into 
four simple components : population, re
source endowment, areal organization 
and technology. The description of so
cieties i s  assumed to be satisfactory 
when the contribution of each compo
nent is given and the relationships 
among them are understood.  

It i s  an interesting exercise to read 
Kimble' s  two volumes with this ecologi
cal view of SOCiety as a point of depar
ture. The first volume, Land and Liveli
hood, opens with an overview of the 
economic life of Africa at the turn of the 
century; thi s, the author asserts, is to 
show the kind of place Africa was before 
the changes occurred.  In succeeding 
chapters primary emphasis is given to 
the population and resource-endowment 
components of the ecological matrix. 
The second volume, SOCiety and Polity, 
is devoted almost entirely to organiza
tion and related governmental policy ,  
with additional chapters on African 
populations, their ignorances and dis
eases. The last two chapters are Kim
ble' s  attempt to give us hints as to what 
will produce desirable patterns of eco
nomic growth in Africa. Here he  also 
raises fundamental questions regarding 
the influences of geographical processes 
on economic growth . 

In general the book lends i tself to the 

ecological breakdown; the components 
of the matrix can be considered individu
ally and related to one another . The two 
volumes combined should prove useful 
to economists in the application of the 
matrix concept to a construction of 
"socioeconomic landscapes"-profiles of 
African societies . This may well assist 
our progress toward understanding the 
economic growth of underdeveloped 
countries and the organizational and 
technical ski lls that are associated with 
that process .  

L ike s o  many geographers , however, 
Kimble has failed to stress adequately 
the implications of technological change 
on the resources situation of Africa. This 
is my major criticism of his work. The 
reader must realize that Kimble is not 
omniscient and that he has had to de
pend on the papers of his contributors 
for much of his information. It was in
evitable that some of these helpers 
should be too close to what they were 
describing. For example, the resettle
ment of large numbers of the Kamba 
of Kenya in the Makueni scheme "is al
ready being spoken of by some of its 
promoters as an assured success ." I 
doubt that anyone except some of its 
promoters would think so.  The land re
settled will not withstand permanent 
agriculture, and in the present drought 
conditions the situation is critical. The 
distinct possibility that the scheme has 
merely created another semiarid desert 
is not mentioned in the Kimble book, 
nor is the fact that 1 ,000 rhinoceroses 
were slaughtered to make the scheme 
possible. I am sure that this information 
never reached him . He was probably 
dependent on some agricultural adviser, 
and if you know anything about British 
colonial administration it is that the ad
ministrator, who is himself generally de
void of any technical knowledge (but 
who has a sublime integrity) ,  listens to 
his agricultural officers . These are men 
who may know something about agricul
ture but who know too little about the 
basic problem of how plants and ani
mals (including man) survive in a re
gion of finite biological productivity. 

Indeed, i t  is one of the amazing short
comings of a country that has produced 
an Oxford and a Cambridge that until 
very recently there was not one British 
university that gave basic training in 
science and scientific thinking to its agri
cultural students . The agricultural cur
riculums produce capable technicians 
but not scientists, with the result that the 
colonial service became cluttered with 
individuals who thought in terms of in
creasing agricultural production instead 
of asking what the terrain of Africa 
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Doubleday Anchor Books 
in cooperation with the 

American Museum of Natural History 
presents an important new paperback series ... inexpensive, 

illustrated soft-cover editions of distinguished and enduring 

books on the study of man and his world. 

THE NATURAL HISTORY LIBRARY 

The first 13 books in the series ... 
HORSES 

George Gaylord Simpson, Harvard University. A 
classic case history of evolution, which traces the 
lineage of the horse over the past 60 million 
years. With a new preface by the author. 32 pages 
of photographs, 27 drawings, index. Nl $1.45 

JOHN AND WILLIAM BARTRAM'S AMERICA 

Ediled by Helen Gere Cruickshank. The best 
writings, in botany, ornitiJology and zoology, of 
America's first naturalists-the famous father and 
son who together explored much of the south
eastern U. S. during the late 18th century. 8 pages 
of illustrations, 2 maps, index. N2 $1.45 

THE OCEAN ISLAND (lnagua) 
Gilbert C. KIlngel. A naturalist, shipwrecked in 
the Bahamas, studies the flora and fauna of shore, 
sea and sky. A fine examination of Caribbean 
natural history by an award-winning author
naturalist. Foreword by Charles M. Bogert, 
A.M.N.H. 17 photographs, map. N3 $1.45 

SHEARWATERS 

R. M. Lockley. A report of 12 years' field obser
vation of the Manx shearwater, the deceptively 
drab sea-bird that performs miracles of naviga
tion and endurance. Detailed descriptions of the 
sea·bird's breeding, mating and migration. Fore
word by Robert Cushman Murphy, A.M.N.H. 
7 drawings, map, index. N4 $1.25 

WHITE WATERS AND BLACK 

Gordon MacCreagh. How not to conduct a jungle 
expedition-the delightful and informative account 
of an actual trek into the rugged headwaters of 
the Amazon by a band of greenhorn New York 
City scientists. Foreword by James A. Oliver, 
Director, A.M.N.H. 8 photographs, map. N5 $1.45 

THE WANDERING· ALBATROSS 
(Revised Edition) 

William lameson. The albatross, in fact and folk
lore, with emphasis on the aerodynamic accom
plishments of this legendary oceanio bird. Fore
word by Robert Cushman Murphy, A.M.N.H. 
8 pages of photographs, 6 drawings and diagrams, 
index. N6 95t 

MODERN SCIENCE AND THE 
NATURE OF LIFE 

Wllliam S. Beck. Harvard Medical School. An 
ill uminating discussion of modern biology in 
historical terms from its taxonomic origins to the 
most recent developments in genetics, embryology 
and cen theory. With a dramatic account of the 
Iong-sought-for discovery of DNA, the basic cod· 
Ifyjng agelit of heredity. Foreword by John A. 
Moore. A.M.N.H. Indexed. N8 $t.45 

Ideal for students at all levels and for science-minded readers, The Natural History Library ranges widely through biology, anthropology, zoology, geology, 
astronomy and related life and earth sciences_ The books, selected for 

the Series by a panel of Museum scientists, focus on man -his origins, 
nature and environment-and on the world around man, from 

sub-microscopic life to the universe at large. Many of the 
books are specially revised for this series; most of them 

include forewords written by Museum scientists, draw

DWELLERS IN DARKNESS 

S. H. Skaife. A study of termites, oldest of the 
social insects, and their highly organized lives 
within the darkness of the termitary. Foreword by 
Jerome G. Rozen, Jr., A.M.N.H. 16 pages of 
photographs, 26 drawings, index. N9 95¢ 

FROM FISH TO PHILOSOPHER 

Homer W. Smith, N. Y. U. School of Medicine. 
A physiologist's lucid account of man's evolution, 
with emphasis on the role of the kidney in helping 
man's prehistoric ancestors emerge from the sea. 
Foreword by Evelyn Shaw, A.M.N.H. 12 illus
trations, index. NI0 $1.45 

THE EXPLORATION OF THE 
COLORADO RIVER 

John Wesley PoweD. The diary of a great 19th
century geologist-ethnologist, kept during his dar
ing unprecedented journey down Colorado River 
rapids into the Grand Canyon. A classic on the 
opening of the American West. Foreword by 
Bobb Schaeffer, A.M.N.H. 8 photographs, map, 
index. NIl 95¢ 

THE MOUNTAINS OF CALIFORNIA 

lohn MuIr. The great book by one of the most 
eloquent nature writers of all time, leader of the 
19th·century conservation movement. This is the 
book which gave millions a glimpse of Yosemite, 
the Sierras and Mount Shasta. Foreword by Jack 
McCormick, A.M.N.H. 8 photographs, 2 maps, 
index. N12 $1.25 

JOHN BURROUGHS' AMERICA 

Edited by Farida A. Wiley, A.M.N.H. The finest 
and most memorable writings of the famous Hud
son River naturalist, describing his close observa
tion of wildlife in central New York State. 8 illus
trations. map, index_ N13 $1.45 

THE PACIFIC ISLANDS (Revised edition) 

Douglas L. ODver, Harvard University. For an
thropologist, historian and traveler; a history of 
Micronesia, Melanesia and Polynesia before and 
after the impact of Western "civilization." Fore· 
word by Harry L. Shapiro. A.M.N.H. 2S illus
trations, S maps, index. N14 $1.45 

ings, photographs, maps, diagrams, and 
indexes; prices range from 95¢ to $1.45. 

Available at your 

DOUBLEDAY & COMPANY, INC. 

Dept. 1-51-9, Garden City, New York 

o Please send me ___ sets of all 
thirteen Natural History library books 
now available, at the special price of 
$16.00 per set. 

o Please send me the Natural Hi story 
Library books circled below: 

Nl N2 N3 N4 N5 N6 N8 

N9 NtO Nll N12 N13 Nt4 

NAME _________________ ___ 

ADDRESS _______________ _ 

CITY _____ ZONE_STATE ___ _ 

o Bill me, plus shipping charges 

D Payment of $ enclosed 
(0 Check 0 Money Order) for pre
paid shipment by publisher. 
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NEW 
VAN NOSTRAND 
BOOKS 

BIOCHEMISTS' 
HANDBOOK 
edited by Cyril Long 

This handbook includes not only tables 
of data, but statements of principles and 
reviews of theory; experimental and ana
lytical methods with apparatus diagrams; 
formulas, equations, and methods of cal
cu lation ; articles on all the important sub
stances, systems and cycles, which are 
clarified by specially-prepared full page 
diagrams, and useful references. These 
references are an important feature, being 
so complete as to constitute a compre
hensive bibliography of biochemistry to
day. 1192 pages, $25_00 

CLINICAL 
ENZYMOLOGY 
by Rudolph Abderhalden; 
translated by Peter Oesper 

An up-to-date assessment of the place 
of enzymes and enzymatic reactions in 
medicine developing the subject from the 
fundamentals of enzyme structure and ac
tivity. It includes enzymatic pathology, 
diagnosis by enzymatic methods, congeni
tal enzyme defects and enzyme therapy. 

350 pages, prob_ $9.75 
THE RADIATION CHEMISTRY 
OF WATER AND AQUEOUS 
SOLUTIONS 
by Augustine O. Allen 

This single volume draws togethel' all the 
Jmown farts on the chemic'al reactions bL'ought 
a bout in W::itPI' and its solutions by high eneI'· 
�.r radiation. 200 pages, $6.00 

THE PHILOSOPHICAL 
IMPACT 
ON CONTEMPORARY 
PHYSICS 
by M. Capek 

432 pages, $7.50 

COMPREHENSIVE INOR
GANIC CHEMISTRY, Yo]umeYIIl: 

Sulfur, Selenium, Tellurium, Polonium, and 
Oxygen. Edited by Cannon 1\1. Sneed and 
Rohert C. Bl'asted. 325 pp., prob. $8.00 

/ Van Nostrand 
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would take in the way of major inter
ference . The best land scientists of 
British Africa have come from o ther 
disciplines, some of them even from ad
ministrators trained in the humanities . 
The most wonderful scientific develop
ment in British tropical Africa came al
most too late : the establishment of the 
East African Agricultural and Forestry 
Research Organization (EAAFRO) and 
the East African Veterinary Research 
Organization (EA VRO) . These two in
stitutions have made a substantial con
tribution to the basic scientific  work that 
should have been done long ago . 

Kimble describes in restrained terms 
some of the failures of British agricul
tural schemes, including the colossal 
groundnut debacle of Tanganyika (al
though when he states the cost as being 
26 million pounds he has made a slip
it was 36 million) .  This was an instance 
of technically rather than scientifically 
trained people being let loose with mod
ern earth -moving machinery-the para
phernalia of megalomania. Absolutely no 
ecological reconnaissance was done be
forehand, and as one of those who did 
his best to get some such work going I 
can vouch for the difficulties put in the 
way of its being done. 

It is perhaps unfortunate that an ecol
ogist convinced of the organic value of 
the wildlife of Africa to the economy of 
the continent should have been asked 
to review this book, for the subject has 
not been merely inadequately treated 
but left out altogether. Such indifference 
or unawareness is common among econ
omists, and the in-a-hurry do-gooders 
simply cannot be bothered-they must 
get busy growing more starch in order 
that more Africans can be ill-fed or more 
bored. But I am surprised that the im
portance of wildlife in the conservation 
of these ancient habitats of Africa should 
have been ignored by a geographer with 
a biological sensitivity. It may be men
tioned here that an international con
ference of representatives of African 
governments and biologists, called by 
the Scientific Council for Africa South 
of the Sahara and the International Un
ion for Conservation of Nature and Nat
ural Resources, will meet in T anganyika 
this month to discuss the place of wild
life in the African economy. The fatuous  
remark, "Well, i f  I have to  choose be
tween animals and people, I choose peo
ple," will not be heard in Africa much 
longer, if only because it is coming to 
be understood that the choice is not be
tween animals and people. There is reci
procity .  The cattle-raising peoples of 
Africa, such as the Dinka, Nuer and 
Sh illuk of the Sudan, knew this quite 

well and still do, but the cash crop turns 
man against nature. 

Africa is tragedy on the grandest 
scale : the good and the laying aside of 
false pride will come, but at a terrible 
cost. Why must a political scale of 10  
years be set  against a cultural scale of  
possibly 1 ,000 years? I notice that time 
after time Kimble comes back in discus
sion to West Africa, which must h ave 
been more civilized 500 years ago than 
some parts of Africa are today .  Africa 
needs time, and few will give it to her, 
least of all her more clamant politicians . 

Some of my own ancestors must h ave 
been among those violent savages called 
Anglo-Saxons, yet the advent of the 
Greek humanist Theodore as Archbishop 
of Canterbury set in train a process that 
in 200 years made England the most 
civilized country in Europe. Theodore 
was the link from classical Greece and 
Christian Rome, which held painful
ly u ntil the new intellectual upheaval 
of the Renaissance, when men drank 
again at the springs of Bellas and spread 
a revived spirit throughout Europe .  Pa
ganism was not dead in Britain even in 
my own youth ,  in spite of the cruel sup
pressions in the name of Christiani ty in 
the 17th century. But the dark animism 
of pagans did not matter any more. In 
Africa animism still matters. The vast 
majority of Africans still regard nature 
and everything in it as possessing feel
ings and emotions ; physical objects of 
certain shapes and textures are thought 
to have physiological and even anatomi
cal influences. This view pervades all 
of African life and gravely hampers the 
rational solution of Africa' s  problems .  
Animism will take a long t ime to re
move, and in so far as we may try to 
crush it or ignore it we shall do wrong, 
because we shall destroy some tones of 
a cultural heritage that the new Africa 
will need. 

Are the next few decades to be the 
African Renaissance? Almost everyone 
earnestly hopes so and prays  for the ab
sence of political despotisms. Christiani
ty has brought  a pearl of great worth to 
Africa ; the deeply convinced Christian 
African who does not look back over his 
shoulder is probably the most civilized 
African. But the h andmaiden of Christi
anity , implementing its compassionate 
virtues, has been science. And science as 
we see it being applied compassionately 
in Africa, without science' s  own sterner 
disciplines, is going to substitute new 
miseries for those it is alleviating. 

