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Heat ... cold ... light ... darkness ... old enemies meet new defenses 

A normally friendly environment 

can be decidedly hostile under cer­

tain conditions. Through M&T chem­

istry, there are defenses against a 

number of such situations. 

Take high temperature. For melting 

steel, it's good. For ladle lining, it's 

bad. Causes failure. But not nearly so 

fast when linings are M& T zircon. 

Freezing cold is good for preserv­

ing food. Bad for warm bodies and 

water pipes. By amazingly fast cata-

lytic action, M& T organotin chemi­

cals puff up urethane plastics into 

an insulating foam suitable for cloth­

ing interliners or pipe coverings. 

Man couldn't survive without light. 

Clear vinyl plastics can't live with it 

(at least the ultra-violet part of it) 

unless stabilized. Nothing yet de­

veloped protects rigid vinyls against 

degradation from light and heat bet-

M& T Chemicals Inc. 

ter than M& T organotin chemicals. 

Darkness is good for sleeping. Not 

for seeing. When visibility is vital, 

as with instrument panels, electro­

luminescence is the answer. M& T tin 

chemicals are a key to this "cold 

light" that consumes little power. 

In other ways and in other fields, 

M& T contributes to man's protection. 

Write M& T Chemicals Inc., General 

Offices, Rahway, N. J .... or M& T Prod­

ucts of Canada Ltd., Hamilton, Ont. 
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Now aerospace 
designers can 
calculate fracture 
toughness of 
aluminum with 
new Alcoa data 

Change for the better with 
Alcoa® Aluminum 

\ 

\ 
\ 

\ \ 

\ 
.---

Consider a piece of high-strength alumi­
num alloy in elastic tension. What 
happens if a small shell fragment goes 
through it, or a fatigue crack appears? 
Whatever the cause, either a rapid fracture 
results, or it doesn't. The trick is to 
design aircraft and rockets that can 
sustain such damage, without designing 
in unnecessary weight-a difficult task 
with only qualitative information. 

Now Alcoa Research Laboratories is 
providing engineers and designers with 
never-before-available quantitative 
data. Tables, graphs and procedures for 
calculating the fracture toughness of 
aluminum alloys are now available, along 
with criteria for selecting toughest alloys 

and tempers-the distillation of years of 
testing. Alcoa's new 48-page book evalu­
ates 124 combinations of configuration, 
alloy and temper. 

If you are working on light, high-strength 
structures, you should find this informa­
tion useful. Write to Aluminum Company 
of America, 901-H Alcoa Building, 
Pittsburgh, Pa. 15219. Ask for Alcoa 
Research Laboratories' Technical Paper 
No. 18, Fracture Characteristics of 
Aluminum Alloys by J. G. Kaufman and 
Marshall Holt. 

~ 
ALCOA 
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It is difficult to believe 
Allen-Bradley Series K controls can be so trouble free! 

• Here's an unusually demanding application for motor 
control, which, over the years, has taken its toll of equip­

ment. This particular unit is the accelerating contactor 
for a bucket crane at a cement plant. There's frequent 
operation - several times a minute - round-the-clock 
duty, and extreme atmospheric contamination from 
cemen t dust. 

What was the history of performance for the previous 

equipment? Several different makes were tried, and none 
lasted more than three months without a major overhaul. 
Then, an Allen-Bradley Bulletin 702 Series K contactor 
was put on the job, and here's how it compared with the 

other controls. At the end of the usual three months of 

service -when the best of other contactors had needed 
extensive maintenance -the Series K contactor was still 
operating like new. This round-the-clock operation con­
tinued for six months ... nine months ... a year ... and 

still no maintenance! At the end of two years, and many 

millions of operations, the Series K contactor was giving 
the same dependable performance as the day it was in­
stalled -not even the contacts had been changed. 

While this performance may be unusual for this type 
and size of equipment, it's not unusual at all for the 
Series K controls. They are regularly establishing records 
for long life and trouble free operation that would have 
been considered impossible only a few years ago. 

Would you like to know more about the advantages 
built into all Series K controls that mean "extra value" 
in your day-to-day operations? If so, please contact 
your local Allen-Bradley appointed distributor- he's 
factory trained to give you full details on such Series K 

features as the simple solenoid design, weld-resistant 
contacts, pressure molded coil, and cushioned magnet, 
to name a few. Allen-Bradley Co., 1204 S. Third Street, 
Milwaukee, Wisconsin 53204. Export Office: 630 Third 
Avenue, New York, New York, U.S.A. 10017. 

ALLEN-BRADLEY 
Mem ber of N EMA 

865-28 QUALITY MOTOR CONTROL 
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Paper that 
does a Hswell" job 
under water? 
It's Riegel's special electric cable 
and wire wrap. Should cable in wet 
ground or underwater be punctured, 
Riegel insulation paper swells up, 
seals off and isolates the leak. Find­
i)1g and repairing the puncture point 
is simplified, 

Other "educated" Riegel insulations 
are used in high-temperature trans­
formers, coil cores, turn and slot in­
sulation, and telephone cable. We 
even make carbon-filled conductive 
papers for electronic shielding. 

There are hundreds of Riegel eso­
teric papers for technical men. Or­
ganic or inorganic fibers, including 
synthetics. Some are impregnated 
with charcoal or chemicals; some 
are made "radioactive clean," or fire 
retardant, or specially designed with 
other technical properties that would 
amaze you, 

Riegel's capabilities and imagination 
in functional coatings, impregna­
tions, and specialty papermaking 
facilities can help your inventiveness 
find better materials for your prod­
ucts, processes, or packages. Just 
bring us ideas. and objectives ... in 
confidence. Riegel Paper Corpora­
tion, Box' 250, Murray Hill Station, 
New York, N.Y. 10016. 
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The painting on the cover shows the hull of the Antiope, a sailing yacht 
of the International 5.5-Meter Class, undergoing tests in the How-observa­
tion channel of the U.S. Navy's David Taylor Model Basin near Washing­
ton (see "The Study of Sailing Yachts," page 60) . Normally the basin is 
used for testing scale models of naval vessels; the experiments with the 
�ntiope were the first with a full-scale sailing yacht and provided a basis 
for comparing the performance of the yacht with that of scale models. In 
a How tank the hull remains stationary while water is propelled past it; 
observers can watch from below the hull's waterline by means of viewing 
ports, some of which are visible in the painting. The Antiope's hull was 
painted white on one side so that it would show up clearly in photographs. 
Strips of nylon yarn were attached to the hull as How indicators. The paint­
ing depicts a test in which the rudder has been turned sharply. The How 
indicators on the rudder show a pronounced stalling effect as a result. 
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New Burner II is the first solid-fuel upper stage with full 
control and guidance capability developed for general space 
applications. Designed and built by Boeing for the U.S. Air 
Force Space Systems Division, Burner II will provide the 
final "kick" for placing small-to-medium payloads into 
precise orbits. It will be able to push its payload to the 
exact speeds required for specific earth-orbit or earth-

escape mISSIOns. By filling the payload gap between the 
small Scout launch vehicle and the more complex liquid 
upper stages, Burner II can effectively lower launch costs. 

Designed specifically as the second stage on the Thor 
booster, versatile Burner II can be used as the upper 
stage on the complete range of standard launch vehicles, 
from Thor through Titan III. BOEING SPACE DIVISION 

Burner II 
Orbital injection cision velocity adjustment phase 

Coast 

Booster/Burner /I separation 
Burner /I payload separation 

Burner /I shroud separation 
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Maybe you do, especially if gas 
chromatography is your cup of 
tea. According to our calcula­
tions, the cup in the picture con­
tains over 3,000,000 Microbeads 
Uni-Spheres, spherical beads of 
high-grade optical crown glass. 
We make them in standard sizes 
from 840 down to 44 microns in 
diameter, and we can make them 
even smaller (10 microns and be­
low). If you don't believe they're 
spherical, just write us for a 
sample; have a microscope handy 
when they arrive. 

Packing columns for gas chroma­
tography is just one of the hun­
dreds of uses customers have 
found for Microbeads. They're also 
used as an abrasive; as plastics 
fillers; inert ballast; packing dis­
tillation columns, and for hun­
dreds of other applications. 

In addition to being spherical, 
Microbeads Uni-Spheres are chem­
ically pure, non-porous, and free 
from foreign matter and surface 
films; but you probably expected 
that_ They're also available with 
silicone coating, applied at 800· 
F_, if that's the way you need 
them. If you'd like a few hundred 
thousand to play around with, 
along with more detailed specs, 
use the coupon below, or call us 
collect at 601/939-4631, Jack­
son, Mississippi: 419/244-3003, 
Toledo, Ohio; or 416/251-1681, 
Toronto, Ontario, Canada_ 

� 
MICROBEADS DIVISION 
CATAPHOTE CORPORATION 
P. O. Box 2369, Jackson. Miss. 39205 
o Send Detailed Information 
o Have Representative Call 

NAME ______________________ __ 

FIRM ________________________ _ 

STREET ______________________ _ 

CITY ________________________ _ 

STATE ZIP ______ __ 

S-661O 1-97 

LETTERS 
Sirs: 

Readers of the article "River Mean­
ders," by Luna B. Leopold and W. B. 
Langbein [SCIENTIFIC AMERICAN, June], 
might be interested to know that on 
January 7, 1926, a lecture was deliv­
ered to the Prussian Academy entitled 
"The Cause of the Formation of Me­
anders in the Courses of Rivers and of 
the So-called Baer's Law." This address 
was published in Die Natu1'wissen­
schaftell, Volume 14. The author was 
Albert Einstein_ 

�1ellon Institute 
Pittsburgh, Pa_ 

Sirs: 

R. J. GREET 

Robert P. Ambroggi's article "Water 
under the Sahara" [SCIENTIFIC AMERI­
CAN, May] is a much needed appeal for 
intelligent regional groundwater man­
agement. It is also an exciting look into 
the future potential of groundwater as a 
factor in the world's economic develop­
ment. 

Dr. Ambroggi's article caused great 
excitement here because it confirms in 

Scientific American, August, 1966; Vol. 215. No. 
2. Published monthly by Scientific American, Inc., 
415 Madison Avenue, New York, N.Y. 10017; 
Gerard Piel, president; Dennis Flanagan, vice­
president; Donalt.1 H. ,Miller, Jr., vit:c-prcsitlcnt 
and treasurer. 

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

Advertising correspondence should be addressed 
to .!\lartin M. Davidson, Advertising !'-.ianager, 
SCIENTIFIC AMEIUCAN, 415 Madison Avcnue. 
New York, N.Y. 10017. 

Subscription correspondence should be ad­
dressed to Jerome L. Feldman, Circulation 1\Ian­
ager. SCJE.J."'II"TIFIC Al\JERICA�, 415 )'iadison Avenlle, 
.:'\cw York, N.Y. 10017. 

Offprint correspondence and orders should be 
addressed to W. H. Freeman and Company, 
660 Market Street, San Francisco, Calif. 94-104. 
For each ofTprint ordered please enclose 20 cents. 

l\licrofilm correspondence and orders should 
be addressed to Department SA, University Micro· 
films, Ann Arbor, Mich. 48107. 

Suhscription rates: one year, 57; two years, 13; 
three years, $18. These rates apply throughout 
thc world. Subscribers in the United Kingdom may 
remit to Midland Bank Limited, 69 Pall Mall, Lon­
don SW 1, England, for the account of Scien­
tific American, Inc.: one year, two pounds 11 
shillings; two years, four pounds 14 shillings; 
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Change of address: please notify us four weeks 
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,:ofle numbers, if any. 

ERRATUM 

In the caption for the illustra­
tion on page 20 of the article 
"The Detection of Underground 
ExplOSions" (SCIENTIFIC AMERI­
CAN, July) it is stated: "The ex­
plOSion created a temporary cav­
ity (white dot) 19.8 meters in di­
ameter." The radius of the cavity 
is indicated not by the white dot 
but by the larger broken circle 
around it. 

general some interesting observations 
made by aerial photography_ For ex­
ample, in the map on pages 22 and 23 
the arrow and the "embayment" in the 
100 contour in the United Arab Re­
public coincides with major solution 
features in limestones leading north­
ward. It appears in this area that the 
Nile may lose some of its water to un­
derground streams, apparently streams 
of some size because one particular 
sinkhole is more than 1,000 feet in 
diameter. 

Similarly, a zone of vegetation that is 
extremely sparse but can nevertheless 
be seen in high-altitude photography 
delineates the Chad Basin trend as it 
passes into the Mediterranean from the 
southwestern corner of the U.A.R. 

The loss of water into the sea should 
be emphaSized and made a target for 
recovery_ \Ve have recently determined 
that certain narrow-spectral-band aerial 
film will distinguish freshwater springs 
offshore from the surrounding salt wa­
ter. Attention to this would quickly 
lead to specific onshore sites designed to 
capture major groundwater How of rela­
tively high velOCity. Specifically, this 
would be of benefit in Tunis, the 
U.A.R., Iran, Iraq, Libya and other 
countries in the Mediterranean basin. 
Elsewhere-in Spain, Hawaii and vir­
tually all limestone _and volcanic forma­
tions-it could also help. In the Canary 
Islands, for example, we estimate that 
at least 90 percent of the rainfall be­
comes groundwater, and that nearly all 
of it passes out to sea unused in an 
area that is dependent on water to 
maintain its economy. 

DONALD J. BELCHER 

Director 
Center for Aerial Photographic 

Studies 
Cornell University 
Ithaca, N.Y. 
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DOYOL( 
have ahY 

last wOY-CI s ? 
• 

If after all this time you still don't 
know what a Uniroyal is, w� (the U.s. 
Rubber Co.) ought to be shot. Uniroyal 
is the new world-wide trademark of the 
u.s. Rubber Co. and it also replaces the 
dozens of different names and trade­
marks we've been using in 150 countries. 

But-what's wrong with the good old­
fashioned name of U.s. Rubber? 

The answer is-we have neither been 
old-fashioned nor exclusively U.S. nor 
exclusively rubber for a very long time. 
Just look at some of the exciting non­
rubber products we make: 

Royalex,® a thermoplastic for auto and 
truck bodies which is not only harder to 
dent than steel but, if dented, pops back 
as good as new under heat. Sexy Eski­
loos® boots for the ladies, and Keds,® 
the famous line of soft, colorful family 
shoes that are as easy to look at as they 
are to wear. Wet suits for aquanauts. Poly­
crest,® our new olefin fiber, that's more 
stain resistant than any other kind of car­
pet fiber alive. Alanap,® a smart weed 
killer for weeds that are too smart for 
other weed killers. SBR, a synthetic rub­
ber (from which we make our Rain 

Tires™ and Tiger Paws TM) that's tougher, 
safer and longer-lasting than natural rub­
ber. 

Now you can see why we had to change 
our company's trademark-we needed 
a new trademark to better suit our 
derring-do. But we're never going to for­
get our forebear, the U.s. Rubber Com­
pany. Never! In fact, some of us here 
would feel a great deal 
better in our hearts if 
our new world trade­
mark read, "Uniroyal, 
son of U.S. Rubber." U.S. RUB B E R 
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50 AND 100 
YEARS AGO 

AUGUST, 1916: "The duration of 
the European war, the most stupendous 
conRict of nations the world has ever 
witnessed, is about to extend from the 
second into the third year of strife. The 
war is not yet ended, and the end is 
not yet in sight, but every indication 
points to a growing superiority of the 
Entente over the Teuton in men and 
all-important guns. The perspective of 
two years, combined with the mathe­
matical probabilities of the future, lead 
to a constantly expressed opinion by 
military observers that the decisive 
battle of the war will not be told in 
history as marking the close of the war; 
it will be known as the Battle of the 
Marne, when the German plan to elim­
inate France at once failed signally." 

"The present war has given new life 
to the enterprise of building a railway 
tunnel beneath the English Channel be­
tween Dover and Calais. Had the 
tunnel been in existence in 1914, the 
problem of conveying troops and sup­
plies to the Continent would have been 
greatly simplified, and the burden laid 
upon the British navy in keeping open 
a channel ferry would have been light­
ened. There are growing indications 
that one of the first engineering works 
to be undertaken at the conclusion of 
peace will be the driving of this tunnel 
through the underlying chalk formation 
which exists in an unbroken stratum be­
tween the French and English coasts at 
this point." 

"The Right of Antoine Marchal, an 
aviator in the French army, is unique in 
many ways. First of all, he captured the 
world's record for a non-stop Right by 
Rying 807 miles, from Nancy to Chelm, 
in Russian Poland, by way of Berlin. His 
mount was a special weight-carrying 
Nieuport monoplane. Second, in passing 
over the German capital he released 
large numbers of proclamations, which, 
it is perhaps needless to state, were far 
more inRuential than if he had dropped 
explosive bombs, resulting in great loss 
of life in the crowded city. His capture 
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when within 60 miles of the Russian 
lines must have been a great blow to 
the aviator, who after landing to change 
two of the spark plugs of the engine 
discovered two more plugs that needed 
changing. It was while changing the 
latter that he was captured by Austrian 
soldiers." 

"A recent paper by M. Baldet dis­
cusses the helical filaments observed by 
M. Quenisset and himself in the tail of 
J\/Iorehouse's comet. He was struck by 
the resemblance in form between these 
filaments and the trajectories of cathode 
rays under the inRuence of a magnetic 
field. He was thus led to believe that 
the rarefied gases of the comet's tail 
were the seat of cathodic discharges 
inRuenced by a magnetic field, and he 
undertook to determine the intensity of 
this field, as deduced from the curva­
ture of the filaments, according to a 
well-known formula. The intensity of 
the field as determined is very small, 
something like a hundred-millionth of 
that of the earth's magnetic field." 

AUGUST, 1866: "After four trials, 
involving an expense of not less than 
$3,000,000, the great work of success­
fully laying a submarine telegraph J:>e­
tween Europe and America is accom­
plished, and on July 29th the New York 
dailies were by its means furnished with 
news from central Europe only 30 hours 
old. The cable of 1858 indisputably 
worked, but in an unsatisfactory manner 
and only for a short time. There is hope 
that this present line will prove to be a 
permanent service. If perseverance and 
determination ever deserved success, it 
is in this instance. The news will be a 
cause of rejoicing among all enlightened 
and intelligent people." 

"The published scale of prices of the 
Atlantic Telegraph Company shows that 
for a message of 20 words, including 
date and address of sender, the sum of 
£ 20 will be charged-which is equal 

to $150 American money at the present 
rate of gold. Further than that all fig­
ures must be written out, and they will 
be charged as words. Messages in ci­
pher will be double the above rates. 
Vast amounts of money have been in­
vested and sunk in laying the cable, 
and its permanency is at least uncertain, 
but it does not seem to us judiciOUS to 
attempt to get all the money back this 

summer. There are not many journals 
or firms that can afford to have reguo 
lar messages of any length, and under 
the circumstances the news transmitted 
would be scanty and indefinite. Heavy 
rates defeat the end and aim of such 
enterprises, which are to be a popular 
medium for the transaction of business. 
The cable, however, is not indispen­
sable; steamships cross in nine days­
from land to land in much less time­
and except in cases of great urgency the 
capacity of the line will not be taxed 
to its utmost, unless the tariff of charges 
be considerably reduced. Doubtless the 
competition of the Collins Overland 
Telegraph will have a healthy effect 
and aid materially in lowering the 
price." 

"The East Indian budget, just laid 
before the British Parliament by Lord 
Cranborne, presents some curious facts 
relating to the opium trade as a source 
of revenue. The gross revenue of the 
Government for the years 1864-5 
amounted to £47,041,000, showing a 
small surplus beyond expenditures, ow­
ing to the unexpected receipts from the 
customs tax on opium. In this item 
there is a large gain over the previ­
ous year, which yielded £ 7,361,000, 
the increase being £ 1,277,000. These 
amounts are paid wholly by the Chi­
nese, by whom the drug is consumed." 

"The National Academy of Sciences 
has just held a session of five days at 
Northampton, Ylass. A large number 
of the most distinguished scientists of 
the country were in attendance, and 
the proceedings were of a most satis­
factory character to those attending. 
Speaking of the labors of the Academy, 
the reporter for the Tribune says that 
'Professor Bache, the President, was in 
such intimate relations with the Govern­
ment and Mr. Lincoln set so high a 
value upon his services that a Cabinet 
meeting was held in his office every 
week during the war. It was Professor 
Bache who made the Academy espe­
cially valuable to the Government. By 
his vast labors during the war Pro­
fessor Bache was entirely broken down 
and for the last year has been utterly 
unable to work. It is to be most ar­
dently hoped that he may soon recover 
and resume his great usefulness to the 
country and to science. Of the imme­
diate usefulness of the Academy to the 
country there is sufficient evidence in 
the fact that the annual report shows 
that the Government has referred to 
the Academy for reports on a wide 
range of subjects.' " 
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Report from 

BELL 
LABORATORIES 

Superfluidity and 

superconductivity: 

a common origin 
In 1962 B. D. Josephson of Cambridge Univer­

sity suggested that if a voltage were maintained 

between two pieces of superconductor joined by 

a thin dielectric layer, the matter waves in each 

piece of the superconductor would oscillate coher­

ently, at frequencies differing by an amount pro­

portional to the voltage between them. 

This led P. W. Anderson and P. L. Richards at 

Bell Telephone Laboratories to reason as follows: 

if, as many scientists believe, superfluidity has 

the same matter-wave origin as superconductivity, 

it should be possible to perform an analogous 

superfluidity experiment. In this case, oscillation 

would take place at ultrasonic frequencies and 

would be proportional to the difference in height 

of two columns of superfluid, joined by a tiny 

orifice (see diagram and graph). Their success 

with these experiments strongly confirms the sim­

ilarity between the two phenomena. 

Theory predicts that the matter waves in each 

column are coherent (in phase) but that the wave 

frequency in one column differs from that in the 

other by an amount proportional to the height 

difference. The difference frequency is evidenced 

by an alternating flow through the orifice, super­

imposed on the overall steady flow from the high 

to the low column. 

Anderson and Richards detect this alternating 

flow by locating a small transducer near the orifice 

and operating it at constant frequency. As the 

liquid levels gradually equalize, the height­

determined difference frequency successively 

equals a number of simple multiples of the trans­

ducer frequency. At each of these points, the 

steady flow is strongly affected or may even cease 

briefly. 

@ Bell Telephone Laboratories 
� Research and DevelDpment Unit Df the Bell System 

P. W. Anderson, left, and P. L. Richards with apparatus used in super­

fluidity experiment. 
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Height difference be­

tween two columns of 

superfluid helium is 

analogous to voltage dif­

ference between super­

conductors. A superfluid 

w o u l d  n o r m a l l y  f l o w  

smoothly a n d  rapidly 

through the 1S-micron 

diameter orifice. In the 

Anderson-Richards ex­

periment, however, flow 

proceeded in steps (iI­

I ustration below). 

30 40 

TIME IN MINUTES 

The two columns of superfluid helium begin at different heights 

(ordinate of graph). When the ultrasonic oscillator (69.3 KHz) is 

turned on, the two heights equalize in steps, as shown. The explana­

tion is that the frequency of matter waves within superfluid helium 

changes with changing difference in heights of the two columns. 

Changing frequency results in a series of matter frequencies that 

are integral multiples and submultiples of the frequency of the ultra­

sonic waves impressed on the orifice. As a result, helium is period­

ically impeded as it flows from the high- to low-level column. The 

results are summarized by the quantum rule shown on the graph 

where Z is the height difference, h is Planck's constant over 27r, 
w is frequency, m is the mass of the helium atom, and g is the grav­

itational acceleration. 
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THE AUTHORS 
SCOTT McVAY ("The Last of the 

Great Whales") is assistant to the presi­
dent of Princeton University. Following 
his graduation from Princeton in 1955 
he worked for three years in Berlin as a 
civilian with Army Intelligence. Then 
he spent nearly five yea;'s as recording 
secretary of Princeton University and 
two years as assistant to the director of 
the Communication Research Institute 
in Miami. McVay was an English major 
in college and became interested in 
whales as a result of reading Mob!! 
Dick. He has spent much time in read­
ing, correspondence and research on 
the subject; he writes that what troubles 
him most is "the prospect that the 
whales, possessing the largest brains on 
earth and gloriously unique in the 
scheme of living things, will be gone 
from the earth before man may be able 
to understand them." 

RA YMOND BOWERS ("A Solid­
State Source of Microwaves") is tem­
porarily with the U.S. Office of Science 
and Technology while on leave of ab­
sence from Cornell University, where 
he is professor of physics. Born in Lon­
don, he received his undergraduate de­
gree from the University of London in 
1948 and a doctorate in physics from 
the University of Oxford in 1951. Soon 
thereafter he took up research at the 
University of Chicago. In 1953 he 
joined the vVestinghouse Research Lab­
oratories and in 1960 he went to Cor­
nell. Bowers has worked on seyeral 
aspects of low-temperature physics and 
solid-state physics, including studies of 
liquid helium, semiconductors and met­
als. His current research interest is the 
study of plasma effects in solids; he was 
the author of an article on that subject 
in the November 1963 issue of SCI

'
EN­

TIFIC AMERICAN. 

GEOFFREY BURBIDGE ("The Ori­
gin of Cosmic Rays") is professor of 
physics at the University of California 
at San Diego. His principal field is 
astrophysics, to which he turned from 
meson phYSics when he met and mar­
ried an astronomer who was working at 
the University of London Observatory; 
Geoffrey and E. Margaret Burbidge 
have since often worked as a team. He 
received a doctorate from the University 
of London in 1951 and joined the Har­
vard College Observatory, while his 
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wife became a fellow at the University 
of Chicago's Yerkes Observatory at 
Williams Bay, Wis. In 1953 they re­
turned to England, where he worked in 
the Cavendish Laboratory of the Uni­
versity of Cambridge. After they came 
back to the U.S. in 1955 Burbidge 
successively held appointments at the 
Mount \>\Tilson and Palomar Observa­
tories and the University of Chicago 
before taking his present position. 

DAVID M. SPAIN ("Atherosclero­
sis") is director of the department of 
pathology at the Brookdale Hospital 
Center in Brooklyn, N.Y. Among the 
positions he has held since receiving his 
medical degree from the University of 
l\'1aryland School of Medicine in 1936 
are assistant and associate professor of 
pathology at the Columbia University 
College of Physicians and Surgeons 
from 1943 to 1960, clinical professor 
of pathology at the Downstate Medical 
Center of the State University of New 
York since 1960, director of the path­
ology department in the chest diseases 
division of Bellevue Hospital in New 
York City and director of the depart­
ment of laboratories and research of 
\Vestchester County in New York. He 
writes that he "became aware of the 
magnitude of the problem of athero­
sclerosis, particularly in younger indi­
viduals," in 1949 during his work in 
\Vestchester County, when his respon­
sibilities included examining all sudden 
deaths in the county. 

HALSEY C. HERRESHOFF and 
J. N. NEWMAN ("The Study of Sail­
ing Yachts") both do research in naval 
architecture and each became interested 
in the subject largely as a result of a 
childhood spent sailing on the New 
England coast. Herreshoff, who repre­
sents the third generation of a family 
that is well known for the design and 
construction of yachts, received his 
undergraduate training at the Webb In­
stitute of Naval Architecture and ob­
tained a master's degree at the Massa­
chusetts Institute of Technology. He is 
in charge of the yacht-research program 
at l\LI.T. Newman, who studied naval 
architecture as an undergraduate at 
l\LLT. and received a doctorate in 
theoretical hydromechanics there, also 
studied hydrodynamics at the Universi­
ty of Cambridge. Since 1959 he has 
been at the U.S. Navy's David Taylor 
�10del Basin near vVashington. 

R. G. EDWARDS ("Mammalian Eggs 
in the Laboratory") is a research fellow 

in the physiological laboratory at the 
University of Cambridge. After gradua­
tion from the University College of 
North Wales he obtained a Ph.D. at the 
University of Edinburgh, where he be­
gan research on embryological and en­
docrinological genetics in mammals. He 
left Edinburgh in 1957 to work for a 
year at the California Institute of Tech­
nology, spent five years at the National 
Institute for Medical Research in Lon­
don and went to the University of 
Cambridge in 1963. At intervals he has 
also worked at the University of Glas­
gow and at Johns Hopkins University. 
This summer he is carrying on his re­
search activities at the University of 
North Carolina School of l\1edicine. 

DANIEL E. BERLYNE ("Conflict 
and Arousal") is professor of psychology 
at the University of Toronto. Born in 
England, he took bachelor's and mas­
ter's degrees at the University of Cam­
bridge and a doctorate in experimen tal 
psychology at Yale University. Since 
1948, when he began teaching and re­
search, he has been associated with the 
University of St. Andrews, Brooklyn 
College, the University of Aberdeen, 
the University of California at Berkeley, 
the National Institute of Mental Health 
and Boston University. He went to the 
University of Toronto in 1962. Ber­
Iyne's principal research interests are 
motivation and the theory of behavior. 

LAWRENCE BADASH ("How the 
'Newer Alchemy' \Vas Received") is 
assistant professor of history at the Uni­
versity of California at Santa Barbara. 
He took an undergraduate degree in 
physics at the Rensselaer Polytechnic 
Institute in 1956, spent three years as 
a Navy flier and then went to Yale 
University, where he received a doc­
torate in the history of science in 1964. 
He taught at Yale for a year and spent 
the next academic year on leave from 
the university as a postdoctoral fellow 
in Cambridge, England, where he ex­
amined the large collection of Lord 
Rutherford's papers and interviewed 
many of the physicist's former students. 
He also examined the manuscripts left 
by other early workers in the field of 
radioactivity. He plans to write a his­
tory of the development of radioactiv­
ity based on these studies. 