The greatest moral force in Africa has  
been Islam. This religion has done far 
more to stem the miasmic ooze of 
animism than any other. Kimble remarks 
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Explorations into tl.e 
Nature of the Living Cell 
By Robert Chambers, Ph.D., and Edward L. Cham
bers, M.D. Brings together a major part of the late 
Dr. Robert Chambers' many experimental observa
tions of living cells, largely by micro manipulative 
methods. Its conclusion urges that study continue to 
be focused on the intact living cell rather than iso
lated cell particulates or cells killed and fixed for 
electron microscopy .. Figures and tables. A COMMON
WEALTH FUND BOOK. $8.00 
Communication Among 
Social Bees 
By Martin Lindauer. An up-to-date report on the 
"language" of bees and the experiments by which 
it has been deciphered. Dr. Lindauer explains how 
bees "discuss" new nectar sources and nesting places, 
and how the human observer who has learned their 
language can predict their destinations. Illustrated. 
HARVARD BOOKS ON BIOLOGY. $4.75 

Tldnking and 
Psychothe,eapy 
AN INQUIRY INTO THE PROCESSES OF COMMUNICATION 
By Harley C. Shands, M.D. A daring new synthesis 
of basic behavioral concepts from divergent disci
plines - psychology, psychiatry, neurophysiology, 
cybernetics - and what this cogent synthesis implies 
for practical psychotherapy. A COMMONWEALTH 
FUND BOOK. $5.75 
Galaxies REVISED EDITION 
By Harlow Shapley. One of the world's greatest as
tronomers analyzes many fine examples of recently 
photographed galaxies, and explains how their dis
tances, structure, and constitution are determined. 
88 illustrations. $5.00 

Tools of the Astrono,ner 
By G. R. Miczaika and William M. Sinton. A thor
ough discussion of modern astronomical instruments 
that will be useful to the student of astronomy, the 
practicing professional, and the serious amateur. 
Illustrated. $7_75 

Stars in the Making 
SECOND PRINTING 
By Cecilia Payne-Gap,oschkin. "[The author] gives a 

most attractive account of present-day knowledge of 
the skies ... This is the best all-around populariza
tion of astronomy since the days of Jeans and Edding
ton. Excellent illustrations."-Scientific American 

Concepts of Mass 
i" Classical and 
Modern PI.ysics 

$4.75 

By Max lammer. The concept of mass is thoroughly 
investigated for the first time in Professor Jammer's 
critical analysis, which explores its evolution from 
prescientific ideas of "quantity of matter" to the con
ceptualization of inertial mass by Kepler, Newton, 
and Euler, and examines modern epistemology's criti
cisms of the classical formulation. $6.00 

Field Emission 
and Field Ionization 
By Robert Gomer. The first study to offer a concise 
introduction to field emission and ionization includ
ing field-ion microscopy - with emphasis on physical 
rather than theoretical aspects. HARVARD MONO
GRAPHS IN ApPLIED SCIENCE, 9. Illustrated. $6.75 

At all booksellers 

ARVARD UNIVERSITY PRESS 
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AMERICAN if W. H. FREEMAN 

I�I AND COMPANY 

announce the joint publication 

of SCIENTIFIC AMERICAN Offprints 

-individual articles presented exactly 

as they appeared in the magazine

already used in classrooms, libraries 

and research laboratories. They are now available 
in any quantity and combination at 20c each. 

THE LIFE SCIENCES 

CHEMISTRY 

MODERN PHYSICS 

PSYCHOLOGY 

THE SOCIAL SCIENCES 

Separate offprints ot all articles trom this special 

issue, The Living CelL, are now available. 

Send all orders and requests for complete listings to: 

W. H. FREEMAN AND COMPANY 
660 Market Street, San Francisco 4, California 

how black Mohammedans think them
selves better people than the pagans . In
deed they are, for the moral power of 
Is lam affects every hour of  their waking 
life . It is immeasurably more civil ized 
than African paganism can be and is less 
of a veneer than much African Christi
anity. My own impression is that the 
European administrative powers (ex
cept France ) have blocked off Islam 
from the black races because of the 
shadow of past s lave dealing, though the 
Western slave trade was Christian.  But 
the forward march Islam is making in 
Africa will help rather than hold back 
the civilizing process .  Christianit."· and 
the overwhelming scientific advantage it 
can command would do well to meet 
Islam in Africa and go forward to the 
urgent task . Meanwhile the science
pouring process from the Western worl d 
should be exami ned in the spirit of 
science and not squandered in a spate of 
politically expedient technology of ques
tionable value . 

Short Reviews 

P
ALAEOLITHIC ART , by Paolo Graziosi. 
McGraw-Hill Book Company ,  Inc. 

( $35 ) . A beautifully illustrated, authori
ta tive, all-embracing survey of the great 
works of art produced bv the cave dwell 
ers of the end of the Old Stone Age : the 
period known as the upper Paleolithic, 
from about 30,000 to 12,000 years ago. 
During this period, as indeed during the 
entire Pleistocene epoch, men lived on 
game and wild plants, fashioned weap
ons and tools out of stone, bone and ant
ler (and probably wood, although no 
such implements have survived ) .  At the 
beginning of the upper Paleolithic, 
Homo sapiens appeared. Like his fore
bears, sapiens was a hunter, not a herder 
or grower. But he differed from the men 
who came before him not only in his 
physical characteristics but also in his 
impulse to create nonutilitarian artifacts 
and to decorate his implements . These 
artifacts were of two kinds : mobiliary 
art, that is, portable objects of hone, 
ivory and stone which were carved, en
graved, painted and sculptured; and 
cave art, consisting of figures painted. 
engraved or carved on the walls of caves 
and rock shelters . Paleolithic art has 
been known for almost a century . In the 
1860' s  carved objects were found in the 
south of France, such things as a "bdton 
de commandement" engraved with an 
ibex and a leafy twig, the antler of a 

deer engraved with a bear, and the fa
mous Magdalenian sculpture in ivory of 
two reindeer following each other. Cave 
art was uncovered a little later with the 
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Physiologists 
Neurologists 
Biologists 
Biophysicists 
Biochemists • •• 

General 
Electric 
to support 
investigations 
In new 

field of 

[DOOJmOlB0 
The new concept of utiliz

ing biological techniques to 
advance electronic design will 
be the subject of concentrated 
s tudy at G.E.'s Ad v a n ced 
Electronics Center at Cornell 
Univer sity. A new group is 
now forming to conduct re
search on animal systems (to 
determine their capabilities 
and limitations and devise a 
new methodology leading to 
the development of superior 
electronic equipment and sys
tems in such areas as sensing 
communication, information 
storage, retrieval and others). 

Se v e r a l  o p e n i n g s  a r e  
available for men with PhD 
degrees or equivalent in one of 
the life sciences, and a back
ground of mathematics. A 
strong interest in the "how" of 
organic systems is essential. 

Qualified applicaHts are invited to 
write in strict confidence to Mr. 
George Travers, Dept. 59·MI. All 
qualified applicants will receive con
sideration for employment withollt 
regard to race, creed, color or natiollal 
origin. 

Advanced E lectron ics Center 
at Corne l l  University 

Light Military Electronics Dept. 
A Department of the 
Defense Electronics Division 
Ithaca, New York 

GENERAL e ELECTRIC 

Additional openings are available for 

• engineers and scientists in forward areas 

of RADAR. INFRARED. DATA PROCESSING 

& COMMUNICATIONS. HUMAN FACTORS 

ENGINEERING. ELECTRONIC COUNTER

MEASURES. MICROMINIATURIZATION. 

SATELLITE & MISSILE ELECTROI'jICS. 

'1 

discovery one day in the summer of 1879 
by the 12-year-old daughter of a Span
ish nobleman, Marcelino de Saut uola, of 
the magnificent paintings in the cave of 
Altamira. Movable art objects have since 
been found in many sites in France, 
Spain, Germany, Italy, the U.S.S.R. ,  
Belgium, Czechoslovakia and elsewhere 
in Europe;  cave art is almost entirely 
limited to France (65 sites ) and Spain 
(29). Climate and ecology were of 
course major factors in determining hu
man migrations and therefore in deter
mining the geographical distribution of 
Paleolithic art. Much less well under
stood are its significance and purpose. 
Magic undoubtedly played the greatest 
role in cave painting : the artist drew 
a bison or a reindeer or a mammoth 
transfixed with a javelin to assure suc
cess in the hunt. Reproduction and 
copulation were celebrated in mobiliary 
as well as in  cave art; enormously fat 
women with gigantic breasts and mon
strous buttocks were a tribute to fertility. 
But thi s  is by no means the whole story. 
Women do not have to be fat to be fer
tile ; there are many other specimens of 
prehistoric art which are much more un
derstandable when they are regarded as 
expressions of joy, love, fear, sorrow and 
the like, and as pure aesthetic exercises, 
ra ther than as propitiatory or other mag
ical offerings . There have been many 
books  on the subject-the Abbe Henri 
Breuil's superb Four Hundred CentuTies 
of Cave Art is a classic that comes readily 
to mind-but Graziosi's survey is a land
mark in itself, remarkable in its repre
sentation of the entire range of artist ic 
expression in Paleolithic t imes. The text 
is balanced, clear and not overwritten. 
The illustrations include 55 fi ne coior 
plates,  795 black-and-white plates and 
363 drawings. This book is not cheap, 
but it is a bargain. 

SCIENCE IN SPACE, edited by Lloyd V. 
Berkner and Hugh Odishaw. Mc

Graw-Hill Book Company, Inc. ( $7) . 
"The history of the human race is a con
tinuous struggle from darkness toward 
light. It is therefore of no purpose to dis
cuss the use of knowledge-man wants 
to know and when he ceases to  do so he 
is no longer man." These words of the 
Norwegian explorer Fridtjof Nansen are 
singularly appropriate  to the study of 
space : it s boundless regions, its planets, 
stars and galaxies ,  its life-if it  exists 
elsewhere than on earth. The subject 
has provoked, as was to be expected, a 
large  literature. W ith few exceptions 
it has been a shoddy l iterature : unin
formed, hasty, preoccupied with mis
si leering and with jingo notions about u s  

A position on the staff of the newly formed Ap
plied Research Section at Convair/Fort Worth 
offers opportunity rarely found for physicists and 
engineers at the doctorate level. Active and ma
ture programs in electronics, space mechanics, 
thermodynamics, and nuclear science are in 
progress. Research programs in the fields of as
tro physics, ultra high pressure physics, relativ
ity. gravitation, physics of materials, and geo
physics are in the formative stages of planning 
and activation. 

As a research scientist or engineer at Convair / 
Fort Wonh you hold a position that promises to 
be exciting and challenging. In addition, yOli will 
discover that Fort Worth is at once part of the 
Fort Worth-Dallas area that is now the nation's 
6th market-2nd in aircraft-and a friendly 

community with countless educational, cultural, 
and recreational facilities. The climate is mild 
year 'round, cost of living is below the national 
average, and adequate housing is available in all 

price ranges. 

Jf you are interested in future stability and can 
qualify, a position within this section offers un
hmited potential. For further information, for
ward your personal resume to Dr. E. L. Secrest, 
Chief of Applied Research, Convair/Fort Worth, 
P. O. Box 748 S, Fort Worth, Texas. 

All qualified applicants will receive consideration 
for el111Jloyment withol1t reg-ani to race, creeci, color 
or national origin. 

CONVAIR/FORT WORTH 
CONVAIR DIVISION OF 

GENERAL DYNAMICS 
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OXFORD BOOKS 
Of EXCEPTIONAL INTEREST 

BACTERIAL PLANT 

PATHOGENS 

By c. STAPP. Translated by A.  

Schoenfeld. A detailed handbook 

o n  the bacteria that cause diseases 

i n  the plants of Central Europe, all 

o f  which are also found in the 

United States. The first part deals 

with bacteriological techniques ; 

the second gives detailed accounts 

of  twenty-four species of bacteria 

within five genera . 102 text figures. 
$6.75 

TH EORY OF DI RECT 

N UCLEAR REACTIONS 

By WILLIAM TOBOCMAN. This 

is a detailed and coherent presenta

tion of  the theory of  direct nuclear 

reaclions at intermediate energies. 

The bulk of the discussion is based 

o n  the Born approximation and dis· 

torted wave Born approximation 

treatments. 18 text figures. $2.40 
APPLIED ANISOTROPIC 

ELASTIC ITY 

By R. F. S.  HEARMON. A study 

of the phenomena that have appli

cations to such varied materials as : 

wood, plywood, laminated plastics, 

stiffened plates, and single crystals. 

The book collects widely scattered 

results ( including Soviet contribu

tions ) of  a century o f  research 

under the following headings : 

Fundamentals, Elastic Constants 

of  Single Crystals, Sheet Materials 

and Polycrystalline Aggregates, 

Some Simple Stress Systems, Stress 

and Strain Distribution, W ave Prop

agation, and A nisotropic Plates. 

4 plates. $5.60 
AN I NTRODUCTION 

TO TH E TH EORY OF 

VIBRATING SYSTEMS 

By WILLIAM C. B ICKLEY. This 

is a description of  the principles 

which underlie the behavior of 

systems exhibiting vibratory or 

wave motion and an explanation 

of  the mathematical concepts and 

techniques that are u seful for the 

study o f  these systems. Energy 

methods, including Lagrange's equa

tions 01 motion, are used extensive

ly and there is detailed discussion 

of the applications of 
·
Rayleigh's 

principle. $4.80 
AI all bookslores 

OXFORD UNIVERSITY PRESS 
41 7 Fifth Ave_, New York 1 6 
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getting there-wherever i t  is-first. This 
book is one of the exceptions .  It i s  writ
ten by men who know what they are 
talking about; they are among those who 
will make the science of space . Their 
outlook, both humane and rational, is 
worthy of the high adventure that beck
ons. The first chapter, by the editors, is 
the best statement which has appeared 
of the dimensions and problems of space 
research. They discuss what has already 
been learned through rocket probes and 
from satellites placed in orbit, and what 
information is to be sought in future ac
tivities ; the different types of space 
vehicle ; the cost of space explorations 
by man and by automata ; what is in
volved in landing on the moon ; the pos
sibility, so far as can now be envisioned, 
of getting to Mars or Venus . A most 
important point, which Berkner and 
Odishaw stress, is the need for inter
national co-operation in space research . 
The big projects are fearfully expensive ; 
competition is absurd. Sensible, fruitful 
patterns of joint effort were established 
during the International Geophysical 
Year and should be followed . If ever 
there was an opportunity for all men to 
work together in a constructive effort, 
this is it . Other chapters of the book con
s ider the nature of gravitation, questions 
about the earth that space research may 
help answer, the moon and the planets, 
fields and particles in space, the chance 
to learn more about the stars, the bear
ing of space research on the life sciences . 
An illuminating symposium . 

A HISTOHY OF METALLOGHAPHY, by 
Cyril Stanley Smith. University of 

Chicago Press ( $8.50 ) .  Long before 
metallography became a science, armor
ers, swordmakers and other artisans 
studied the surfaces and the fractures of 
metals in order to improve and beautify 
their work. So over the centuries a large, 
though disorganized, body of knowledge 
came into being. By the middle of the 
19th century physics and chemistry 
were well enough advanced to supply 
the knowledge needed for a more sys
tematic examination of metal structure 
and for a reform of age-old metallurgical 
practices ;  yet it was pressure for in
creased production of iron and steel 
which led to changes in technology, 
rather than the kind of scientific curi
OSity which in many other fields has 
prompted study and experiment. It was 
not until 1890 that metallography began 
to crystallize into a definite discipline. 
Henry Sorby, a brilliant amateur living 
in the steelmaking center of Sheffield, 
developed thin-section polarized light 
techniques for studying rocks and was 

the A Philosophical Study of 
the Theory of Evolution 
by T. A. GOUDGE 

asce nt I n  this first 
sustained 

f 
discussion by a 

O 
philosopher of present-day 
evolutionary theory, the 
author outlines the develop-

11· £'.e.. 
ments from the position 

1 ( of classical Darwinism 
which the theory has 

undergone during the past few decades. 
He investigates a number of linguistic , 
logical, and metaphysical questions in 
the light of these developments and ends 
by considering the question, 
"Is evolution finished?" 