FRANK A. BEACH, who in this is­
sue reviews H llman Scxual Hcspo/lsC, 
by William H. Masters and Virginia E. 
Johnson, is professor of psychology at 
the University of California at Berkeley. 
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Howdoyou 
measure the 
"wiggle" in a 

blast-off? 

We'll study the launching with a laser beam­
because it can't be done as accurately with 
radar. For the first 50 seconds, a rocket is still 
too near the ground for pinpoint radar track­
ing. There's too much "clutter." 

But with a laser, you can record a rocket's 
slightest deviation-for split-second correction 
by computer. The big problem is how to steer 
the beam fast enough to follow the craft. 

Sylvania solution: an electro-optic beam 
deflector-that works without mechanical 
inertia. How? By changing the refraction 
angles of laser crystals internally, with electri­
cal impulses. The scanning beam moves faster 
than you can say "countdown'" Such work is 
being done under contract with NASA's 
Marshall Space Flight Center. 

Sylvania is a leader in laser technology, de­
veloping a "wire of light" capable of linking 

us with other planets. And we offer the world's 
first liquid lase r - an accurately reproducible 
medium that makes advanced optical tech­
niques more practical than ever. 

These developments reflect Sylvania's broad 
experience-and deep creative resources. They 
show how Sylvania directs the worldwide sys­
tem capabilities of GT&E to serve the nation. 

Sylvania Electronic Systems, Division of 
Sylvania Electric Products Inc., 40 Sylvan 
Road, Waltham, Massachusetts 02154. 

G1&E 
GENERAL TElEPHONE & ElECTRONICS 
Total Communications from a single source through 

SYLVANIA ELECfRONIC SYSTEMS 
GT&E SUBSIDIARIES: Telephone Operating Cos . •  GT&E laboratories ' GT&E International - General Telephone Directory ' Automatic Electric ' Lenkurt Electric ' Sylvania Electric Products 

II 
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First step in the 
IBM Continuous System 

Modeling Program. 

Fast, economical digital analysis 
comes next. Continuous system 
simulation is easy with IBM'S digi­
tal computers and Continuous Sys­
tem Modeling Programs (CSMP). 

With CSMP, you describe your 
model in simple block-diagram 
language. Define any necessary 
special functions, and you're 
ready to go. 

You don't need to know how to 
solve differential equations on a 
digital computer. 

CSMP does it for you. And the 
computer analyzes the model, 
au tom a tically. 

You get real-time insight into 
your mode l. Preprogrammed 

curve-to-curve set ups automat­
ically take your model through 
the full range of responses to var­
iables. And tabular or graphic 
output show performance. 

You compress days, weeks, 
even months of real-life operation 
into just minutes of computer 
time. 

Use the IBM 1130 and SYSTEM/ 
360 computers with CSMP to do 
simulations like these: thermo­
dynamics of an engine; physio­
logical systems; human heart 
control; control system design; 
space vehicle flight control; reac­
tor design; human respiratory 
dynamics; process dynamics. 

Whatever your projects and re­
search programs, include IBM con­
tinuous digital simulation in your 
engineering and scientific con­
cepts. And reach objectives more 
quickly and economically. 

When you're not simulating, 
use your IBM computer for all 
other computational problems. 

IBM provides FORTRAN for pro­
gramming, and a library of tested 
routines for solving differential 
equations, inverting matrices, 
evaluating special functions. And 
more. 

Powerful application support 
makes using IBM computers the 
easiest way to get your work done. 
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The Last of the Great Whales 
After bringing two speCleS of great whales In the Antarctic to the 

verge of extinction and badly overhunting two others, the whaling 

industry is now endangering the last abundant species in the world 

The order Cetacea-the whales­
consists of more than 100 species. 
The 12 largest either were in the 

past or are now commercially important 
to man. At one time their oil was valued 
as a lamp fuel and a high-grade lubri­
cant. Today most whale oil is made into 
margarine and soap, some whale meat is 
eaten and the rest of the animal is uti­
lized as feed for domestic animals and 
fertilizer. Whale hunting is profitable, 
and as a result a majority of the 12 
commercially hunted species have been 
all but exterminated. In the 18th and 
19th centuries the whaling vessels of a 
dozen nations sailed all the oceans in 
pursuit of five species of whales. In that 
period four of the five were hunted 
almost to the point of extinction; the 
complete disappearance of these whales 
during the age of sail was probably pre­
vented only by a slump in the demand 
for whale oil late in the 19th century. 
With the age of steam another seven 
species (which were unsuitable as quar­
ry in the previous era) became the 
hunted. These species are now also in 
danger of extinction. It is the purpose of 
this article to trace the circumstances 
that have allowed this sorry episode to 
be repeated in so short a time. 

The ultimate fate of the great whales 
has been a question for more than a 
century. Herman Melville included such 
a query among the observations that 
make his Moby Dick an encyclopedia of 
whales and whaling: "Owing to the al-

by Scott McVay 

most omniscient look-outs at the mast­
heads of the whale-ships, now penetrat­
ing even through Behring's straits, and 
into the remotest secret drawers and 
lockers of the world; and the thousand 
harpoons and lances darting along all 
the continental coasts; the moot point 
is, whether Leviathan can long endure 
so wide a chase, and so remorseless a 
havoc; whether he must not at last be 
exterminated from the waters." Mel­
ville's conclusion was that Leviathan 
could endure. This was not unreason­
able at the time (1851), when whalers 
pursued whales in open boats and killed 
them with lances. The five species of 
whales that were hunted then included 
only one from the suborder Odontoceti, 
or toothed whales; this was the sperm 
whale (Physeter catodon). The other 
four were baleen whales, of the sub­
order Mysticeti. These were the bow­
head (Balaena mysticetus), the two right 
whales (Eubalaena glacialis and E. aus­
tralis) and a lesser cousin, the gray 
whale (Eschrichtius glaucus). All five 
were hunted because they do not swim 
too fast to be overtaken by oarsmen and 
because they float when they are dead. 

The bowhead whale and the right 
whales suffered near extinction. Very 
few of these once abundant animals 
have been seen in the past decade. In 
May, 1963, for example, the Norwegian 
ship Rossfjord was steaming west of the 
Russian island Novaya Zemlya when a 
whale with "jaws [that] were extremely 

curved" was Sighted. The event was 
duly noted in the Norwegian Whaling 
Gazette with the observation that the 
whale-clearly a right whale-belonged 
to "a species that the crew had not 
previously seen." 

Today all four of these baleen whales 
(the gray, the bowhead and both right 
whales) are nominally protected by in­
ternational agreement, although three 
right whales that were sighted in the 
Antarctic in the early 1960's were 
promptly killed and processed. Perhaps 
because of its gregarious way of life, 
the gray whale has managed a slow re­
covery from the pressure of hunting. 
An estimated 6,000 gray whales now 
migrate annually from the Arctic Ocean 
to their breeding grounds off the coast 
of Lower California [see "The Return of 
the Gray Whale," by Raymond M. Gil­
more; SCIENTIFIC AMERICAN, January, 
1955]. No one knows today how many 
(or how few) bowhead and right whales 
are still alive. 

O f the eight great whales that are the 
quarry of modern whaling fleets, 

seven belong to the suborder of baleen 
whales and six of these to the genus 
Balaenoptera [see illustration on next 
two pages]. The largest of the six is the 
largest animal known to evolutionary 
history: the blue whale (Balaenoptera 
musculus). Weighing as much as 25 
elephants and attaining a length of as 
much as 85 feet, this is the true Lp-vi-

13 

© 1966 SCIENTIFIC AMERICAN, INC



athan. It was known to Melville, who 
remarked that blue whales (he called 
them sulfur-bottoms) are seldom seen 
except in the remoter southern seas 
and are never chased because they can 
"run away with rope-walks of line." 
The modern catcher ship, armed with 
cannon-launched explosive harpoons, 
proved to be the blue whale's nemesis. 
Over the past 60 years antarctic waters 
have yielded more than 325,000 blue 
whales, with an aggregate weight in 
excess of 26 million tons [see "The Blue 
Whale," by Johan T. Ruud; SCIENTIFIC 
AMERICAN, December, 1956]. Even 
though the blue whale is now a rare 
animal, many of the statistics concern­
ing baleen whales caught in the Antarc­
tic continue to be reckoned in terms of 
"blue-whale units," as are the whaling 
nations' annual antarctic quotas. 

Five other baleen whales of commer­
cial significance are the finback whale 
(Balael1optera physallls), the sei whale 
(B. borealis) and three smaller whales: 
Bryde's whale (B. edeni) and the two 
minke whales (B. aClItOl'Ostrata and B. 
bOl1aerel1sis). The fin back averages little 
more than 65 feet in length and yields 
only 10 tons of oil, compared with the 
blue whale's 20 tons. Accordingly in 
terms of blue-whale units it takes two 
finbacks to equal one blue. The sei is 
slighter, averaging 55 feet in length. 
It is comparatively blubber-poor and 
meat-rich; six sei whales equal one blue­
whale unit. Bryde's whale and the 
minkes, the first averaging 45 feet and 
the other two 30 feet, are not separate­
ly identified in whaling statistics. When 
taken, they are probably counted as sei 
whales; they will receive no further 
mention here. 

The remaining baleen whale to be 
taken commercially is the small but oil­
rich humpback whale (Megaptera no­
vaeangliae). This animal is shorter than 
the sei, averaging about 45 feet, but it 
is so stocky that it yields some eight 
tons of oil. Two and a half humpbacks 
thus equal one blue-whale unit. The 
humpback has eVidently never existed 
in large enough numbers to constitute a 
major whaling resource. Nonetheless, 
until recently some 1,000 humpbacks 
were taken each year. 

The eighth and last whale that is 
hunted today, surprisingly enough, is 
one that somehow escaped the near ex­
termination that was the lot of the gray, 
bowhead and right whales in the days 
of sail. This is the sperm whale, which 
dives deep to hunt for squid along the 
ocean floor (its deepest-known dive is 
about 3,500 feet) and can remain sub-
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BLUE WHALE 

(BALAENOPTERA MUSCULUSj 

BRYDE'S WHALE 
(BALAENOPTERA EDEN/) 

FINBACK WHALE 
(BALAENOPTERA PHYSALUS) 

SPERM WHALE 

(PHYSETER CATOOON) 

o 10 

FEET 

20 30 40 

WHALERS' QUARRY TODAY consists mainly of animals of the baleen suborder; six 

of the seven species are illustrated above. The blue whale, the world's largest animal, is on 

the verge of extinction, as is the oil-rich humpback. The finback is seriously overhunted 

and the same fate is befalling the sei whale. Kills of Bryde's whale and two minke whale 
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WHITE WHALE 

(OELPHINAPTERUS LEUCAS)  

species (one o f  which i s  not illustrated) are not reported b y  name 

in the whaling statistics; they are probably counted as sei. As a 

result their present numbers are unknown. The toothed suborder 
of whales includes such familiar animals as the porpoises, the dol-

SEI WHALE 

(BALAENOPTERA BOREALIS) 

MINKE WHALE 
(BALAENOPTERA ACUTOROSTRATA) 

NARWHAL 
(MONOOON MONOCEROS) 

HUMPBACK WHALE 

(MEGAPTERA NOVAEANGLlAE) 

ph ins, the grampus, pothead and the true and false killer whales. 

Three of the toothed whales are illustrated. Only the largest, the 
sperm whale, is commercially valued and endangered by overhunt­

ing, although the narwhal and white whale are hunted occasionally. 
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CATCHER VESSEL pitches in a heavy antarctic swell. The stubby device seen silhouetted 

on the bow platform is the cannon that fires harpoons loaded with explosives. A dead whale, 

probably a finback, has had its flukes hobbed and is chained by its tail to the ship's side. 

merged as long as 90 minutes. The 
sperm's huge square head contains the 
largest brain in the animal kingdom: it 
weighs more than 20 pounds. Sperm 
whales roam the mid-latitude oceans in 
groups that whalers call pods, including 
bulls, cows and calves. Once a year the 
mature bulls leave the pack and travel 
to antarctic waters for the summer 
months. As a result the whaling fleets 
have an opportunity to kill sperm bulls 
in the Antarctic and bulls and cows 
alike during the voyage to and from the 
fishery. 

As the population of baleen whales in 
antarctic waters has dwindled, the whal­
ing fleets have begun to spend more 
time in the North Pacific, where the 
primary quarry is the sperm whale. 
Every year since 1962 the industry has 
killed more sperm whales than whales 
of any other single species; the peak 
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catch (in 1964) was more than 29,000. 
Sperm whales are not counted in terms 
of blue-whale units, and as yet there is 
no limit on the number that may be 
taken in any year. The only limitation is 
on the minimum size of sperm cow that 
may be killed. The bowhead and the 
right whales, on the other hand, are 
supposedly protected everywhere in the 
world, as are the humpback and the 
blue whales throughout the Pacific and 
the humpback south of the Equator 
around the world. 

Before World War II whaling was a 
laissez faire enterprise. Then in the 

postwar epoch of international coopera­
tion 17 interested nations entered into 
a convention designed to regulate the 
whaling industry. In December, 1946, 
the International 'vVhaling Commission 
was established as an executive body to 

oversee the conservation and sensible 
utilization of the world's whale re­
sources. The participating nations in 
the 'vVestern Hemisphere were Argen­
tina, Brazil, Canada, Mexico, Panama 
and the U.S., although only Argentina 
and Panama were then active in the 
industry. (Both have since abandoned 
whaling.) Among the nations of Europe, 
Denmark, France, Britain, the Nether­
lands, Norway and the U.S.S.R. were 
signatories .. So were Iceland, South 
Africa, Australia, New Zealand and 
Japan. At that time five nations operated 
factory ships and catcher fleets; today 
only Japan, Norway and the U.S.S.R. 
are major whaling nations. The Nether­
lands and Britain have abandoned their 
fleets, although the British continue their 
shore-based antarctic whaling enterprise 
(which is now conducted jOintly with 
the Japanese) on the subantarctic island 
of South Georgia. 

Since its activation in the fall of 1948 
the International Whaling Commission 
has been charged with such tasks as 
protecting overexploited whale species, 
setting mmlmum-size limits below 
which various species may not be taken, 
setting maximum annual catch quotas 
for the antarctic fishery and designat­
ing areas closed to hunting. Although 
each commissioner is in principle re­
sponsible for his nation's observance of 
the commission's regulations, the com­
mission itself unfortunately has neither 
inspection nor enforcement powers; any 
member nation can repudiate or simply 
ignore the commission's actions. Non­
member nations, of course, are equally 
unrestricted in their whaling activities. 
It calls for little political insight to fore­
cast that recommendations made by the 
nonwhaling members of such a body 
will be ignored by the whaling members. 
What comes as a surprise is the fact 
that both the whaling and the nonwhal­
ing nations on the commission were un­
responsive to the significance of the 
whaling statistics that were presented to 
them each year during the 1950's. 

In the years after World War II the 
waters of the Antarctic constituted the 
world's last great whaling ground. Rec­
ord catches such as the one of 1930-
1931 were never repeated, but up to 
1950-1951 the whalers killed some 
7,000 blue whales each season. The 
commission's annual quota for the ant­
arctic fishery was 16,000 blue-whale 
units; the catch of fin backs (at the rate 
of two for each blue) helped to fulfill 
the quota. During this period about 
18,000 finbacks were killed each season 
[see bottom illllstmtion on page 18]. 
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As the 1950's progressed, however, an 
ominous trend was evident. The blue 
whales were becoming scarce. The blue­
whale kill, which totaled only about 
5,000 in 1951-1952, fell below 2,000 in 
1955-1956 and was down to 1,200 by 
1958-1959. To counterbalance the de­
clining catch of blues, the whalers 
pursued the finbacks more vigorously. 
By the end of the 1950's, 25,000 or more 
finbacks were being taken each season. 
Those familiar with patterns of preda­
tion could see that the blue whales were 
being fished out and were in need of 
immediate full protection. The finbacks 
in turn probably could not survive 
another decade like the preceding one, 
during which some 240,000 animals had 
been subtracted from the stock. 

By 1960, in spite of continued indif-
ference on the part of the whaling 

nations, the commission finally decided 
to undertake some fact-finding. A spe­
cial three-man committee was aSSigned 
the task of assessing the antarctic whale 
populations, even though an expert as 
well-regarded as the Dutch cetologist 
E. J. Slijper declared that the danger of 
their extinction was "surely remote." 
The committee was also to recommend 
any actions necessary to maintain the 
fishery as a continuing resource. It was 
agreed that, to avoid bias, the three men 
should be neither citizens of any nation 
active in antarctic whaling nor experts 
on whales. Three specialists in the field 
of population dynamics were chosen: 
K. Radway Allen of New Zealand, 
Douglas C. Chapman of the U.S. and 
Sidney J. Holt. Although Holt is a 
British subject, he has the status of an 
international civil servant by virtue of 
his employment with the Food and 
Agriculture Organization of the United 
Nations. The three men were asked to 
report their findings to the commission 
at its annual meeting in 1963. 

As the special committee set about 
its three-year job, the world's whaling 
fleets. continued to kill whales indi,s­
criminately in the antarctic fishery. For 
the first season follOWing the appoint­
ment of the committee the Interna­
tional Whaling Commission failed to 
set any quota for the antarctic catch. 
The whaling industry took more than 
16,000 units that season, as well as some 
4,500 nonquota sperm whales. vVithin 
the 16,000 units the catch consisted of 
1,740 blue whales (510 more than the 
previous season) and 27,374 finbacks 
(a record number for kills of that spe­
cies). The industry also took 4,310 sei 
whales, 718 humpbacks and even two 

protected right whales that surfaced 
within range of the gunners. 

During the second year of the com­
mittee's work the whaling industry did 
less well in the antarctic fishery. Once 
again the commission set no quota; the 
industry only managed to process 15,-
229 units. A few more sei and sperm 
whales were killed than during the pre­
vious season and another right whale 
was illegally shot. Among the whales 
that counted most-the blues and the 
fin backs-a larger number were imma­
ture and the numbers of both were 
diminishing. 

The final season before the com­
mittee's report was due (1962-1963) 
produced a similar record. The commis­
sion set a quota of 15,000 blue-whale 
units. There was a modest increase in 
the sei and sperm kill but a sharp de­
cline in blue and finback kills. For the 
first time since World War II the kill of 
blues fell below 1,000. 

In July, 1963, the commission met in 
London and the special committee pre-

sen ted its report. The committee stated 
that in the antarctic fishery both the 
blue whale and the humpback were in 
serious danger of extermination. It was 
estimated that no more than 1,950 blue 
whales-possibly as few as 650-still 
survived in antarctic waters. The com­
mittee also noted that overfishing had 
reduced the stock of finbacks to ap­
proximately 40,000, far below the popu­
lation level required for a maximum 
yield. It was recommended that the 
taking of blues and humpbacks be im­
mediately prohibited and that the an­
nual kill of fin backs be limited to 5,000 
or fewer. Elimination of the blue­
whale-unit system of accounting and 
substitution of separate quotas for each 
whale species was also strongly recom­
mended. 

Finally the committee's three mem­
bers gave the whaling industry a pre­
diction with a clear practical meaning. 
They forecast that, if unrestricted whal­
ing were permitted in the 1963-1964 
season, the industry would not be able 

BL UE WHALE is winched from the sea up the stern ramp of a factory ship. Its tongue is gro­

tesquely expanded by the action of air that was pumped into the corpse to keep it afloat. On 

the flensing deck (rear) another blue whale is having its blubber stripped for trying out. 
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PRODUCTIVITY of the antarctic fishery began a sharp decline in 

the late 1950's (color). The decline, measured in terms of the catch 

per catcher·day, continued unchecked into the early 1960's although 

the number of catcher vessels (black) remained well above 200. 
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ANTARCTIC WHALING SEASONS 

NINE·SEASON RECORD of the average length of blue whales 

killed in the Antarctic shows a decline that began in the 1959-1960 

season. The average mature female is 77 feet long and a mature male 

74 feet. Evidently recent catches have included immature whales. 
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RISE AND FALL in the numbers of blue and finback whales that 

have been killed in the Antarctic during the past 36 years shows a 

correlation between the steadily diminishing blue·whale catch dur-
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WHALING SEASONS 

ing the 1950's and an increase in the catch of finbacks (color). 
Just as the blue-whale stock dwindled away under the pressure of 

overhunting, the finback stock is now showing a severe decline. 
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to harvest more than 8,500 blue-whale 
units and would slaughter 14,000 fin­
backs-nearly three times the recom­
mended number-in the process. 

The prediction was disregarded. The 
commission voted a 1963-1964 quota of 
10,000 blue-whale units for the ant­
arctic fishery on a motion by the 
Japanese commissioner that was sec­
onded by the Russian commissioner. In 
view of the committee's predicted maxi­
mum catch this was in effect no quota 
at all. 

As for the committee's other findings, 
the commission failed to act on some 
and was lukewarm toward others. In 
the case of the now economically in­
significant humpback the commission 
could afford to be forthright; that whale 
was declared protected anywhere in the 
world south of the Equator. In the case 
of the blue whale a partial sanctuary 
was established in all waters south of 
40 degrees south latitude except some 
3.3 million square miles from 40 to 55 
degrees south latitude and from the 
Greenwich meridian to 80 degrees east 
longitude. Japanese whalers had taken 
some 700 small blue whales in this zone 
during the 1962-1963 season; they con­
sidered it too good a hunting ground 
to be put out of bounds. The suggested 
elimination of the blue-whale unit and 
the establishment of species quotas were 
ignored. The commission added a fourth 
man (John A. Gulland of Great Britain) 
to the special committee and asked that 
a further report be presented in 1964. 
At that time it was intended to set the 
antarctic quota at a level in line with 
the committee's findings. 

In 1963 a few members of the com­
mission may have viewed with skepti­
cism the ability of the three committee 
members to make accurate forecasts of 
a phenomenon as full of variables and 
unknowns as the effects of harvesting 
the antarctic whale stock. If so, the 
results of the 1963-1964 season settled 
their doubts. Sixteen factory ships and 
their catcher fleets worked the fishery; 
the industry's statistics, weighing such 
factors as the number of days each 
catcher was able to spend in hunting, 
showed that the total effort of the 
catchers was 91 percent of that during 
the season of 1962-1963. The number 
of blue whales killed, however, was the 
lowest of any season in the industry's 
history: a mere 112. The committee 
had predicted a total catch of 8,500 
blue-whale units; the fleet managed to 
process 8,429 units. The committee had 
predicted that 14,000 finbacks would be 
killed; the finback toll came to 13,870. 

The committee's forecasts thus proved 
to be highly accurate. 

� the commission's 1964 meeting the 
enlarged committee added the sei 

whale, formerly the least prized of any 
in the antarctic fishery, to the list of the 
overhunted. The committee pointed out 
that the total sei population had prob­
ably never exceeded 60,000, yet more 
than 20,000 sei had been killed in the 
course of the four previous seasons. 
With a whale stock of reasonable size 
it is a rule of thumb that 10 to 15 per­
cent of the population can be harvested 
annually without causing a decline. 
With the expectation that more and 

100,000 

50,000 
FINBACK 

25,000 

more sei whales would be killed each 
season as the finback population thinned 
out, the committee anticipated sei kills 
above the sustainable level in the im­
mediate future. In line with the com­
mission's declared intention of setting 
quotas according to the committee's 
findings, it was proposed that the antarc­
tic quota be drastically reduced in three 
annual steps. A limit of 4,000 units was 
sought for the 1964-1965 season, a lim­
it of 3,000 units for 1965-1966 and one 
of 2,000 units for 1966--1967. This de­
gree of restraint, the population experts 
declared, was necessary merely to hold 
the number of whales in the Antarctic at 
the present level. They once more ap-
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ANTARCTIC WHALING SEASONS 

CATCH RECORDS for five species o f  whales killed i n  the Antarctic during the past six 

seasons show that increasing catches of sperm and sei whales have failed to counterbalance 

the decline in the fishery's productivity. The yield, calculated in blue-whale units (color), 
has dropped from 16,375 units in 1.960-1961 to one-quarter of that amount in 1965-1966_ 
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pealed-once more unsuccessfully-for 
the establishment of species quotas in 
place of the blue-whale-unit system. 

Finally, a new gloomy statistic came 
before the commission: in 1963, for the 
first time since modern whaling had 
begun in the Antarctic, the larger part 
of the world catch had been taken in 
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other waters. The most heavily fished 
area had been the North Pacific; most 
of the whales taken there had been 
sperm, which continued to be free of 
quota restrictions. The committee point­
ed out that this diversion of the indus­
try's effort from the dwindling antarctic 
whale resource to the North Pacific 
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WORLDWIDE WHALE CATCH during the 40·year period through 1964 exceeded 1.6 million 

animals. The increase in numbers of whales taken from the 1950's on reflects the antarctic 

fishery's growing dependence first on finbacks in lieu of blue whales and next on sei whales 

in lieu of finbacks. From 1963 on the antarctic fishery has provided less than half of the 

world's whale catch. Figures are from Norway's Bureau of International Whaling Statistics. 
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could have ominous consequences for 
the sperm-whale stock. 

The proposal for a reduced antarctic 
quota came to a vote in the commission. 
Japan, the U.S.S.R., Norway and the 
Netherlands all voted against it; in spite 
of the commission's declared intent to 
give substance to the committee's find­
ings, the 1964 meeting adjourned with 
no commission quota set for the next 
antarctic season. The four whaling na­
tions subsequently agreed in private 
that they would limit themselves to 
8,000 blue-whale units in the 1964-
1965 season, a figure' twice the one 
recommended by the committee. 

The 1964-1965 season was disas­
trous. The industry processed only 7,052 
units, more than 10 percent short of its 
self-established quota. Only 20 blue 
whales were killed. The finback kill,/de­
clining for the fourth successive year, 
was 7,308 animals, or only a quarter of 
the 1960-1961 peak. As the committee 
had anticipated, the industry made up 
the difference by overkilling sei whales 
-almost 20,000 of them. In spite of this 
slaughter and a fairly large nonquota 
sperm-whale catch, the antarctic fishery 
for a second year supplied the industry 
with fewer whales than were taken in 
other waters. 

For the first time since the beginning 
of the crisis the International Whal­

ing Commission convened a special 
meeting. At this meeting (in May, 1965) 
the commission established a quota for 
the 1965-1966 antarctic season that reo 
flected, at least in part, the committee's 
concern. The catch, even the whaling 
nations agreed, should not exceed 4,500 
blue-whale units. At the regular June 
meeting that followed, the reduced 
quota was approved, and the commis­
sion agreed on a plan for further suc­
cessive reductions of the antarctic fish­
ery's quotas in the seasons to come. 

. The commission also attempted a first 
step toward partial protection of the 
world's sperm-whale stock. Up to that 
time the only restriction governing 
sperm kills was that cows less than 38 
feet in length should not be taken. In 
1964 the worldwide sperm catch had 
risen to a high of more than 29,000. 
The fleets en route to and from the 
Antarctic had killed 4,316 sperm 
whales. Once they were in the antarc­
tic fishery they had taken 4,211 more; 
most of the rest had been killed in 
the North Pacific. In the hope of pro­
tecting sperm cows in Temperate Zone 
waters the commission ordered a world­
wide hunting ban in the area between 
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REFUGE AREAS within which designated species of whales are 

safe from hunting by member nations of the International Whal­

ing Commission have been expanded in recent years_ The nearly 

extinct bowhead and right whales enjoy worldwide protection_ The 

blue and humpback whales are protected throughout the Pacific_ 

The humpback is also protected south of the Equator elsewhere in 

the world, but the hlue whale's protection elsewhere is limited to 

a zone south of 40 degrees south latitude (gray area). Even within 

this zone of protection 3.3 million square miles of ocean were kept 

open for hlue-whale hunting at the request of Japan until a year ago. 

40 degrees north latitude and 40 de­
grees south latitude. All three whaling 
nations, however, objected to the com­
mission's order; the ban has simply been 
ignored. The worldwide sperm catch in 
1965 was somewhat lower than in 1964: 
future catch records will reveal whether 
or not this drop reflects overkillin g. 

The imperative need for a reduced 
antarctic quota was demonstrated clear­
ly enough by the results of the 
1965-1966 season. With a quota of 
4,500 blue-whale units the antarctic 
fleets could process only 4,089 units. 
The Rnback kill reached a new low, 
less than 10 percent of the 1960-1961 
peak; in spite of protection, one blue 
whale and one humpback were taken. 
Again it was the sei whales that bore the 
bruni of the slaughter, and even their 
numbers were less than in the previous 
season. The conclusion was inescapable: 
The antarctic Rshery, with its seasonal 
yield down to less than 100,000 tons of 
oil, was no longer economically signiR­
cant. 

C an the antarctic whale Rshery ever 
be restored? Even with the progres­

sively reduced quotas now envisioned it 
may take 100 years before this resource 

recovers to the level of the middle 
1950's. Recovery to the levels before 
World War II, which depended almost 
exclusively on the blue whale, is im­
probable. This giant mammal-one of 
the most remarkable ever to appear on 
the earth-has probably been reduced in 
numbers below the level that allows a 
species to survive; its worldwide popu­
lation today may well be less than 
1,000. Certainly there are 594 fewer 
blue whales this year than last. Whaling 
from land stations in Peru and Chile­
two nations that are not parties to the 
international convention-accounted for 
449 of these casualties in 1965. 