240 pages 5Jf x 8�� inches $4.95 

evolution: 
Its Science and Doctrine 
edited by THOMAS W. M. CAMERON 

Nineteen papers by distinguished 
Canadian Royal Society specialists, 
edited for an educated public, covering 
topics on philosophical, sociological, 
geological, zoological, and cosmdlogical 
subjects related to evolution. 

256 pages 6 x 9 inches $5 .00 
University of Toronto Press 
Toronto 5 , Canada 

THE CELL AND  THE ORGANISM 
Essays presented to 

S I R  JAM ES G RAY 

Emeritus Professor of Zoology in the 
University of Cambridge 

Edited by J .  A. Ramsey a n d  
V_ B_ Wig g lesworth 

T h e  a d v a n c es i n  zoo logy in  t h e  past  
fifty years  a re d u e l a rg e l y  to t h e  pos
ing of t h e  q u esti o n  " w h a t  a re t h e  f u n c 
t i o n s  of t h e  p a rts-of t h e  c e l l .  of t h e  
o r g a n i s m ? "  S i r  J a m es G r a y  p i o n eered 
th i s  a p p ro a c h  i n  h i s  work  a t  C a m 
br id g e .  a n d  t h e  e s s a y s  i n  The Cel l and 
the Organism a re f ru its  of his e x p e r i 
m e n ta l  a n a lyt ica l m et h od . W ritten by 
such l e a d i n g  zoo l o g i sts a s  C .  F. A. 
P a n t i n .  J .  w. S .  P r i n g  I e .  Lord Roths
c h i l d .  G. S a l t . a n d  C. H .  Wa d d i n g to n .  
they ra n g e  from t h e  s t u d y  o f  c i l i a ry 
a c t i o n  a nd t h e  m o ve m e n t  of s p e r m a 
tozoa t o  t h e  m e c h a n i c s  o f  m o t i o n  i n  
v e rtebrate a n i m a ls a n d  t h e  n e r v o u s  
i n te g r a t i o n  of a n i m a l  m ov e m e n t .  O n e  
d e a l s  w ith  g r e e n .  r e d  a n d  b l u e  b l o od s ;  
a n ot h e r  exa m i n e s  h o w  l u g w o r m s  m ove ; 
a n ot h e r  l ooks  at power  in fl a p p i n g  
fl i g ht .  S o m e  e s s a y s  d es c r i b e  i m p orta n t  
r e c e n t  a d va n ce s  a n d s o m e  m o v e  i nto 
s p e c u l a t ive  terr itory .  to give a g l i m p se  
of poss i b l e  a d v a n c e s  of the  future .  
H a n d so m e l y  i l l u strated . 

At your booksel ler ,  $9_50 

CAM B R I D G E  U N I V E RS I TY P R ESS 

32 East 57th  Street. N .  Y. 22. N. Y. 
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Engineers · Scientists 

New Staff 
Appointments 
AT REPUBLIC'S 
PAUL MOORE 
RESEARCH AND 
DEVELOPMENT 
CENTER 

D e d i c a t e d  t o  t h e  a d v a n c e m e n t  o f  s pa c e  e x pl o r a t i o n  
& u p pe r  a t m o s p h e r e  f l i g.!!.!, 
the eight laboratories of this new 
center i ncorporate the most sophis
ticated equipment available, includ· 
i n g :  SPACE CHAMBER ( 1 4' x 3 0') 
simulating conditions at  more than 
I SO miles above the earth;  HYPER
SONIC WIND TUNNEL for speeds to 
M ach 1 4; ARC JET for studying 
materials at up to 2 7 ,000F; SHOCK 
TUNNEL developing M ach 20 veloci
ties; HYDROGEN GUN firing proj ec· 
tiles (or mOdels) at speeds to 2 6,000 
m p h ;  40'  ANECHOIC CHAMBER, 
CQ60 HOT CELL. 
Senior & Intermediate Level 
Positions In These Areas: 
Struct u r a l  A n a ly s i s  
Structu r a l  Theory 
Struct u r a l  Configurat ion Resea rch 
Struct u r a l  Dyn a m ics 
T h e o ret i c a l  Aerodyn a m ics 

& Aerophysics 
M ateri a ls Dev e l o p m e n t  
Expe r i m e n t a l  C ryoge n ics 
G u id a nce & Control Syste m s  
Electro m ag n et i c  Resea rch 
M i c rowave Ante n n a  Rese a rc h  
System I n tegrati o n ,  Eva l u at i o n  
C i rc u it & S u bsystem Deve lopment 
Wind Tunnel  I n st r u m e n t a t i o n  
S p a c e  G u i d a nce & Control  
S p a c e  Com puters 
Space E n v i r o n m e n t a l  Syst e m s  
B i ophysics R e s e a r c h  
T h i n  F i l m  Tec h n i q u e s  
O p t i c a l  & I R  Systems 
Atm o s p h e re Physics 
O p e ra t i o n s  Rese a rc h  

� I nquiries are invited from 
Engineers and Scientists  with 
BS, )'1 S ,  and PhD. Write to : 
).il r.  George R. H ickman, Technical 
Employment M anager,  Dept.  8J 

• 
REPUBLIC 
AV IAT I O N COR PORAT I O N 
FA R M I N G DALE, LONG I S LAN D, N EW YORK 

(All qualified applicantJ will receive con· 
sideration lor employment without regard 
to race, creed, c% r, or national origin.) 

led through an interest in the crystall ine 
structure of meteorites to study the 
structure of steels and irons ;  some years 
later X-ray diffraction was introduced 
and became a spectacularly successful 
method of revealing the anatomy of 
metals .  Even so, metallography is one 
of the exemplars of an applied science 
which owes more to practical cookery, 
to economic incentives, to the need for 
understanding the still not fully under
stood complex process of hardening steel 
than it does to the concepts of a separate· 
ly developed basic science . This book 
presents a history of the su bject from the 
days of the Merovingian and Islamic 
blade makers to 1890 .  It is full of inter
esting material, ablv written and ad· 
mirably illustrated; it i s  an excellent con
tribution to the history of technologv and 
an aid to perspective in one's under
standing of the intriguingly illogical 
growth of a branch of scientific thought. 

C HEMISTHY OF THE AMINO ACIDS, bv 
Jesse P .  Greenstein and :VIilton 

Winitz. John Wiley & Sons, Inc. ( $ 100 ) .  
This authoritative, comprehensive trea
tise deals with the organic and physical 
chemistry of an immensely versatile 
group of substances of first importance 
in their biological duties .  As the preface 
points out, the amino acids have the abil· 
ity to form acid salts and base salts, the 
capacity to increase the dielectric con
stant of the medium in which they are 
dissolved, and reactive groups which 
undergo a wide range of chemical altera
tions. As a result of these and other 
properties the amino acids are indispen
sable components of the diet of all ani· 
mals, participate in "crucial metabolic 
reactions on which life depends" and are 
the basic constituents of protein mole· 
cules . In preparation for this work the 
late Jesse Greenstein and his coauthor 
reviewed thousands of pertinent papers 
up to the close of 1958, covering the 
theoretical and experimental sides of 
the subject, and interpolated in the text 
reports of a large number of illustrative 
experimental procedures tested or de
veloped in their own laboratory at the 
National Cancer Institute . This is a 
major contribution to the literature of 
biochemistry. 

GALILEO GALILE I :  D ISCOUHSE ON 

BODIES IN WATER ,  translated bv 
Thomas Salusbury. University of Illinois 
Press ( $5 ) . A facsimile reprint of the 
very rare original edition of Thomas 
Salusbury's 1665 translation of an im
pOl'tant but not familiar scientific work 
by Galileo : his first published contribu
tion to experimental physics. The Dis-

of Theory and Pract ice 
the bes t m SClence 
reading from 
Philosophical L ibrary 
H U M A N  I N H E R I T A N C E  
Jean Rostan d .  A b r i l l i a n t  d i scu ssloll  0 1 1  the 
n ature and factors of herecl ihr and the future 
of eugenics.  IUtts. 8 · L 7 5  

SOI L A N I M A LS 
D. Ke ith "AleE. Keva n .  An e n grossi ng treatise 
011 a n i m a l  life i n  the soi l .  Photogra phs and 
d ra w i n g' s .  8 1 5 .00 

SOI L,  GRASS AND CAN C E R  
.-.t H dnj V o isin . Shows how the i n tluence o f  the 
soil  is  t r a n smitted to the cel1  of the a n i m a l  
th rough grass. a n d  that t h e  metabolism o f  the 
cells of human tissue i s  seco n d a r i l y  affected . 

8 1 0 .00 

C LA S S I C S  IN B I O LOGY 
Edit�d by 8i1'  S .  Z'lIckermall . Discus..;ions of  
c\·olution i n  the writings by H u x ley. P a steur.  
Darw i n .  :\lcndcl .  Lister.  F l e m i n g  and others.  
Biographical  notes.  glossary.  index.  $ ti . O tl 

T H E  C H A L L E N G E  OF S C I E N C E  
E D U CATION 
E d i t e d  by Joseph S.  RO llcek a n d  H o w a r d  B .  
Ja.coiJs() l l . A systematic survey a n d  e," a l u a '  
t ion o f  con tlicting opi n i o n s  i l l  scie n ce educa
tion b�r 3 ·�  distingu ished experts. 8 1 0 .0 0  

THE T E AC H I N G  OF C H E M I STRY 
.Y _  F .  Ne wbllTY. The b a s i c  guide to the selec· 
tion. plan n i n g ,  and practical  work i n  hig-h 
school and college chem istry courses. 8 6 . 0 0  

THE STORY OF C H E M I STRY 
(,' eory Lockema H n . A completely n e w .  ('Ol l l 
prehensive h i story, i n cludes the l a test ad
\-i\ nces i n  n uclear chem istrv and sheds new 
lig-ht on theories of a n cient 

-
chemistry.  S L 7 5  

C H E M I STRY O F  N U C LEAR POW E R  
J .  K .  Du wsOll a n d  G .  Lmf(/ .  A n  accou n t  o f  the 
extensive part p l a yed by chem i sts  i n  the de
Yelopment of n uclear power. S I O .OO 

PROP E RT I E S  OF MATT E R  
F .  C .  Ch ampion ulld lV . Da vy.  A n e w  edition 
reoriented from a phi losoph ical  to an atomic 
poi n t  of dew. $ 1 0 . 0 0  

R A D I OACT I V E  S U BSTA N C E S  
Marie C H'rie . T h e  exci t i n g  story o f  t h e  d i s
covery of rad i u m  a n d  further i nvestigat i o n s .  

REASON AND C H A N C E  I N  
S C I E NT I F I C  D I S COVERY 

2 . 7 5  

R .  Taton . E x a m i n e s  t h e  reJative role of pur
pose a n d  chance in works of Poincare, De 
Broglie,  G a l i leo, Roentgen ,  Becquerel a n d  
others. I U " s ,  $ 1 0 . 0 0  

TH E U P P E R  ATM OS P H E R E  
H. S. W .  Massey a n d  R .  L .  F .  Boyd. A n  i n ·  
cisive accou n t  o f  phenomena studied i n  the 
I n te r n a t i o n a l  Geoph�rsical Year.  lUtts.  8 1 7 .5 0  

D I CT I ON A RY O F  E C O LOGY 
Herbert C.  HWlIson. Clear, concise statements 
i n d icate presen t-day u sage of ecological a n d  
related t e r m s  i n  r a n g e  management,  forestry, 
w i l d life,  con servation , agronomy and l im
n ology. 8 1 0 .00  

CON C I S E  D I CT I ON A RY OF S C I E N C E  
Frank Gayno'r. Up-to-date definitions o f  terms 
and concepts pertai n i n g  to all fields of sci
ence.  $ 1 0 . 0 0  

A E ROSPAC E D I CTIONARY 
Frml k Gaynor. I n t roduction by ,"Vern her v o n  
Brau n .  Up-to-the-m i n ute,  authoritative i n for
mation on all phases of astro n autics and 
rocketry. $6.00 

A C ON C I S E  E N CYCLOP E D I A  
OF WORLD T I M B E RS 
Ii'. H.  1'itm:uss. Completely revised a n d  e n 
larged edition . 3 0  m icroscopic photos. 8 1 5 .0 0  

OUT OF M Y  LAT E R  Y EARS 
A lbert Einstein . Deals w i t h  the most u rgent 
q u esti�n s  of modern society : social,  religious, 
educatlOl lal ,  and racial relationships.  The 
a u thor also expla i n s  h i s  theory of re Jativit v 
in simple terms. S ,t ,75 
T H E  F U T U R E  OF S C I E N C E  
Bertra n d  R ussell.  The controversial, i n d omit
able phi losopher traces a n  outl i n e  of " T h e  
G reat Tomorrow" i n  a n  era d o m i n ated b y  
science.  I n cludes au tobiographical  sketch _ 

. 

YOI /  CWf e.rpedite sh ip1ll e H t by 
e H cioshl (J rem,itta n c e .  

$ 2 _ 7 :i 

PHILOSOPHICAL LIBRARY 
l ;i E a st .. . oth Street. � ew York 1 6 ,  N. Y .  

2 8 7 
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�50 000 000 wort
h s 

t • • I PtP 
A bold a p p roach toward novel techno
logical ideas forms the basis for growth 
a t  Sanders Associates, Inc. 

Starting with 1 1  engineers and a n  initial 
order of $ 1 1 7 .00 j ust 10 years ago, the 
Company now employs over 1 900 people 
and has a current contract backlog in 
excess of $ 5 0  mill ion.  

I n t e r i m  a c h i e v e m e n t s  have i n c l u d e d  
PANAR® radar,  TRI-PLATE® micro
wave products and FLEXPRlNT® flexi
ble p rinted circuits - a l l  evidence of the 
advanced thinking and original·concept 

p h i l o s o p h y p r a c t i c e d  by S a n d e r s  
e n g i n e e r s .  

Several technical breakthroughs i n  ad
vanced weapons programs are expected 
to move from development to produc
tion i n  the near and long-range fUllire.  
New prime contracts for development 

include space commu nications, space� 
craft radar and relay satellite electronic 
systems for military and commercial use 
in w o r l d- w i d e  c o m m u n i c a t i o n s  a n d  
outer-space TV l inks.  A $2 m ill ion rise 
i n  FLEXPR INT s a l e s  is  e x p e c t e d  
through u s e  o f  newly developed auto
mated machi nery to inc rease production 
capacity.  No more than 1 5 %  of output 
is  re presented by a single order, and 
Sanders hopes ult imately for a 50-50 
military-commercial balance.  

With the opening of 2 new plants late 
i n  1 960, Sanders i s  experiencing the 
greatest growth i n  its history this year.  
Opportunities are available here now for 
Engineers - particularly those with a 
background in transistorized circuit  de
sign a n d  analytical systems - with the 
ability to contribute top level  thinking 
to advanced programs. Please address 
resumes to R. W. McCarthy. 

Al l  q u a l i f i ed  a p p l i cants w i l l  rece ive cons ideral lon  for e m p l oy· I;us RN;;�;' ';;;;�;�;;; ;:."'�:�. 
® Re g .  u . s .  T rade  Mark 

D I AMO N D  
KN IVES 
We offe r fo r sa le 

a l im ited n umber  of 

D iamond kn ives havi ng 

u n usua l ly f i ne  edge-q ua l ity, 

2 8 8 

For i n formation 

contact R. E. Sugg, 

Resea rch Associate, 

Mechanical Research Laboratory B, 

E. I. du Pont de Nemours & Co. (I nc.), 

101 Beech Street, 

Wi lmi ngton 4, Del .  