The crucial question today does not 
concern the antarctic Rshery but rather 
the future of all whaling. Continued 
overhunting of the Rnback whale can 
be expected to do to that species what 
has already been done to the blue 
whale. Last year, in addition to the 
antarctic season's kill of 2,314 Rnbacks, 
roughly 4,500 more of these animals 
were taken in other waters. Through­
out the world's oceans today the only 
great whale that survives in economical­
ly signiRcant numbers is the sperm. Yet 
a measure of the industry's lack of con­
cern for its dwindling resources may be 

gained from recent efforts to establish 
quotas in the North PaciRc, where the 
absence of quotas or restrictions allows 
hunting all year long. In spite of efforts 
by Canada and the U.S. the two whaling 
nations with fleets in the North Pi!ciRc­
the U.S.S.R. and Japan-could not even 
agree to restrict the Rnback kill, let 
alone that of either sei or sperm. 

Each of two past eras of whaling has 
virtually eradicated its own most highly 
prized whale species. The bowhead 
whale and the right whales are monu­
ments to man's thoughtlessness in the 
days of sail. The blue whale and hump­
back-and possibly the Rnback and sei 
as well-are monuments to an industry's 
lack of foresight in the days of steam. 
The whaling nations today face a third 
and almost certainly a Rnal decision. If 
essentially unrestricted whaling contin­
ues, the only surviving stock of any eco­
nomic importance-the sperm whale, of 
whose numbers more than 250,000 have 
been killed in the past 12 years-is 
doomed to become a monument to in­
ternational folly. Only sharply reduced 
annual harvests and protective regula­
tions that are both enforceable and en­
forced offer the possibility that the last 
of the great whales will survive. 
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A Solid - State Source of Microwaves 

A tiny crystal of gallium arsenide can be made to emit microwaves 

simply by applying a steady voltage across it. This phenomenon, 

known as the Gunn effect, may revolutionize microwave technology 

S
olid-state physics has been a gen­

erous benefactor to the technology 
of electronics .  The transistor is 

the prime example ; in less than two 
decades this simple solid-state device 
has replaced the bulkier vacuum tube 
in a multitude of applications in radio­
frequency electronics (in the range be­
tween 105 and 108 cycles per second). It 
now appears that another important 
contribution is about to be made to 
very-high-frequency electronics (near 
1010 cycles per second). The new device 
is a solid-state source of microwave ra­
diation; it consists of nothing more than 
a tiny crystal of gallium arsenide, which 
can be made to emit microwaves sim­
ply by applying a steady voltage across 
it. At its present stage of development 
this device is already as efficient at pro­
ducing microwaves as some low-power 
models of the klystron vacuum tube. 
The gallium arsenide source is much 
simpler than the klystron, however, and 
would be much cheaper to fabricate on 
a large scale. 

Microwave power is currently used 
in all aircraft radars and in the long­
distance transmission of telephone con­
versations and television programs. Be­
cause the frequency of microwaves is 
much higher than that of broadcast­
band radio waves, the capacity of 
microwaves to transmit information is 
much greater. The comparatively ex­
pensive klystron tube, with its perish­
able filaments, vacuum requirements 
and bulk, dominates microwave tech­
nology at present, just as the ordinary 
vacuum tube dominated radio tech­
nology before 1955. The arrival of a 
cheaper, more efficient source of micro­
wave power can be expected to bring 
changes in microwave technology no 
less sweeping than those produced in 
radio technology by the advent of the 
transistor. Microwaves may then break 
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out of their present province of sophisti­
cated industrial and military uses and 
enter the much wider realm of every­
day applications. The particular device 
described in this article, which is only 
one of several possible solid-state micro­
wave generators,  seems especially prom­
ising in this respect. 

The gallium arsenide microwave 
source was not invented in the course 
of improving existing high-frequency 
devices. It is the product of basic re­
search on the behavior of electrons in 
solids, and although applications are al­
ways close at hand in solid-state re­
search, the early work leading to this 
discovery had little to do with micro­
waves. In the early stages of the devel­
opment of the new source experiment 
and theory proceeded quite indepen­
dently, providing an interesting example 
not only of the unpredictable manner in 
which solid-state physics delivers its 
benefits but also of the frequently tortu­
ous path between discovery and expla­
nation. I shall relate this development 
from the point of view of an informed 
onlooker. I have made no direct con­
tributions to the findings reported in 
this article. I do, however, work in a 
closely related area of electronic effects 
in solids (plasmas of electrons in solids), 
and I have followed the microwave de­
velopments with great interest and ad­
miration . 

The discovery that microwaves could 
be generated by applying a steady 

voltage across a crystal of gallium ar­
senide was made in 1963 by J. B. 
Gunn at the Watson Research Center of 
the International Business Machines 
Corporation. The discovery was quite 
unexpected. At the time Gunn was 
studying what is called the "hot-elec­
tron problem" in semiconductors (sub­
stances intermediate in conductivity 

between metals and insulators). This 
problem is concerned with the mecha­
nism by which electrons in a semicon­
ducting crystal give up the energy they 
acquire from an electric field to the lat­
tice of atoms through which they move. 

The mobile electrons that are the 
carriers of an electric curren t in a solid 
have a wide range of velocities and 
hence a wide range of thermal energies 
associated with their motion. The ef­
fect of applyin g an electric field to 
the solid is to accelerate all the elec­
trons, and if it were not for the ef­
fect of collisions with the atoms, the 
electrons would increase their energy 
indefinitely in the electric field. It is 
easy for the electrons to yield energy 
to the atoms of the solid, and in most 
conductors the extra energy the elec­
trons can gain from the electric field is 
very small compared with their random 
thermal energy. This small increase in 
the energy and hence the velOcity of the 
electrons in the presence of an electric 
field is nevertheless quite important-it 
results in an electric current. vVhen such 
a situation prevails, the current will be 
proportional to the electric field ; this 
proportionality is the familiar Ohm's 
law, and most conductors obey it. 

There are some semiconductors, how­
ever, in which it is possible to apply 
a large enough electric field for the 
electron-drift energy to become appre­
ciable compared with the thermal en­
ergy. The entire distribution of electron 
energies then becomes distorted as the 
electrons gain large amounts of energy 
from the electric field. These higher­
energy electrons are sometimes referred 
to as "hot" electrons. In this situation 
the electric current is no longer pro­
portional to the electric field, and Ohm's 
law is no longer valid. 

It is this phenomenon that Gunn was 
investigating at the time of his dis-
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TWO MICROWAVE GENERATORS are compared here. At top 

left is  a low·power klystron vacuum tuhe, manufactured hy Var­

ian Associates. It is  capable of producing microwave power cont,n­

uously in the range between 80 and 200 milliwatts.  The micro­

waves are emitted through the window at  the center, which is  nor­

mally attached to a wave guide. At top right is a cylindrical  copper 

mounting for a Gunn oscillator, a tiny crystal of gallium arsenide 

that can be made to emit microwaves simply by applying a steady 

volta ge across it. The end of the mounting that holds the crystal is 

shown greatly enlarged at bottom left, and alongside it to the right 

i s  a small, square crystal of gallium arsenide. The Gunn device is 

capable of generating microwaves continuously i n  roughly the 

same power range as  the klystron tube. The klystron i s  about an 

inch and a half across, the mounting for the Gunn device about a 

half-inch long and the gallium arsenide crystal about a hundredth 

o f  an inch across. Besides being smaller, the advantages of  the 

Gunn device are that it i s  cheaper to fabricate and requires no 

vacuum, no filaments and has a simpler power supply. The photo­

graphs were made in the laboratory of J. B. Gunn at the Watson Re­

search Center of the International Business Machines C o rporation.  
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GUNN EFFECT was first observed in a sample of It-type gallium 

arsenide by means of an oscilloscope trace similar to the one shown 

here. The curve is a mathematical plot of the current passing 

through the sample (ordinate) as a function of the volta ge applied 

to the sample (abscissa) with the time held c onstant. At low v olt­

ages Gunn found, as expected, that the current is proportional to 

'\ I 
... 

, . 

FREQUENCY OF CURRENT INSTABILITY in a sample of n-type 

gallium arsenide is revealed in these two oscilloscope traces, which 

show the variation of current (ordinate) as a function of t ime 

(abscissa) with voltage held constant. The photo graph at top is 

a double exposure, showing the current wave form both when the 

applied volta ge is just less than the threshold value (smooth solid 
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the volta ge (the familiar Ohm's law). When he applied increasingly 

higher voltages, however, deviations from Ohm's law began t o  ap· 

pear. As he pushed the voltage well into the region where Ohm's 

law was breaking down, the system abruptly became unstable at a 

certain "threshold" voltage, and current fluctuated wildly for a fixed 

voltage. Scattered dots represent many individual measurements. 

curve) and when the applie d  voltage is j ust greater than the 

threshold value (rapidly oscillating curve). The time scale in the 

expanded view (bottom) of this particular oscillation is approxi­

mately .2 nanosecond (billionth of a second) per division. The fre­

quency of the oscillation generated in this sample is on the order 

of 109 to 1010 cycles per second, or within the microwave range. 
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covery. He was studying hot electrons 
in the semiconducting compound gal­
lium arsenide and was measuring the 
deviation from Ohm's law in this crystal 
at high electric fields. As in the case of 
the common semiconducting elements 
germanium and silicon, the addition of 
trace impurities to gallium arsenide can 
produce either n-type material, in which 
negative charge carriers (electrons) pre­
dominate, or p-type material, in which 
positive charge carriers (electron 
"holes") predominate. 

Gunn was particularly interested in 
measuring the relation between current 
and voltage in ll-type gallium arsenide. 
For low voltage he found, as would be 
expected, that the current is propor­
tional to the voltage; when he applied 
increasingly higher voltages, deviations 
from Ohm's law began to appear [see 
top illustmtion on opposite pagel. In 
principle this is a straightforward direct­
current measurement, involving a steady 
voltage and a steady current. In practice 
the dissipation of heat becomes too 
large at the higher voltages, and to 
avoid destroying the specimen it is 
necessary to use pulse methods: keeping 
the electric field on for a very short 
time, typically for 10-� second, and re­
peating the pulse approximately 60 
times per second, giving the crystal time 
to dissipate the heat. 

CUlll1's discovery came as he pushed 
the voltage well into the region 

where Ohm's law was breaking down. 
At a certain voltage the system became 
unstable-the current fluctuated wildly 
for a fixed voltage. In some samples the 
fluctuations had the character of random 
noise but contained components with 
frequencies of the order of 10!) to lOW 
cycles per second. In other samples 
(those smaller than about half a milli­
meter between electrodes) the instabili­
ty appeared as a steady oscillation of 
current whose frequency was near Ion 
cycles per second. 

Having established that the effect 
was not a spurious phenomenon con­
nected with the external circuit, Gunn 
began the task of determining the de­
pendence of the oscillation on a number 
of variables. He found that in short 
samples giving a coherent oscillation the 
frequency of the oscillation was inverse­
ly proportional to the length of the sam­
ple. He determined that the inverse of 
the observed frequency was roughly 
equal to the time it takes an electron to 
go from one end of the sample to the 
other at the voltages being applied. 
This was a most important clue in link­
ing the phenomenon directly to elec-

trons traveling across the sample from 
one electrode to the other. He also 
found that the critical voltage neces­
sary to induce oscillation varied with 
the length of the specimen; the thresh­
old voltage was roughly proportional 
to the length of the specimen. The volt­
age divided by the length of the speci­
men is the electric field in the speci­
men, and Gunn's observations therefore 
suggested that the effect appears at a 
definite electric field but not at a defi­
nite voltage or at a definite electric cur­
rent, since both the voltage and the 
current varied from sample to sample. 

In a further series of experiments 
Gunn varied the electrical contacts 
used on the specimen; he placed the 
sample in a magnetic field; he changed 
the temperature; he altered the cross 
section and the surface condition of the 
specimen. He established that neither 
the contacts nor the state of the sur­
face had any major effect, and that he 
was dealing with a phenomenon deter­
mined by a bulk property of gallium 
arsenide rather than a surface or a 
contact phenomenon. Magnetic fields 
had no effect on the oscillation, where-

as changes in temperature produced 
small changes in threshold voltage and 
frequency. By changing the cross sec­
tion of the sample he could study the 
phenomenon with a wide range of elec­
tric currents passing through the sam­
ple. He verified again that the onset 
of the oscillation was determined by a 
critical electric field no matter how 
much current was passing through the 
sample. 

Gunn also found that on changing 
the voltage back and forth between the 
unstable region and the stable one the 
oscillations would switch on or off very 
rapidly, perhaps in less than 10-U sec­
ond. He tried various semiconductor 
materials. Germanium and silicon did 
not oscillate, but n-type indium phos­
phide did. Indium phosphide is a com­
pound semiconductor whose electronic 
structure is closely similar to that of 
gallium arsenide, indicating that elec­
tronic structure is an important factor 
in causing the oscillation. Although the 
emission from n-type gallium arsenide 
was observed in many samples, Gunn 
was not able to excite the oscillation in 
p-type gallium arsenide. All these ob-

GALLIUM ARSENIDE CRYSTAL is enlarged about 400 diameters in this photomicro­

graph. The round spot on the crystal is  a metal c ontact area to which one of the two elec­

trodes is applied. The metal w a s  evaporated onto the crystal, w here it forms a thin film. 
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CONCEPTS of positive and negative eleetrical resistance are illustrated in these two graphs. 

A n ormal conductor of electricity has a p ositive resistance in the sense that the current pass­

ing through it increases with increasing applied voltage (left). In some systems it is possible 

t o  have a situation in which the current first increases with increasing voltage but then de­

creases w ith increasing volta g e  (right). Increasing the voltage still further fi nally results in 

the current's rising a gain. The region in which the current is decreasing as  the voltage is 

increased is called a region of negative differential resistance, since it i s  only the slope of 

the current-voltage curve that changes sign. This characteristic causes the system to oscillate. 

servations proved to be of great impor­
tance in deciding among the many pos­
sible explanations of the Gunn effect. 
These properties provided an almost 
unique "signature" that could only be 
matched· to a single mechanism. 

Gunn compared this signature with 
the one expected from a number of pos­
sible causes . He first examined the 
"pinch effect" as a possible explanation. 
This effect can arise when a large cur­
rent is passed through a medium con­
taining mobile positive and negative 
charges; it can occur either in a gas 
or in the charge carriers of a solid. 
If the current is large enough, the 
magnetic field associated with the large 
current (the self-magnetic field, as it is 
called) can become large enough to 
squeeze the stream of current into a 
region of small cross section. Such a 
configuration is often lin stable, and the 
pinched stream of carriers destroys it­
self by emittin g radiation. This ex­
planation, however, does not fit the 
properties observed by Gunn. First of 
all, the pinch should occur at a critical 
self-magnetic field and therefore at a 
critical current; Gunn had shown that 
his phenomenon sets in at a critical 
electric field but at no special current. 
Furthermore, the pinch effect requires 
equal numbers of mobile positive and 
negative charge carriers; the material 
Gunn was using was n-type material 
and therefore had a preponderance of 
negative charge carriers. The pinch ef­
fect was clearly not the explanation. 

Gunn also considered the possibility 
that the current through the crystal was 
exciting a very-high-frequency sound 
wave in the crystal. Sound waves can 
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have frequencies as high as 109 cycles 
per second in certain solids; such waves 
travel with the velOcity of sound (about 
106 centimeters per second) . A coherent 
sound wave-a wave in which the crests 
and troughs are all in step-cannot be 
established in a crystal, however, in a 
shorter time than it takes the sound 
wave to cross the crystal. One can cal­
culate that for Gunn's specimens this 
would take at least 10-7 second, but he 
had already determined that his partic­
ular oscillations switch on and off in 
times of 10-9 second or less. Another ex­
planation was abandoned. 

A third conceivable mechanism de­
pends on the fact that the atoms of 
gallium and arsenic are not electrical­
ly neutral when they form a crystal of 
gallium arsenide. The electron dish"i­
bution around the atoms in the crystal 
is such that the gallium has a small 
positive charge associated with it, 
whereas the arsenic has an equal nega­
tive charge associated with it. It  is 
easy to envision that as a negatively 
charged electron passes by these atoms 
and interacts with them the electron 
will exert electrostatic forces in one di­
rection for the gallium and in the op­
posite direction for the arsenic, and it 
is conceivable that such behavior will 
stimulate a coherent oscillation of the 
gallium-arsenic system in which the 
gallium atoms and the arsenic atoms 
move in opposite directions .  This par­
ticular mode of vibration is called the 
optical mode, because it is the one 
most likely to be excited by the electric 
field present in a light wave. The prob­
lem presented by this explanation is that 
the optical mode in gallium arsenide has 

a characteristic frequency close to that 
of optical waves (about 1013 cycles per 
second),  and there is no obvious way 
in which this frequency could be recon. 
ciled with the 1010 cycles per second 
observed in Gunn's experiment. This 
seems to rule out direct emission of 
radiation by the optical mode, but it 
does not eliminate the possibility that 
the optical mode is an intermediary in 
a more complex process. 

A fourth possible explanation con­
sidered by Gunn is that the effect 
arises from a "negative differential re­
sistance" characteristic of the gallium 
arsenide resulting from the excitation 
of electrons in the crystal to energy 
states much higher than those they 
normally occupy. At an early stage in 
his work Gunn seriously considered this 
possibility but rejected it on the basis 
of some rough calculations. Since it 
turns out that this effect is almost cer­
tainly the origin of the microwave oscil­
lations, I shall discuss it here in some­
what greater detail and explain the 
meaning of the term "negative dif­
ferential resistance." 

A normal conductor of electricity has 
.L a positive electrical resistance in 
the sense that the current passing 
through it increases with an increase 
in applied voltage. In some systems 
it is possible to have a situation in which 
the current first increases with an in­
crease in voltage but then decreases 
with an increase in voltage [see illustra­
tion on this page]. Increasing the volt­
age still further finally results in the 
current's rising again. The region in 
which the current decreases as the volt­
age is increased is called a negative­
resistance region, or more precisely a re­
gion of negative differential resistance, 
since it is only the slope of the current­
voltage curve that has changed sign. It 
is a well-established fact of electrical cir­
cuitry that if one has an element with a 
negative differential resistance, a cir­
cuit can be designed in which this 
component will cause the system to 
oscillate. There are several negative­
resistance devices in use for producing 
oscillations; in the solid-state area the 
best-known is the tunnel diode, which 
has been used to build oscillators that 
attain frequencies as high as 1010 to 
1011 cycles per second. 

The problem of explaining the micro­
wave emission in gallium arsenide as 
a negative-resistance oscillation is to 
find a plaUSible mechanism that could 
produce a negative resistance in the 
material. Because of the obvious ap­
plication to the building of oscillators, 
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several investigators have speculated on 
the possibility of producing such a char­
acteristic in a uniform solid, and papers 
concerned with this problem can be 
found in the literature for several years 
before Gunn's discovery. (By "uniform 
solid" I mean a material that is homo­
geneous throughout its length, and 
therefore I am excluding from this dis­
cussion any multilayer devices, such as 
the transistor, which consists of succes­
sive layers of ]J, n and ]J materials.) 
Most of the attempts to produce a uni­
form solid with a negative-resistance 
characteristic were based on effects 
caused by the special nature of the 
energy states an electron can occupy in 
a solid. 

Electrons in a solid cannot possess 
any arbitrary energy but are restricted 
to certain definite energy states pre­
scribed by the laws of quantum me­
chanics. The properties of an atom are 
determined by similar well-defined en­
ergy levels and by the distribution of 
electrons among these energy levels; 
some of the levels are occupied by 
electrons and some remain unfilled un­
less some ex ternal influence-for exam­
ple a light wave-excites electrons into 
them from lower energy levels. A rough­
ly comparable situation exists for the 
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electrons that move in the interior of 
a solid, interacting as they move with 
the atoms that constitute the crystal 
lattice of the solid. Although there is 
a Similarity in principle between these 
energy states and those in a simple 
atom, the energy-state structure in a 
solid is much more complicated than 
that in a simple atom. Instead of the 
sharp energy levels of a simple atom, 
one finds in a solid bands of energies 
that are "allowed" and bands of ener­
gies that are "forbidden" by the laws 
of quantum mechanics [see illustration 
below]. 

The conduction properties of a solid 
are determined by the distribution of 
electrons among the allowed-energy 
bands; another important factor is the 
magnitude of the forbidden-energy gaps 
separating the allowed-energy bands. It 
has been one of the major goals of solid­
state physics during the past 30 years 
to determine in some detaii the energy­
band structure in solids. We now know 
a great deal about the permissible en­
ergy ranges in many semiconductors, 
including gallium arsenide. We know 
which bands are fully occupied by elec­
trons and which bands are partially 
occupied. We know the position of other 
bands that are not normally occupied 
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but that could be occupied by suitable 
excitation of the electrons. 'We also have 

. some idea of how the electrons will re­
act to an electric field when they occupy 
different energy bands, since the reac­
tion of an electron to an external field 
will depend on the energy band in 
which the electron initially resides. Kot 
only have some of these properties been 
directly measured; the experimental 
results have been fitted to theoreti­
cal schemes based on the quantum­
mechanical equations that describe the 
motion of electrons in a crystal. The 
attempts to design a negative-resist­
ance solid were based on this broad 
understanding of the electrons' energy 
bands in solids. 

O
ne particular suggestion for produc-
ing negative resistance in a uniform 

solid depended on the existence of UIl­
occupied energy bands somewhat high­
er in energy than those occupied by 
the conduction electrons in gallium ar­
senide. If one looks at a negative-resist­
ance curve such as the one on the op­
posite page, it seems clear that this 
curve might be achieved if, on accel­
erating the electrons by an electric field, 
one somehow begins to take electrons 
out of the conduction process on push-
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ENERGY STATES of the electrons in an atom (lelt) and in a solid 

(right) are contrasted. The properties of an atom are determined 

by the distribution of electrons in well-defined energy levels (col­
ored lines); some of the levels are occupied by electrons and some 

remain unfilled unless an external influence-for example a light 

wave-excites electrons into them from lower energy levels . The 

enet'gy-state structure of the electrons that move in the interio r  of 

a solid i s  much more complicated. Instead of the sharp energy 

levels of a simple atom, one finds in a solid bands of energies 

that are "allowed" and bands of energies that are "forbidden" by 

the laws of quantum mechanics. The conduction properties of a 

solid are determined hy the distribution of electrons among the 

allowed-energy bands; another important factor is the magnitude 

of the forbidden-energy gaps separating the allowed-energy hands_ 
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APPARATUS depicted in this drawing i s  

used to measure t h e  current w a v e  forms 

produced when a steady vo ltage is  applied 

across a crystal of gallium arsenide (solid 

color). The crystal is mounted on a copper 

cylinder (light color), similar to the one 

shown in the photo graphs on page 23. The 

coaxial cable connected to the apparatus at 

the bottom leads t o  a n  adjustable short-cir· 

cuit devic:e, which is  used in measurin g  the 

current across the crystal. The apparatus 

shown here is less than three inches long. 

ing the electric fields beyond a certain 
level. A possible way to do this was sug­
gested several years ago by the British 
physicists B. K. Ridley, T. B. Watkins 
and C. Hilsum. Their proposal was 
based on the fact that in certain semi­
conductors there exist empty electron 
energy levels whose energies are higher 
than those occupied by electrons, and 
that these higher energy levels have the 
property that electrons occupying them 
are less mobile under the influence of 
an electric field than they are in their 
normal state at the lower energy level. 

To simplify the explanation of this 
proposal, assume that the electrons in 
the higher level have essentially no 
mobility and therefore do not move 
when they are subjected to an electric 
field. If one applies an electric field to 
a semiconductor with this property, the 
current that flows will increase with 
an increase in voltage provided that the 
voltage is small, because one is ac­
celerating the electrons in their initial 

28 

energy band; if one makes the electric 
field high enough , however, it may be 
possible to excite electrons directly 
from the initial band into the higher 
band, where they become immobile. As 
the electric field is increased further, 
those electrons remaining in the initial 
band are made to move faster and 
faster, while those being excited into 
the upper band will in effect drop out 
of the conduction process. If the rate. 
at which electrons are removed from 
the conduction process is high enough, 
the current will fall even though the 
electric field is being increased. There 
are certain semiconductors, in particu­
lar compound semiconductors such as 
gallium arsenide and gallium antimo­
nide, whose energy bands come close 
to meeting these requirements. The 
trouble with this scheme was never 
one of principle but rather one of the 
practicability of achieving such a proc­
ess in known materials. Even where 
suitable bands existed, they were often 
separated by such a large energy gap 
that it did not seem likely the elec­
trons could gain enough energy in the 
electric field to jump from the lower 
band to the higher and less mobile 
band without dissipating this energy 
to the surrounding atoms. Moreover, 
other physical processes occur when 
an electron is accelerated to higher 
energies, and some of these may inter­
fere with the desired redistribution 
among the energy states. 

Cunn was aware of this possible 
means of produCing negative resistance 
in gallium arsenide, and he gave it seri­
ous consideration in the early phase of 
his work. It was known from optical 
studies that such a low-mobility band 
exists approximately a third of an elec­
tron volt above the normally occupied 
electron bands in gallium arsenide. 
Gunn did a rough calculation of the 
likelihood that the electric fields used 
in his experiment would excite elec­
trons into this upper band. He con­
cluded that his electric fields were 
insufficient to produce appreciable elec­
tron transfer. In the absence of any 
other explanation, he preferred to think 
that the microwave emission was some­
how connected indirectly with the op­
tical mode. 

In spite of the fact that nobody had 
ever observed a negative-resistance 

effect known to be caused by the inter­
band transfer of charge carriers, work 
continued on other aspects of negative 
resistance in solids. Other means of ob­
taining negative resistance were being 
proposed, some of which seemed to 

hold more promise of success. Ridley 
made an important investigation of the 
expected electrical characteristics of a 
negative-resistance semiconductor. He 
studied the question of how the elec­
tric field would distribute itself in s�lch 
a medium if one applied a voltage in 
the negative-resistance region. His the­
oretical work was to prove crucial to 
the understanding of Gunn's experi­
ment. Ridley examined in detail sug­
gestions (made by William F. Shockley 
of the Bell Telephone Labol'atories and 
by T. Reik of the Philips Laboratories 
at Aachen in Germany) that if one ap­
plied a voltage in the negative-resistance 
region, the crystal would not remain 
electrically homogeneous but would 
break up into regions with different elec­
tric fields. In particular a small domain 
would form in the sample within which 
the field would be very high, whereas in 
the rest of the sample, outside this do­
main, the electric field would have a 
very small value [see illustration on op­
posite page l. 

It is not hard to see th at there is 
something unstable about such a nega­
tive-resistance domain. Consider what 
would happen if one were to disturb 
momentarily the electron density at 
some spot in the conductor. Suppose 
there is a sudden increase in electron 
denSity at some point in the crystal that 
tends to reduce the electric field to the 
left of the disturbance, while increasing 
the electric field to the right. If the re­
sistance is positive, so that the current 
increases with increasing electric field, 
the decrease in the electric field to the 
left will result in a temporary decrease 
in the current flowing into the region 
from the left, and the increasing field to 
the right will result in a temporary in­
crease in the current flowin g out of 
the disturbed region. The excess elec­
tron charge will drain away. Thus a 
disturbance caused by a temporary local 
increase in the electron denSity will be 
dissipated as a result of this changing 
pattern of currents. The situation is 
quite different in the negative-resistance 
region; there the decreasing field to the 
left of the disturbance will cause an in­
crease in current flowing into it, where­
as the increase in the field to the right 
will tend to lower the current outside 
this region. This current pattern will 
have the effect of building up the 
charge disturbance even more; hence 
the situation will become unstable and 
will result in a redistribution of electric 
field within the specimen. 

The idea of an inhomogeneous elec­
trical distribution may be more familiar 
to most readers in a somewhat different 
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ELECTRIC-FIELD DOMAIN moving across a crystal of gallium 

arsenide is illustrated schematically at left and by means of the 

c omposite photo graph of oscilloscope traces at right. The idea that 

if one applied a voltage in the negative.resistance region to such a 

crystal, the crystal would not remain electrically homogeneous but 

would break up into regions with different electric fields was de­

veloped by the British physicist B. K. Ridley from suggestions 

by William F. Shockley of the Bell Telephone Laboratories and 

T.  Reik of the Philips Laboratories at Aachen in Germany. In par· 

ticular their idea was that a small domain would form in the sample 
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within which the field would be very high, whereas in the rest of the 

sample, outside this domain, the electric field would have a very 

small value. Such a domain would move across the sample from one 

electrode to the other, and as it disappeared at the anode a new one 

would nucleate, probably near the cathode. The compo site, which 

was made by Gunn by means of a c omplex technique involving a 

movi n g  voltage-sensin g  probe, shows the variati on in electric fi eld 

alon g  a sample of gallium arsenide for the entire period of an ap­

plied pulse of voltage.  This experiment removed any doubt that 

the Gunn effect i s  associated with a moving electric-field domain. 
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ANOTHER METHOD for displaying on an oscilloscope the movement of a high·field do· 

main across a c rystal of gallium arsenide was developed by Gunn to emphasize the cyclic 

nature of this process.  Successive high.field domains appear at the cathode (left ) and travel 

across the crystal to the anode (right). This particular sample was about 350
'
microns across.  

connection . It is possible to obtain nega­
tive resistance by accelerating electrons 
to such a high energy that when they 
collide with atoms in the system, they 
produce more free electrons. Once this 
happens the voltage necessary to pro­
duce a given current declines. This is 
called "electrical breakdown." The cur­
rent-voltage curve of the process has a 
negative-resistance region, but now the 
current has several values for a given 
electric field in contrast to the situation 
described earlier, in which the electric 
field has several values for a given cur­
rent. The new situation is also unstable 
and results in electrical inhomogeneity; 
if voltage is applied across the sample, 
different regions of the material can 
conduct different quantities of current, 
and in fact filaments form across the 
sample, each containing a different cur­
rent. The extreme example of this situa­
tion is an electric spark in a gas, which 
consists of a narrow filament of high 
current while the rest of the gas in the 
region is transporting much smaller cur­
rents. The spark is in some sense a 
current domain, whereas Ridley was 
concerned with electric-field domains. 
Ridley also pointed out that the electric­
field domains will not be stationary, 
since the electric field acting on the 
electrons will cause them to move across 
the sample.  The domain will travel 
across the sample from one electrode to 
the other, and as it disappears at the 
anode a new one will form, probably 
near the cathode. 

We now come to the question of the 
relevance of the work of Ridley, Wat-

3 0  

kins and Hilsum t o  the phenomenon 
observed by Cunn. Their work had pro­
ceeded independently of Cunn's experi­
ments, and some of it had even: pre­
ceded the experiments . It was Herbert 
Kroemer of Varian Associates who 
pOinted out that nearly all the known 
characteristics of the phenomenon ob­
served by Cunn could be explained on 
the basis of the work of Ridley, Watkins 
and Hilsum. Kroemer asserted that the 
current oscillations observed by Cunn 
resulted ultimately from an intrinsic 
negative-resistance characteristic and 
that the oscillation of the current was 
due to the moving domains Ridley had 
described. Kroemer pointed out that 
such a process would have a character­
istic frequency approximately equal to 
the inverse of the time it took the elec­
trons to cross the sample. One would 
also expect that since the time for the 
electrons to cross the sample was pro­
pOitional to the length of the sample, 
the frequency would be inversely pro­
pOitional to the length of the sample. 
Both of these were prime properties 
of the Cunn effect. Kroemer further in­
sisted, notwithstanding Cunn's earlier 
rejection of the mechanism, that the 
negative resistance resulted from the 
transfer of the electrons from a lower 
band to a higher one. He pointed out 
that Cunn has grossly underestimated 
the efficiency of transfer to the higher 
band. A more careful analysis of this 
effect by Hilsum had already shown 
that considerable interband transfer 
would occur at fields that were not 
much higher than those actually ob-

served by Cunn. Kroemer's work has 
been compared to that of a marriage 
broker. 'When such work is done well, 
it requires great skill, and Kroemer 
brought to it a great deal of experience; 
he had in the past been the originator of 
several ingenious suggestions for ob­
taining negative resistance in solids. 

It seems quite strange now that there 
should ever have been much doubt 

concerning this explanation of the Cunn 
effect. The explanation is entirely con­
sistent with the observations that a 
magnetic field does not affect the oscil­
lation, that there is a small temperature 
dependence, that changing electrical 
contacts have little influence and that 
the effect sets in at a critical electric 
field but not a critical current. Cunn's 
failure to observe the phenomenon in 
germanium is also conSIstent with this 
explanation, because the electronic en­
ergy-band pattern of germanium is  not 
favorable 101' this mecnanism. One can 
also understand why very short samples 
have a single frequency of oscillation, 
whereas long samples exhibit multiple 
frequencies. This is probably due to the 
fact that in long samples more than one 
domain can form within the sample, 
leading to a complicated oscillation pat­
tern. In the period since Kroemer re­
lated the work of these various people a 
series of experiments and a number of 
calculations have been made concern­
ing the detailed fit of theory with ex­
periments. All of them show remarkable 
agreement between the experimental 
observations and the theory of domains 
coupled with the idea of inter band 
transfer of electrons. 

Even before Kroemer published his 
explanation Cunn had embarked on a 
series of experiments whose purpose 
was to study the details of the electric­
field pattern in gallium arsenide . These 
elegant experiments provide the most 
direct evidence for the existence of 
domains that move across the sample. 
His new experiments consisted of plac­
ing a voltage-sensing probe on the sur­
face of a gallium arsenide specimen at 
some position between the positive and 
negative electrodes. His object was to 
detect a domain moving across the sam­
ple from the signal induced in the sur­
face voltage probe as the domain passed 
the probe. In order to prove that mobile 
domains were present it was necessary 
to probe the voltage along the length 
of the sample, but it was obviously not 
possible to move the probe as fast as 
the domains moved, since they crossed 
the sample in only lO-� second. Cunn 
therefore resorted to a technique com-
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parable to that used in producing ani­
mated cartoons,  in the sense that it 
consisted of a sequence of single photo­
graphs .  He placed the probe in a given 
position and arranged for the probe to 
measure the voltage at some definite 
time after the main pulse had been ap­
plied to the principal electrodes .  He 
then slowly moved the surface elec­
trode along the specimen, plotting out 
the voltage at each point for a given 
time delay. He repeated the process 
for a different time delay after the onset 
of the principal pulse .  By repeating this 
process for different time delays, each 
longer than the preceding one by a cer­
tain fraction of 10-10 second, he ob­
tained a series of photographs showing 
the variation in electric field along the 
sample for the entire period of the ap­
plied pulse [ see illustration on page 29]. 
This experiment removed any doubt 
that the Cunn effect is associated with 
a moving domain. 

It has been more difficult to demon­
strate that the mechanism underlying 
this phenomenon is indeed the trans­
fer of electrons to higher energy bands . 
A recent experiment by a group at Bell 
Laboratories, however, has provided 
strong evidence for this mechanism. 
This experiment involved subjecting a 
Cunn oscillator to a very high pressure 
(nearly 30,000 atmospheres),  which has 
the effect of decreasing the separation 
between the energy bands thought to be 
responsible for the oscillation. The 
group found that the threshold electric 
field for the inception of microwave 
oscillation decreased with increasing 
pressure, as expected from the electron­
transfer theory. A detailed analysis of 
these findings shows no substantial fea­
ture that is not consistent with the mod­
el of interband transfer. The relative 
positions of the bands can be changed 
by alloying the gallium arsenide with 
gallium phosphide; the results of experi­
ments with such alloys are also con­
sistent with the interband-transfer ex­
planation . 

The main features of the Cunn effect 
now seem to be understood, but 

there is a great deal of work continuing 
in order to improve our detailed under­
standing of this phenomenon. Attempts 
are bein g made to obtain quantitative 
information concerning the structure of 
the domain. With the aid of computers 
the details of the emission are being 
calculated from the basic theory and 
compared with experiment. Much effort 
is also being devoted to increasing the 
efficiency and the power output of the 
oscillator. 

It  is very difficult to assess at this 
stage the impact CUlm's device will 
have on microwave technology. It  is 
not difficult to see where the new de­
vice will replace older tube devices in 
the jobs they are now doing. I t  is much 
harder to foresee whether or not the 
new oscillator has sufficiently novel 
properties to result in new applications 
of microwaves . The advantages of 
Cunn's device are fairly clear. I t is ex­
tremely small, rugged and should be 
cheap to fabricate. In contrast to the 
klystron, it requires no vacuum, no fila­
ments and a Simpler power supply. At 
present its efficiency compares favorably 
with that of low-power klystrons [see 
illustration below J .  

The power output from a Cunn oscil­
lator is already quite impressive. Using 
very small wafers, the group at Bell 
Laboratories has reported power out­
puts of 65 milliwatts at 2 X 109 cycles 
per second with an efficiency of between 
5 and 6 percent while running continu­
ously. The power output is limited in 
this case by the difficulty of removing 
heat generated in the sample; conse­
quently much higher power outputs can 
be obtained for short-duty cycles .  Power 
outputs as high as 200 watts at 14 per­
cent efficiency have been reported for a 
pulse lasting 10-7 second. The Cunn 
oscillator is so small that it is conceiv­
able that much higher power output can 
be achieved by using many wafers of 
gallium arsenide in a single source. 

Up to the present the high cost 
of vacuum-tube microwave sources (a 
small klystron and its power supply cost 
about $ 100) has limited the use of 
microwaves to industrial and military 
applications.  The development of an ex­
tremely cheap microwave source may 
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open the way to Widespread use of small 
radars on pleasure boats, small private 
planes and even automobiles.  It  is likely 
that the solid-state source will make its 
greatest impact in these novel uses 
rather than in competition with the 
very large vacuum tubes used in large­
scale radar and cross-country communi­
cation . A great deal will depend on 
whether or not the Cunn oscillator is 
found to be reliable in long-term use. 
With no vacuum and no filament it has 
a head start. 

I must not leave the impression that 
the Gunn oscillator is the only solid­

state device that looks promising as a 
generator of microwaves . Competitors 
exist, the strongest being the "Read 
diode," named after W. Thornton Read 
of Bell Laboratories,  who proposed it 
in 1957. After several years of dormancy 
this device has suddenly been revived, 
and its supporters claim that it has 
greater promise than the Cunn oscil­
lator. It  is a junction device that de­
pends for its operation on "avalanche 
breakdown," that is,  the creation of ex­
tra charge carriers by collisions with 
atoms.  Other solid-state devices, some 
involving plasma effects in magnetic 
fields, are being watched with great 
interest, even though they appear to 
be less competitive than either the 
Cunn oscillator or the Read diode . Thus 
we are at an early stage of the advent 
of solid-state devices for microwave 
generation, and there are several con­
tenders for the title of "most useful 
generator."  Only a rash man would 
predict the winner at this stage, but the 
pace of work in this area is very rapid 
and we will not have to wait long to 
know the winner. 

POWER 
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PERFORMANCES of several microwave generators are compared in this table. At its 

present stage of development the Gunn oscillator is already as  efficient at producing micro· 

waves as  some low·power klystron tubes. The power output of the Gunn device when run­

ning continuously is limited by the difficulty of removing heat generated in the sample. 

Consequently much higher power outputs can be obtained for short·duty pulsed cycles. Read 

diode i s  a solid·state junction device named after W. Thornton Read of Bell Laboratories. 
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THE ORIGIN OF COSMIC RAYS 

What cosmIC accelerators generate these fantastically energetIc 

particles? Calculations suggest that n10st cosmIC rays may come 

not from within our galaxy but from extragalactic radio sources 

T
he salient fact about cosmic rays 
is their enormous energy. The 
primary cosmic rays-charged 

particles that enter the earth's atmo­
sphere from somewhere outside it-have 
energies of between 108 (100 million) 
and 1020 (100 billion billion) electron 
volts. In contrast, the most powerful 
man-made accelerators can impart to a 
particle an energy of only some 30 bil­
lion electron volts. Any hypothesis as 
to the origin of cosmic rays must sug­
gest some cosmic mechanism capable of 
accelerating charged' particles (mostly 
protons but also some heavier nuclei) to 
fantastically high energies. The general­
ly accepted view nowadays is that most 
cosmic rays come from supernovae, or 
exploding stars, within our galaxy, but 
that those with the highest energies 
must come from sources outside the 
galaxy. My own feeling is that much of 
the cosmic radiation, and perhaps the 
bulk of it, is generated by the strong 
radio sources in extragalactic space: 
radio galaxies and the recently dis­
covered quasi-stellar sources. 

R first it seemed plausible to assume 
that cosmic rays originate in the 

sun. Solar flares do accelerate particles 
to high speeds, and there is an increase 
in the flux of cosmic rays in the earth's 
atmosphere at times of solar flares. It 
has been clear for some time, however, 
that the sun is not a major source of 
cosmic rays. For one thing, the energy 
spectrum of cosmic ray particles, which 
shows a marked falloff in the number of 
particles as their energy increases, has 
several slight changes of slope [see top 
illustration on page 34]. This suggests 
that several different mechanisms are in­
volved in the production of the particles. 
Second, cosmic rays do not come pre­
dominantly from the direction of the 
sun. For a time it was argued that, since 
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charged particles spiral along the lines 
of force in a magnetic field, their even 
distribution might be accounted for by 
the effect of the interplanetary and ter­
restrial magnetic fields. The fact is, 
however, that all but the lowest-energy 
particles are too energetic to be de­
flected by such magnetic fields. The 
particles could not be contained within 
the solar system at all; they must come 
from beyond it. 

If most cosmic rays are not generated 
by the sun, they cannot come from many 
stars similar to the sun either: the sun is 
so much the closest star that it would 
have to "outshine" the others in cosmic 
ray energy as it does in light energy. 
This does not rule out the possibility 
that stars with certain peculiar proper­
ties may contribute. Are there, then, 
special places in the universe where con­
ditions are right for the acceleration of 
charged particles to extremely high 
speeds? When supernovae were discov­
ered more than 30 years ago, and Wal­
ter Baade and Fritz Zwicky proposed 
that they were catastrophiC explosions 
in which much of the mass of a star was 
ejected, it was realized that such events 
could very well be sources of cosmic 
rays. Other workers have pointed out 
that there are other kinds of stars in our 
galaxy capable of generating high-ener­
gy particles. They include flare stars, in 
which electromagnetic eruptions much 
more intense than solar flares occur, and 
novae, which are comparatively minor 
stellar explosions. Enrico Fermi, on the 
other hand, suggested that the enor­
mous energies of cosmic ray particles 
are due not to an explosion or some 
similar event in a specific structure in 
space but to repeated acceleration by 
magnetic fields in clouds of ionized gas 
between the stars. 

What was lacking in all these pos­
sibilities was any clear evidence that 

there were in fact fluxes of relativistic 
particles (particles moving with nearly 
the speed of light) in any astronomical 
objects other than the sun at times of 
flares. The evidence finally came from 
radio astronomy, with the realization in 
the 1950's that most of the "nonthermal" 
radio sources in our galaxy and beyond 
are emitting energy by the synchrotron 
mechanism: radiation from relativistic 
electrons spiraling along lines of mag­
netic force [see bottom illustration on 
page 34]. It was clear that if electrons 
are being accelerated in these radio 
sources to nearly the speed of light, 
protons and heavier nuclei should be 
similarly accelerated. Moreover, the 
energy spectrum of the electrons re­
sponsible for synchrotron radiation was 
found to be similar to that of cosmic 
ray particles. It was natural to suspect 
that the radio sources were major sup­
pliers of cosmic rays. 

Within our own galaxy the nonther­
mal sources are for the most part struc­
tures identified as the remnants of 
supernovae. The Crab Nebula, for ex­
ample, is a remnant of a star that ex­
ploded in A.D. 1054 [see illustration 
on page 35]. The presence of such 
remnants, emitting by the synchrotron 
mechanism, indicates that supernovae 
inject relativistic particles into the in­
terstellar gas of our galaxy. To estimate 
the importance of this contribution to 
the cosmic ray population it is neces­
sary to determine how large a flux of 
particles is produced on an average by 
a supernova and also the rate at which 
such outbursts occur. 

Neither of these quantities is known 
with any precision. On the basis of 
observation one can make estimates of 
the total amount of energy contained in 
the electrons in a supernova remnant 
such as the Crab, but it is now 900 
years after the event. Moreover, what 
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EXPLODING GALAXY M 82 was photographed in red light with 
the 200-inch telescope on Palomar Mountain by Allan R. Sandage 

of the Mount Wilson and Palomar Observatories_ The photograph 
revealed turbulent filaments of hydrogen, extending some 14,000 

• 

• 

QUASI-STELLAR RADIO SOURCE 3C 48 is the object at the 

center of this photograph made with the 200-inch telescope_ Al­

though it looks like other objects on the plate, which are stars in 

light-years above and below the galactic disk, that are apparently 

the result of a violent explosion at the center of the galaxy_ Explo­

sions of this kind, which account for the energy of some radio 

galaxi
_
es, could provide the energetic particles of cosmic rays_ 

+ 

our galaxy, it is probably four billion light-years away and brighte� 
than any ordinary galaxy_ Such quasi-stellar radio sources, like 

ordinary radio galaxies, may be major sources of cosmic rays_ 
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ENERGY SPECTRUM of cosmic rays varies in slope, suggesting that it may reflect a num­

ber of different mechanisms of generation. The vertical scale reflects the relative number of 

particles that have more than a given amount of energy as shown on the horizontal scale. 

DIRECTION 

OF RADIATION 

ELECTRIC 
VECTOR 

SYNCHROTRON RADIATION is emitted by electrons spiraling along a line of force in a 

magnetic field. The radiation can be in the visible or radio part of the electromagnetic 

spectrum; the wavelength depends on the velocity of the particle and the strength of the 
magnetic field. Radiation produced by the synchrotron mechanism is highly polarized, with 

its "electric vector" perpendicular to the line of force and to the direction of radiation. 
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is observed is only electron activity; one 
knows nothing directly about the flux 
of the nuclei-largely protons-that ac­
company the electrons. As far as the 
frequency of supernovae is concerned, 
it can only be estimated by observing 
galaxies other than our own. Since the 
rate at which supernovae occur is almost 
certainly a function of the relative num­
bers of stars in different mass ranges in 
different galaxies, any estimate based on 
external galaxies may not be a good ap­
proximation for our galaxy. The values 
that have been obtained range from one 
every 100 years to one every 500 years. 

In view of these uncertainties it is 
worthwhile to turn the problem around 
and ask at what rate particles have to 
be injected into the galaxy in order to 
maintain the flux of cosmic rays at an 
energy density of about one electron 
volt per cubic centimeter (the density at 
the top of the earth's atmosphere). This 
depends on the rate at which the nucle­
ons are lost by nuclear collisions with 
the interstellar gas and dust and by 
escape from the galaxy. In a collision 
between what is essentially a stationary 
nucleus and a very-high-energy proton 
or other cosmic ray particle, a cloud of 
secondary particles (mesons and nu­
cleon-antinucleon pairs if the energy is 
high enough) will be produced. These 
will decay, the only stable end products 
being electrons and positrons, gamma 
rays and neutrinos and antineutrinos. 
The neutrinos and antineutrinos will 
escape directly from the galaxy because 
their interactions with other particles 
are so feeble; the gamma rays have a 
larger cross section for interaction than 
the neutrinos do but are also likely to 
escape. Only the electron-positron com­
ponent will remain. The electrons lose 
energy by radiation in the interstellar 
magnetic field and by various atomic 
collisions and radiation processes and by 
escape. Calculation of these energy-loss 
processes demands knowledge and de­
tailed understanding of the life history 
of a cosmic ray particle and the density 
of the gas in which it spends different 
parts of its life, and of the configuration 
and distribution of the magnetic field 
in and around the galaxy. What is the 
structure of the field and how effective 
is it in trapping cosmic rays? 

Some 10 years ago John Baldwin of 
the University of Cambridge con­

cluded from his observations of back­
ground radio noise from the sky that the 
radio emission of our galaxy comes not 
from within its disk of stars but from an 
extended region with a roughly sphe­
roidal shape: a "halo" or corona [see 
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illustration on next page]. Since the radio 
emission is due to the synchrotron proc­
ess, the entire extended volume of the 
halo must contain a weak magnetic field 
and high-energy electrons-presumably 
the electron component of cosmic rays. 
This suggested that cosmic rays must fill 
the halo. Soon afterward R. Hanbury­
Brown and Cyril Hazard, working at the 
Jodrell Bank radio observatory of the 
University of Manchester, discovered 
just such an extended distribution of 
radio emission around the Great Nebula 
in Andromeda [see illustration on page 
37]. More recently, however, other 
radio astronomers in Australia and at 
the National Radio Observatory in 
Green Bank, W.Va. , have observed 
many other nearby spiral galaxies and 
have concluded that this extended halo 
distribution is more often absent than 
present; in many cases the radio distri­
bution is confined largely to the flat­
tened region and central bulge in which 
the stars are concentrated. Re-examina­
tion of the observations of the radio 
emission from our own galaxy has led to 
the conclusion that the contribution 
from the halo is considerably smaller 
than was first thought. Some radio 
astronomers maintain that the observa­
tions can largely be explained without 
invoking the presence of a halo at all. 

On the theoretical side it has never 
been easy to understand how a halo 
containing weak magnetic fields and 
low-density gas could remain stable for 
periods as long as the age of a galaxy 
(about 10 billion years). For gas to be 
supported high above the plane of a 
rotating galaxy it must have motions 
comparable to the rotational motion­
and that means velocities of the order 
of 200 kilometers per second-either as 
turbulent motions in the gas or as ther­
mal velocities reflecting temperatures 

near a million degrees. In either case 
the rate at which the energy would be 
dissipated is such that a halo would 
collapse in a time that is short compared 
with the age of the galaxy. About three 
years ago Fred Hoyle and I therefore 
suggested that a halo is a transient phe­
nomenon with a lifetime of only a few 
tens or hundreds of millions of years, 
and that it is caused by an explosion at 
the center of the galaxy. Such an ex­
plosion would be similar to, but prob­
ably on a much smaller scale than, the 
explosions that apparently are responsi­
ble for the radio emission of the bright 
elliptical galaxies [see top illustration on 
page 33]. A violent event of this kind 
might well also account for the outward­
moving gas that is seen in the disk of 
Our galaxy. 

If this type of event is the origin of 
galactic halos, a halo can be consid­
ered as a kind of magnetic bottle that 
traps cosmic rays. It is probably an 
exceedingly leaky bottle, however (as is 
suggested by the irregular nature of 
the Andromeda halo), and periodically 
it may diSintegrate altogether. In that 
case, if all the cosmic rays arise in super­
novae, a very high rate of input is 
required. The Russian astrophysicists 
V. L. Ginzburg and S. I. Syrovatsky, 
taking into account the possibility that 
the halo is quite leaky, concluded that 
an input of cosmic rays at about 1039 to 
1040 ergs per second (the higher figure 
is probably more appropriate) would be 
required. If supernovae occur at a rate 
of about one every 100 years, this 
means that on the average a supernova 
would have to inject about 1040 X 

3 X 109, or 3 X 1049, ergs of protons. 
From direct observation we simply do 

not know whether this is a reasonable 
figure or not. However, Stirling A. Col­
gate of the New Mexico Institute of 

Mining and Technology has recently 
proposed a mechanism of particle ac­
celeration in supernova explosions. He 
and his colleagues have considered the 
final evolution of a supernova and have 
made calculations of the conditions as­
sociated with the shock wave that moves 
outward from the central part of the 
highly condensed star. In the outer parts 
of the star the shock wave will turn into 
a blast wave that removes the material 
at high speed. Colgate concluded that a 
small fraction of the gas will reach rela­
tivistic velocities through this mecha­
nism, and he showed that under suitable 
conditions the distribution of energy­
the energy spectrum of these particles 
-is identical with that of cosmic rays. 
He also believes he can explain the 
observed composition of cosmic rays by 
this mechanism. His results are im­
pOltant because they show that particle 
acceleration can occur at this early 
phase in the injection of cosmic rays 
by explosive means, and no subsequent 
mechanism of acceleration is necessarily 
required. Still, because of the uncertain­
ty concerning both the frequency with 
which supernovae occur and their ener­
gy input, it is not clear whether or not 
they could inject enough particles to 
account for the cosmic rays. Other pos­
sible sources must therefore be con­
sidered. 

I have already mentioned the possi­
bility that an explosion took place in the 
center of our galaxy some tens of mil­
lions of years ago. When Hoyle and I 
first suggested this possibility, we did 
not consider that such an outburst 
would have been a particularly strong 
source of cosmic rays, although it would 
surely have determined the conditions 
under which existing galactic cosmic 
rays would evolve. More recently Ginz­
burg and Syrovatsky have considered 

CRAB NEBULA is a strong radio source inside our galaxy. It is 

the remnant of a supernova, a star that exploded in A.D. 1054. These 

photographs, made in polarized light (arrows indicate'the direction 
of the electric vector), show that it emits by synchrotron radiation. 
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LINES LOW-DENSITY GAS COSMIC RAY 

HALO is thought to surround the disk of some galaxies, including our own. The halo 
appears to be a roughly spheroidal region containing low·density gas (color) and weak 

magnetic fields. It may act as a leaky magnetic bottle that traps cosmic rays (spirals). 

that explosions in our galaxy might be 
powerful injectors of cosmic rays and 
might even be as important as the 
supernovae. To understand their rela­
tive importance one would have to de­
termine the detailed characteristics of 
an explosion in a spiral galaxy, and we 
have little knowledge of such matters at 
the present time. 

I.5t us turn to possible sources outside 
our galaxy. Discussion of the exis­

tence of violent events on the galactic 
scale leads naturally to consideration of 
the role of sources of strong radio emis­
sion as sources also of cosmic rays. The 
places where the largest amounts of 
energy are known to exist in the form 
of relativistic particles are the strong 
extragalactic radio sources. It is easy 
to calculate from the synchrotron the­
ory that there are fluxes of electrons 
amounting to some 1059 ergs and up 
for the strongest of these sources. The 
total energy contained in the cosmic 
rays in our own galaxy (assuming again 
that the energy denSity throughout the 
galaxy and the halo is about one elec­
tron volt per cubic centimeter) is only 
about 1056 ergs. Thus the energy con­
tained in the electrons alone in some 
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radio sources is several orders of magni­
tude greater. The radio sources give us 
no direct evidence on how much of their 
total energy may be in the form of pro­
tons and heavier nuclei, but most of the 
mechanisms of production of such fluxes 
of relativistic particles (about which, it 
must be admitted, we know very little at 
present) suggest that far more energy 
will be contained in the proton flux than 
in the electron flux. Calculations indi­
cate that the total amount of energy 
in the strongest radio sources, largely in 
the form of cosmic ray protons, may be 
of the order of 1061 ergs or more. 

There is high interest at the present 
time in understanding the mechanisms 
by which such tremendous fluxes of 
particles can be generated. I shall not 
touch on this aspect of the problem here 
but only accept that such fluxes do exist. 
What I shall attempt to show is that 
similar fluxes of particles may make a 
considerable contribution to the cosmic 
ray flux in our own galaxy if the parti­
cles can escape from the vicinity of the 
radio sources in a comparatively short 
time anll eventually make their way to 
the vicinity of our galaxy. 

I should stress at this point that I am 
mainly concerned here with fluxes of 

protons and heavier nuclei, and not of 
electrons. Any electrons that escape from 
radio sources will suffer large energy 
losses in the intergalactic medium. In 
particular, they will collide with pho­
tons in the microwave region of the 
electromagnetic spectrum. Investiga­
tions by Arno A. Penzias and R. W. 
Wilson of the Bell Telephone Labora­
tories and by a group at Princeton Uni­
versity have established that such a flux 
exists; it may be a relic of the "big bang" 
origin of the universe. This flux is so 
powerful that it presumably eliminates 
the bulk of the intergalactic electrons as 
cosmic rays, converting the energy into 
X rays and gamma rays by what is 
known as the "inverse Compton proc­
ess." (Detailed calculations of this effect 
have been made by James Felten of the 
University of California at San Diego 
and by Philip Morrison of the Massa­
chusetts Institute of Technology.) As a 
result the overall energy density of 
electrons between the galaxies is much 
less than either in the strong radio 
sources or in our own galaxy. Therefore, 
whereas the bulk of the cosmic ray nu­
cleons may be extragalactic in origin, 
the small fraction of cosmic ray energy 
that is contained in electrons must come 
from collisions between the nucleons 
and atoms of gas in our galaxy or from 
supernova remnants in the galaxy, or 
from both. 

A good example of a strong and ex­
tended radio source quite close to us 
is the source called Centaurus A, which 
is associated with a remarkable galaxy 
[see illustration on page 38]. Centaurus 
A is extremely large, with a total extent 
of nearly two million light-years, and 
it is only about 12 million light-years 
away from us. In this particular case, 
then, it is entirely possible that some 
part of the flux of the particles that have 
been generated in the radio source will 
eventually reach us. If one knows the 
average lifetime of a radio source- and 
the frequency with which such sources 
occur among the total population of 
galaxies, and if one makes some esti­
mates of the average energy generated 
in the form of relativistic particles 
in each radio-source event, it is possible 
to calculate what the total contribution 
of such strong radio sources to the inter­
galactic energy density of cosmic rays 
may be. 

Four years ago I made a calculation 
along these lines, restricting myself to 
the radio sources known to be present 
in the Virgo cluster, a grouping of 
galaxies at the outskirts of which our 
own galaxy is situated. It is clear that 
the average lifetime of the radio sources 
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is quite uncertain, although it is prob­
ably comparatively short-only about a 
million years. The average energies are 
also most uncertain. In my investigation 
I concluded that the strong radio sources 
in the Virgo cluster, of which there are 
about six, might contain at the present 
time something of the order of 1060 ergs 
of particles. There are reasons for be­
lieving the bulk of these are high­
energy protons. Assume that the rate at 
which radio sources have been arising 
in the Virgo cluster has remained con­
stant over a time considered to be the 
"age" of the universe, which I shall 
take to be about 2 X 1010 years. If each 
of the radio sources has an average life­
time of a million years, there have been 
2 X 104 "generations" of radio sources. 
Then the total energy in the particles 
they have produced is about 2 X 1064 

ergs. Although these sources continue 
to radiate energy through their radio­
emitting properties, that accounts for 
only a small fraction of the total energy 
contained in these particles; the bulk 
of the energy will escape from the radio 
sources. Assume that this energy is now 
spread uniformly throughout the super­
cluster; the total energy denSity of 
cosmic rays throughout the cluster will 
be about .1 electron volt per cubic cen­
timeter. It is obvious that this number 
is rather uncertain. Still, it is close 
enough (within an order of magnitude) 
to the estimates of the energy density 
at the top of the earth's atmosphere for 
one to suggest tentatively that the con­
tribution to the cosmic ray flux by 
sources such as this one outside our 
galaxy can be considerable. 