Phone PRospect 4-7666. 

NASHUA , N EW HAMPSH I R E 

SAVE 9 5 °70 
O N  P ER I O D I CA L  
STO RAG E S PAC E 

SCIENTIFIC AMERICAN and over 

seven hundred and fifty other lead 

ing periodicals are now available on 

microfilm-cost about equal to li

brary binding. Microfilms of issues 

from May, 1 948 [first issue of new 

SCIENTIFIC AMERICAN ] may be se

cured . 

Addressing inquiries to us on 

your organization's letterhead will  

help us b e  of better service to you. 

Write for details to D epartment SA.  

U N I V E R S I T Y 
M I C R O F I L M S  

A N N A R B O R , M I C H I G A N  

l l � 

cou rse arose from a notorious dispute 
between Galileo and certain professors 
of philosophy at the University of Pisa 
about the causes of the floating and sink
ing of bodies in liquid . The professors, 
and others aligned with them, were ad·· 
herents of Aristotle, whose views on 
hydrostatics were not particularlv en

lightening ; Galileo was not only well 
acquainted with Archimedes' great trea
tise on the subject but also had the an
noying habit of thinking things out for 
himself, devising experiments and using 
his eyes. First there was a private argu
ment on the principles involved, then a 
public debate in which Galileo cut 
through the quibbles and routed his op
ponent. The story is well told, as always, 
by Stillman Drake-the distinguished 
student of Galileo who in learning is 
equal to and in literacy leagues ahead 
of most of the professional historians 
of science-in an introduction to this vol
ume. Drake also supplies useful notes .  
An attractive item . 

THE DISEASE CONCEPT OF ALCOHOL-

ISM, by E .  M. Jellinek . Hillhoust, 
Press ( $ 6 ) .  Is alcoholism a disease? How 
physicians, scientists, social workers, ed
ucators, legislators and others concerned 
with the many problems of alcoholism 
answer this question is obviously a mat
ter of importance, since this will deter, 
mine their actions . For example, if drug 
addiction is treated as a crime instead 
of as a disease, very little progress can be 
made in curing the addict. The same was 
for centuries true of insanity ; the same 
continues to be true of alcoholism. The 
present study of attitudes toward the dis
ease concept of alcoholism was under
taken with this circumstance in mind. 
The author is the founder of the Yale 
Plan Clinic and has had vast experience 
in dealing with the subject . He has done 
his job carefully and has attempted to 
classify different types of alcoholism ac
cording to scientific principles, upon 
which a reasonable disease concept can 
be founded. 

V ITRUVIUS : THE TEN BOOKS OF ARCHI-

TECTURE , translated by Morris Hicky 
Morgan . Dover Publications, Inc. ( $2) 
A reissue in inexpensive format of a 

standard English translation (first pub
lished in 19 14) of Vitruvius' famous 
work (written in the time of Augustus 
Caesar) .  It not only deals with all prac
tical aspects of architecture, from the ed
ucation of the architect to the method 
of constructing city walls and laying out 
streets, planning and building theaters, 
harbors, farmhouses, aqueducts and 
temples, but also treats of symmetry and 

© 1961 SCIENTIFIC AMERICAN, INC



Can you handle a googol ? 
A googol * looks like this: 

1 ,00000000000000000000000000000000000000000000000000-
00000000000000000000000000000000000000000000000000. 

(But it's much more manageable when written : 1 0'00.) 

IF you want to understand modern scien
tific research, you have to be able to 
h a n d l e  a googol . You might  e v e n  

fi n d  yourself tangling with a number a s  
unwieldy a s  t h e  googolplex ( 1  OgoogOI ) - or 
as infinitesimal as �. 

The relation o f  numbers t o  nature-both 
in terms of understanding actual phe
nomena and of thinking abstractly about 
ideal concepts - has fascinated the great 
minds of many centuries . M athematics is a 
mainstream of thought - the queen and 
handmaiden of modern science . Nothing 
can equal its power to delight, absorb, and 
stretch the human mind. 

You can now learn about mathematics 
- from America's outstanding mathemati
cians - in a unique new series of books, 
the NEW MATHEMATICAL LIBRARY. 

These low-cost paperbound books make 
it possible for you to build an understand
ing of higher mathematics - and enjoy 

doing it - upon a foundation no higher 
than high school geometry and algebra. 

Each book is written by a professional 
mathematician, with the advice of experi
e nced teachers and gifted students - and 
of a distinguished editorial panel. 

The best way to learn mathematics is 
to do it .  The problems - and solutions -
in each book will give you a chance to pit 
your sharpened mind and pencil against 
the mathematical problems that have occu
pied men for centuries.  You are not j ust 
told about the subject. You explore the 
possible solutions with some of the greatest 
minds of ancient and modern times . 

The NEW MATHEMATICAL LIBRARY is 
designed especially for people who want 
to know more about the fascinating world 
of mathematics, and who are willing to 
make the reasonable intellectual e ffort that 
any real learning takes.  Use the coupon 
below to order your copies . 

NEW MATHEMATICAL LIBRARY 
Here are six paths to a n  

absorbing n e w  world o f  thought 

The first six volumes of the NEW MATHEMATICAL 
LI BRARY are ready now. Each of these fascinating 
books will make understandable and enjoyable 
important aspects of modern mathematics. 

I .  N U M B E R S :  R A T I O N A L  AND I R R A 
TIONAL. By IVAN NIVEN ( University 0 /  Ore
gon ) .  This book starts with the numbers 1 , 2, 3 , 4  
. . . and goes on to introduce you to some of the 
most recent developments in mathematics. 

2. WHAT IS CALCULUS ABOUT? By W. W. 
SAWYER ( Wesleyan University ) .  The mathemat
ics of motion - explained simply, by the well
k n o w n  a u t h o r  o f  M a t h e m a ticia n ' s  D e ligh t .  
Calculus is  what you use to figure o u t  the 
moment-to-moment speed of a moving object. 
1t  is also the foundation of almost al l  h igher 
mathematics. 

3. AN INTRODUCTION TO INEQUALITI ES. 
By EDWIN BECKEN BACH ( University oj California, 
Los A ngeles) and RICHARD BELLMAN ( R A N D  
Corporation ) .  M ost people t h i n k  of mathematics 
in terms of x equals )'. But mathematicians are 
often more interested in  IInequal magnitudes. 
Here is a thought-provoking discussion of the 
relation "greater than" - and the meaning of the 
"absolute value" of numbers. 

4. GEOMETRIC INEQUALITIES. By N .  D . 
KAZARINOFF ( University oj Michigan ) .  This book 
deals with maximum and minimum lengths and 
a reas. Some of the problems were solved by high 
school students, some by famous mathematicians 
- and some are still unsolved. You will  enjoy 
them all. 

5. THE CONTEST PROBLEM BOOK. Prob
lems from the Annual High School Contests of 
the Mathematical Association of America. Com� 

* IJ you think we're pulling your leg, see The American College Dictionary. 
(And Jor a Jull discussion oj the googol, googolplex, et al., we recommend 
The Lore of Large Numbers - which is Volume 6, NEW MATHEMATICAL LIBRAlty.) 

Who is  beh i n d  the 

NEW MATHEMATICAL LIBRARY? 
The School Mathematics Study Group - a na

tional organization of scholars and educators 

with headquarters at Yale University. It was set 

up through the cooperative efforts of America's 

three major mathematical societies : 

The American Mathematical Society 

The Mathematical Association of America 

The National Council of Teachers of Mathematics 

with financial support from 

The National Science Foundation 

to strengthen the teaching of mathematics in the 

United States. 

The Monograph Panel of the School Mathe

matics Study Group is an editorial group com· 

posed of noted mathematicians from universities 

and industry, as well as experienced high school 

teachers. Its aim is to issue publications covering 

i nteresting aspects of mathematics not usually 

discussed i n  texts or i n  classrooms. This panel -

which has offices at the I nstitute of M athematical 

Scie nces, New York University - supervises the 

writing and publication of the NEW MATHEMAT
ICAL LIBRARY. 

The Editorial Panel of the 

NEW MATHEMATICAL LIBRARY 
L I P M AN BERS, Chairman. New York University 

E.  G .  BEGLE, Director, SMSG . Yale University 

H. S.  M .  COXETER. University of Toronto 

P .  R. HAL MOS. University of Chicago 
J .  H .  H L AVATY. DeWitt Clinton High School (N.Y.C.)  

NATHAN JACOBSON. Yale University 

R .  s .  P IETERS. Phillips Academy 
H .  O.  POLLAK. Bell Telephone Laboratories 

G EORGE POLYA . Stanford University 

H. E .  ROBBINS.  Columbia University 

\Y .  W. SAWYER. Wesleyan University 

N. E .  STEENROD. Princeton University 

J .  J .  STOKER. New York University. 

LEO ZIP PIN. Queens College 

ANNELI LAx , Technical Editor. New York University 
How to get your copies 

You can buy any or all of the first six volumes of 
the NEW M ATHEMATICAL LIBRARY at your book

store. Or you can order direct, by mailing the 

coupon below to Random House, Inc., Dept. 

S M - I 05, 239 G reat Neck Road, Great Neck, 

L.I. ,  New York. Send only $ 1 .95 for each volume 

- or just $9.95 for all six. 

NOTE: The series, when completed, may include 
30 or 40 titles. Do you want ns to send you 
future titles before general publication, at a 
special money-saving price? Be snre to check the 
box at the bottom of the coupon! 

piled, with solutions supplied, by CHARLES T. 
SALK IND (Polytechnic Institute oj Brooklyn ) .  
These problems - al l  based o n  the high school 
mathematics curriculum - will sharpen your 
wits and broaden your mathematical horizons. 
Last year, 1 50,000 students throughout the coun
try took part in the contest. 

6. THE LORE OF LARGE NUMBERS. By 
P H I L I P  1 .  DAV IS ( National Bureau oj Standards ) .  
This delightful volume takes you from billions to 
googols, and beyond - and explains clearly many 
interesting p roperties and uses of numbers. 

this coupon today 
To your bookseller, or 
RANDOM HOUSE, I NC., Dept. SM- I O S  
239 Great N e c k  Road, 
Great Neck, L •• •  , New York 
Please send me the volumes of the NEW MATHE
MATICAl LIBRARY whose numbers I have checked 
below, at $ 1 .95 eac.h. I enclose my check or 
money order for a total of $ . . . . . . . . . (N .Y .C . 
residents please include 3% sales tax . )  

o # t 0 #2 0 #3 0 #4 0 #S 0 #6 
o SEND ME ALL SIX. I enclose the bargain 
price of $9.95. 

City . . . . . . . . . . . . . . . . . .  Zone . . . .  State . . . . . . . . 
D YES - please send future volumes as pub
lished, at your special discount price. 
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The Physical  Princ ip les of ASTRONAUTICS:  
F u n d a m e nta l s  of D y n a m i c a l  Astro n o m y  a n d  S p a c e  F l i g h t  

B y  ARTHUR 1 . BERMAN, Rensselaer Polytechnic Institttte, Hartford 
Graduate Center. Written to fill the need for a clear, thorough exposition 
of the basic principles of astronautics ,  at a level that will appeal to a wide 
technical audience. Stress i s  on the scientific principles rather than on cur
rently used hardware and engineering gadgets. The hard core-such sub
j ects as weightlessness, centrifugal force and its effects, and Coriolis 
acceleration-is developed fully, always in depth and with true relevance 
to principles. Many illustrative examples and problems.  One of the 
Wiley Books in Space Technology. 1961 . 3 5 0  pages.  $9 . 2 5  

Elements of  NUC LEAR ENGINEERING 
B y  GL ENN MURPHY, Iowa State University o f  Science and Technology. 
Presents concepts, principles and major ideas necessary for developing 
an engineering understanding of nuclear transformation and radiation.  
Also i ncludes a simplified explan_ation of one-group theory of homoge
neous, bare, thermal reactor cores, and a survey of scope, potentialities,  
and l imitations in the field of nuclear engineering. 1 96 1 . 2 1 3  pages. $7 . 50  
S n e l l  ( Ed. l : 

N U C L EA R  I N S T R U M ENTAT I O N  
A N D  M E T H O DS 

Aspects, character, methods used 
for nuclear detectors i n  counting 
experiments, radiochemistry, and 
health physics . 1 96 1 . Approx. 
944 pages. Prob. $ 1 2 .00 

Kruse- M c G l a u c h l i n - M cQuista n :  

E L E M E N TS O F  I N F R A R E D  
T E C H N O L O G Y ,  V o l .  I 

Complete coverage of infrared 
radiation and the performance 
of i nfrared components .  1 962 .  
Approx. 5 56 pages . Prob. $10 . 7 5  

H a rriso n-Webb ( E ds . l : 

T H E  F E R M I  S U R FA C E  

Summary of progress i n  under
standing electronic properties of 
metals .  Clarifies current status, 
defines existing problems. 1 96 1 . 
3 5 6  pages . $ 1 0 .00 

Lafferty ( Ed . l :  

S C I E N T I F I C  F O U N DATI O N S  
O F  VA C U U M  T E C H N I Q U E ,  
2 n d  Edit ion 

By the late S .  Dushman. Goes 
beyond the how-to-do-it  phases 
i n  basic science of production, 
measurement of high- and ultra
high vacuum . 1 96 1 . Approx. 608 
pages . Prob. $7 .95  

Sped d i n g - D a a n e  ( Ed s. l : 

R A R E  E A R T H S  

Separation of rare earths, prepa
ralion and properties of rare
earth metals and alloys . Also sci
entific and engineering applica
tions. 1961 . Approx. 640 pages . 
$ 14 . 7 5  

I ng l i s :  

P LA N E TS ,  STA R S ,  A N D  
GALAX I E S  

A step-by-step exposition, for 
those who lack mathematical 
background. Written to offer 
basics, encourage speculation. 
1 96 1 . 474 pages . $6. 7 5  

Vigotsky:  

T H O U G H T  AND LAN G U A G E  

Trans . E. Hanfmann, G. Vakar. 
Classic studies of relations of 
thought and language i n  human 
development. An M . I .T. Press 
Book. 1 96 1 . Approx. 208 pages . 
Prob. $5 .00 

Grabbe-Ramo-Wooldridge ( Eds. l : 

H A N D B O O K  O F  AUTOMA
TION,  C O M P UTAT I O N ,  AND 
CONTROL,  Vol . 3 
Systems and Components .  196 1 . 
Approx. 1 208 pages . $ 1 9 . 7 5 .  Vol . 
1 ,  Control Fundamentals .  1 9 5 8 .  
1 020 pages. $ 1 8 . 50 .  Vol. 2 ,  Com
puters and Data Processing. 1 959 .  
1 093  pages . $ 1 8 . 5 0  

SEND N O W  FOR Y O UR ON·APPR O V  A L  C O P I E S  

J O H N  W I L E Y  & S O N S .  I n c .  

440 Park Avenue South , New York 1 b ,  N .Y. 

proportion, how rooms in a house 
"should be suited to the station of the 
owner," the various tests for good water, 
astrology, the winds, sundials and water 
clocks, hoisting machines, engines for 
raising water, the pump of Ctesibius, the 
water organ, the od,ometer, catapults, 
ballistae, the stringing of catapults, the 
tortoise (a  device for filling ditches) , 
weather prediction, Archimedes in his 
bath. The digressions are as entertaining 
and instructive as the central matter of 
this inHuential classic. Illustrations.  