I have assumed that the energy is 
spread through the supercluster. How 
long might it actually take to fill up a 
whole cluster of galaxies by a mecha­
nism of this kind? The cluster is about 
50 million light-years in diameter. If 
the cosmic ray particles, which have 
velocities nearly equal to the velocity 
of light, were able to travel in straight 
lines, their travel time would be only 
50 million years, and it might be 
expected that particles would diffuse 
throughout the volume of the cluster 
in a time that is quite short compared 
with the total time over which they 
have been produced. 

But since the space between the gal­
axies is probably not completely empty 
(it may contain a very low denSity of 
gas and magnetic fields) the particles 
will in fact be guided by the magnetic 
fields. There are reasons to suppose 
that the gas between the galaxies may 
consist of rather large clouds that prob­
ably move with the same kinds of ran-

dom velocities as the galaxies, that is, 
random velocities of about 1,000 kilo­
meters per second. On this basis the cos­
mic ray particles that escape from the 
radio sources will diffuse through the 
cluster much more slowly, because in­
stead of moving in straight lines from 
their point of origin they will move from 
one cloud containing magnetic fields to 
another, and their rate of diffusion will 
be rather slow. The total time it takes 
a particle to travel across a cluster of 
this size may depend on a velOcity that 
is characteristic of the random velocities 
of the clouds and not of the velocity of 
light. It is easy to show that the dif­
fusion time may be of the order of sev­
eral billion years. If this is the case, it is 
quite possible that in the time available 
(if the cluster formed only 10 to 20 

billion years ago) the particles have not 
yet had a chance to diffuse uniformly 
throughout the cluster; if they have dif­
fused uniformly, they have done so only 

comparatively recently, as far as the 
total time scale is concerned. 

On the other hand, the pressure ex­
erted by such a flux of cosmic ray palti­
cles within a cluster, if this type of 
mechanism is operating, is considerable. 
If the density of gas between the gal­
axies in such a cluster is very low (of 
the order of one atom per 104 to 105 

cubic centimeters), the cosmic ray pres­
sure is considerably larger than either 
the gas pressure or the pressure exerted 
by the magnetic field; that is, it will 
build up to values much greater than 
these. As more and more cosmic rays 
are pumped into the cluster by the radio 
sources they will exert greater and 
greater pressure, and the effect will be 
that they will be able to diffuse more 
rapidly through the cluster and even­
tually begin to escape from it. If there 
are no limits on the time scale, then in 
tens of billions of years such cosmic ray 
particles will escape from the clusters 

RADIO EMISSION from the Great Nebula (M 31) in Andromeda comes from an extended 

area around the galaxy, suggesting the presence of a halo. The map, plotted by John D. 

Kraus of Ohio State University, shows the relative intensity at various points of energy 

emitted at 1,415 megacycles. The photograph was made with the 48·inch Palomar telescope. 
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RADIO SOURCE called Centaurus A is associated with the unusual galaxy, NGC 5128, shown 

in this photograph made with the 200·inch telescope. The dark band is apparently a dust 

cloud. Radio energy emanates from a region many times larger than the optical galaxy. 

of galaxies and begin to fill the spac� 
between them. Only under these con­
ditions can we suppose there are h'uly 
intergalactic cosmic rays. 

My investigations were made before 
the discovery of the quasi-stellar 

radio sources, or quasars, which were 
discovered only in 1963. These too 
presumably contribute to the cosmic 
ray flux, the extent of their contribution 
depending on how numerous they are 
compared with the radio galaxies. On 
the basis of rather poor statistics the 
quasars are now thought to constitute 
perhaps 30 percent of the identifiable 
radio sources. The total energy they 
contribute may therefore not signifi­
cantly increase my estimates. But if 
there exists a more numerous class of 
quasi-stellar objects that have so far not 
been detected as radio sources (as Allan 
R. Sandage of the Mount Wilson and 
Palomar Observatories has proposed), 
and if each of these is a manifestation of 
an explosive event, the contribution may 
be much greater. 

The idea that the strong radio sources 
may provide a significant contribution 
to the cosmic ray flux is still somewhat 
unorthodox. Although it is generally 
agreed that the very highest-energy 
cosmic rays are probably of extraga­
lactic origin, most cosmic ray physicists 
still adhere to the view that the bulk 
of the cosmic rays probably originate 
with supernovae. To the extent that 
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cosmic rays are generated outside our 
galaxy, these particles must be present 
throughout the universe. It can be ob­
jected that the total energy density of 
such universal cosmic rays could not be 
accounted for. I would argue that it is 
really only" reasonable to compare the 
energy density of cosmic rays with the 
mass-energy density (applying the usual 
Einstein relation) of the intergalactic 
medium. Let us suppose the mean den­
sity of matter in the universe is about 
10.5 atom, or 10-29 gram, per cubic 
centimeter. Then, since the square of 
the speed of light is 1021 centimeters 
per second, the mass-energy density 
(Mc2) is 10-8 erg, or about 10,000 elec­
tron volts, per cubic centimeter. In the 
light of this relatively large total energy 
density a cosmic ray energy density of 
only one electron volt per cubic centi­
meter-aIl that is required to fill the uni­
verse uniformly with cosmic rays-is 
after all a negligible amount. 

A more serious objection that has 
been raised involves the source of this 
energy. If it comes from the fusion of 
hydrogen into helium inside stars, which 
has been thought to be the most power­
ful source of energy available, there is 
a conflict with the known abundance 
ratio of hydrogen to helium. That is, 
it would appear that all the hydrogen in 
the universe would by now have been 
converted to helium. The fact is, how­
ever, that accounting for the vast energy 
in the quasars and perhaps in other 

strong radio emitters is so difficult that 
processes other than fusion are already 
being considered. One possibility is that 
a significant fraction of mass has been 
converted into the energy of relativistic 
particles through the mechanism of grav­
itational collapse: One can imagine that 
a supermassive star, having exhausted 
its thermonuclear fuel, would collapse 
under the gravitational influence of its 
own mass, and that at a critical radius 
much of the mass might be released as 
gravitational energy. Although this hy­
pothesis is in difficulty at the moment, 
many of us believe such energy con� 
version is in fact possible. 

Another problem associated with the 
extragalactic theory is that if the cosmic 
rays have a large energy density, they 
might heat up the intergalactic gas. The 
time it would take for this to happen, 
however, would be very long and might 
not be incompatible with the upper 
temperature limit (a few million de­
grees) set by rocket observations of 
celestial X rays. Finally, the entire ar­
gument developed here depends on the 
hypothesis that a large flux of relativ­
istic protons and heavier nuclei ac­
companies the flux of relativistic elec­
trons detected indirectly through syn­
chrotron emission; there is no direct 
evidence, it might be objected, that 
such fluxes of nucleons are in fact pro­
duced. The same objection can be raised 
to the supernova hypotheSis for the ori­
gin of cosmic rays, however. Here again 
the argument in its modern form has 
been developed by consideration of the 
radio-emitting characteristics of the 
supernova remnants and the realization 
that this means there is a large flux of 
relativistic electrons in the sources; the 
supernova hypothesis is just as lacking 
in direct evidence for the presence of 
relativistic protons. 

To sum up, the discovery of the strong 
radio sources and the realization that 

they contain immense fluxes of rela­
tivistic particles has suggested that they 
may have something to do with the 
origin of cosmic rays. We do not know 
how large a contribution such external 
galaxies may make in the course of the 
explOSions that give rise to the rela­
tivistic particles. It is entirely possible, 
however, that they do make a sizable 
contribution, and it is not out of the 
question that they may be the dominant 
source of cosmic rays in the universe. 
If such a viewpoint is accepted, one 
should point out that at least some cos­
mic rays are samples of material from 
other galaxies-the only samples we are 
likely to obtain for a very long time. 
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Success one way and
· 
another 

The KODAK INSTAMATIC Camera has helped us outperform the 
civilian economy average in a manner most beautiful and 
heartwarming. Wives and mothers and, yea, husbands, fathers, 
sons, and daughters proved to us by the gratifying millions 
that all they wanted were results and that drawing their atten­
tion to technical details only made them nervous. So we told 
them to leave everything to us. 

Concurrent with this success is one of even greater im­
portance in respects other than financial that has been attained 
at the other end of the spectrum of technical concern. Here the 
customers are absolutely, positively fearless. To ask such 
customers to leave everything to us is to speak foolishly in a 
hostile tongue. They are the integrated-circuit makers, whose 
accomplishments are doubtless well represented on other 
pages of this magazine. Five years ago we were writing about 
use of our light-sensitive resists, plates, and chemicals to 
manufacture electronic circuits the size of one of our periods 
but were just barely believing it. Now we believe. It wasn't just 
a stunt. Electronics has changed to sound like this: 

Q. Were these unexposed wafers? 
A. No, these have been exposed. 
Q. Were they developed? 
A. No, I said they were exposed to a 
high-pressure mercury source, but they 
were not developed. They were exposed 
because they would have to be exposed 
during the course of measurement. 
Q. How thin a film can you measure? 
A. V AMFO can measure films as thin 
as 800A (by means of a violet filter). 
There are no minima for thicknesses 
between about 1250A to 2100A. By 
using the thinnest possible oxide layer 
under the resist, it should be possible to 
measure a short range of extremely thin 
resist films - how precise such measure­
ments would be 1 cannot say. In these 
studies, the oxide layer was 950A­
IIOOA (in order to use the bright 5461 
filter), and it should be possible to 
measure a resist film of about lOOOA' 
but with the model I used, the thinnest 
film I was able to measure was about 
1250A. 

Q. How thick a film can you measure? 
A. The thicker the better; there are 
more minima in thicker films and the 
results are more precise. In this series 
the thickest film was 3.2 mkrons. 
Q. What kind of spin table did you use? 
A. One that was designed at 1 BM. 

Q. Where was the spin table used? 

A. In a standard Whitfield hood. 

Q. What happens to the resist as it is 
spun on the wafer? 
A. It just spins off into the cup that fits 
around the vacuum chuck. If the cup is 
kept clean, there is a better chance that 
the spin table will stay trouble-free. 

Q. Have you evaluated the effect of 
applying the resist to a spinning wafer? 
A. We had done a very few experi­
ments and [ would say that the thick­
ness is somewhat less under these con­
ditions, but we have not pursued this. 
One of the reasons is that when we 
started the work, the spin table had to 
be manually controlled, and it was 
difficul� to c.ontrol the Variac and apply 
the resist simultaneously; so we stan­
dardized the procedure to apply resist 
from t he stationary position. -Perhaps 
there is a reduction in thickness of 
about 5 to 10 percent when it is applied 
to a spinning wafer, but I can't be 
definite about that figure. 

Q. Is there a resist rim on the wafer? 
A. Yes, but I confess that it doesn't 
bother us too much because those 
devices at the edge are mangled by 
tweezers sometimes. Until we run into 
trouble with mask contact it's a prob­
lem we just don't worry about. 

Q. Can you see the lOOA step? 
A. Perfectly. 

This bit of by-play gives the flavor of the question period 
following one of the 12 presentations recorded in Proceedings 
of the 1965 Kodak Seminar on Microminiaturization, a docu­
ment we had better get fast into the hands of those who have 
professional need for it, before the passage of a few more 
months adds hopelessly to its antiquity. 

Address requests to Dept. 454, Eastman Kodak Company Roch­
ester, N. r:. 14650. It is quite unlike the old pamphlets about d:/ightful 
snapshootmg. We seem to have made photofabrication possible but not 
very easy, though amazingly successful. 

Those who have no direct need for the Proceedings might want to 
buy a copy from us anyway for $J, just to watch the delicate interplay 
among gif(ed people from .companies trying to exchange help in a great 
technologIcal endeavor wtthout abandoning too much hard-won intel­
lectual property. 

Friends of physics in white overalls 
• To the Quantum Electronics Conference of the American 
Institute of Physics and the Institute of Electronic and Electri­
cal Engineers came word on April 13, 1966 from United Air­
craft Research Laboratories by A. J. DeMaria and associates 
that EASTMAN 9740 Q-Switch Solution, fruit of our flasks, 
could do significantly more for 1.06j.L neodymium lasers than 

just Q-switch them. It also mode-locks. 
The Q-switches available before our dye-makers were called 

to the service of quantum electronics simply blocked light first 
and then opened up. Our product isn't just go or no-go. It at­
tenuates low intensities preferentially. Furthermore, our dye 
recovers its opacity quicker than light takes to make a round 
trip between the laser mirrors. In consequence of these two 
points of distinction, the axial modes all come into phase at 
regular intervals. 

Axial modes are the various discrete frequencies jointly per­
mitted by the Nd+H- energy levels and by the necessity that 
inter-mirror distance divided by wavelength must be an inte­
ger, albeit a large one. The glassy environment of Nd+H- in 
KODAK Laser Glass unsharpens its transitions to the point that 
DeMaria is exciting some 30,000 axial modes ( = frequencies). 
Every time they go into phase with each other, the interference 
effects work out to concentrate the radiation into a short pulse. 
The more modes the shorter the pulse, just as the more lines in 
a diffraction grating the better the resolution. EASTMAN 9740 
thus turns the spectral breadth of KODAK Laser Glass emission 
into an asset by packing the energy into pulses calculated to be 
around 2 X 10-

13 sec wide. Slugs of light like that are only 
0.006 cm long, or 60 wavelengths. In a span of 30 optical cycles 
instantaneous power level rises from zero to several gigawatts. 
That's a lot of naked power to get out of a paltry thousandth 
of a joule of energy in each pulse. Interesting nonlinear optical 
effects may not be all that will come out of this. 
• A coordination compound of sulfuric acid with that well­
known and popular amino acid glycine is ferroelectric. Memory 
and switching devices employ it. The volume of solid-state dis­
course already in print about it alerts us to the possibility that 
solid-state physics will soon turn its thoughts in a big way to 
the wonderful world of organic molecules. We are ready with 
Glycine Sulfate as EASTMAN 9921. 

One of the early lessons learned by serious newcomers to the won­
derful world of organic molecules is that the great index of off-the­
shelf availability is the catalog of EASTMAN Organic Chemicals. The 
44th edition is just off the press. It, EASTMAN 9740 Q-Switch Solution, 
and EASTMAN 9921 are available from Distillation Products Industries, 
Rochester, N. Y. J 4603 (Division of Eastman Kodak Company). Absence 
of a molecule from the catalog is no indication we couldn't be per­
suaded to make it. 

To understand life 

Left, without change of the original 1O,000X magnification 
obtained from loo-KV electrons, we show the new KODAK 
Electron Image Plate rendering collagen fibers in human skin. 
We also try to show how much detail is available in the plate 
for further exploitation by optical enlargement after the plate 
manufacturer has taken measures against fuzziness from high­
energy electrons that penetrate all the way through the emul­
sion and then bounce back. Whether the improvement will 
contribute to a better understanding of life processes, time will 
tell (but probably only in a murmur). 

Eastman Kodak Company, Special Applications, Rochester, N. Y. 
will be delighted to name local sources of supply for the new plates, 
should the information be required. Any electron micrographers who 
would care to stop in at our exhibit at thr; Electron Microscopy 
Society of America meeting in San Francisco August 22-25 
will be shown what can be accomplished with the new plate 
through variations in processing. 

The hope of doing each other some good prompts these advertisements 
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TIN·NOVATIONS: 
Informative examples of the 
product-improving abilities of 
Straits Tin from Malaysia 

Tin-nickel plating affords printed circuit 
extra resistance to corrosion. 

New tin-nickel bath leaves 
solderable, corrosion resistant, 
nonmagnetic deposit 
65% tin/35% nickel - that is the 
composition of a new bath which 
leaves a deposit that is reportedly 
solderable, nonmagnetic and more 
corrosion resistant than either tin 
or nickel alone. The tin-nickel bath 
is designed specifically for plating 
of marine hardware, auto acces­
sories, chemical equipment, printed 
circuits, and electronic components. 

LIQUOR FINISH 
Stannous sulfate saves tin, copper, 
time and work when you liquor fin­
ish wire products such as paper clips 
and hairpins. Stock solutions can 
be made up quickly, easily. Stan­
nous sulfate is a weighable solid of 
constant composition. It gives solu­
tions batch-to-batch uniformity. 
This assures a lustrous, protective 
tin or tin-copper plate with uniform 
thickness. Stannous sulfate's high 
tin content is almost entirely avail­
able for deposition on the wire in 
liquor finishing-neither tin nor time 
is wasted. 

THINK TIN! 
A metal as versatile as Straits Tin 
from Mal.aysia may be the answer 
to one of your current design prob­
lems. We urge you to explore tin's 
possibilities. And remember, Straits 
Tin from Malaysia is the world's 
standard for tin quality . . . mini­
mum 99.8% purity. "Straits is to Sn 
as Sterling is to Ag." 
Free Newsletter � 

Write today for a free 
su bscription to TI N 
NEWS-a monthly __ _ 

newsletter on tin sup- -� Ile
s
�rices and new ���R.� 

CTHE MALAYAN 

!:t�-3:!�0� ���.W. 
Washington, D.C. 20006 
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The Underground-Test-Ban Debate 

A
harp debate continues within the 
U.:). Government over whether 
or not to seek a ban on under­

ground nuclear tests. In mid-June it 
was reported that the Administration 
was leaning toward a ban on larger 
underground tests, which could be 
readily monitored by sensitive new 
seismic arrays (see "The Detection of 
Underground Explosions," by Sir Ed­
ward Bullard, SCIENTIFIC AMERICAN, 

July). The ban would apply to all tests 
that produced a seismic signal of 4.75 
or more on the nine-point Richter scale. 
The size of explosion needed to produce 
such a signal would range from about 
20 kilotons (if the shot were set off in 
the volcanic rock called tuff) to perhaps 
50 kilotons (if it were set off in an un­
consolidated alluvium). Late in June it 
appeared that the Administration was 
having second thoughts and would not 
propose the limited ban after all. Ac­
cording to The New York Times the 
basic objection "was that the small 
political gains of such a step were out­
weighed by the possible military risks." 

This report appeared only two days 
after Jerome B. Wiesner, provost of 
the Massachusetts Institute of Tech­
nology and scientific adviser to Presi­
dent Kennedy, had testified before the 
Senate Foreign Relations Committee 
that the U.S. would incur "very little 
risk" even if it agreed to a complete ban 
on underground testing without provi­
sion for inspection. Said Wiesner: "The 
detection system is adequate to safe­
guard against any clandestine activity 
that would be a significant threat to 

SCIENCE AND 
our security." He observed that the U.S. 
would be better off today if it had 
Signed a complete test ban in 1958, in­
asmuch as the U.S.S.R. has made great­
er progress in nuclear weapons than the 
U.:). since that time. Wiesner deplored 
the tendency "to judge arms control in 
the light of the most dangerous pos­
sibility, no matter how unliKely, and to 
give no weight at all to the conse­
quences of failing to halt the arms race." 

Meanwhile American and Russian 
officials, who attended a four-day non­
governmental conference in Canada, 
supported a proposal that the nuclear 
powers accept a moratorium on all 
underground tests for a limited "trial 
period" and agree to a system of "veri­
fication by challenge or 'invitation." The 
conference, which brought together dis­
armament specialists from 25 nations, 
was called the International Assembly 
on Nuclear Weapons. It was sponsored 
by the Canadian Institute of Inter­
national Affairs, the Institute for Stra­
tegic Studies of London, the Carnegie 
Endowment for International Peace and 
the American Assembly of Columbia 
UniverSity. Participants at the confer­
ence included Adrian A. Fisher, deputy 
director of the U.S. Arms Control and 
Disarmament Agency; Vasily S. Yemely­
anov, chairman of the SOViet Academy 
of Sciences' Commission on the Scien­
tific Problems of Disarmament, and 
Lord Chalfont, the British Minister for 
Disarmament. 

One clue to the reluctance of some 
U.S. officials, particularly in the Atomic 
Energy Commission, to support a ban 
on underground tests was provided by 
Lord Chalfont in an interview with a 
correspondent for The New Y orkel' in 
Geneva. "At this particular point," he 
said, "I have no hesitation in stating 
that Plowshare [the AEC program to 
use nuclear explOSives for civilian en­
gineering purposes] and the considera­
tions it raises are definitely impairing 
the efforts by this conference to arrive at 
a comprehensive test-ban treaty." 

Bias for the Positive 

An absolute way to determine whether 
a body anywhere in the universe is 

composed of matter or antimatter has 
been established. Previously it had been 
thought that if we were in communica-
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THE CITIZEN 
tion with intelligent organisms on an­
other planet there would be no un­
equivocal way to tell them what we 
meant by a positive (or negative) 
charge. If their planet happened to be 
composed of antimatter, any experi­
ment we might propose using what we 
call particles (protons, neutrons and so 
on) they could perform with antipar­
ticles (antiprotons, antineutrons and so 
on) and get the same result. 

The decisive experiment that makes 
it possible to define what physicists, by 
convention, know as a positive charge 
was performed at the Brookhaven Na­
tional Laboratory. It involves the decay 
of the neutral eta meson (which is its 
own antiparticle) into three pions, or pi 
mesons: one positive, one negative and 
one neutral. If particle-antiparticle sym­
metry were strictly observed, one would 
expect that the positive and negative 
pions-which are antiparticles of each 
other-would, on the average, carry 
away equal amounts of energy. Such a 
result would be evidence for C-invari­
ance, or charge-conjugation in variance, 
the term given to the symmetry of mat­
ter and antimatter. It had been sug­
gested, however, by Tsung-Dao Lee of 
Columbia University and Lincoln Wolf­
enstein of the Carnegie Institute of 
Technology that C-invariance might be 
violated in the decay of the eta meson. 
In that case either the positive or the 
negative pion might emerge from the 
reaction with the greater energy. 

To make the test 435,000 pictures 
were taken of events in a 3D-inch bub­
ble chamber filled with liquid deuteri­
um. The eta mesons were produced by 
the collision of positive pions and deu­
terons; the pions, in turn, were pro­
duced by protons accelerated in the 
30-billion-electron-volt Brookhaven syn­
chrotron. Detailed measurements of the 
tracks in SO, 000 photographs led to the 
selection of 1,441 examples of eta decay 
on which the results were based. It was 
found that the positive pion emerged 
with more energy than the negative 
pion in 7.2 percent of the decays, with 
an uncertainty of ±2.S percent. The 
odds are 1,000 to one that this result 
could not have happened by chance. 

A civilization anywhere in the uni­
verse that could repeat this experiment­
even if it began with antiprotons ac­
celerated in a synchrotron made of anti-

SAN A scientist studies the bottom of the sea while his 
next-door neighbor works on a new lunar 
launch vehicle. This is the flavor of San Diego 
today. It's young, aggressive, talented 

O I EG A N people and growing firms and 
institutions. 
Let's get specific. Average age is 26.4, AT and it is one of the fastest -growing metropolitan 

centers in the nation. (Now ranked 15th in population. ) 
Look beyond our beautiful climate and you'll see a 
state college and three universities-including the new 

WO R K University of California at San Diego. 
This has been a birthplace of the 
aerospace industry and a hub of the 

electronics industry. Today it is also a major center of Oceanics. 
That's why it's the home of 7 of the nation's deep submersibles and 
59 firms and institutions engaged in this new field. 
Don't you think it's time for your firm to investigate the opportunities 

offered by a San Diego location? 
For booklets "Oceanics in San 
Diego" and "Research and 

Developme�t in San Diego, write ( on your letterhead, please) or 
contact John E. Harter, Manager, Industrial and Business 
Development Department, San Diego Chamber of Commerce, 
499 W. Broadway, San Diego, California 92101. 

I San Diego· County 
(E: key your future to exciting San Diego 
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matter-should get the same result and 
thus know what we mean by a positive 
charge: it is the charge on the more 
energetic of the two charged pions pro­
duced by an eta decay. 

The eta-decay experiment was re­
ported in Physical Review Letters by 
Charles Baltay, Paolo Franzini, Jewan 
Kim, Lawrence Kirsch and Dino Zanel-
10 of Columbia University and Juliet 
Lee-Franzini, Richard Loveless, John 
McFadyen and Harold Yarger of the 
State University of New York at Stony 
Brook. Similar results were obtained by 
a team under E. C. Fowler of Duke 
University and by a consortium of 
workers from Columbia University, the 
University of California at Berkeley, 
Purdue University, the University of 
Wisconsin and Yale University. 

Drugs Revisited 

The National Academy of Sciences-
National Research Council, at the 

request of the Food and Drug Adminis­
tration, is about to undertake an evalua­
tion of the effectiveness of some 3,000 
to 4,000 drugs introduced during the 
period from 1938 to 1962. It was in 
1962 that the Kefauver-Harris amend­
ments to the Food, Drug and Cosmetics 
Act required manufacturers to submit 
substantial evidence supporting thera­
peutic claims before receiving FDA ap­
proval of new drugs. The same amend­
ments called for an evaluation of the 
efficacy of drugs marketed between 
1938 and 1962, when only proof of 
safety was required. 

The NAS-NRC study, which will in­
clude most of the drugs now in general 
medical use, will be directed by an ad­
visory committee under the chairman­
ship of William S. Middleton of the 
University of Wisconsin School of 
Medicine. The advisory committee will 
be responsible for the selection of ap­
proximately 30 review panels totaling 
150 specialists in the various categories 
of drug usage established for the study. 
The committee will also develop guide­
lines to be followed by the panels in 
rendering their judgments and will co­
ordinate the panels' recommendations 
for submission to the FDA. 

Smoking Dogs 

Emphysema, a lung disease that 
caused more than 17,000 deaths in 

the U.S. in 1963, has been produced in 
dogs by inducing them to smoke ciga­
rettes. The disease is about 13 times 
more common among cigarette smokers 
than among nonsmokers. The death rate 
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from emphysema has increased nearly 
sixfold in the past 10 years. The disease 
now affiicts more people than lung can­
cer and tuberculosis combined. Lung 
cancer, however, is more frequently 
fatal; it caused more than 40,000 deaths 
in 1963. 

The experiment with dogs was de­
signed to duplicate human cigarette 
smoking as closely as possible. The 
dogs (beagles) inhaled cigarette smoke 
through tubes inserted in their tracheas. 
Of 10 dogs in the original group five 
died in the course of the experiment. 
The deaths were caused by blood clots 
in the heart and lungs and by pneu­
monia. The five surviving dogs were sac­
rificed after smoking about half a pack 
of cigarettes a day for 60 weeks. The 
lungs of all 10 dogs exhibited pathologi­
cal changes indicating varying degrees 
of emphysema. The changes, indistin­
guishable from those that characterize 
emphysema in humans, were absent in 
10 dogs used as controls. 

The experiment was conducted by 
Oscar Auerbach and David Kirman of 
the Veterans Administration Hospital in 
East Orange, N.J., and by E. Cuyler 
Hammond and Lawrence Garfinkel of 
the American Cancer Society. They re­
ported· that dogs reacted to smoking 
much as humans do. At first some of the 
dogs became dizzy and nauseous. Later 
some "showed evidence of liking ciga­
rette smoking ... by wagging of tail and 
jumping into the smoking box volun­
tarily." 

The Chemistry of Memory 

A biological chemist, using goldfish 
as experimental animals, has found 

that injections of a drug that inhibits 
the synthesiS of protein do not affect the 
fishes' ability to learn but strongly affect 
their ability to store what has been 
learned. Writing in Proceedings of the 
National Academy of Sciences, Bernard 
W. Agranoff of the University of Michi­
gan suggests not only that short-term 
memory is physiologically distinct from 
long-term memory but also that chemi­
cal changes are vital to the develop­
ment of long-term memory. 

Agranoff's goldfish were trained by 
electric shock during a 20-trial session 
to swim from the light to the dark end 
of a tank; in uninjected fish, memory of 
the training perSisted for at least 30 
days. The antibiotic puromycin, the 
molecular structure of which is similar 
to that of the ribonucleic acid that 
transfers amino acids to the growing 
protein chain ("transfer RNA"), was in­
jected into the skulls of some of the 

fish either immediately before or im­
mediately after the training session. The 
drug temporarily suppressed from 50 
to 80 percent of normal protein syn­
thesis in the fishes' brains. When re­
examined three days later, the injected 
fish were no more proficien't at avoiding 
shocks than untrained fish. When the 
injections preceded training by 20 min­
utes or followed it by an hour, the test 
fish achieved almost as good results as 
did trained but uninjected fish when 
both were reassessed after an identical 
three-day waiting period. It was thus 
apparent that the puromycin had ex­
ercised its effect within a limited span 
of time. 

A further expeliment assessed the re­
tention of memory by goldfish that had 
been injected ilnmediately after training 
at intervals one, three and six hours and 
again 24, 48 and 72 hours later. As 
much as six hours after injection the 
fish gave no evidence of memory decay. 
After 24 and 48 hours, however, their 
performance had become increasingly 
poor; after 72 hours they scored no 
better than untrained fish did. 