C
ONTEMPORARY EUROPEAN PHILOSO-
PHY, by 1. M. Bochellski. University 

of California Press ( $ 1 .75) .  A paper
backed edition of Bochellski's survey 
( translated from the German) of Euro
pean philosophies of matter ( Bertrand 
Russell, neopositivism, dialectical ma
terialism) ,  the idea ( Benedetto Croce, 
Leon Brunschvicg, Neo-Kantianism) ,  
life (Henri Bergson, pragmatism, his
toricism) ,  essence (Edmund Husserl, 
M ax Scheler) ,  existence (existentialism, 
Martin Heidegger, Jean Paul Sartre, 
Gabriel Marcel, Karl Jaspers) ,  being 
(Nicolai Hartmann, Alfred North 
Whitehead, Thomism) .  An appendix 
deals with mathematical logic and in
ternational philosophical organizations . 
Excellent bibliographv. 

T
HERMODYNAMICS, by Gilbert Newton 
Lewis and Merle Randall ; revised by 

Kenneth S. Pitzer and Leo Brewer. 
McGraw-Hill Book Company, Inc. 
( $ 12.50) .  This book, first published in 
1923, is a textbook but more than a text
book, for it bears throughout the stamp 
of the distinguished chemists who wrote 
it: authority, clarity, an admirable style, 
the "friendly usages of colloquial 
speech ." For these reasons it is regarded 
as a classic of chemical literature, an ex
cellent presentation of the three basic 
laws of thermodynamics and their appli
cation to chemical problems .  I t  has now 
been thoroughly revised, the object be
ing to preserve the merits of the original 
while incorporating material that has 
accrued during the past 38 years . 

�
IERICAl\ BUILDINC ART : THE TWEN

.L TlETH CENTURY, by Carl W. Condit .  
Oxford University Press ( $ 15) .  The au
thor continues the story of building tech
niques and structural art begun in his 
volume on the 19th century, noted last 
year in these columns. The method of 
presentation is the same ; that is ,  the 
chapters correspond to the division of 
the building art into its basic structural 
types and the primary structural ma
terials in which they are embodied. The 
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Outstanding Books from REI NHOLD 
THE E NCYC LOPEDIA OF T H E  BIOLOGICAL SCI ENCES 

edited by PETER GRAY, Head, Depart
ment of Biological Sciences, University 
of Pittsbu rgh . This remarkable, one-vol
ume reference contains over 800 articles 
from 33 countries, and covers the whole 
field from Abiogenesis through Zoogeog
raphy. " Thorough, authoritative, up to 
date, and exceptionally strong in 1'eport
ing the latest researches in mos t fields of 

biology. It is beautifully illustrated [and] 
well cross-referenced and indexed . . . .  The 
coverage is enormous and the topics are 
keenly stimulating . . . .  Every one of the 
more than 600 contributors is a scientist 
of stature writing in his own specialized 
field in which he cannot b e  found want
ing"-SCIENCE. 

1 96 1 , 7 x 1 0", 1 , 1 42 d o u ble-co l u m n  p.a g es, fu l ly  i l l ustra ted, $20.00 

T H E  E NCYCLOPEDIA OF MICROSCOPY 

edited by GE ORGE L. CLARK, Research 
Professor of Analytical Chemistry, Uni
versity of I llinois. This superbly illus
h'ated reference work surveys 26 kinds of 
microscopy, i ncluding every conceivable 
aspect of electron, electron mi rror and 
field emission microscopy . The biological, 
med ical, chemical, engineering and indus-

trial applications as presented here aJ;"e 
easily the most complete and up-to-date 
ever offered . E ntirely new material is 
included on the solid image, ultrasonic,  
flying spot and TV microscopes. "A solid 
and valuable reference handb ook" 

-SCIENTIFIC AMERICAN. 

1 96 1 , 7 x 1 0", 708 double-col u m n  pages, f u l l y  i l l  ustrated, $25.00 

CELL FU NCTI ON: An Introducti�n to the Physiolog� of the Cel l  
. and Its Role  In the I ntact Orga n ism 

by L. L.  LANGLEY, Professor of Physi- discussion of the functional anatomy of the 
ology, University of Alabama. Here is a cell, a full treatment of basic intracellular 
well-balanced introduction to the basic prin- activities, and a brief survey of organ-sys
ciples of cell physiology. The author provides tem physiology. A concluding section on 
the reader with a carefully developed in- statistics, molecular activity, electricity and 
sight into the function of cells and the role methodology provides basic background in
cells play in the intact organism. There is  a formation. 

Reinhold Books i n  the B io logica l  Scien ces. 1 96 1 ,  392 pa g es, 1 24 i l l ustrations, $7.50 

CYTOLOGY 

by G. B. W I L S O N ,  Professor of Botany, presents those aspects of cytology especially 
Michigan State University, and J O H N  H .  pertinent to genetic studies such as mitosis, 
M O R R I S O N ,  Assistant Professor of Biol- meiosis, chromosome constitution, behavior 
ogy, Western Reserve University. This sur- and change. Special attention i s  given to a 
vey covers the basic facts, concepts and generalized picture of the fine structure of 
problems of cellular biology in both animals cells and cell organelles, and to the general 
and plants. It  reviews the major morpho- problem of cell replication rather than strict
logical and chemical features of cells,  and Iy mitotic phenomena. 

Rei n h o l d  Books i n  the Bio logical  Sciences. 1 96 1 ,  a p p rox. 32 0 pages, over 1 70 i l l u strations, $7.50 

Other REINHOLD BOOKS IN 
THE BIOLOGICAL SCIENCES: 
THE PLANT COMMUNITY by H E RBERT C .  HAN
SON, Research Prafessor of Bio logy, The Catho l ic  
Un iversity of Amer ica,  a n d  ETHAN D.  CHURCH I LL, 
Corne l l  Aerona utica l Laboratory, I nc . ,  Combat 
S u rvei l lance · Project. 

1 96 1 , 230 pages, 60 i l l u strations, $4.95 

ECOLOGY OF I N LAND WATERS AND ESTU

ARIES by GEORGE K. R E I D, Professor of Biology, 
f lorida Presbyter ian  Col lege.  

1 9 6 1 , 392 pages, 1 1 2 i l l ustrations, $7.50 

EVOLUTI ON:  Process and Product- Revised 

Edition by E DWARD O .  DODSON, Professor of 
Biology, U n iversity of Ottawa. 

1 960, 3 6 8  pages, i l l u strated, $5.75 

MANUAL OF I NSECT MORPHOLOGY by E .  MEL
V I LL E  D u PORTE, Professor of Entomology, Mac
dona ld Col l ege, McGi l l  U n iversity. 

1959, 236 pages, i l l ustrated, $5.50 

3 0  D AY S '  F R E E  T R I A L ! 
- - - - - - - - - - - - - - - - --- - - - - - --- - - - - - - � 

R E I N H O L D  PU B L I S H I N G  CORPO RATION 
Dept. M-824, 430 Park Avenue, New York 22, N .  Y. 

Send me the book (s ) below for 30 days' FREE TRIAL (in U.S.A. only) under the following terms : 
o P u rchase price e n closed (Re inho ld  pays postage) 
o B i l l  me ( p l us postage) 

o Gray, ENYCLOP E D I A  OF THE B I OLOG ICAL SCI ENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $20.00 
o Clark ,  ENCYCLOP E D I A  OF M i C ROSCOPy . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.00 
o La ng ley, C E LL FUNCT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7.50 
o Wi lson & Morriso n ,  CYTOLOGY . . . . . . 7.50 
o Ha nson & Ch urch i l l ,  THE PLANT C OMM U N I TY . . .  . . . . . . . 4.95 
o Reid , ECOLOGY OF I N LA N D  WAT E R S  AND ESTUA R I E S  7.50 
o Dodso n ,  EVOLUT ION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.75 
o D u Porte , MANUAL OF I N S ECT MORPHOLdGY . . . . . . . . . . . . . 5.50 
NAME --------------------�(p�le�as=e�p�ri�nt7)--------------------
ADDRESS ____________________________________________ __ 
CITY & ZONE _______________________ STATE _______ _ 
SAVE MONEY ! Enclose payment with order and Reinhold pays all shipping charges. Same 
return privilege guaranteed. Please add 3% sales tax on N. Y. C. orders. Send check or money 
order only-do not enclose cash! 
---------------------------------� 

2 9 1 
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providing for the future of national defense • • •  

RCA 
advanced 
m i l ita ry 
systems 
Pri nceton ,  New Jersey 

N o w  beginning i t s  third year, RCA's Advanced Military Systems 
organization is deeply i nvolved in developing new systems concepts 
that will  satisfy military req ui rements expected to arise later this  
decade. 

These studies probe the frontiers of knowledge and encompass such 
areas as the physical sciences, mathematics,  engineering, and mili
tary science. They have, as thei r end result, the creation of advanced 
systems concepts applicable to such military areas as SPACE, UNDER

SEA WARFARE, LIMITED WARFARE and PLASMA APPLICATION S .  

Members of the technical staff are relieved of adm inistrative detail ,  
and devote their time primarily to pu rely creative work. They are 
able to draw heavily on the most capable talents of other departments 
of RCA, particularly the operating divisions of Defense Electronic 
Products .  I n  addition, specialists may be called i n  as needed. 

Thei r offices are i n  a new air-cond itioned building on the spacious 
grounds of RCA's David Sarnoff Research Center.  The community 
of Princeton, N .  J. offers unique educational, cultural and c ivic ad
vantages-and is  conveniently close to New York City. 

At this time, AMS is  seeking a few senior theoretical scientists,  
engi neers and mathematicians who have attained recognition in  the 
fields of SPACE, or PLA S M A  APPLICATION S ,  or STOC HASTIC AND CORRELA

TION PROGBSSES. If you have at least 15 years of experience and educa
tion beyond a bachelor's degree ; if you are systems oriented and in
terested i n  working in an envi ronment offering every opportunity and 
facility to use your creative and analytical skills to maximum advan
tage and at the hi ghest level , we should l ike to hear from you. Write : 

Dr. N. I. Korman,  Director ��t������d
d
er:�p;!: 

Advanced M i l itary Systems, Dept. SA-9 1 ga rd l e s s of ra c e .  
Radio Corporation o f  America creed . color or na· 

Princeton ,  N.J. tiona I origin . .. Th e Most Trusted N a m e  i n  El ect ron ics 
® R A D I O  C O R P O R A T I O N  O F  A M E R I CA 

book deals with steel frames, railroad 
terminals, bridges, concrete building 
construction, dams, waterway control 
and metropolitan parkways . Fully iIIus
h·ated.  

A"IMAL PARASITES IN MAN, by N. H. 
Swellengrebel and M .  M. Sterman. 

D. Van Nostrand Company, Inc. ( $ 12 ) . 
First English edition, with modifications 
and additions, of a work, first published 
in the Netherlands some 60 years ago, 
which gives a full account of the life 
cycles and morphology of protozoa, 
helminths, insects and other arthropod 
parasites that affiict mankind. The Eng
lish edition includes information on 
medical diagnosis and treatment. For 
biologists and physicians. 

1' HE CONCISE ENCYCLOPEDIA OF AR-

CHAEOLOGY, edited by Leonard Cot
trell. Hawthorn Books, Inc. ( $ 15 ) . 
Another sound handbook in this series. 
Most of the major aspects of archaeology 
are considered, ranging from the an
tiquity of the Far East, Europe and the 
Middle East to the pre-Columbian cul
tures of South America, the American 
Indians and the Eskimos. There are use
ful short defining entries, many il
luminating long articles by leading spe
cialists, 160 photographs in black and 
white and 16  pages of color. As good a 
concise survey of the digger's science 
and what it has produced as one can 
find. 

�UIS AGASSIZ : A LIFE IN SCIENCE, by 
Edward Lurie. University of Chi

cago Press ( $7.50 ) .  A full-scale life of 
the Swiss scientist who came to the U.S .  
in 1846 already known for his "ice age" 
theory and who continued to enlarge his 
reputation as a naturalist and a great 
teacher at Harvard. Agassiz was opposed 
to the Darwinian theory of evolution, 
and in other views was occasionallv 
quite wrongheaded;  but his eloquenc�, 
his capacity for instilling enthusiasm in 
his students and his influence on the 
study of nature in the U.S. were almost 
beyond compare in his time. They con
tinued long after his death to promote 
the interests of education and science . 

S OUHCE BOOK IN ASTHONOMY, 1900-
1950, edited by Harlow Shapley. 

Harvard University Press ( $ 10 ) .  A sup
plement to the same publisher's standard 
source book in astronomy, this book con
tains some 70 contributions illustrating 
the extraordinary advances of astronom
ical science in the first half of the pres
ent century. There are sections on in
strumentation, the sun,  the planetary 
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U N I V E R S I TY O F  

C� 

PO R PO I S E S  
A N D  
S O N A R  
by 
Winthrop 
Kellogg 

T H E  O R I G I N S  
O F  S C I E N T I F I C  
T H O U G H T 
FROM ANAXIMANDER 

TO PROCLUS, 600 B .c.-300 A.D. 
by Giorgio 
de Santillana 

P L A N ETS 
A N D  
SAT E L L I T E S 
edited by Gerald P. Kuiper 
and Barbara M. 
Middlehurst 

S C I E N C E A N D 
T H E  STR U CT U R E  
O F  ETH I C S  
INTERNATIONAL ENCYCLOPEDIA 

OF UNIFIED SCIENCE, VOL. II, 

NO. 3 

by A braham Edel 

ATO M S  
A N D  
M E N  
By Louis Leprince-Ringuet 
Translated 
by Elaine P. Halperin 

T H E  P H O E N I X 
S C I E N C E  S E R I ES 
Write for circular (Dept. PSS) 

The brain of the porpoise - in some ways 
more complex than man's - incorporates an 
echo-ranging system to detect distant ob
jects, avoid invisible obstacles, and even se
lect food by sound . This is the story of nine 
years' research to see what this engaging 
mammal could teach the Navy about sonar 
gear. Illus. $4.50 

This important work shows the lay reader 
how great imaginative ideas are born and 
how they spring from the background of 
their times. Professor de Santillana traces 
back to antiquity the great scientific themes 
that were to develop in later centuries.  $5.95 

Volume III  in The Solar System, a series 
designed as a reference for speciali sts and a 
source of information for scientists in allied 
fields. Covers about two-thirds of the materi
al on satellites and planets to be included in 
the series, the remainder to appear in Vol.  
IV. Illus. $ 1 2 .50 

Mr. Edel  believes that the findings of science 
can contribute substantially to the building 
of ethical theories. He considers specific 
questions, such as the interrelation of ethi
cal terms and the j ustice of moral rules, to
gether with the problems of freedom and 
responsibility. $2.25 

A French atomic energy commi s s i on e r  
writes a reassuringly sensitive book about 
the u sefulness of science, its process, and the 
conditions it needs to thrive. His discussion 
encompasses the whole area of freedom, se
crecy, and scientific ethics, and gives an 
amusing glimpse of the American academic 
"slave market. "  "A lively book, fresh, mod
est, thoughtful, and sensitive." 
-ROBERT OPPEN HEIMER $3.00 

Announcing a new science paperback li
brary, distinguished by the diversity in sub
j ect, the quality of authorship, and by the 
attractiveness and durability of the finished 
books . . . THE PHOENIX SCIENCE SERIES 

5750 Ellis Avenue, Chicago 37, Illinois 
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LOS ALAMOS, NEW MEXICO 
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system, the positions and motions of the 
stars, the spectra of stars and nebulae, 
variable stars, stellar structure, inter
stellar phenomena, galaxies, relativity, 
cosmogony and so on. Shapley has 
picked excellent pieces and has skill
fully tailored them to size. Diagrams 
and photographs .  

Notes 

VVILDLIFE I N  A i\"  AFlUCAi\" TE R lUTORY, 

by F. Fraser Darling. Oxford University 
Press ( $4 ) .  A study of the African land
scape and its wildlife made for the Game 
and Tsetse Control Department of 
Northern Rhodesia. Darling touches on 
ecology, the incidence of fire, conserva
tion problems, national parks and game 
reserves . 

OUB AMElUCAN WE ATHE B ,  by George 
H. T.  Kimble . Indiana University Press 
( $ 1 .9 5 ) .  A geographer gives a month
by-month, coast-to-coast breakdown of 
the changing and recurring weather pat
terns, explaining the phenomena in
volved. Paper-backed reprint of a book 
first published in 1955. 

Al UZONA FLOBA, by Thomas H. Kear, 
ney, Robert H. Peebles and others. Uni
versity of California Press ( $ 12 ,50 ) .  
The s

'
econd edition of this book of Hora, 

first published in 195 1 ,  contains an add
ed section of more than 50 pages. 

THE M ATHE MATICS OF RADIATIVE 

THANSFER, by I .  W. Busbridge . Cam
bridge University Press ( $5 ) . A mathe
matical tract on problems which arise in 
the theory of the transfer of radiation 
through the atmosphere of a star. 

THE STRUCTURE OF T H E  E YE , edited 
by George K. Smelser. Academic Press 
Inc. ( $ 15 ) .  Proceedings of a 1960 sym
posium dealing with different problems 
in the field of the fine structure of differ
ent parts of the eye . Illustrations .  

AHGO:\AUTS OF THE WESTERN PA 

C l F l C ,  by Bronislaw Malinowski. E. P. 
Dutton & Company, Inc. ($2 .45 ) .  A pa 
per-backed reprint of M alinowski's ad. 
mirable book, a major achievement in 
anthropological research and interpre-
tation . Sixty-five illustrations and five 
maps. 

ELSEVIER
'
S DICTIONARY OF AUTOMA-

TION, COMPUTERS, CONTROL AND M E AS

URING, compiled and arranged by W. E. 
Clason. Elsevier Publishing Company 
( $27.50 ) .  A six-language ( English, 
French, Spanish, Italian, Dutch and 

© 1961 SCIENTIFIC AMERICAN, INC



scientists and engineers in 
leadership ,·ole 

The frontiers of space science and technology are being expanded at 

Aerospace Corporation. The scientists and engineers of this leadership 

organization are the critical civilian link uniting government and the 

scientific-industrial team developing space systems and advanced ballistic 

missiles. In providing broad scientific and technical leadership to every 

element of this team, they are engaged in a balanced program of activities 

spanning the spectrum from basic research and forward planning through 

general systems engineering. Included in the latter are technical supervi

sion , i ntegration and review of the engineering, development and test 

operations of industry to the extent necessary to assure achievement of 

system concept and objectives i n  an economical and timely manner. 

These people are privileged to view both the state-of-the-art and system 

development in their totality. Now more men of superior ability are 

needed : highly motivated scientists and engineers with demonstrated 

achievement, maturity, and judgment, beyond the norm. Such men are 

urged to contact Aerospace Corporation, Room 120, P. O. Box 9508 1 ,  

Los Angeles 45, California. 

Organized ill the public in terest and dedicated to providing objective leadership 

in the advancement and application of space science and 
technology jor the United Slates Government. 

A E R O S P A C E C O R P O R A T I O N  
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Increased technical responsibilities in 

the field of range measurements have 

required the creation of new positions 

at the Lincoln Laboratory. We invite 

inquiries from senior members of the 

scientific community interested in par

ticipating with us in solving problems 

of the greatest urgency in the defense of 

the Nation. 

RAD I O  P H YS I C S 

a n d  AST R O N O M Y 

R E- E N T RY P H YS I CS 

P E N ET RAT I O N  AI D S  

D EV E LO P M E N T  

TA R G ET I D EN T I FI CATI O N  

R ES EARC H 

SYST E M S : S pace S u rve i l l a n c e  
St rate g i c  C o m m u n i cat i o n s  
I nteg rated D ata N etwo rks 

N EW RADAR T EC H N I QU ES 

SYST E M  ANALYS I S  

C O M M U N I CAT I O N S : Te c h n i q u es 
Psyc h o l og y  

T h e o ry 

I N FO R M AT I O N  P R O C ES S I N G  

S O LI D S TAT E P h y s i cs,  C h e m i stry, 
a n d  M etal l u rg y 

A more complete description of the Laboratory's work will 
be sent to you upon request. 

r, 
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A L L  Q U A LI F I E D A P P L I C A N TS W I LL R E C E I V E  C O N 
S I D E RA TI O N  F O R  E M P L O Y M E N T  W I T H O U T  R E G A R D  T O  
R A C E .  C R E E D ,  COLO R O R  N A T I O N A L  O R I G I N .  

R e s e a r c h  a n d  D e v e l o p m e n t  

L I N C O L N  L A B O R A T O R V  
M a s s a c h u s e t t s  I n s t i t u t e  o f  Tec h n o l o g y 
B O X  1 B  

L E X I N G T O N  7 3 ,  M A S S AC H U S E T T S 

German ) dictionarv of words having to 
do with not only electronic computers 
but many other kinds of measuring in
strument, 

OXFORD REGIOSAL Ecoso:uIC ATLAS : 

Yl IDDLE EAST A1\D NOHTH AFRICA, Ox

ford University Press ( $ 1 0 ) . The second 
in this series of Oxford Regional Atlases 
deals with such topics as geology, vege
tation, rainfall, soils, agriculture, min
erals, oil production, coal, iron and steel. 
location of industries, air communica
tions , railroads and ports, population, 

THE NEAH EAST m H ISTORY : A 5,000-
YEAR STORY, by Philip K. Hitti. D. Van 
Nostrand Company, Inc. ( $ 10 ) .  A politi
cal, social and cultural historv of a 5,000-
year period of that part of the world 
which now includes Turkev, Iran, haCj , 
Syria, Lebanon, Jordan, Israel, Egvpt 
and Arabia. Twenty-four full-page maps 
and 100 photographs, 

AN ELEME STARY THL\TISE OS CUHVE 

THACING, bv Percival Frost. Chelsea 
Publishing Co. ($3.50 ) .  Fifth edition 
of Frost's well-known treatise on the 
forms and properties of curves and their 
methods of construction . 

THE GEOLOGY OF THE U.S.S.R . ,  by 
D .  V.  Nalivkin. Pergamon Press ( $ 15 ) . 
A compact and comprehensive account 
of the geology of the U.S.S. R . ,  including 
a 1 :  7,500,000 scale geological map in 
full color, specially prepared for this 
publication by the U .S.S.H. .  All-Union 
Geological Research Institute . 

A1\ALOGUE CO-'IPUTATWS, b\- Stanley 
Fifer. McGraw-Hill Book Companv, Inc . 
( $39 .50 ) .  A comprehensive manual on 
the fundamentals of analogue computa
tion theorv, techniques and applications . 

IMMAi\"UEL KAi\"T : OBSEHL\TWSS os 

THE FEELI1\G OF THE BEAUTIFUL ASD 

SUBLIyIE,  translated by John T. Gold
thwait. U niversih- of California Press 
( $ 1.50 ) .  The fi;'st complete English 
translation since 1799 of Kant's earl�
work on aesthetics, a precursor to his 
Critiq ue of Judgment _  

VARIATWi\"AL PRI:-;ClPLES IS VYSA:\I

ICS Ai\"D QUASTU-'I THEORY, bv \Volf
gang Yourgrau and Stanley � landelstam _ 
Pitman Publishing Corporation ( $5 . 75 ) .  
The second edition of this interesting 
book, which was reviewed on first pub
lication in these columns some years ago . 
contains a new chapter on the Fe)-nman 
and Schwinger principles in quantum 
mechanics, and certain other materials _ 
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The greatest future potential is for those aircraft engi
neers who realize that far more a ircraft will be needed 
to airl ift cargo than to carry passengers - and who 
come now to Lockheed in Georgia where design and 
production of cargo aircraft are of prime importance.  

Here are the finest facilities for production, plus the 
managerial determination for the continued growth 
and diversification which make for greater job security 
and room for personal advancement. 

The Atlanta area offers a mild climate, varied recre
ational and cultural activities,  friendly people. 

Openings in the fields of: Aircraft Design Engineering 
E n g i n e e r i n g  D r a w i n g s  C h e c k i n g  • C o m p o n e n t  
D e s i g n  • A i rc r a ft S p e c i f i c a t i o n s  E n g i n e e ri n g  
R e l i a b i l i ty E n g i n e e r i n g . O p e r a t i o n s  R e s e a r c h  
A i rcraft Research Engineering. 

Write 10: H ugh L. Gordon, Professional Em ployment 
M gr . ,  Lockheed-Georgia Co . ,  837 W. Peachtree St . ,  
Atlanta 8 , Georgia .  

. 

All  qualified applicants wil l  receive consideration for 
employment without regard to race, creed, color or 
national origin . 

' A I R - G O  means Locl<heed Jetspeed long and short- range airlift delivery systems. 

LOCKHEEDo®rn®m®Offi COMPANY 
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T C O R P O R AT I O N  

Copy r i g h t  1 961  lockheed A i r c ra f t  Corporat ion  
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AEROJ ET-G EN ERAL CORPORAT ION  A S U B
S I D I A RY OF THE  GEN ERAL T I RE & R U B-
B ER  COMPANy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Agenc y :  D ' A r c y  Advertis ing C o m p a n y  
AERONUTRON I C  D I V I S I ON ,  FORD MOTOR 

COM PANY ,  D E F ENS E  PRODUCTS 
GROUP  . . . . . . . . . . . . . . . . . . . . 1 8 2 ,  1 83 

Agenc y : H o n i g - C o o p e r  & H arrington 
A EROSPACE CORPORAT ION  . .  

Agen c y : G a y n o r  &: D u e a !! ,  I n c .  
. . . .  295 

A I R  REDUCT ION  SALES COM PANY ,  A D I V I 
S I O N  O F  A I R  REDUCT ION COM PANY 
I NCORPORATED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .'. 44 

Agenc y : G. M. Basford C o m p a n y  
ALADD I N  ELECTRON ICS ,  A D I V I S I ON  O F  
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. 1 60 

ALLEN - B RADLEY COMPANy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 39 
Agen c y : T h e  Fcnsholt  Advertising Agency,  I n c .  

ALL I ED CH EM ICAL CORPORAT ION  . . . 46 
Agen c y : B e n t o n  &: Bowles,  I n c .  

ALU M I N U M  COMPANY OF  AM ER ICA CHEM -
ICALS  D I V I S I ON  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .'. . . . . . . . . . . . . . . . .  3 7  

Age n c y :  K e t c h u m ,  MacLeod &: Grove, I n c .  
AMER I CAN CYANAM I D  COM PANy. . . . . . . . . . . . . .  1 4 1  

Agenc y : E r w i n  \V a s c y ,  R u t h ra u fT  &: R y a n .  I nc . 
AM ER ICAN EDELSTAAL ,  I NC . ,  U N I MAT D I V .  1 7 3  

Agen c y : Harold J .  Siesel  C o . ,  I n c .  
AM ER ICAN MACH I N E  & FOUN DRY COM

PANY ,  GOVERNM ENT PRODUCTS 

Ag:l�c���lIn n i l1gham &: Walsh '['nc' : " . . . . . . . . . . . . . . . . . 1 54 , 1 55 

AM ER ICAN MACH I N E  AND  M ETALS I NC  
F I LTRAT ION  FA BR ICS D i V i S i ON  . . . . .  : ". : 220 

Agenc y : T h e  L .  W .  Ramsey Advertising Age nt ·"  
AM ER ICAN ·MA R I ETTA COM PANY 

Agenc y :  T u rn e r  Advertising Agency 
1 37 

AM ER ICAN OPT ICAL COM PANY I N STRU -
M ENT D I V I S I ON  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . .  9 2  

Agenc y : Celia  {',n d  Wells ,  I n c .  
AM ER ICAN SYSTEMS I NCORPORATED , AN 

AFF I L I ATE O F  SCH LUM BERGER . . . . . . . . . . . . . . . . . . . . . .  233 
Agenc y : Grant Advertising.  I n c .  

AM PEX I N ST RUM ENTAT ION  PRODUCTS COM 
PANY 

Agenc y :  Boillnd Associates 
91  

ANACONDA AMER ICAN  B RASS COM PANY 43 
Agenc y :  Wilson,  H a i g h t  &: W e l c h .  I n c .  

. . .  

AN ELEX CORPORAT ION  1 6  
Agenc y :  Thorndike &. Thomas 

ANSCO D I V I S I ON  OF GEN ERAL A N I L I N E  & 
F I LM  CORPORAT ION . . . . . . . . . . .  1 80 

Agen c y : Lennen & Newell .  I n c .  
APPig'�NS 
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: 275 
Agen c y : S .  G. Stackig.  I n c .  

ARR I F LEX CORPORAT I ON  OF AMER iCA . . . . . . . . .  248 
Agenc y :  A d H r t i s i n g  Aides 

AUTOMAT IC ELECTR IC  COM PANY ,  S U BS I D
I A RY OF GENERAL  TELEPHON E  & ELEC-
TRON ICS CORP .  . . . . . .  205 

Aj!en c y :  K u d ncr Agency. I n c .  
AUTON ET lCS ,  A D I V I S I O N  O F  NO RTH 

AM ER ICAN AV IAT I ON ,  I NC . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 5  
Agency : B a t t c n .  B a r t o l i .  D u r s t i n e  & O s b o r n .  I n c .  

AVCO CORPORAT ION  2 3  
Agency : B e n t o n  &. B o \des,  I l l c .  

BARNEBEY-CHENEY COMPANy . . . . . . . . . . .  . 262 
A g e n c y : Odiorne I n d ustrial  A d y e r t i s i n g .  I n t " .  

BAUSCH & LOMB I NCORPORATED . .  . .  1 3 1  
Agenc y : W o l ff  Associates.  I n c .  

BEA N ,  MORR I S ,  & COM PANy. . . . . . . . . . . . . . . . .  . . . . . .  1 92 
Agenc y : O d i o r n c  I n d ustrial  Adver t : s i n g .  I n c .  

B ECKMAN I N STR UM ENTS , INC . . . . . . . . . . . . . . . . . . . . . .  1 1 0 , 1 1 1  
Agenc y : Erwin \Vasey,  R n t h r a u ff  & H ) an .  I ll c .  

BE L L  TELEPHON E  LABORATO R I ES . . .  2 7  
Agenc y : N .  W .  A y e r  & S o n ,  I n c . '  

B END I X  CORPORAT ION ,  TH E . . . . . . . . . . . . . . . . . .  1 8  
Agenc y : MacManlls,  J o h n  & A d a m s .  I n c .  