Agranoff interprets his findings to 
mean that, although the goldfish form 
a short-term memory during training 
that is resistant to the effect of puromy­
cin, none of this memory remains after 
72 hours and the puromycin meanwhile 
has prevented any of it from being 
transformed into long-term memory. He 
concludes that protein synthesis may be 
a key factor in the fixation of long-term 
memory, perhaps because it fosters the 
growth of nerve cells, synaptic proces­
ses or other structures of the central 
nervous system. 

Dairy Proteins from None 

Dairy cattle fed a synthetic diet en-
tirely lacking in protein continue 

to produce milk with the usual protein 
content and to drop calves whose meat 
is of a quality equal to that from cat­
tle on normal feed. This achievement, 
recently announced by the Department 
of Agriculture, has considerable signifi­
cance not only for underdeveloped 
areas that are short on the high-protein 
feeds usually thought necessary in cat­
tle husbandry but also for such affiuent 
areas as the Hawaiian Islands, where a 
shortage of adequate pasturage has tra­
ditionally meant inferior dairy products 
from local herds. 

The achievement is the work of the 
Finnish Nobel laureate A. 1. Virtanen, 
director of the Biochemical Research 
Institute in Helsinki, whose experiments 
have been supported by U.S. funds 
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Sylvania ECG 
finds the way 

to space-proof 
reailout panels 

Problem: Find a way to make illumi­
nated readout panels withstand all the 
rigors of extended space travel. 
Solution: The Sylvania Electronic Qom­
ponents group turned to the solid-state 
reliability of electroluminescence. 

The result is a new generation of 
ultra-compact electroluminescent read­
out displays built in sandwich form and 
which can be operated completely from 
solid-state devices. Each one is capable 
of reading ou t numerals or letters at 
speeds greater than the eye can detect. 

The units are hermetically sealed, 
and built to rugged specifications so that 
they can easily withstand 50-G shock, 
and provide continuous illumination 
for 10,000 hours with negligible current 
drain from the space capsule's power" 
source. 

These new Sylvania EL readout pan­
els are being used by the Sylvania Elec­
tronic Systems Division in P roject 
Apollo. 

Making readout devices spaceworthy 
is another example of advanced compo­
nent design resulting from Sylvania 
ECG integrated research and engineer­
ing, and its pioneering in EL readout 
development. It's a point to keep in 
mind the next time you have a design 
problem. 

. 

Sylvania Electronic Components 
Group, Sylvania Electric Products Inc., 
Seneca Falls, N. Y 13148. 

SYLVANIA 
GEN'ER�AL TELEPHONE & ELECTRONICS G1&E 
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What's your Speed? 
Lockheed has a program to match your 
interests, your background, and your drive. 

A wide range of important programs are 
in progress, such as the Army's AAFSS 
compound helicopter, STOL and V/STOL 
short-haul transports, extremely advanced 
fighters, supersonic transports, SCRAM­
JET hyperson ic test vehicles. 

And the variety that Southern California 
offers can match your style of living­
whatever it is. 

On your left, the ocean. On your right, the 
desert. Up, the mountains. Down, the surf. 
All within hours. And there's everything in 
between. Educational opportunities at 
numerous universities. Theatre, art, music. 
Major league baseball, football, and basket­
ball. Pools and patios. Palms and pine 
trees. 

For more information, write Mr. E. W. Des 
Lauriers, Professional Placement Manager, 
Dept. 2908, 2411 North Hollywood Way, 
Burbank, California. Lockheed is an equal 
opportunity employer. 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAfT CORPORATION 
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since 1959. Essentially the process de­
pends on the gradual development in 
each cow's rumen of a microbial popu­
lation that is capable of synthesizing es­
sential amino acids from nitrogen sup­
plied to the animal in the form of urea 
and ammonium salts. Each of the six 
milk cows in the experiment was gradu­
ally fed an increasing proportion of syn­
thetic food during its dry period until 
finally its daily ration consisted of 20 
pounds of briquettes containing starch, 
cellulose, sucrose, urea and ammonium 
salts, together with eight pounds of 
a cellulose-rich wet paste and small 
amounts of corn oil and vitamins A, D 
and E. To assist rumination the cows 
also received strips of cellulose, impreg­
nated with silicic acid, in lieu of hay; to 
assist salivation they were allowed to 
chew on hard-rubber tubing. 

Nourished only by this synthetic diet, 
Virtanen's six Ayrshires produced an 
average of 9,460 pounds of milk annual­
ly, a yield nearly equal to the average 
of their breed in Scandinavian coun­
tries. Chromatographic analYSis of their 
milk reveals some differences from nor­
mal milk in the content of volatile sub­
stances. Virtanen reports, however, that 
the milk tastes like any other milk and 
has no odd flavors; its nutrient content 
of fat, nonfat solids, sugar and proteins 
is identical with that of milk from cows 
fed on normal rations. 

Experiments on Man 

A distinguished medical investigator 
has raised disturbing questions with 

regard to the ethics of clinical research, 
or research conducted in the course of 
treating human patients. In an article 
in The New England Journal of Medi­
cine Henry K. Beecher of the Harvard 
Medical School addresses himself -Spe­
cifically to "experimentation on a pa­
tient not for his benefit but for that, at 
least in theory, of patients in general." 
A primary component of an ethical ap­
proach, Beecher writes, is informed 
consent by the patient or his guardian; 
such consent is often not obtained, he 
maintains. Moreover, the anticipated 
gain from an experiment should be 
commensurate with the risk. Beecher 
cites examples of studies in which 
known methods of treatment were with­
held in spite of a known risk, new tech­
niques were tested that had no relation 
to the patient's needs, drugs known to 
be toxic were administered in order to 
study their degree of toxicity and physi­
ological experiments were performed on 
sick pa tien ts. 

In one case, according to Beecher, 
penicillin was withheld from a control 
group of servicemen with streptococcal 
infections even though the antibiotic is 
a known preventive for rheumatic fe­
ver; several men thereupon developed 
the disease. A different antibiotic, sus­
pected of interfering with liver function, 
was administered to inmates of a chil­
dren's center to treat nothing more se­
rious than acne; several cases of liver 
damage resulted. During a series of 
surgical operations carbon dioxide was 
injected into the anesthetic breathing 
mixture until toxic levels were reached 
and the patients' heart rhythm was dis­
turbed. Eighteen children undergOing 
heart surgery served incidentally as sub­
jects of a study of skin-graft survival 
with and without removal of the thymus 
gland. 

Beecher points out that in view of 
the proved value of human experimen­
tation unethical practices are likely to 
increase as more money is made avail­
able for research and as the pressure on 
young physicians to "investigate" builds 
up. He suggests that perhaps editors of 
medical journals should reject reports, 
no matter how valuable, based on im­
properly obtain'ed data and thus possi­
bly discourage unethical experimenta­
tion. 

Endless Bread 

A traditional distinction in manufac-
turing processes is made between a 

batch process and a continuous process, 
the former being unavoidable in the 
manufacture of many products and the 
latter being favored for its efficiency. 
Now a process that has seemed the 
quintessence of batch manufacture has 
been converted to the continuous sys­
tem. It is the making of bread. 

Peter J. Booras of Keene, N.H., has 
patented a process for making bread in 
an endless loaf. In his system a steady 
stream of ingredients is mixed, the 
dough is kneaded and carbon dioxide 
is pumped into it to make it rise. (Yeast 
may be added, but only for flavor.) A 
ribbon of dough is extruded like tooth­
paste, shaped on a conveyor-belt sys­
tem and carried through an electric 
oven. The emerging bar of bread is 
sliced, wrapped in appropriate lengths 
and shipped. An obvious feature of the 
final product is that' there are no end 
crusts. Thus Booras' system not only 
may be more efficient but also will solve 
the philosophical problem of whether 
or not the crusts are to be eaten and, 
if so, by whom. 
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I� anatical about dryness? Better check into 

Omniforms !'M Maybe not for your next martini, 

but just about any other place where moisture 

control is essential. 

Omniforms are manufactured from synthetic 

zeolites, adsorb water (1) over an extremely wide 

temperature range (2); they're tough and can be 

shaped to your specifications (3), with tolerances of 

±O.OOS. Also note these "fringe benefits" ... Omni­

forms act as jigs to assure perfect alignment. During 

welding, they're a flash wall. As heat sinks, they cut 

down on component damage. 

If all this sounds electronic, well so it is. 

Omniforms fit just fine in semiconductors, instru­

ment dials, missiles, etc. And yet, they may well 

help you with a lot of other damp problems. Dry 

and see! 

BRIST RONICS 

1. Omniforms adsorb approximately 22% of their own weight. 

2. Omniforms retain their drying capacity above 200°F. 

3. Omniforms come in any size or shape (disc, oval, ring, etc.) 

required by our customers. 

BRISTRONICS 
Department of Bristol laboratories 
Division of Bristol-Myers Co. Dept. C 
630 Fifth Avenue, New York, N. Y. 10020 

Gentlemen: 

D Here's my problem. Can you help? 

T I 

COMPANY: 

ADDRESS: 

on 
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HUMAN CORONARY ARTERY is enlarged about 38 diameters 

in these photomicrographs made by the author. A normal artery 

is seen in cross section (above). In a diseased artery (below) the 

channel is partially occluded by atherosclerosis. Fibrous scar tis· 

sue, with fatty deposits (clear areas) in it, and other materials have 

thickened the arterial wall, reducing the blood.carrying capacity. 
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ATHEROSCLEROSIS 

The artery disease that is responsible for n10st heart attacks 

is on the rise in the U.S. Its prevalence seen1S to be related 

to diet, so there is hope that the epidemic can be controlled 

T

he incidence of heart attacks 
among adult white males in rela­
tively affluent occupations in the 

U.S. has reached epidemic proportions. 
From such attacks (coronary artery oc­
clusions) the overall U.S. death rate is 
now 500,000 a year, and 200,000 more 
die from strokes. At least 5 percent of 
the adult males in the nation show signs 
of some form of heart disorder. The 
basic disease responsible for most of 
these disorders and deaths is athero­
sclerosis. There is every indication that 
the prevalence of atherosclerosis in the 
U.S. is steadily increasing. 

It used to be thought that athero­
sclerosis was a disease of old age and 
that its rising incidence might be due 
simply to the lengthening of the average 
life-span by the control of infectious 
diseases. This idea has now been re­
futed by a number of studies. My col­
leagues and I have made a comparative 
examination in Westchester County, 
New York, of two samples of the popu­
lation taken 20 years apart. The samples 
were comparable in that both groups 
covered the same age range (from 20 to 
60), had records of good health before 
a fatal episode, had died of sudden 
causes not connected with heart disease 
and had been autopsied after death, so 
that the extent of atherosclerosis in their 
coronary arteries and aortas was known. 
The first sample consisted of people who 
had died of acute infections in the 
period between 1931 and 1935; the 
second was made up of people who had 
been killed in automobile or industrial 
accidents between 1951 and 1955. We 
found that the second group, represent­
ing a period 20 years later than the 
first, had a significantly greater amount 
of atherosclerosis. This was true for 
every age level: the young people in 
the second group had more atherosclero-

by Dayid M. Spain 

sis than the young ones in the first. A 
similar autopsy study in Sweden yielded 
the same finding; the degree of coronary 
atherosclerosis in a population sample 
in 1958 was greater than in a sample 
from 1934. 

Laboratory studies of experimental 
animals and postmortem examinations 
of human infants have established that 
the development of atherosclerosis often 
begins shortly after birth. Fatty streaks 
signaling the beginning of atheromas 
have been found in many human aortas 

as early as the age of three. In a group 
of U.S. soldiers killed in the Korean 
war whose average age was only 23, 
examination showed that most had 
extensive formations of atherosclerotic 
"plaques" in their arteries. In our study 
of accident victims in Westchester 
County we found that many 35-year-old 
males who had shown no indication of 
heart disease nevertheless had their 
coronary arteries so thickened by athero­
sclerosis that the channels were nar­
rowed by 50 percent. It has become 

CRITICAL STAGE in the process under way at the bottom of the opposite page occurs 

when the atherosclerosis has advanced and a hlood clot almost fills the constricted channel. 
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FAVORED SITES of atherosclerosis are indicated in color in this diagram of the major 

arteries. There is a tendency for the disease to begin at points where an artery branches. 
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quite clear that atherosclerosis is a 

widespread disease of the young as 
well as the old. 

The Nature of the Disease 

Atherosclerosis appears to be at least 
as old as the civilization of mankind. 
The aortas of some Egyptian mummies 
that were entombed more than 3,500 
years ago show the typical lesions of 
atherosclerosis. The modern name of 
the disease is derived from two Creek 
words: athere, meaning "porridge" or 
"mush," and skleros, meaning "hard." 
This apparently contradictory combina­
tion describes the fact that the lesion be­
gins as a soft deposit and hardens as it 
ages. Materials that have been deposited 
from the bloodstream in the inner lin­
ing of the major arteries penetrate the 
arterial wall; they form plaques that 
gradually grow and thicken the wall, 
thus narrowing the blood channel. 
Eventually the thickening may close the 
channel entirely, or pieces of the 
plaques may break off and travel with 
the bloodstream until they are stopped 
in a smaller artery and thereby plug it. 
When the blockage occurs in the coro­
nary artery, it produces a heart attack 
by cutting off the blood supply to the 
heart muscles; in the brain it produces 
a cerebral stroke; in the lower extremi­
ties it can lead to gangrene. 

The circulatory system of the human 
body is a pipeline through which blood 
is pumped at a rate amounting to 4,300 
gallons a day through 60,000 miles of 
pipe reaching every cell of the body. 
We might liken the atherosclerotic de­
posits in an artery to the rustlike en­
crustations that may form on the inner 
wall of a pipe. The living system, how­
ever, is vastly more complex than any 
ordinary pipeline. The fluid coursing 
through the arterial pipes contains liv­
ing cells and a mixture of liquids that 
are continually changing in chemistry 
and physical characteristics. The flow 
is pulsatile, varying from moment to 
moment in velocity, volume and pres­
sure. The living walls of the arteries 
themselves partake of the same change­
ability. They undergo a continual me­
tabolism, conduct exchanges with the 
blood and the fluids bathing them ex­
ternally and are subjected to various 
kinds of stress. In this dynamic system, 
subject to so many internal and external 
influences, unraveling the process that 
is responsible for atherosclerosis is akin 
to trying to solve a many-body problem 
in astronomy without knowing how 
many bodies are involved. 
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The atherosclerotic lesion is a com­
plicated affair. When fully developed, 
it is composed of a considerable variety 
of structures and substances: blood and 
blood products, fibrous scar tissue, cal­
cium deposits, complex carbohydrates, 
cholesterol (a fatlike, waxy substance 
normally present in the blood and body 
tissues), fatty acids and lipoproteins. 
Apparently the fatty acids and choles­
terol are the crucial substances respon­
sible for the development of the lesion, 
because they provoke inflammation and 
scarring of the arterial-wall tissue. 

How does the process leading to 
atherosclerosis begin? Examination with 
electron and light microscopes shows 
that the first visible event is the invasion 
of the inner lining of the artery by fat­
ty substances. These substances appear 
mainly in smooth muscle cells and foam 
cells found within the lining. In the 
spaces between the cells small amounts 
of cholesterol can be detected. Very 
fine fibers of a material that behaves like 
fibrin (a natural product of blood coagu­
lation) also show up, both within the 
lining and on its surface. At this early 
stage the forerunner of the atheroscle­
rotic lesion can be recognized in the 
form of fatty streaks, which when 
stained with a suitable dye are visible to 
the unaided eye as red streaks or spots 
on the lining surface. 

Fats in the Arterial Wall 

To solve the mystery of the origin of 
atherosclerosis one of the first questions 
we must answer is: How are the fatty 
materials deposited in the arterial wall? 
There are several current hypotheses. 
The one most widely accepted is that 
the fatty substances are transported into 
the wall by plasma, the blood fluid, and 
are trapped within the wall. It is be­
lieved that the plasma itself, under the 
force of the blood pressure, can leak 
all the way through the wall of the 
artery in small amounts, which then 
return to the bloodstream by way of 
the lymph-circulating system. The large 
lipoprotein molecules or complexes, on 
the other hand, cannot filter through the 
wall so eaSily; consequently they may 
tend to pile up within the wall, particu­
larly if the plasma carries an excessive 
quantity of them. 

The known structure of the walls of 
the major arteries gives support to this 
view. The wall of an artery consists 
essentially of three layers: outer, middle 
and inner. The outer layer and part 
of the middle one are nourished by a 
system of fine blood vessels (called vasa 

MEDIA ADVENTIT IA 

STRUCTURE o f  the wall o f  a n  "elastic" artery, the type usually involved i n  atherosclerosis, 
is shown in a somewhat schematic diagram. There is an inner lining of endothelial cells. The 

wall itself has three ill·defined layers of elastic tissue and muscle: the intima, media 

and adventitia. The vasa vasorum are small blood vessels that supply the artery wall. 

vasorum) that come from the outer coat 
and go inward only as far as the middle 
layer. The nourishment of the inner 
portion of the arterial wall is taken care 
of by nutrients filtering into it from 
the bloodstream in the channel of the 
artery. Between the inner and the mid­
dle layer of the wall there is a curtain 
of elastic tissue. This tends to impede 
the flow of fluids through the wall. 
Hence it may act to trap substances that 
follow the gradient of flow, which in an 
artery is from inside to outside. Sig­
nificantly, atherosclerosis rarely devel­
ops in veins, where the flow gradient is 
from outside to inside. 

That lipids and other large molecules 
from the bloodstream can penetrate the 
arterial walls has been demonstrated 
conclUSively by experiments with radio­
actively labeled cholesterol and other 
materials. These labeled materials usu­
ally turn up in highest concentration in 
areas in the walls that are already 
atherosclerotic. It has also been learned 
that in the early lesions of atherosclero­
sis the pattern of lipids present in the 
lesion is strikingly similar to the pattern 
in the blood. 

Are there special conditions that 
favor the infiltration of lipids into the 
arterial wall? At least one interesting 
finding points in that direction. It was 
found that the administration of high 
doses of vitamin C to experimental 
animals inhibited the accumulation 
of lipids in the walls of their arteries. 
Conversely, when animals were fed a 
diet on which they developed a vitamin 
C deficiency, the inner lining of their 
arteries became more permeable: its cells 
were more widely spaced. 

Abel Lazzarini-Robertson, Jr. , of the 

Cleveland Clinic, who has studied the 
behavior of arterial-lining cells in tissue 
cultures, suggests that there may be 
a self-feeding process that generates 
expansion of an atherosclerotic lesion. 
Some of these cells, he says, respond to 
an excess of lipids by requiring more 
oxygen. vVhen they fail to obtain 
enough oxygen to satisfy this increased 
need, the cell membranes become more 
permeable to lipids. Thus a vicious 
circle is set up: the more lipid enters the 
cells, the easier it is for additional lipid 
to invade them. 

As I have mentioned, hypotheses 
other than the lipid-infiltration theory 
have been proposed to account for the 

INNER SURF ACES of the aortas of two rab· 

bits were stained to visualize fatty material. 

Both animals had been fed cholesterol but 

one had also received estrogen, a female hor· 

mone. The aorta of that rabbit (left) was 

found to be almost free of atherosclerosis, 

whereas the other one was heavily affected. 
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a b c 

ENTRY OF FATTY MATERIAL into the arterial wall is the first 

sign of atherosderosis. One theory holds that fat molecules infil· 

trate from the bloodstream ((I) either by moving between endo· 

thelial cells or through them or by being carried between them by 

large cells called foam cells. Another theory is that the first event 

is the formation of a blood clot that is suhsequently invaded by fats 

(b). A third idea is that an injury alters the wall's cementing sub· 

stance so that fats can invade from the blood or be �ynthesized (c). 

ongm of atherosclerosis. One of these 
suggests that a disturbance of the blood­
dotting mechanism, in combination with 
an injury to the inner wall of the artery, 
may result in the formation of a fibrin 
dot on the surface of the wall. Fatty 
substances from the bloodstream may 
then accumulate in the clot, particu­
larly if there is a considerable amount of 
such substances in the blood, and this 
focus may generate the atherosclerotic 
lesion. Another hypothesis proposes that 
some alteration of the cementing sub­
stances (mucopolysaccharides) in the 
artery wall that occurs after an injury to 
the wall may open the way to local in-

vasions or synthesis of lipids. It may be, 
indeed, that there is some truth in all 
the hypotheses. There is reason to be­
lieve that atherosclerosis can originate 
in a number of different ways. 

Once the process has started it de­
velops a kind of life of its own. En­
zymes within the artery wall break 
down the fatty complexes, liberating 
cholesterol and fatty acids. These act 
as noxious foreign agents and excite in­
flammation of the wall tissues. Scar 
tissue develops. Fragile capillaries grow­
ing into this tissue tend to rupture and 
thus lead to more inflammation. The 
artery lining may ulcerate, and blood 

n 

from the bloodstream dots around these 
breaks. Gradually the atherosclerotic 
lesion expands in size, and as the scar 
tissue and calcium deposits accumu­
late, the lesion stiffens and renders the 
arterial wall brittle and weak. 

Atherosclerosis may occur simultane­
ously in many of the body's major ar­
teries. There are, however, certain fa­
vored sites. Much depends on the shape 
and position of the vessel. For example, 
the coronary arteries, which receive the 
full impact of the pulsatile blood pres­
sure against their walls during systole 
(the heart's pumping cycle), have a high 
tendency to develop atherosclerotic le-

. .... � ...... .. . . 
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SECTION OF AORTA of a rabbit that had been fed cholesterol for 

two weeks is enlarged 5,000 diameters in an electron micrograph 

(left) made by Frank Parker and George F. Odland of the Univer-

sity of Washington School of Medicine. As the d"awing (second 

from left) shows, an endothelial cell of the artery lining contains 

vacuoles filled with lipid, or fatty maierial. A single smooth·muscle 
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sions; on the other hand, the renal ar­
teries, which branch from the aorta at 
right angles and have a low resistance to 
blood flow and therefore do not feel the 
pulsatile impact nearly as much, are 
relatively free of the disease. The ves­
sels that are most often, and most 
critically, attacked are the coronary 
arteries, the aorta, the arteries in the 
neck and brain and the iliac and femoral 
arteries supplying blood to the lower 
extremities. 

'When thrombosis (formation of a 
blood clot) occurs in a narrowed coro­
nary artery, the resulting partial or com­
plete shutoff of blood supply to a por­
tion of the heart muscle may have 
various effects: angina pectoris (pain in 
the chest), a myocardial infarct (destruc­
tion of part of the heart wall), irregu­
larity or weakening of the heartbeat or 
sudden death due to complete failure 
of thc heart. If the arteries to the brain 
become clogged, the result is a mas­
sive stroke causing paralysis or death. 
"Small" strokes, causing only slight or 
temporary paralysis of particular func­
tions, may arise from fragments that 
break off from the atherosclerotic lesion 
and Bow on to clog small vessels in the 
brain, thereby killing small areas of 
brain tissue. vVhen atherosclerosis and 
clots clog a major artery to the legs, 
the result may be severe pain in these 
extremities and sometimes so much de­
struction of tissue that the gangrenous 
limb must be amputated. 

In the aorta the lower section, passing 
through the abdomen, is particularly 
subject to atherosclerosis. The disease 
may so weaken the arterial wall that a 
portion of it balloons out, forming an 
aneurysm. Aneurysms of the aorta may 
press on the important organs in this 

area, interfering with their functions 
and causing pain. The rupture of one of 
these aneurysms usually produces mas­
sive hemorrhage and death. 

One of the peculiarities of athero­
sclerosis is that even among the suscep­
tible arteries it often selects particular 
ones for attack. For example, an indi­
vidual may have severe atherosclerosis 
in his coronary arteries but very little 
of the disease in the cerebral arteries, 
or extensive lesions in the aorta with 
very little involvement of the coronary 
arteries. This form of selectivity is re­
flected in the disease rates of certain 
peoples. In Japan, for instance, strokes 
are common but heart attacks are rela­
tively rare. 

The Role of Diet 

It is natural to suspect that diet has 
a great deal to do with atherosclerosis, 
and for more than a century the primary 
suspicion has focused on cholesterol. As 
early as 1847 a German anatomist, J. 
Vogel, reported that atherosclerotic ar­
teries invariably contained cholesterol. 
In 1909 a Russian army medical officer, 
A. Ignatowski, observing that the army 
officers, who were of the meat-eating 
class, had many more heart attacks than 
the vegetarian peasants, undertook an 
experiment. He fed rabbits animal prod­
ucts and found that their aortas did in­
deed develop atherosclerotic lesions. A 
few years later a pair of Russian 
investigators, N. Anitschkow and S. 
Chalatow, followed up with a series of 
careful studies that became classic refer­
ences in this field. When they fed rab­
bits fat and cholesterol, they observed 
that the cholesterol level in the animals' 
blood rose and atherosclerotic plaques 

�"." 

appeared in their arteries. After choles­
terol feedings were discon tinued, lip­
ids gradually disappeared from these 
plaques. 

Cholesterol is indeed an inevitable 
suspect, because the formation of the 
atherosclerotic lesion is essentially an 
inflammatory response to this substance. 
The involvement of cholesterol in the 
disease has been demonstrated in many 
different ways. Experimenters have pro­
duced the disease by cholesterol feeding 
in many animals, including rabbits, rats, 
guinea pigs, chickens, dogs and mon­
keys. In almost every case in which the 
disease is induced experimentally the 
animals' serum shows a rise in choles­
terol as a prelude to the atherosclerosis. 
In primates the disease exhibits all the 
features that occur in human beings. At 
the human level a cooperative study in 
Britain and the U.S. found that peptic 
ulcer patients who were treated with 
the Sippy diet (rich in milk and cream) 
had elevated levels of cholesterol in 
their serum and suffered twice as high 
a rate of heart attacks from coronary 
atherosclerosis as ulcer patients who did 
not use this diet. Conversely, patients 
with multiple myeloma, a malignant 
disease that tends to lower the serum­
cholesterol level as one of its effects, 
have an unusually low rate of heart at­
tacks. People who have died of so-called 
wasting diseases (essentially malnutri­
tion) show a low lipid content in their 
arteries, which suggests that the loss of 
fat may have reduced their athero­
sclerotic lesions. On the other hand, 
people with diseases or conditions that 
are usually accompanied by a high 
cholesterol level (diabetes, nephrosis, 
hereditary elevation of lipids in the 
body) tend to develop atherosclerosis at 

c 

cell under the lining has two lipid vacuoles. In the other elec· 

tron micrograph (third from left), made by Jack C. Geer and 

Marion A. Guidry of the Louisiana State University School of 

Medicine, a portion of a fatty streak from a human aorta has been 

enlarged 8,000 diameters. As indicated in the drawing (right), a 

smooth·muscle cell in the intima contains four lipid inclusions. 
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an earlier age and more extensively than 
usual. 

Yet it has become increasingly clear 
that atherosclerosis cannot be explained 
simply in terms of cholesterol, or even 
a fatty diet. Certain species of pigeons 
spontaneously devclop atherosclerotic 
lesions closely resembling those of hu­
man beings although these birds eat no 
animal fat. (Spontaneous atherosclerosis 
is also found in dogs, baboons, ostriches, 
pigs and whales.) Laboratory experi­
ments have shown that exposure to cold, 
elevation of the blood pressure, anti­
thyroid substances, high doses of vita­
min D, lack of oxygen and other fadors 
can contribute to the development of 
atherosclerosis. On the other hand, the 
disease process can be inhibited in ani­
mals by undernourishment, thyroid 
hormones, heparin (the anticlotting 
agent), fat-eliminating agents, unsatu­
rated fats and sitosterol (a precursor of 
steroid hormones). 

Epidemiology 

Even the evidence of epidemiology is 
not entirely clear. It is true that popula­
tions whose diet contains a relatively 
small amount of saturated animal fats 
and cholesterol tend in general to have 

a low blood-cholesterol level and a low 
incidence of heart attacks. To illustrate 
with some often cited statistics: The 
South African Bantu, among whom 
death from coronary atherosclerosis is 
exceedingly rare, have a diet very low 
in fats (average: 17 percent of the total 
caloric intake) and a mean serum­
cholesterol level of only 166. In Europe, 
where death from this disease is com­
mon, the average fat intake amounts to 
35 percent of the diet and the serum­
cholesterol level is 234. In the U.S., 
where the coronary death rate is very 
high, the average fat intake is between 
40 and 45 percent and the serum­
cholesterol level is about 250. More­
over, there is some evidence that people 
who migrate from a country with a low 
heart-disease death rate to one with a 
high death rate, and adopt the diet and 
cultural pattern of the latter country, 
tend to acquire a rise in the cholesterol 
level and an increase in the rate of heart 
attacks. This, at least, has been found 
to be true of Yemenite Jews and Japa­
nese who have migrated to the U.S. 