B END I X  CORPORAT ION ,  THE ,  COM PUTER 
D I V I S I ON  87 

Agen c y : Shaw Ad\'ertisi llg,  I n c .  
B I SHOP ,  J . ,  & CO. ,  A JOHNSON MATTH EY 

Ag�����{
l
i�l�a�d s o n ,  Thomas & B us h m a n .  Inc�· · · ·  

84 

BLACKSTON E  CORPORAT ION ,  U LTRASON-
ICS D I V I S I ON  1 80 

Agcnc)' : E r w i n  Wasey,  Rl l thrauff & H y a n ,  I n c : · ·  
BOE I NG COM PANY. . .  . . . . . . . . . . . . .  2 3 5  

Agenc y :  F l e t c h c r  R i c h a r d s .  Calkins & H o l d e n .  I n c .  
BOMAC LABORATOR I ES ,  I NC . ,  A S U B S I D-

I A RY OF VAR IAN ASSOCiATES . . . . . . . . . . . . . . . . . . . . .  255 
Agen c y :  H oefer,  Dieterich & Brown, I n c .  

B RU N I NG ,  CHARLES ,  COM PANY ,  I NC . . 1 29 
Agenc y :  T h c  B u c h e n  Company 

B U D  RAD IO ,  I NC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  220 
Agenc y : All ied Advcrtising Agenc y ,  I n c .  

BUDD ELECTRON ICS ,  A D I V I S I ON  O F  THE 
BUDD COM PANY ,  INC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1  

Agenc y : T h e  A i t k i n · K y n c t t  C o . ,  I n c . 
B U LOVA RESEARCH & DEVELOPM ENT LABO

RATOR I ES ,  A D I V I S I ON  O F  B U LOVA 
WATCH COM PANY ,  I NC . . . . . . . . . . . . . .  1 93 

Agenc y :  D u n c a n - B rooks,  I n c .  
B U RGESS BATTERY COMPANY D I V I S I ON  OF 

SERVEL ,  I NC . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  302 
Agenc y :  K a n e  Advertising 

C & H SALES CO .. . . . . . .  2 1 6  
Agenc y :  Allen,  Dorsey & H a t fi e l d ,  I n c .  

CAL I FORN I A  CHEM I CA L  COMPANY ORO-
N I TE D i V i S i ON  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .'. .  1 62 

Agenc y : L. C. Cole C o m p an y - I n c .  
CAM BR I DGE U N I V ERS I TY P R ESS . . . .  . . . . . . .  286 

CAV ITRON EQU I P M ENT CORP . . . . . . . . . .  . . . . . .  1 1 6  
Agenc y :  B e n  S m i t h  Advertising.  I n c .  

CHANCE VOUGHT ,  A S U BS I D I ARY O F  l I NG -
TEMCO-VOUGHT ,  I NC .  . . . . . . . . . . . . . . . .  . . . . . . . .  254 

Agen, y : T r a c y - L o c k e:  C o m p a n y _  I u c .  
CLAY-ADAMS ,  I NC . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  2 1 9  

Agenc y : C ortez F .  E n lo e ,  I n c .  
COLUM B IAN  CARBON COM PANy . . . .  2 2  

Agen c y :  D o n a h u e  & C o e ,  I n c .  
CONSOL I DATED ELECTRODYNAM ICS COR

PORAT ION ,  A S U B S I D I ARY O F  BELL  & 
HOWELL . . . . . . . . . . . . . . . . . . . . .  240 , 241 

Agen c y : Hixson & J orgens e n ,  I n c .  
CONVA I R- FORT WORTH ,  CONVA I R  D I V I S I ON  

OF GEN ERAL DYNAM ICS CORPORA-
T I ON  . . . . . . . . . . . . . . . .  285 

Agenc y :  Glenn Advertising,  i·n c _  
CORN I NG  GLASS WORKS . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  2 5 3  

Agenc y :  T h e  H u m r i l l  C o m p a n y  I n c .  
COULTER ELECTRON ICS , I NC. . . . . . . . . .  . . . . . . . . .  2 5 2  

A gen c y : Leonard P r i m e r  Advertising 
CRYOGEN IC  ENG I N EE R I NG  COM PANY . . . 1 80 

Agenc y : Galen E. Broyles C o . ,  I n c .  

DAVEN COMPANY ,  THE ,  A S U B S I D I A RY OF 
GEN ERAL M I LLS . .  . . . . . . . .  246 

Agenc y : Keyes,  Martin & C o m p a n y  
DELCO RAD I O  D I V I S I ON  O F  GEN ERAL MO-

TORS CORPORAT ION . .  34 
Agenc y : C a m p b e l l - E wald C o m p a n y  

D I CTA PHONE  CORP . . . . . . . . . . . . . . . . . . . . . .  28 
Agenc y : Y o u n g  & R u b i c a m ,  I n c _  

D I ETZGEN ,  EUGENE ,  CO. . . .  3 8  
Agen c y : K i r kgasse r - D r e w  

DOU BLEDAY AND COMPANY ,  I NC . . . . . . . . . . . . . . . .  281  
Agen c y : Franklin Sp i e r ,  Inc .  

DOUGLAS A I RCRAFT COM PANY ,  I NC . . .  . 1 59 
Agenc y : J .  Walter  T h o mpson C o m p a n y  

DOW CORN I NG  CORPORAT ION  . . . . . . . . . . . . . . . . . . . . . . . . . .  173  
Agenc y : C h u r c h  a n d  G u i s e w i t e  A d v e r t i s i n g .  I n c _  

DU PONT D E  N EMOU RS ,  E .  I . ,  & CO. , I N C  . . . . .  1 66 
Agenc y :  B a t t e n .  B a r t o n .  D urstine & Osborn,  I n c .  

DU  PONT D E  N EMOU RS ,  E . I .  & CO. I N C  
F I LM  D EPARTM ENT . . . . . . . . . . .  : . . . . . . . . . . . . . .  : . . . . . . .  : :8 ,  1 7  

Agen c y : B a t t e n ,  B a r t o n ,  D u rs t i n e  & Osborn,  I n c  
DU  PONT D E  N EMOU RS ,  E . I . ,  & CO. , I NC . ,  

M ECHAN ICAL RESEARCH LABORATORY 288 
Agenc y :  N. \' C Ayer & Son, I n c orporated 

DUTTON ,  E .  P. , & COMPANy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280 
Age n c y : Franklin Spier,  I n c .  
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PANY . . . . . . . . . . .  1 52 ,  1 5 3  
Agen c y :  Fred W i l t n c r  C o m p a n y ,  I n c .  

EASTMAN KODAK COM PANy. . . . . . . . .  83 
Agenc y : The R um r i l l  C o m p a n y  I n c .  

EDGERTON ,  GERM ESHAU�EN & GR I ER ,  I NC. 266 
Age n C)' :  Reach, M c C l i n to n  & H um p h r e y ,  I n c .  

EDM UND  SC I ENT I F IC  CO. . . . . . . . . . . . . . . . . . . . .  . . . . . .  273 
Agenc y :  Walter  S .  C h i t t i c k  C o m p a n y  

E I TEL -McCU LLOUGH ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 ,  7 
Agen c y : C u n ningham &: \'-alsh I n c .  

ENJAY CHEM ICAL COM PANY ,  A D I V I S I ON  
OF H U M BLE O I L  & REF I N I NG COM -
PANY . . . . . . . . . . . . . . . . . . .  2 6 8 ,  269 

Agen c y : .Mc C a n n - E r i c k s o n ,  I n c .  

FAI RCH I LD SEM ICOND UCTOR CORPORA· 
T ION . . . . . . . . . . . . . . . . . . . . . . .  245 

Agenc y : B o l a n d  Associatcs 
FAN STEEL M ETAL LU RG ICAL CORPORA-
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FECKER ,  J. W. ,  D I V I S I ON  O F  AM ER ICAN 
OPT ICAL COMPANy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 6  

Agenc y : L a n d o  Adyertising A g e n c y ,  I n c _  
FLUKE ,  JOH N ,  M FG .  CO . ,  I NC . . .  40 

Agen c y : H o w .  J .  Ryan & S o n  

GAERTN ER SC I EN T I F I C  CORPORAT ION  . . . . . . . 2 0 2  
Agen c y : S i d n e y  C l a y t o n  & Associates 

GAl l LEO CORPORAT ION  OF AM ER iCA . . . . . . 2 1 8  
Agenc y :  l\'l i c h a e l  F a i n  Advertising 

GARRETT CORPORATI ON ,  THE ,  A I RESEARCH 
MAN U FACTU R I NG  D i V i S i ON S . . . . . . .  . . .  1 1 7  

Agen c y :  J .  W a l t e r  T h o m p s o n  C o m p a n y  
GEN ERAL ATOM I C  D I V I S I ON  O F  GEN ERAL 

DYNAM ICS  CORPORAT I ON  . . . . . . . . . . . .  Back Cover 
Agen c y : D 'A r c y  A d v e r t i s i n g  C o m p a n y  

GEN ERAL CABLE CORPORAT I ON . . . . . .  . . . .  . . .  1 75 
Agenc y : H i c k s  & Greist  I n c orporated 

GEN ERAL DyNAM iCS/ASTRONAUT iCS . . . . . . . . . . . . .  249 
Agene }' : Barnes C h ase C o m p a n y  

G EN ERAL DYNAM I CS/ELECTRON ICS, I N FOR-
MAT I ON  TECHNOLOGY D I V I S I O N . . . 1 2 1  

Agenc y :  P h i l l i p s - R a m s e y ,  I n c .  
GEN ERAL ELECT R IC  CO. , ADVANCED ELEC

TRON ICS CENTER AT CORNEL L  U N I VER-
S I TY 2 8 5  

Agenc y : D e u t s c h  & S h e a ,  I n c .  
GEN ERAL ELECTR IC  CO. ,  M I N IATURE  LAM P  

DEPARTMENT  1 �  
Agenc y : B a t t e n ,  B a r t o n ,  D u r s t i n e  & O s b o r n ,  I n c _  

GEN ERAL ELECTR IC  CO. ,  M I S S I L E  AND  
SPACE V EH IC L E  DEPARTM ENT . . . . . . . . . . . . . . .  1 76 ,  1 77 

Agenc y : George R. Nelson I n c _  
GEN ERAL ELECTR IC CO . ,  R EC E I V I NG  T U B E  

D EPARTM ENT . .  20 
Agen c y : G a r d n e r  Advertising C o m p a n y  

GEN ERAL ELECTR IC CO. , X-RAY DEPART-
M ENT  H 

Agen c y ' K l a u - Van P i c t erso m - D u nlap , I n c _  
GEN ERAL PR EC I S I O N ,  I NC. . . . . . . . . . .  1 22 ,  1 23 

Agen c y : Gaynor & D u c a s ,  I n c _  
GOVER NM ENT PROD UCTS GROUP ,  AME R I 

CAN  MACH I N E  & FOU N D RY COM-
PANY . . . . . . . . . . . . . .  1 54 ,  1 55 

A$en c y : C u n n in g h a m  & Walsh I n c .  
GRAPH IC  SYST EMS  . .  . . . . . . . . . . . . . . . . . . . . .  302 

Agcnc y : Caswell Advertising Agency 
GU RLEY , W. & L .  E . .  . .  . . . . . . . .  . . .  244 

Agenc y : F r e d  W i t t n e r  C o m p a n y  

HAM I LTON STANDARD D I V I S I O N  OF U N I T ED 
A I RCRAFT CORPORAT I ON . .  . . . . . . . . . . . .  2 3 6 ,  237 

Agen c y :  W i l s o n ,  H a i g h t  & W e l c h ,  I n c _  
HANDY & HARMAN . . . .  

Agen c y :  Hazard A d \'ert ising C o m p a n y .  I n c .  
1 96 

HARVARD U N IVERS I TY PRESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  283 
Agen c y : FrankEn Spier, I n c .  

H EWLETT-PACKARD COMPANY . . . . . . . . . . . . . . . . . . . . . 1 64 ,  1 65 
Agency : L.  C. Cole C o m p a n y : l n c . 

HUGH ES A I RCRAFT COM PANY . . .  . . . .  250 , 2 5 1  
Agenc y ; F o o t e ,  C o n e  & B e l d i n g  

I N D I ANA GEN ERAL CORPORAT ION  . . . . . . . . . . . . . . . . . .  247 
Agen c y : Bert S. G i t t i ns Advutising,  l n c .  

I N FORMAT ION  SYSTEMS ,  I NCORPO RATED , 
SYST EMS D i V i S i ON  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 0  

Agenc y : 1 .  E .  Steyskal  Advertising 
I N STR UM ENT  CORPORAT ION  OF FLOR I DA  . . .  1 40 

Agenc y : M c C lellan & G i l p i n ,  I n c _  
I N S

1J��s��gi���l Tb�nWfl�N�L'6
S
J�� 238 

Agenc y :  All ied Advertising A g e n c y  I n c .  
I NTERNAT IONAL  B U S I N ESS MACH I N ES 

CORPORAT ION  . . . . . . . . . . . .  I n s ide Front Cover 
Agenc y :  B e n t o n  & B o w l e s ,  I n c .  
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EPHON E  AND  TELEGRAPH CORPORA-
T ION  97 

Agenc y : Carpenter,  M a t t hews & Stewart ,  I n c .  
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I N� , 
2 3 0  

Agenc y : M c C a n n - Alarschalk C o m p a n y ,  I n c .  
I NTERNAT IONAL  N I CKEL  COM PANY ,  I NC . ,  

THE ,  PLAT I N U M  M ETALS D I V I S I ON  276 277 
Agen c y : M c C a n n -Nlarschalk C o m p a n y ,  I n c .  

. . . .  , 
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ADVE RTI S E R S  
1961 

J ET P ROPU LS I ON  LABORATORY, CAL l FOR· 
NIA I N ST I TUTE O F  TECHNOLOGy . . . . . . . . . . . . . .  2 6 0  

Agen c y : H ixson &. J orgense n ,  I n c .  

K I DDE ,  WALTER , & COM PANY ,  I NC" AERO· 
SPACE D I V I S I ON . . . .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  204 

A g e n c y :  C u n n i ngham &. ·Walsh I n l' ,  
K I DDE ,  WALTER , & COM PANY ,  I NC . ,  K I D D E  

ELECTRON ICS LABORATOR I ES . .  3 9  
A g cn t: y :  C u n n i ngham & \Valsh I n c .  

K I NTEL ,  A D I V I S I ON  O F  COHU ELECTRON· 
ICS ,  I NC . . . . . . . . . . . . . . . . . .  1 87 

A ge nc y : E r w i n  Wasey ,  R u th r a u fl  & R y a ll . I n ( ' .  
KNOWLTON BROTH ERS I NCORPORATED . . . . . .  274 

A g e n c y : Barlow A d v e r t i s i n g  A g e n c y .  I l l c .  
KOLLMORGEN CORPORAT ION  24 

Agen c y : \" i l s o n .  H ai g h t  & W e l c h ,  1 n c .  
KOLLSMAN I N STR UM ENT CORPORAT I ON ,  

S U B S I D I ARY O F  STAN DARD KOLLSMAN 
I N DU STR I ES ,  I NC" . . 1 8 1 

A g e n c y : Gaynor & D u c a s ,  I n c .  

LEEDS & NORTH R U P  COMPANY . . . . . . . . . . . . . . . . . .  1 88 ,  1 89 
-\ g e n e )' : J u h n  B. Ferguson J r . .  A(lvcrt i s i ll l!  

LEESONA MOOS LABORATOR I ES ,  A D I V I ·  
S I ON  O F  LEESONA CORPORAT ION . . 29 

A g e n c y : S m i t h ,  W i n ters l\Ia b u c h i .  1 11 4 ' .  
LEN K U RT ELECTR IC CO" I NC" S U BS I D I A RY 

O F  GEN ERAL TELEPHONE  & ELECTRON· 
ICS CORPORAT ION . . 267 

A g e n c y : K u d n e r  A g e n c y ,  I n e ,  
L I BRARY O F  SC I ENCE ,  TH E . . .  . .  . . . . . . . .  278 
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This photograph was taken by a Questar owner on 35 - mm. film. It shows the 
south polar region of the moon around Clavi us, the largest crater. On this scale 
the moon is nearly 27 inches in diameter. By comparison, pictures of Clavius made 
with telescopes of 36 to 200 inches aperture show astonishingly little more detail, 
despite the fact that such giants should reveal objects 10 to 57 times smaller than 
Questar can resolve, if earth's unquiet sea of air did not prevent their doing so. Here 
Nature favors the small telescope, permitting Questar's modest 3.5-inch aperture 
to do surprisingly well when much larger instruments are crippled by unsteady 
atmosphere. The superfine Questar 

CO U IE � T £ lD) costs $995 as shown in the English 0 
t::2) 11 A � leather case. Send for our 32-page 

booklet that tells the complete story. Box 20 New Hope, Pennsylvania 

300 

BIBLIOGRAPHY 
Readers interested in further reading 

on the subiects covered by articles il1 this 
isslle may find the lists below helpful. 

THE LIVING CELL 

THE CELL: BIOCHEMISTRY, PHYSIOLOGY, 
MORPHOLOGY. VOL. I: METHODS; 
PROBLEMS OF CELL BIOLOGY. VOL. II: 
CELLS AND THEIR COMPONENT PARTS. 
Edited by Jean Brachet and Alfred E. 
Mirsky. Academic Press Inc., 1959; 
1961. 

CELL GROWTH AND CELL FUNCTION. 
Torbjorn O. Caspersson. W. W. Nor
ton & Company, Inc., 1950. 

THE U L TRASTHUCTURE OF CELLS. Mar
cel Bessis. Sandoz Monographs, 1960. 

HOW CELLS TRANSFORM ENERGY 

EKEHGY RECEPTION AND TRANSFEH. Mel
vin Calvin in Biophysical Science-a 
Study Program, edited by J. L. Oncley 
et a!., pages 147-156. John Wiley & 
Sons, Inc., 1959. 

FREE ENEHGY AND THE BIOSYNTHESIS OF 
PHOSPHATES. M. R. Atkinson and R. K. 
Morton in Comparative Biochemistry, 
edited by Marcel Florkin and How
ard S. Mason, Vol. II, pages 1-95. 
Academic Press Inc., 1960. 

RESPIHATOHy-ENEHGY THANSFORMA-
TION. Albert L. Lehninger in Biophys
ical Sciel1ce-a Study Pl'Ogram, edited 
by J. L. Onc1ey et aI., pages 136-146. 
John Wiley & Sons, Inc., 1959. 

HOW CELLS MAKE MOLECULES 

ENZY1VIATIC SYNTHESIS OF DEOXYHIBO
NUCLEIC ACID. Arthur Kornberg in 
The Harvey Lecttl1'es, 1957-1958, Se
ries 53, pages 83-112; 1959. 

HISTOHICAL AND CUHHENT ASPECTS OF 
THE PnOBLEM OF PHOTEIN SYNTHESIS. 
Paul C. Zamecnik in The Harvey Lec
tures, 1958-1959, Series 54, pages 
256-281; 1960. 

THE IKTEHPHASE NUCLEUS. Alfred E. 
Mirsky and Syozo Osawa in The Cell, 
Vol. II, pages 677-770. Academic 
Press Inc., 1961. 

THE ISOLATION OF SUBCELLULAH COM
PONENTS. Vincent C. AIIfrey in The 
Cell, Vol. I, pages 193-290. Academic 
Press Inc., 1959. 

HOW CELLS DIVIDE 

MITOSIS AND THE PHYSIOLOGY OF CELL 
DI\'ISION. Daniel Mazia in The Cell, 

© 1961 SCIENTIFIC AMERICAN, INC
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HOW TO'TURN LIGHT INTO MICROWAVES 

I ntmediate technical staff openings include: 

Led by physicist Vernon Derr, a research team investigating 

optical pumping of vapors at The Martin Company in 

Orlando, Florida, made theoretical calculations on the 

energy levels of various elements -including the highly active 

cesium . •  Dr. Derr felt that, if their conclusions were correct, an input 

solely of visible light could make cesium emit microwave energy 

with the strength and precision needed to power an ultrastable 
frequency source . Others had made the transition from light 

to microwaves, but always with the addition of a supplementary 

rf signal. • In less than six months, a special development 

group set up to check Derr's approach began to get 

results: light from ,a cesium lamp directed into a resonant 

cavity containing cesium vapor produced a coherent microwave 

signal. • This -the fil'st continuous convM'sion of light 
into micr'owaves -is a product of the creative environment 

that exists for scientists and engineers at Martin in Florida. 

Scientific firsts like this are achieyed when 

management backs up creative research with 

sound development, programs. At The Martin 

Company in Florida there is a continuing 

need for engineers and scientists with the 

professional ability to help push forward tech
nological frontiers. • For information about 

your place in one of our six major missile and electronics 

systems -or in our advanced programs, write: 

C. H. Lang, The Martin Company, Orlando 51, Florida. 

GUIDANCE & CONTROL SYSTEMS I HIGH RESOLU TION RADA R / FLUID DYNAMICS / AEROSPACE DYNAMICS / INFORMATION THEORY / 
COMMUNICATIONS / DIGITAL COMPUTER RESEARCH / HU M AN -FACTORS / OPERATION S RESEARCH / WEAPONS SYSTEMS ANALYSIS 

All Q1Ullified applicants will receive consideration for entployn�ent without regard to race, creed, color or national origin. 
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An Unusual Opportunity to Re-Oiscover the 

BACH 
BRANDENBURG CONCERTOS 

Never before have you heard the six BACH BRANDENBURG CONCERTOS as 
they have just been brilliantly recorded by the New York Sinfoniella and outstand
ing soloists, conducted by Max Goberman, on a remarkable 3-record seL For the 
first time in recording history you can have-

• Authentic music-recorded from the original presentation copy of the concertos 
written by Bach himself. The music is completely authentic to both the 
spirit and the letter of Bach's original. You will receive with this set a 
complete copy of the original scores in Bach's handwriting, with easy-to
follow printed scores as well. 

• Original instrumentation-All the instruments called for by Bach, including 
harpsichord, violino piccolo, high trumpet in F, recorders, viole da gamba
a completely new and revealing listening experience. 

• Unrecorded Bach-Extra on the records is an exciting and previously unrecorded 
alternate cadenza for Concerto No.5, as well as Bach's alternate versions 
of other movements. 

• Astonishing performances-by the New York Sinfonietta and conductor Max 
Goberman, who are making LRM's famous Vivaldi recordings (called by 
Leonard Bernstein, "Sheer listening joy!"). Available in both mono and 
stereo. 

All this at little more than the scores alone would cost! This new 3·record album is truly a 

memorable achievement. You are invited to send for full details. 

Write Today for Free Brochure "BACH" 

Lib .. ar�- of RecOI'ded Masterpieces, Dept. 5-1, 150 W. 82nd St., N. Y. 24, N. Y. 

You Get Things Done With 

Visual 

PRECISION 
CONTROL 

TranslHitter using flash· 

I ight b atteries provides 

reliable remote control of 

model planes. Burgess 

Batteries deliver long

lasting, dependable power 

because they are precision 

m ade under exacting 

quality control. Exclusive 

chrome protection guar

antces freshness. 

BURc:iESS BATTERY COMPANY 
DIVISION OF SERVEL. INC. 

FREEPORT, ILLINOIS NIAGARA FALLS, CAN. 
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* Gives Graphic Picture of Your Operations
Spotlighted by Color 

{;[ Facts at a glance - Saves Time, Saves 
Money, Prevents Errors 

* Simple to operate - Type or Write on 
Cards, Snap in Grooves 

* Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

* Made of Metal. Compact and Attractive. 

Over 500,000 in Use 

Complete price $4950 including cards 

I f 
R E E I 24-PAGE BOOKLET NO. C-200 

. _ Without obligation 

Write for Your Copy Today 
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How to give him 
4 years of college 
for the price of 3 
If your money and your young
ster grew up together, it would 

certainly help meet college 
costs, wouldn't it? That's ex
actly how it works when you 
save for his education with 
U. S. Savings Bonds. For ex
ample, if you start putting 

$6.25 a week into U. S. Savings 
Bonds when he's 2 or 3, you'll 
have put in $4900 by the time 
he reaches college age. Then 
cash the Bonds as you need 
them, and you'll get back about 
$6900 -enough for a fair share 
of 4 years at State. 

Give him his chance at America's opportunities. He needs a. 
peaceful world to grow in. Every U. S. Savings Bond you buy helps 
assure peace by keeping our country strong. 

Daydreams won't pay for books. Many 
people want college educations for their 
children but can't shoulder the burden. Start
ing a U. S. Savings Bond program now makes 
sure the money will be ready for the college 
education your youngster deserves. 

WHY U. S. SAVINGS BONDS 
ARE SUCH A GOOD WAY TO SAVE 

You can save automatically on the 

Payroll Savings Plan, or buy Bonds 

at any bank • You now earn 3:li % 

to maturity, Yz% more than ever 

before • You invest without risk 

under a U. S. Government guarantee 

• Your Bonds are replaced free if 

lost or stolen • You can get your 

money with interest anytime you 

want it You save more than 

money -you buy shares in a stronger 

America 

u.s. Savings Bonds 
are theft-proof! 
Fir e -proof a n d 
loss-proof, too. 
Sinc e 1941 th e 
Treasury Depart
me nt has replace d 
1,300,000 Bonds at 
no cos t to the 
owners. 

You save more than money 
with U. S. Savings Bonds. 
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Electrical 

and Component Reliability 

Noise in Electronic Components 
Can Indicate Defects 

That Threaten Service Life 

A LL electronic components generate e1ec· 
f\.. trical noise to one degree or another. 
The character and amount of noise will, of 
course, vary with the nature of the particu· 
lar component. But all contribute to the total 
noise of an instrument or system. 

The cumulative effects of noise upon 
ultimate performance (i.e. loss of informa· 
tion, introduction of error, impaired stabil· 
ity. etc.) are quite hroadly recognized. 

However, the presence of an unusual 
amount of noise in a component carries other 
implications of importance to those who are 
concerned with the reliability of electronic 
equipment. 

Abnormally high levels of noise in a 
component are generally found to 
�tem from a defect in material or 
manufacture. 

It is known that "excess 
.. 

·, or Ilf. noise 
in a semiconductor material is directly pro· 
portional to current density. Where a frac· 
ture, void, or leakage path occurs, a loeal 
area of high current density is developed 
and excess noise in addition to that normal 
for the device is generated. 

In transistors and diodes, for example, 
such defects as surface contamination, frac· 
tures of the semi·conductor material, and 
often irregular junctions I!enerate ahnormal 
le\'els of excess noise. In addition, pre· 
m.ature avaland:e breakdown of a junction 
is a frequent source of high·level noise. 

Ahnormal amounts of excess noise are 
generated in film·type resistors by such 
malformations as bubbles, fissures, im· 
proper spiraling, and defecti\'e end termina· 

tions. Even in wire·wound resistors, which 
properly generate no excess noise, poor 
welds or semi·conductor·type terminations 
may gen�rate it. sometimes at very high 
levels. 

Electrolytic capacitors, which in essence 
are semi·conductor junctions of large area. 
share the same noise problems' as are found 
in transistor and diode junctions. 

In brief, whene\'er a component is found 
to exhibit a higher le\'e! of excess noise 
than is the norm for a device of its particu· 
lar type, it is safe to assume that a defect 
or abnormality is present, and for any criti· 
cal application, that component may be 
justly suspected as a reliability risk. 

What constitutes the normal level of 
noise for a component is difficult to gen· 
eralize upon. Noise is determined by three 
factors: the constants of the material, the 
geometry of the device, and by the operat· 
ing conditions. Any norm to be established 
thus must be for a particular type compo· 
nent, under standard conditions. And since 
all semi·conductor materials generate excess 
noise, it is the excessive, not the "excess" 
noise which is of concern. 

In summation, it may be said that pre· 
selection of electronic components on the 
basis of noise is not only essential to the 
production of low·noise circuits, but also 
is 0/ major importance to the achievement 
0/ maximum reliability. 

• f I 
Exce8s" noise may be defined aa the noise, show. 

ing a l/f (noise pOlDer inversely proportional to 
frequency) characteristic, which i. generated aa a 
reBult of current flow in a semiconductor material. 

TECHNICAL DETAILS AVAILABLE 
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Quan-Tech Laboratories, Inc., specialists in the field of electrical.noise 
instrumentation, has developed a line of equipment intended' specifically 
for the quantitative analysis of noise generated by components. For full 
information on this equipment and on its application request our 
"Component Noise File". 
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Discovery - a product of rowth 
Projects and products have a way of panning out at WG because the capabilities ar� there. The symbols 
you see above and below are the signs of WG's expand ed range of capabilities. Beginning in 1888 as � pioneer manufacturers and suppliers of machinery and gear produ cts to the early we;st, WG has diver- . 

sified and grown in a number of fields to meet the changi ng needs of the free Western World - Today, 
the company's capabilities extend far beyond gear making: WG engineering, manufacturing, and R&D... .... 

skills produce more than 500 products ... six divisions across the land cover the entire sphere of applied 
power and motion. Your product, system or special machinery needs are 
best filled by WG capabilities - A letter of inquiry on your specific needs 
is invited. Be sure to ask for your copy of Corporate Capabilities Bulletin 
5900. Address Executive Offices, Western Gear Corporation, P.O . Box 
182, Lynwood, California. Cable address WESTGEAR, Lynwood, Calif. 

WE S T E R N  G E A R  C O R P O RATIO N 
SEATT�E, WASHINGTON; BElMONT, LYNWOOO, PASAOENA, CAlifORNIA; HOUSTON, TEXAS. OffiCES IN ALL PRINCIPAL CITIES. 

PRODUCTS 
DIVISION 

AIRCRAFT AND MISSILES SYSTEMS. SUB·S YSTEMS AND COMPONENTS. RADAR ANTENNA DRIVES. MINIAT URE MOTORS AND BLOWERS. PRINTING 

PRESSES . A COMPLETE LINE OF INDUSTRIAL POWER TRANSMISSION EQUIPMENT . MAJOR PRODUCERS OF LARGE MARINE GEARS AND DECK 

MACHINERY. SYSTEMS MANA�EMENT ANALYSTS AND SPECIALISTS IN EXOTIC RESEARCH AND DEVELOPMENT. SEAPOWER OUTDRIVE FOR PLEASURE BOATS 
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ACTIVATION ANALVSIS 

Activation Analysis makes possible 
the determination of elements in sam
ples in the parts-per-million and parts
per-billion range_ em A sample is placed 
in a Triga reactor for a predetermined 
period of time and made radioactive. 
The sample is removed and the char
acteristic radiations of the activated 
e l e m e n t s  a r e  t h e n  a n a l yze d a n d  
charted. un One application o f  this 
technique is the study of diseased 
cells and tissues which occur in leu
kemia and cancer. Greater knowledge 
of their chemical composition may 
lead to more effective therapy for 
these diseases. Another application is 
the measurement of magnesium levels 
in red blood cells - knowledge which 
may have an important bearing on the 
storage life of blood in blood banks. 

Activation Analysis at General Atomic 
is available to any industry or group 
requiring accurate qualitative or quan
titative measurements of trace ele
ments. For details, write General 
Atomic Division, Post Office Box 608, 
San Diego, California. 

G 1111 � ID 

GENERAL DVNAMICS 
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