Nonetheless, it is not easy to de­
termine exactly what factors separate 
the immune populations from the vul­
nerable ones, or the sheep from the 
goats. Among the peoples distinguished 

DEVELOPMENT of an atherosclerotic "plaque" in an arterial wall of a cholesterol-fed rab. 

bit is traced in a sequence of photomicrographs made by the author. A normal section is 
shown at the upper left. A few foam cells penetrate the endothelium (upper right.) The bot­

tom micrograph shows a larger accumulation of lipid-an early atherosclerotic plaque. 
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by exceptionally low rates of heart at­
tack are the farmers of -Guatemala, the 
Yemenite Jews, the South African Ban­
tu, the Chinese, the Japanese and the 
Apache Indians living on reservations. 
Very high heart attack rates, on the 
other hand, are found among the adult 
white male inhabitants of New York, 
New Orleans, England, Sweden and 
parts of Finland. vVhat do the latter 
populations have in common that dif­
ferentiates them from the first group? 
This is one of the principal problems 
that today engages the attention of 
many investigators of the causes of 
atherosclerosis. 

To narrow down the search for the 
significant environmental, biological or 
dietary factors, it would be very helpful 
if we could identify the individuals in 
each population who have atheroscle­
rosis. Unfortunately this is difficult to 
do in a live population. Atherosclerosis 
has aptly been called an "iceberg" dis­
ease, because only five to 10 percent of 
those whose arteries are affected show 
any clinical sign of illness. Recently a 
method has been developed for examin­
ing the arteries in the body by X ray. 
In this method, called angiography, 
a radiopaque dye is injected into the 
bloodstream and the artery is then X­
rayed to show whether or not the flow 
is normal. A narrowing or other ab­
normality of the channel is taken to 
indicate atherosclerosis. The technique 
is not, however, sufficiently simple, ac­
curate or safe to be used as a screening 
procedure for the general population. 

The cholesterol level in the blood is 
not itself a reliable index of the disease. 
In any population the level varies as a 
continuous spectrum, and one cannot 
find a dividing line that separates the 
atherosclerotic individuals from those 
with healthy arteries. Indeed, many 
people with low serum-cholesterol levels 
have heart attacks whereas many with 
high levels do not. 

The investigation of atherosclerosis 
must therefore rely mainly on post­
mortem examinations and studies of 
people who clearly show signs of the 
disorder by their coronary disease or 
heart attacks. As everyone knows, there 
is now a very large accumulation of 
epidemiological studies that have sought 
to shed light 011 the factors associated 
with heart disease. These include the 
worldwide studies of Ancel Keys of the 
University of Minnesota and his as­
sociates, the famous mass studies in 
Framingham, Mass., Albany, N.Y., and 
Chicago and our own recently com­
pleted study of 10,000 males in West­
chester County. All these studies have 
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arrived at remarkably similar conclu­
sions about the high-risk factors associ­
ated with coronary atherosclerosis. To 
sum them up in one profile, the most 
vulncrable person would be an adult 
male who has a high lipid content in 
his blood and high blood pressure, who 
engages in little phYSical activity and is 
markedly obese and who is a heavy 
smoker of cigarettes. 

The difference between men and 
women in the rate of heart attacks from 
coronary atherosclerosis is striking. Our 
observations indicate that, in the age 
levels lip to 55, deaths from such attacks 
are at least 10 times more common 
among men than among women. It 
seems that the factor protecting women 
is the female hormone estrogen. \;Vomen 
who have had their ovaries removed 
(thus reducing the estrogen output) tend 
to have more atherosclerosis than those 
with their ovaries intact. Injections of 
estrogens have been found to be capable 
of lowering the cholesterol level in the 
blood and of altering lipoproteins from 
the type associated with the develop­
ment of atherosclerosis. At the Michael 
Reese Cardiovascular Research Insti­
tute in Chicago, Jeremiah Stamler and 
his colleagues demonstrated that the 
developmen t of atherosclerosis in the 
coronary arteries of young male chick­
ens that had been fed cholesterol could 
be stopped by injecting estradiol benzo­
ate, a variant of the female hormone. 
On the strength of all the experimental 
evidence, estrogen injection has been 
tried as a treatmen t to inhibit athero­
sclerosis in men, but it is not promising 
for widespread use because of its femi­
nizing effects. 

High blood pressure is a serious con­
tributor to atherosclerosis only when it 
is combined with a high cholesterol 
level in the blood, in which case the 
pressure forces cholesterol into the ar­
tery walls. The Apache Indians com­
monly have high blood pressure but 
seldom suffer heart attacks, probably 
because their blood content of choles­
terol is low. Our studies of New York 
men indicated that the combination of 
high blood pressure and high choles­
terol carries a high risk. In the age 
group between 36 and 50 men with 
this combination had a rate of athero­
sclerotic heart disease more than four 
times higher than that of men with 
normal blood pressure and lower serum 
cholesterol; the respective disease rates 
were 7.6 percent and 1.8 percent. 

In the cases of the other risk factors 
revealed by the epidemiological studies 
-lack of physical activity, obeSity, cigar­
ette smoking-no direct tie to the athero-

ANGIOGRAM, an X.ray photograph of a blood vessel injected with a radiopaque dye, can 

sometimes locate atherosclerotic damage. This one shows an aneurysm, or abnormally di· 

lated segment, in a popliteal artery caused by atherosclerotic weakening of the arterial wall. 

sclerotic process has been found. Just 
how these conditions contribute to heart 
disease remains to be determined. 

Nondietary Factors 

Many other elements that are suspect­
ed of contributing to atherosclerosis 
have been investigated. Undoubtedly 
heredity is an important factor. Athero­
sclerosis is frequently associated with 
diabetes and hypertension, diseases that 
are known to stem from genetic causes. 
Moreover, it seems likely that an indi­
vidual's relative ability to metabolize 
and otherwise handle lipids plays a 
large part in his susceptibility to athero­
sclerosis. Studies have shown that iden­
tical twins tend to have about the same 
blood-cholesterol level, whereas twins 
who are not identical are much more 
likely to differ from each other in this 
respect. There have also been dramatic 
cases in which identical twins have had 
heart attacks at the same time in the 
prime of life. 

Another factor that has had much 
attention is emotional stress, arising 
either from the individual's mode of life 

or his constitutional disposition. Un­
fortunately most of the studies of this 
factor have been so poorly conceived or 
executed that the conclusions are un­
certain or questionable. There is no firm 
information so far to prove or disprove 
the hypotheSis that emotional stress 
contributes to heart attacks. 

We come back finally to the diet, 
which today holds the center of re­
search attention as the factor most 
likely to be primarily responsible for the 
epidemic of atherosclerotic heart dis­
ease. There is no gainsaying the fact that 
this disease is a dominant feature of in­
dustrialized, affiuent societies. If we 
look at metropolitan New York, where 
the disease has increased strikingly in 
the past 30 years, we can see that in the 
same period there has been a marked 
change toward a more luxurious and 
more passive manner of life, charac­
terized by great increases in the use of 
the automobile, in automation of occu­
pations and domestic tasks an d in the 
animal-fat content of the average diet. 
The insurance companies have been 
compelled at frequent intervals (about 
10 times in the past 30 years) to revise 
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upward their statistical tables of average 
weights. 

In a report to the White House· Con­
ference on Children and Youth, Stanley 
Marion Garn of the Fels Research Insti­
tute noted a disquieting trend in the 
eating habits of the younger generation 
in the U.S. today. 

"If 35 percent of his calories comes 
from fats, is Junior being prepared, 
starting in nursery school, for a coronary 
occlusion?" asked Gam. "Reviewing the 
dietaries of some of our teen-agers, I 
am struck by the resemblance to the diet 
that Olaf Mickelsen uses to create obesi­
ty in rats. Frappes, fat-meat ham­
burgers, bacon-and-mayonnaise sand­
wiches, followed by ice cream, may be 
good for the farmer, good for the under­
taker and bad for the population . . . .  
Through the stimulation of advertising, 
tap water is being replaced by sugared 
juices, milk and carbonated drinks. 
Snacks have become a ritualized part of 
the movies and are inseparably associ­
ated with television viewing." 

To what extent can the animal-fat 
diet be specifically incriminated on the 
basis of the research done so far? The 
epidemiologist Ernest L. Wynder has 
suggested four criteria to determine 
whether or not a given factor can be 
regarded as a cause of a disease: ( 1) the 
incidence of the disease in a population 
must be proportional to the population's 
exposure to the factor; (2) the distribu­
tion of the disease-in geography, time, 
by sex and among various population 
groups-should be consistent with the 
distribution of the suspected factor; (3) 
the factor should produce the same dis­
ease, or one corresponding to it, in 
experimental animals in the laboratory, 
and (4) the removal of the factor or 
the reduction of exposure to it by the 
human population should reduce the 
incidence of the disease in the popu­
lation. 

The animal-fat diet has fulfilled the 
Rrst three of these criteria for athero­
sclerosis in many tests. The fourth piece 
of incriminating evidence-reduction of 
the disease in man by reduction of the 
exposure-has not yet been established. 
It is currently being tested, however, in 
a massive dietary study, expected to 
involve ultimately 100,000 men, that is 
being conducted at Rve major centers 
under the auspices of the National In­
stitutes of Health. If this and similar 
studies demonstrate that the fatty diet is 
indeed a major cause of atherosclerosis, 
there may be hope that the epidemic in­
crease of the disease can be halted and 
reversed. 
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Polaroid® 

Polaro id  has a n ew way to get peop le  i n  focus. 
We used a' i itt l e  anth ropo logy. 

Th is i s  our  M odel l 04. I t ' s  the Color 
Pack Camera that costs under $60. 
Wh ich makes  it less than ha l f  the price 
of the origi na l  model. How did we do 
it? By . i nvent ing The Peoplefinder,  for 
one th i n g . 

There were a number  of problems 
desig n i n g , a camera for everybody. 
We had to devise economies  down the 
l i ne .  And st i l l come up with  a fi n e  i n ­
stru m e n t .  

O n e  of  the cruci a l  p�oblems was the 
focus i n g  system . A sys te m  l i k e  the one 
o n  the o r i g i n a l  Color Pack C a m e ra­
a super i m posed- i m a g e  rangef inder­
wa s j u s t  too cost ly. The 1 04 had to 
have someth i n g  a lot s imp ler ,  yet accu­
rate and easy to use.  

Th e Peop lefi n d er was our u n conve n ­
t io n a l  a n swer . T h i s  focu s i ng  system i s  
actua l l y  a very o ld idea combined wi th  
some new ones  of  o u r  own . Ba s i ca l ly , 
i t ' s  a s ta d i meter :  a type of ra n gef i nd­
ing device that' s  been around s i nce  
1 890 a n d  scarcely used i n  modern  
c a m e ra s .  

A s ta d i m eter  m ea sures d i stances  by 
measur i ng  the  s ize of a reference ob-

ject (whose d imensions  a re k nown) as  i t  
a ppea rs i n  your  fi e ld of view.  A stad i m­
eter becomes  a focusing d evice when 
i t ' s  l i nked to a camera 's  l ens  mount .  

Once we decided that the sta d i m ­
e t e r  wou l d  m a k e  a comeback i n  o u r  

1 04,  the nex t  q u esti on was "What do 
we use for a refe rence  object?" I t  had 
to be someth i n g  of constant size and 
something people would wa n t  in the 
picture . (On e  o f the old stadi m eters 
u sed f lag po le s - which d i d n 't exactly 
meet  o u r  req u i rements.)  Th e idea l  a n­
swer for u s  was to u se peopl e because 
people  most ly ta ke pi ctu res of  people. 
But  how? We cou ldn ' t  use the whole 
body for two reas o n s .  People co m e i n  
a l l  s izes . And close-ups would be i m ­
poss i b l e .  

T h i s  i s  w h e r e  a l i t t le anth ropology 
came i n .  We fou n d  tha t  people ' s  head 
d i m e ns io n s .  from h a i rl i n e  to ch in ,  known 
as the Cri n ion -Gnath ion  d i m ens ion , 
d o n ' t  va ry m u c h .  I n  fact ,  there ' s  l ess 
t h a n  two inches '  d i f ference  between a 
tot ' s  head a n d  a m a n ' s  h e a d .  So . our  

reference measure became the aver­
age adu l t's  head . It works wi th a ny­
body except ch i ldren under three 
(with them you measure from the top 
of the head i nstead of from the hair­
l i ne ) .  

How do you take this measure when 
you ta k e  a picture?  I t ' s  very easy. 
Wh en you look through the rangefinder 
w i ndow ( i t 's a lso the viewfinder win­
dow) you s e e  two horizontal l ines .  You 
move the bottom l i n e  u p  and down by 
p ush i ng the focus i n g  buttons back and 
forth . When you get  your subject 's  
head between  the l i n es ,  you shoot.  

Of course ,  a n  anthropological ref­
e rence won 't work when you r  subject  
i s n ' t  a person .  Then you use the d i s­
tance sca l e  and  the a rrow a t  the left of  
the  f i nder  w indow, es t im ate you r dis­
tance and m ove the a rrow to the esti­
m ated range with the focus i ng  butto n s .  

I t  takes  a coup le '  of seco nd s either 
way. And 60 seco n d s  l a te r  you have a 

color  picture .  I n  perfect focus .  

Polaroid Corporation 
Cambr idge ,  Massa c h u setts 
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YACHT ANTIOPE undergoes tests in the towing tank of the U.S. 

Navy's David Taylor Model Basin near Washington. Above is a 

general view of the hnll in the 1,700-foot tank; below, a closer view 

of a test in progress. In the close-up actual sailing conditions have 

been simulated in two ways: the hull has been given a "heel" to 

starboard partly by means of weights in a box on the platform at 

midships, and the bow has been offset toward the camera to simu­

late yaw angle. Several sensing devices are attached to the hull. 
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The Study of Sailing Yachts 

The design of their hulls zs assisted by e�t;periments with 7nodels. 

Now tests of the full-scale hull of a racing yacht zn a towing tank 

are aiding the evaluation of results obtained fr07n work with 7nodels 

by Halsey C. lIcrreshof[ and J. N. Ne\\"man 

T he modern sailing yacht has 
evolved from one of man's oldest 
efforts to harness natural forces 

for the purpose of locomotion. It is also 
a unique vehicle in that its performance 
depends on fluid flow in two mediums: 
water and air. For centuries the design 
of sailing vessels proceeded on the basis 
of practical experience, shrewd observa­
tion and intuition. Nonetheless, the suc­
cessful design of fast sailing vessels 
played an important part in the fate of 
nations and the founding of empires. 

Now that the sailing vessel is used al­
most solely for recreation and racing 
competition one can appreciate anew 
the complexity of the problem of de­
signing a wind-driven craft that will 
move through both water and air with 
high efficiency. Nations that have no 
difficulty making the most advanced 
technological devices have discovered 
that building a superior sailing yacht is 
a task of considerable subtlety. 

The principal means of reducing the 
unknown factors in sailing-yacht de­
sign is to test scale models of yacht 
hulls by towing them in an experimental 
tank. This procedure can be checked 
against the ultimate performance of the 
full-scale vessel at sea. Such confirma­
tion is never entirely satisfactory, how­
ever, because of the many variables, 
such as wind and waves, that must be 
taken into account. In the case of a sail­
ing yacht this is particularly true be­
cause the craft's ultimate performance 
is so largely controlled by the conditions 
of wind and sea, the skill of the crew 
and the quality of the sails. 

Recently a full-sized sailing yacht has 
been tested in a towing tank, allowing 
for the first time a direct comparison of 
the yacht's behavior under controlled 
conditions with that of its scale model. 
The experiment was made possible 
through the interest and support of the 

Society of Naval Architects and Ma­
rine Engineers and the availability of 
large towing-tank facilities at the Navy's 
David Taylor Model Basin near Wash­
ington. 

A sailing yacht must be designed to 
perform with maximum speed and 

seaworthiness over a wide range of con­
ditions. The wind can blow from any 
direction with strength ranging from 
calms to storms, and the sea conditions 
are equally variable. Thus the boat must 
be fast not only when it is sailing down­
wind (when its course coincides with 
the wind direction) but also when it is 
sailing on a "reach," or at right angles 
to the wind [see illustration on page 
63]. In the latter condition thrust from 
the sails is accompanied by a large 
sidewise force that tends to heel the 
boat over. Above all, a racing yacht 
must be able to perform well sailing 
upwind, when its course is at an angle 
of perhaps 40 degrees to the direction 
of the wind and when a delicate balance 
of circumstances determines the small 
difference between racing success and 
failure. It is not uncommon for well­
matched yachts, such as those that com­
pete for the America's Cup, to sail a 
four-mile leg of a course against the 
wind with a variation in elapsed time of 
only a few seconds, which amounts to a 
difference in speed of only a few parts 
in several thousand. 

Indeed, an important stimulus to re­
search in yacht performance is the pros­
pect of continued challenges to U.S. 
possession of the America's Cup by 
Britain, Australia and probably other 
countries. Since 1851 U.S. Cup defend­
ers have successfully met all challengers, 
but a close match is in prospect for 
September, 1967, when newly designed 
U.S. and Australian 12-meter boats will 
compete in the waters off Newport, R.1. 

In discussing the mechanics of sail­
ing we shall consider the two extreme 
conditions of operation: when a yacht is 
running before the wind, that is, sailing 
with the wind at its stern, and when it 
is sailing to windward, or against the 
wind. The mechanics of intermediate 
heading angles are essentially com­
binations of these two extremes. In 
running before the wind the sails act 
simply as an aerodynamic drag to the 
wind; it follows that the boat speed will 
be less than the wind speed. The only 
relevant hydrodynamic force exerted by 
the water on the hull is a drag, which 
obviously should be minimized for 
maximum speed. In sailing to wind­
ward, on the other hand, the sails and 
hull both act as wings: lifting surfaces 
that meet the oncoming wind and water 
at various angles of attack and develop 
not only adverse aerodynamic and hy­
drodynamic drag forces but also favor­
able lift forces. 

In pdnciple there is no limit to the 
boat's speed in sailing to windward, 
particularly because the relative wind 
speed is increased by the boat's own 
speed. In practice, however, the sails 
are most efficient and the boat's speed 
is greatest when the course is approxi­
mately at right angles to the wind; in 
that condition the forward component 
of the lift force on the sails is at a maxi­
mum. In sailing to windward there is an 
optimum heading angle with respect to 
the wind, generally 40 to 45 degrees. 
Accordingly for a boat to proceed in a 
direction opposite to the wind it is 
necessary to sail a zigzag course, which 
is termed "beating to windward." In 
sailing before the wind the hull is es­
sentially upright and moving straight 
ahead, whereas in sailing to windward 
the large sidewise component of sail 
force causes the boat to heel on its 
longitudinal axis. In order for the hull to 
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develop an equal and appasite sidewise 
farce it must mave thraugh the water 
with a small angle af attack, ar yaw 
angle, defined as a ratatian around the 
hull's vertical axis. This angle is anal­
agaus to. the angle af attack af the 
wind acting an the sails. The yaw angle 
is usually so small as to. escape natice; 

ANGLE OF ATTACK� r­
I 

it is generally less than three degrees, 
and in highly develaped baats it is as 
small as ane degree. Nevertheless, it is 
af fundamental impartance to. the en­
tire pracess af sailing to. windward [see 
illustration below]. 

The mechanism by which a hull gen­
erates a harizontal lift is identical with 

' ___________ BOAT.MOTION VECTOR 

TRUE WIND DIREC? 

APPARENT Wli'-JD 

DIRECTION _______ 

I 

I 

" RECIPROCAL OF 

I : BOAT·MOTION VECTOR 

� . 

Jr SAIL LIFT 

<�l 
I -

-�-

I 

, 
i 

HULL LIFT 

I 

, \ 
HULL DRAG 

AFT 

FORCES ON SAILING YACHT are produced by the flow of air past the sails and the flow 

of water "ronnd the hull, including the effect of keel and rudder. The lift and drag pro­

duced by the sails are conventionally represented as being respectively perpendicula.l· to 

and par"llel to the apparent wind direction. Similarly, the lift and drag produced by the 

hull are shown as being perpendicular to and parallel to the direction of boat motion. When 

the yacht is sailing at constant speed, the resultant forces produced by the sails and hull are 

equal and opposite. In this diagram the yacht is sailing to windward, or within about 45 

degrees of the true wind direction. Because of the boat's forward motion the angle be­

tween the boat's course and the apparent wind is only about 30 degrees. The hull meets the 

oncoming water at a small angle of attack, necessary to produce a lift force on the hull. 
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that producing vertical lift in an air­
plane. The main bady af a sailing-yacht 
hull, like the fuselage af an airplane, is 
in itself an inefficient lifting surface; lift 
is pravided by a thin keel 0.1' retractable 
centerbaard, which functians as a wing. 

Also. af fundamental impartance is 
the equilibrium af hydradynamic and 
aeradynamic maments: the turning in­
fluences exerted by water and wind. 
The aerodynamic heeling mament, aris­
ing from the sidewise farce acting an 
the sails, is substantial. In arder to. re­
sist this mament the hull must have a 
large restaring mament. This is pravided 
in many large sailing yachts by a heavy 
lead ballast at the battam af the keel 
and in small, light craft by a shifting af 
the crew's weight, which acts as "live 
ballast." The yaw, 0.1' vertical, maments 
are also. significant; if they are unbal­
anced, the baat will tend to. turn rather 
than sail a straight caurse. Small turn­
ing maments araund the vertical axis 
are inevitable because the centers af 
hydradynamic and aerodynamic pres­
sure can nat be predicted with certainty 
and are subject to. variatian with sail­
ing canditians. In general small angular 
adjustments af the rudder are required 
to. maintain a steady caurse. It is neces­
sary, hawever, to. have the baat well 
balanced to. abviate the need far large 
rudder angles, which induce additianal 
drag farces. Mareaver, the sign (plus or 
minus) af the turning mament, ar the 
directian af the carrective rudder angle, 
is af crucial impartance. It is desirable 
to. design the hull and sails to. produce a 
small turning mament in the directian 
that makes the baw head into. the wind. 
This requires a small compensating rud­
der angle that increases the sidewise 
farce an the hull-a farce pushing the 
hull to windward-by giving an effec­
tive camber, 0.1' favarable curvature, to. 
the cambination af keel and rudder. 
A gaad sailar appreciates the impar­
tance af this balance and adjusts the 
fore-and-aft positian af his mast and 
sails accardingly. 

The impravement af sailbaat hulls 
requires a quantitative study af the 
hydradynamic farces and moments act­
ing an the hull at variaus speeds and 
attitudes. Yacht design has advanced to. 
the paint where extremely small differ­
ences between yachts are important. 
Improving the average speed of an 
America's Cup contender by .Ql knat 
wauld be a Significant achievement; .1 
knat wauld be a major breakthrough. 
Since no. satisfactary theoretical pre­
dictians are available, hull shapes can 
be evaluated anly by the abservatian of 
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SA lUNG TO WINDWARD 
(STARBOARD TACKl 

CLOSE REACHING 

€,:?oo. 

WIND 

SAILING TO VVINDWARD 
(PORT JACK) 

CLOSE REACHING-

BEAM REACHI NG 
(SPINNAKER OPTIONAL) 

LIGHT WIND BEAM REACHING 
(SPINNAKER OpnONAL) 

HEAVY WIND 

BROAD REACHING 
(WITH SPINNAKER) 

180" 

BROAD �EACHING 
(WITH SPINNAKER) 

RUNNING BEFORE THE WIND 
(WITH SPINNAKER) 

SAILING CONDITIONS depend on the intensity of the wind and 

the heading the boat has in relation to the wind. An angle of 40 

to 45 degrees to the left or right of tbe direction from which the 

wind is coming is as close a heading as a sailboat can achieve effi· 

ciently when sailing to windward. Typical speeds for all possible 

headings are indicated by the two curves (color); the farther a 

point on a curve from the center of the circle, the higher the 
speed. The spinnaker is the large, ballooning sail at the how. 
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actual sailing performance or by the 
direct measurement of the relevant 
forces in a towing tank. 

The first intensive use of a towing 
tank for sailing craft was the pioneer­
ing effort of K. S. M. Davidson at the 
Stevens Institute of Technology in the 
1930's. Davidson's tank studies played 
a central role in the development of the 
highly successful America's Cup yacht 
Rallger, which in 1937 defeated the 
British challenger Endeavour II in four 
straight races. Since that time model 
tests have been a key factor in develop­
ing the America's Cup contenders and 
many other racing yachts as well. Most 

of the test facilities used for this pur­
pose are on the order of 100 feet long, 
eight feet wide and four feet deep, and 
they are equipped with carriages that 
span the tank and move along accurate­
ly aligned rails with controlled speeds of 
a few feet per second. The model hulls, 
usually about five feet long, are con­
nected to the towing carriage through 
precision linkages and dynamometers 
that restrict the yaw and heel angles to 
specified values. The linkages must be 
designed so as not to restrain the verti­
cal position and attitude of the hull, 
which change slightly with speed be­
cause of dynamic pressure effects. The 

gauges for measurement of drag and 
sidewise forces must be extremely sen­
sitive; on this scale the forces and mo­
ments are very small and nearly infini­
tesimal differences between models are 
being sought. 

Even assuming a perfect experimen­
tal regime, towing-tank studies present 
the investigator with a fundamental 
problem: There is no way to duplicate 
in miniature and in proper scale all the 
dynamical relations that affect the full­
sized hull of a ship or yacht. In es­
sence the problem is that the motion of 
the water moving along the hull is gov­
erned not only by the frictional proper­
ties of water but also by wave effects, 
which depend on gravity. When a hull 
is scaled down to model size, there is no 
way to scale down in equal degree the 
frictional effects and the wave effects. 
The frictional effects are scaled accord­
ing to the Reynolds number (named for 
the British engineer Osborne Reynolds), 
which states that such effects can be 
scaled accurately only if the velocity of 
a body moving through a fluid is in­
versely proportional to its length (as­
suming that the viscosity of the fluid is 
held constant). The Reynolds number is 
more precisely defined as the product 
of the body's speed and length, divided 
by the kinematic viscosity coefficient of 
the fluid. This nondimensional param­
eter must have the same value for the 
full-scale vessel and its model. 

'vVave effects, on the other hand, are 
scaled according to the Froude number 
(named for another British engineer, 
William Froude), which states that the 
wave drag can be scaled only if the 
velocity of a hull is proportional to 
the square root of the length of the 
hull (assuming that the acceleration 
of gravity is held constant). The Froude 
number is defined as the ratio of the 
hull speed to the square root of the 
product of the hull length and gravita­
tional acceleration. 

Thus if one wants to carry out an ex­
periment with ship models in which the 
dynamical forces are in proper scale, 
one must be able to adjust either the 
viscosity of the fluid or the force of 
gravity. Altering gravity is clearly im­
practical, and there is no fluid whose 
viscosity corresponds to that needed to 
represent water for models of practical 
size. Therefore one is forced to choose 
between test measurements that pre­
serve the Reynolds number by varying 
the speed of the model inversely with 
the length of the model hull or that 
preserve the Froude number by vary­

ANTlOPE RACING sails to windward in an international race. The wind is about 40 de· ing the speed directly with the square 
grees off the bow; the sails are trimmed almost flat with a small angle Df attack to the wind. root of the hull length. 
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Late in the 19th century Froude de­
vised a practical procedure for sepa­
rating the hull drag, or hull resistance, 
into two distinct components, one fric­
tional and one residual. This procedure 
has made it possible to carry out tow­
ing-tank studies in spite of what appear 
to be the conflicting requirements set by 
the Reynolds number and the Froude 
number. Although the two components 
in Froude's method are not completely 
independent, they can be regarded as 
sllch for engineering purposes. 

The frictional component of drag is 
derived from the transmission of vis­

cous shearing forces that act in a 
boundary layer of fluid adjacent to the 
surface of the hull. This component 
contributes nearly all the drag at low 
speeds and about half of the total at 
the highest speeds of conventional ships 
and yachts. The residual component of 
drag is composed primarily of the wave 
resistance, which is the force required to 
transfer energy to the familiar system 
of waves that forms behind the hull of a 
moving ship. There are smaller second­
ary components, such as the drag pro­
duced if the flow of water over the hull 
becomes "separated" (that is, no longer 
flows smoothly). Other secondary com­
ponents include the normal pressure 
forces that originate with the viscosity 
of water and the induced drag associ­
ated with the lift on a yawed hull. 
These components are arbitrarily in­
cluded in the residual component. For 
a given hull shape and attitude the 
residual component of resistance is 
considered to depend solely 011 the 
Froude number, whereas the frictional 
component is assumed to depend sole­
ly on the Reynolds number. 

Before this approach can be applied 
one must know how to separate the 
total drag into its frictional and residual 
components. Extensive research on flat 
plates and ship hulls has led to a useful 
technique for predicting the frictional 
component; this component is regarded 
as being simply proportional to the sub­
merged surface area of a ship or its 
model and independent of geometrical 
form. Accordingly models are run at a 
speed set by the Froude scaling, so that 
the waves generated by the model are 
geometrically similar to those of the real 
ship. Frictional resistance is calculated 
from empirical forniulas and subtracted 
from the total model drag to provide 
the residual component. This compo­
nent is then multiplied by the cube of 
the scale ratio (yacht length divided 
by model length) to yield the residual 
component for the full-scale hull. To 

RUDDER ANGLE affects drag, as shown by strips of nylon yarn attached to the hull of 

the Antiope. The hull is in the David Taylor Model Basin's flow tank, in which the water 

moves but the vessel does not. At top the rudder angle is zero and the strips indicate an 

even flow. At middle a slight stalling effect appears with a rudder angle of five degrees; at 

bottom it is intensified with a 17-degree angle. Visible portion of hull is below waterline. 
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SCALE MODEL of the Antiope is fitted for tests in the ship-model towing tank of the De­
partment of Naval Architecture and Marine Engineering at the Massachusetts Institute of 

Technology_ Forces and moments are measured hy means of the sensing devices mounted 
fore and aft; device at midships imparts heel. The model is about one-sixth the size of Antiope_ 

TEST RUN is conducted with the model of the Antiope in the M_I.T_ tank_ A typical test 

consists of 90 runs covering all the practical sailing attitudes and speeds_ The tests pro­

vide a basis for predicting how the full-scale vessel will perform under various conditions. 
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this is added the frictional drag of the 
full-scale hull, calculated as in the case 
of the model but for the full-scale Reyn­
olds number, to obtain a predicted value 
for the total resistance. 

Unfortunately there is some uncer­
tainty about the calculation of fric­
tional drag. This is particularly true of 
yachts, because their hull forms differ 
so greatly from those of the conven­
tional ship hulls for which the em­
pirical formulations of frictional drag 
were derived. Moreover, since the fric­
tional drag constitutes the largest por­
tion of the total drag produced by a 
towed model, an accurate prediction is 
necessary for the overall Froude method 
to be valid. The scaling of the lift, or 
sidewise force, due to yaw is also a 
source of potential trouble, but this is 
usually assumed to scale down strictly 
according to Froude's law for wave ef­
fects, with frictional effects being of sec­
ondary importance. 

Such was the state of the art when 
two years ago the Society of Naval 

Architects and Marine Engineers 
formed Panel H-13 (Sailing Yachts) as 
part of its technical and research pro­
gram. This group, consisting primarily 
of yacht designers and towing-tank op­
erators, immediately focused its atten­
tion on the scale-effect problem and 
possible experiments that might pro­
vide a correlation between full-scale 
and model results. It had been amply 
demonstrated that there was scant hope 
of obtaining reliable dynamic measure­
ments on a real boat at sea or even in 
protected waters. The alternative was 
clear: to find some way to study a full­
scale boat in a large towing tank. 
Through a chain of fortunate events 
this seemingly unlikely project quickly 
materialized. The Navy's large experi­
mental facility at the David Taylor 
Model Basin is directed by charter to 
perform commercial testing services for 
the American maritime industry. The 
proposed experiment met the require­
ments of the charter. 

The towing tank selected for the ex­
periment is about 1,700 feet long, 51 
feet wide and 20 feet deep. Normally 
this facility is used for towing scale 
models of ships and submarines. It is 
big enough, however, to accommodate 
the hull of a full-sized sailing yacht up 
to about 30 feet in length. Although 
larger hulls could be placed in the tank, 
they would be subject to wall effects 
(for example wave reflections from the 
sides of the tank) that might influence 
the measurements. 

After considering various possibili-
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ties it was decided that a yacht from 
the highly competitive International 
5.5-Meter Class would make a fine test 
subject. Designations such as "5.5-
meter" and " 12-meter" are derived not 
from the actual length of the boats but 
from international rules based on an 
empirical formula. The formula in­
cludes length, sail area, displacement 
and other factors to yield a figure, ex­
pressed as length, that is assumed to be 
a fair measure of the speed of the boat. 
Unlike "one design" yachts, each of 
which has a standard hull form and 
sail plan, the "meter" classes permit 
variations of design that lead to the 
development of new hull shapes and 
sail combinations. An analogous de­
velopment process contributes to the 
improvement of ocean racing yachts. 

One of the leading designers in the 
5.5-meter cla"ss, A. E. Luders, offered 
his own boat the Antiope for the pro­
posed tank tests. Her length at the wa­
terline is 23 feet; her length overall, 3 1  
feet. Financial support for the tests was 
obtained not only from the Society of 
Naval Architects and Marine Engineers 
but also from interested yachtsmen and 
naval architects. In November of last 
year the Antiope was shipped to the 
David Taylor Model Basin, where she 
was fitted onto the towing carriage by 
means of specially prepared linkages 
and equipped with gauges to record 
the three components of force at each 
end of the boat [see illustrations on page 
60]. Yaw angle was adjusted by setting 
the bow off-center; heel angle was 
varied by moving 400 pounds of lead 
ballast along a 14-foot aluminum plat­
form that extended from one side of the 
hull. 

Testing then proceeded for a week, 
both day and night, with runs spaced 
at half-hour intervals to ensure calm 
conditions of the tank water. Speed, 
heel and rudder angle were varied sys­
tematically, and some tests were dupli­
cated with small brass studs fastened 
near the leading edge of the keel to 
stimulate turbulence. These tests pro­
duced 100 sets of data, which were 
automatically converted to digital form 
and reduced on a computer to give for 
each test condition the magnitude of the 
drag and sidewise forces and the center 
of the sidewise force. 

The results obtained with the Anti­
ope are substantially the same as pre­
dictions based on testing small-scale 
models of similar hulls in the 5.5-meter 
class, and a preliminary comparison 
shows no sign of drastic scale effects on 
either the resistance or the sidewise 
force. Now in progress is the step of 

SAIL TEST is conducted in the f1ow·visualization wind tunnel at the U.S. Naval Experi­

mental Station in Philadelphia. This is a 1:37-scale model of a 12-meter hoat. The jih, or 
forward sail, is made of Mylar, the mainsail of solid plastic. Jets of smoke demonstrate 

that the flow of air hegins to deflect well forward of the leading edges of the two sails. 

providing a detailed comparison with 
exact scale models of the Antiope, 
which are being tested under identical 
conditions in the smaller towing tanks 
at the Massachusetts Institute of Tech­
nology, the Stevens Institute of Tech­
nology and other laboratories in this 
country and abroad. The resulting ex­
act comparison will undoubtedly lead 
to detailed refinements in future test 
procedures. 

W hile the Antiope was at the David 
Taylor Model Basin she was also 

studied in another large test facility: a 
flow-observation channel. In this facility 
the hull is held stationary while the 
water is made to flow at specified veloci­
ties, in a manner analogous to the testing 
of airplanes in a wind tunnel. Strips of 
yarn were fastened to the hull to show 
the flow pattern, which was observed 

and photographed through underwa­
ter windows in the sides and bottom of 
the channel [see illustration on page 
65]. The flow studies revealed a rather 
regular, unseparated flow over most of 
the hull for the practical range of sail­
ing conditions. Significant separation of 
flow did not occur until the yaw angle 
of the hull was increased to 10 degrees, 
far beyond the angles normally encoun­
tered in sailing. At less extreme yaw 
angles, characteristic of normal sailing 
conditions, considerable cross flow was 
observed at the bottom of the keel. 
This flow is indicative of the "tip vor­
tex" associated with all lifting surfaces. 
Such a vortex is sometimes visible at 
the wing tip of an airplane when the 
reduced pressure at the core of the 
vortex causes the condensation of wa­
ter vapor. 

Parallel to the research on yacht hulls, 
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DATA FROM TESTS of Antiope's hull in the model basin include relation of drag to speed 

(color) and side force to speed (black). Each set of curves shows, from bottom, yaw angles 
of zero, 2.65 and 6.45 degrees; heel angles vary from zero to 30 degrees. Small side force 

occurs even with no yaw angle because of asymmetry of hull resulting from heel angle. 
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LIFT.TO·DRAG RATIO of Antiope's hull is plotted against yaw angle for windward sailing 

at a speed of five knots and various rudder angles. Color shows possible and likely wind­

w ard sailing conditions as derived from lift-to-drag ratio of sails on a 5.5-meter yacht. 
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experiments and analyses are under way 
in the study of sails. The scaling of 
force measurements 0)1 sails in a wind 
tunnel is simpler than the scaling of 
hydrodynamic forces on hulls; wave 
effects are no longer a factor and Reyn­
olds scaling is valid. In the case of the 
sails, however, there is the additional 
problem that the shape is not constant: 
it varies with wind conditions because 
of the elasticity of the sail fabric and the 
distortion of the rigging that holds the 
sails. Moreover, the number of variables 
governing the choice of sails is large. 
Tests of jib, mainsail and hull combina­
tions are now under way at the M.LT. 
Wright Brothers Wind Tunnel and at 
the U.S. Naval Experimental Station in 
Philadelphia [see illustration on pre­
ceding page]. As in the towing-tank 
tests, dynamometers are used to mea­
sure the aerodynamic forces and mo­
ments on the sails, The test sails are 
made of aluminum or of a rigid fiber­
glass-reinforced plastic in order to main­
tain control over their shape. 

�though it is useful for design and 
research to separate the treatment 

of the hull from that of the sails, the two 
are closely interrelated. A sail that is 
optimum for one boat is not optimum 
for boats of a different class or type. As 
an extreme example, an iceboat is capa­
ble of high speeds, and it can exert 
through its runner blades a high side­
wise force with practically no drag. 
Under these circumstances Rat sails 
with small angles of attack are appro­
priate; such sails produce rather small 
driving forces but have a high ratio of 
lift to drag. In contrast, a 12-meter 
sailing-yacht hull is subject to a con­
siderable hydrodynamic resistance to 
forward motion and can develop a side­
wise force of a large (but limited) ex­
tent. The sail dcsign used in an iceboat 
would provide insufficient forward 
thrust for a 12-meter yacht, which 
needs a more cambered sail set at a 
larger angle of attack in order to pro­
duce the necessary drive. 

The tremen-dous popularity of recrea­
tional boating and in particular the re­
cent upsurge of interest in sailing ves­
sels have stimulated renewed interest 
in yacht development. Yacht designers 
have long been aware that much re­
search is needed to fill the existing gaps 
in information about the dynamics of 
sailing craft. It is hoped that model ex­
periments and full-scale correlation, 
such as the Alltiope tests, will lead to a 
better understanding of the funda­
mental mechanics of sailing-yacht per­
fonnance. 
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Can you find Charlie when he's not at his desk? 
Every business has a Charlie. He's in a 
hundred different places daily. 

Now a new communication service finds 
Charlie and every other member of your 
staff, anywhere, in an instant. 

The name: ITT Terryphone. 

This complete communication service 
is made up of a series of Terryphones 
similar to regular desk sets. Each has a 
built-in voice-locator system that quietly 

lets people know they're wanted. Anyone 
can use it right from his desk. 

Terryphones may also be used for in­
house conference calls or strictly private 
conversations. 

Over 4,000 companies of all sizes now 
use the ITT Terryphone service. 

Helping people communicate is a vital 
part of ITT's business. Eighty nations 
use ITT-designed switching systems for 

some 13 million telephone lines. Many 
thousands of route miles of ITT micro­
wave and undersea cable systems span 
mountains, jungles and oceans. 

Satellite communications, too, are a 
reality today, thanks in large part to ITT's 
research and development programs. 

International Telephone and Telegraph 
Corporation, New York, N.Y. 

ITT 
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Nuclear 'Pig' 

goes to market. 
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It looks like a farmyard pig, but it's 
the world's first commercial radioiso· 
topic generator. After one fueling 
with nuclear material, it will produce 
25 watts of electricity non·stop, 
around·the·clock for at least five 
years. It was created in the nuclear 
laboratories of our Martin division, 
but it's no laboratory curiosity. Mar­
tin will sell you one right now for 
$63,320 f.o.b. Baltimore, guaranteed. 

This LCG-25 commercial nuclear 
unit had its genesis in a small device 
discovered over a hundred years ago. 

In 1826 a German named Seebeck 
joined two wires of different metals 
so they made a circle. When he heated 
one of the junctions where the wires 
came together, a faint current flowed 
around the circle. 

He had produced electricity di­
rectly from heat. The device ( since 
called a thermocouple ) was long re­
garded as of no practical value. 

After World War II, researchers 
were experimenting with uses for ra­
dioactive wastes. When these wastes 
are confined in heavy metal contain­
ers, their radiations are blocked and 
absorbed by the metal. This produces 
heat which can reach 1000°F and 
continue sometimes for decades. 

Working with the Atomic Energy 
Commission, scientists at Martin set 
about marrying the thermocouple to 
this heat source.to produce electricity. 

By 1959, Martin built a small gen­
erator weighing about 4 pounds for 

- the AEC. It was capable of producing 

2.5 watts continuously for 7 months. 
Since then, Martin has built gener­

ators that can produce as much as 60 
watts continuously for 10 years. A 
400·watt unit is now in the design 
stages, as are tiny units weighing only 
a few ounces. 

Martin nuclear generators have 
supplied electricity near the North 
and South Poles, at sea and in space, 
wherever conventional power is im­
possible or too expensive. 

The pig-shaped LCG-25 is Martin's 
first strictly commercial system, and 
the first compact nuclear generator 
privately developed and offered for 
sale. It is guaranteed to produce a 
minimum of 25 watts continuously 
for 5 years on one fueling. It measures 
30 x 35 inches and weighs a hefty 3000 
pounds (mostly shielding). 

It's considered just the thing for 
remote weather stations, navigation 
aids at sea, seismological stations, mi­
crowave repeater stations, aircraft 
beacons and offshore oil installations. 
Or for anything else that must oper­
ate reliably for long periods in remote 
areas. 

LCG-25 has virtually no operating 
cost. So when you amortize the initial 
price over its long operating life, the 
nuclear generator is quite a practical 
thing to have working for you. 

The nuclear generator is representative 
of a broadly diversified range of products, 
including space launchers, missile systems, 
spacecraft, electronic systems, chemicals and 
construction materials. Martin Marietta Cor­
poration, 277 Park Avenue, New York, N.Y. 
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MAMMALIAN EGGS IN THE LABORATORY 

The earliest stages of human development may be opened to study 

by bringing the eggs of mammals to n1aturity in a culture medium, 

fertilizing them in vivo or in vitro and observing the en1bryos 

Much of what is known about ani­
mal reproduction has been 
learned from such organisms as 

the sea urchin and the chicken. This is 
partly because the eggs of these orga­
nisms are readily accessible to observa­
tion during such crucial stages of the re­
productive process as fertilization and 
embryonic development. During the past 
quarter-century the eggs of certain mam­
mals-rodents, rabbits and some farm 
animals-have become more accessible 
to study. This increasing availability of 
mammalian eggs arises largely from ad­
vances in knowledge of how ovulation is 
controlled by hormones. The eggs of man 
and other primates, however, are still 
secured very rarely. It has long been 
recognized by workers in the field that, 
if a significant number of viable mam­
malian eggs were available on a regu­
lar basis, a host of questions about the 
early stages of mammalian reproduc­
tion would be open to investigation. 

Experiments that my colleagues and 
I have conducted at the University of 
Cambridge and Johns Hopkins Uni­
versity indicate that such a situation 
may soon obtain. So far the experiments 
have been concerned mainly with 
oocytes, which are immature eggs. In 
most mammalian species, including 
man, the female has her full com ple-

PIG EGG was matured in culture and fer­

tilized in the animal. In the photomicrograph 

on the opposite page a segment of the egg 

and the zona pellucida, or outer membrane, 

appears at an enlargement of 1,400 diame­

ters. The small, dark objects in the zona 

pellucida are sperm heads; the lighter 

curved lines are trails made by spermatozoa 

as they penetrated the zona pellucida. Pene­

tration by such a large number of sperma­

tozoa is an unusual condition that appeared 

in initial experiments with cultured eggs. 

by R. G. Edwards 

ment of oocytes when she is born. The 
development of the oocytes into mature 
eggs ready for fertilization is a long 
process that goes through many stages. 
Our experiments have involved remov­
ing oocytes from the ovaries of various 
mammals and stimulating them to pro­
ceed to maturity. We have also worked 
with some human oocytes removed 
surgically from women for medical rea­
sons. Our experiments have included 
the fertilization of some of the animal 
eggs brought to maturity in vitro and 
attempts to fertilize the human oocytes. 
In discussing these experiments it will 
be useful to begin by describing briefly 
two of the key processes in the repro­
duction of mammals and other higher 
organisms: mitosis and meiosis [see il­
lustration on page 75]. 

:1\1 itosis is the name for the processes 
that take place in most cells (both 

plant and animal) when the cells repro­
duce by dividing. The events of mitosis 
are usually regarded as occurring in 
four more or less distinct phases: pro­
phase, metaphase, anaphase and telo­
phase. The process can be described 
simply for a hypothetical organism in 
which each cell contains four chromo­
somes: the bodies that carry the cell's 
genetic information. Two of the chromo­
somes, say a long one and a short one, 
were inherited from the mother and two 
from the father. The two long chromo­
somes are similar to each other, as are 
the two short chromosomes. When the 
members of each pair are matched in 
this way, they are called homologous 
chromosomes; the four-chromosome cell 
would have two pairs of homologous 
chromosomes. At the beginning of mito­
sis each chromosome has divided into 
two strands, which are held together by 
a central body called the centromere. 

In prophase the chromosomes begin 
to shorten and thicken, and tlle remark­
able structure called the mitotic spindle 
starts to form. The spindle consists of 
fibers in an array resembling the merid­
ian lines of a globe that has been 
stretched at the poles. In metaphase the 
centromeres migrate to the equator of 
the spindle. In anaphase the centro­
meres divide, and the two daughter cen­
tromeres resulting from each division 
move toward opposite poles of the spin­
dle, pulling theiJ chromosome strands 
with them. In telophase the separation 
is complete; the cell divides into two 
daughter cells, each with a nucleus con­
taining four chromosomes and thus the 
same complement of genetic informa­
tion that was contained in the original 
cell. This completes mitosis; until one of 
the new cells itself begins mitosis it is 
said to be in interphase. Toward the end 
of interphase the chromosomes again 
divide into two strands. 

Meiosis is a special form of mitosis 
that occurs in the cells that give rise 
to sperm and eggs. Before the process 
begins, these cells, like others in the 
body, are diplOid: they have a normal 
complement of chromosomes. Since 
mammalian reproduction involves the 
union of a spermatozoon and an egg, the 
cells of the offspring would have a 
double complement of chromosomes if 
there were not some mechanism by 
which the spermatozoon and the egg 
became haploid, meaning that the 
chromosome complement of each was 
reduced by half. That mechanism is 
meiosis. It occurs in two cell divisions, 
known as meiosis I and meiosis II [see 
top illustration on pages 76 and 77]. 

The prophase of meiosis I is highly 
specialized and occupies a comparative­
ly long period of time. For these reasons 
it is subdivided into five stages: lep-
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MOUSE OVARY in cross section is enlarged 200 diameters. The light circular areas are 

oocytes, or immature eggs, enveloped by follicles, which are composed of granulosa cells. 

The large, light, semicircular area at left center is the antrum, or cavity, of a Graafian 

follicle; when a follicle has developed to that stage, the oocyte is ready for ovulation. 

CORPUS LUTEUM 

2 4 

GRAAFIAN 
FOLLICLE 

ZONA PELLUCIDA 

MATURATION OF OOCYTES occurs continually. At top is an ovary with several follicles 

containing oocytes at various stages of development. At center four stages in the maturation 

of a follicle are shown. At bottom are a fully grown Graafian follicle (6) and a mature egg (7). 
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totene, zygotene, pachytene, diplotene 
and diakinesis. Each relates to the activ­
ities of the chromosomes. Essentially 
what happens in meiosis, as distinct 
from mitosis, is that the homologous 
chromosomes pair up and duplicate. 
At metaphase the homologous pairs 
line up on the spindle. In anaphase 
one member of each pair, without 
splitting, goes to each pole. Thus af­
ter the cell divides at telophase each 
daughter cell has only one member of 
each pair of homologous chromosomes. 

In meiosis II there is no further dupli­
cation of chromosomes. The twin-strand 
chromosomes simply line up on the 
spindle and separate. When the two 
cells that resulted from meiosis I di­
vide in meiosis II, each of the four 
resulting cells has only half the origi­
nal number of chromosomes. In the 
case of our hypothetical four-chromo­
some cell the result of meiosis would be 
four cells with two chromosomes each. 
By this process sperm and eggs are 
made haploid; when they unite through 
fertilization and begin the mitotic di­
visions known as cleavage (the first 
steps in the growth of an embryo), all 
the resulting cells are diploid. 

Let us now examine the normal mat­
uration of a mammalian oocyte. It un­
dergoes the first four stages of the first 
meiotic division in the ovary of the 
fetus. In other words, before a female 
mammal is born her oocytes have com­
pleted the leptotene, zygotene and 
pachytene stages and are well into the 
diplotene stage. Meiosis halts, however, 
late in the diplotene stage. At this point 
a nucleus, called the germinal vesicle, 
forms in the oocyte. 

These developments coincide with the 
envelopment of the oocyte by an array 
of cells known as granulosa cells. These 
gradually form the follicle in which the 
oocyte will remain enclosed until ovula­
tion. This situation-in which the oocyte 
is in an arrested state of meiosis, con­
tains a nucleus and is enveloped in 
a follicle-prevails at the birth of the 
female and persists during growth to 
adulthood. During the entire span of 
this time (up to some 40 years in the 
human species) the homologous chromo­
somes remain paired in the germinal 
vesicle. To many biologists this long 
period is known as the dictyate stage of 
oocyte development; others call it the 
dictyotene stage or the diffuse diplotene 
stage. 

Near puberty many of the oocytes 
undergo atresia: they degenerate and 
are resorbed. This process results in 
a large reduction in the number of 
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oocytes. Those that remain resume their 
progress toward maturity in the adult 
ovary. With the onset of puberty, fol­
licles mature in groups during each 
sexual cycle. The follicles grow by a 
rapid increase in the number of granu­
losa and other cells. The oocyte also in­
creases in size, usually before the fol­
licle shows much enlargement; for the 
time being, however, the oocyte remains 
in the dictyate stage. 

The later stages of follicular growth 
are characterized by the formation of 
a cavity, the antrum, in the granulosa 
layer; the structure is now known as a 
Graafian follicle. At this stage the fol­
licle is responsive to the hormone called 
FSH (for follicle-stimulating hormone). 
FSH is secreted by the anterior part of 
the pituitary gland during the early 
part of the sexual cycle and stimulates 
the final enlargement of the Graafian 
follicle. 

Now the Graafian follicle becomes 
sensitive to a second pituitary hormone, 
luteinizing hormone (LH), which has a 
dual action: it stimulates the oocyte 
to resume meiosis and it initiates 
changes in the follicle that lead to ovu­
lation. Under the influence of LH the 
oocyte completes its first meiotic di­
vision, progressing through diakinesis, 
metaphase, anaphase and telophase. 
The daughter cells that result from this 
division are far from identical. One of 
them, the secondary oocyte, receives 
a disproportionate share of the original 
cell's cytoplasm; hence the other, the 
first polar body, is much smaller. 

The second meiotic division Begins 
as soon as the first ends. It reaches 
metaphase within minutes. Except in a 
few mammalian species ovulation occurs 
while the oocyte is in metaphase II. 

In the process of ovulation the 
Graafian follicle fills with fluid, moves 
toward the surface of the ovary and 
erupts, releasing the oocyte. The cells of 
the ruptured follicle are converted to a 
new structure, the corpus luteum. This 
is the structure that produces the hor­
mone progesterone, which conditions 
the walls of the uterus for the develop­
ment of the fertilized egg. 

At this stage meiosis is still not com­
plete. It awaits fertilization in the fal­
lopian tubes. Only when the fertilizing 
spermatozoon enters the egg is meiosis 
II ended by the extrusion of the second 
polar body. The entire process-the first 
stages of which took place in the fetal 
ovary, the middle stages in the adult 
ovary and the final stages in the fallo­
pian tubes after fertilization-is now 
complete. 

In this account of the maturation of 
a single oocyte the reader may well 
have lost sight of the setting in which 
these developments occur. It has been 
estimated that there are some 500,000 
oocytes in the female human fetus, a 
number vastly exceeding the repro­
ductive needs of the female. Indeed, 
many mammals shed only one egg 
during each ovulation. Others-for ex­
ample mice, rabbits and pigs-produce 
several eggs in one ovulation, but the 
number is still tiny in relation to the 
original population of oocytes. During 
each sexual cycle FSH stimulates the 
development of many follicles, but only 
a few of them progress as far as ovula­
tion. Most of them degenerate, although 
the oocytes in some of these atretic fol­
licles can complete meiosis as far as 
metaphase II. 

developing during the female cycle, be­
cause if extra FSH is provided by in­
jection, large numbers of follicles con­
tinue their growth. In response to LH 
they will proceed to ovulation. 

Treatment with FSH and LH will 
thus induce the ovulation of large num­
bers of eggs-several in man, as many as 
70 in mice. These eggs can be fertilized, 
although for many years they were re­
garded as being somewhat abnormal 
because a large proportion of the em­
bryos to which they gave rise died 
during pregnancy. It is now known, 
primarily from evidence in mice, that 
such embryos are perfectly capable of 
normal development provided that the 
uterus is not overcrowded. 

With FSH and LH an experimenter 
can therefore obtain oocytes from 

many or all of the Graafian follicles de­
veloping during a particular cycle. The 
method can, however, be laborious and 

Atresia evidently begins when the 
amount of FSH becomes insufficient to 
maintain the growth of all the follicles 
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EVOLUTION OF AN EGG is traced through the processes of mitosis and meiosis. The orig­

inal cell (top) is diploid: it has a set of chromosomes from the father (color) and one from 

the mother (black). This arrangement is repeated in the daughter cells that result from mi­

totic divisions to produce oocytes. In meiosis successive divisions produce an egg that is 

haploid: it has half the normal complement of chromosomes. When the egg and a sperm 

join to produce fertilization, the resulting cells of the growing embryo are again diploid. 
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DURATION OF MEIOSIS can be as long as 40 years in buman 

oocytes. Its prophase has a particularly long duration and several 

chromosomal events; hence it is subdivided into five stages, 

beginning with leptotene and ending with diakinesis. Homol· 

ogous, or similar, chromosomes, one (black) from the father and 

one (color) from the mother, are paired during much of the 

process. Meiosis halts late in the diplotene stage and the germinal 

vesicle appears. Meiosis is resumed in adulthood under the in flu· 

uncertain. In many species it requires 
the detailed recording of the female· 
cycle, and in large animals it calls for 
organizing surgical operations or slaugh­
tering to obtain the eggs from the fal­
lopian tubes. For various reasons it is 
exceedingly difficult in its application to 
man. Nonetheless, it is clear that a large 

supply of oocytes can be tapped in the 
ovary at any time during the reproduc­
tive life of the female. 

Once an experimenter removes an 
oocyte from its follicle he is confronted 
by two main problems. First, the 
oocytes (particularly those taken from 
atretic or underdeveloped follicles) may 

be abnormal. Second, the oocytes will 
have to be stimulated in some way to 
complete their meiosis to metaphase II 
so that they will be comparable to eggs 
ovulated normally. 

The problem of abnormality is man­
ageable. Oocytes from atretic follicles 
can usually be recognized quickly and 

STAGES OF MEIOSIS appear in various oocytes matured in cuI. 

ture. At left is a living monkey oocyte in the dictyate stage; its 

germinal vesicle, or nucleus (light circle), contains a single nucle-

olus (dark circle). The next photomicrograph shows a living rat 

oocyte in metaphase I; the light oval area is the spindle, with chro­

mosomes on its equator. The third photomicrograph shows a pig 
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DIAKINES I S /�, ---------=����------------------------- I N ADULT OVARY--
--------------------------------------

MITOSIS 
PROPHASE ME TAPHASE TWO-CELL EMBRYO 
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ence of luteinizing hormone. At the end of meiosis I the cell 

divides; one of the daughter cells, the secondary oocyte, receives 

more of the original cell's cytoplasm than the other, the first polar 

body, and so is larger. Meiosis II begins when the first ends and 

proceeds quickly to metaphase. At this point ovulation occurs in 

most mammalian species. The second meiotic division is completed 

in the fallopian tube after entry of a spermatozoon into the 

egg. Meiosis thus begins in the fetus and ends long afterward. 

excluded from experiments. Underde­
veloped follicles either can be recog­
nized or will end up as experimental 
failures. 

An obvious solution to the problem 
of stimulating oocytes to resume meiosis 
was to grow them in culture outside the 
body. A reasonable assumption was that 

the culture medium would need to con­
tain LH. It turned out, however, that 
LH was not needed, and the techniques 
required to induce the resumption of 
meiosis proved quite simple. Oocytes 
had only to be removed from the fol­
licles and placed in a standard culture 
medium for meiosis to recommence in a 

manner seemingly identical with that in 
the ovary after stimulation by LH. 

These observations were first made 
in rabbits by Gregory Pincus, now at the 
Worcester Foundation for Experimental 
Biology, and his collaborators in 1935. 
They also made the initial attempts with 
human oocytes. Our recent work has 

oocyte fixed and stained in telophase I; the dark vertical band is 

the center of the spindle and the chromosomes have moved to op­

posite poles. At right is a human oocyte fixed in metaphase II; it 

has extruded its first polar body (left). The chromosomes are the 

dark structures. The enlargement of each photomicrograph except 

the third is about 1,200 diameters; that of the third is 2,000. 
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shown that their method can be applied 
successfully to the oocytes of many 
mammalian species. 

We first noted that oocytes from 
mice, rats and hamsters would re­

commence meiosis in culture. A clear 
sign of resumed meiosis is a receding 
of the germinal vesicle; it becomes in­
distinct as the chromosomes condense. 
The germinal vesicles of most oocytes in 
these species regressed after two hours, 
and meiosis proceeded from diakinesis 
to metaphase II within 12 hours. These 
rates are similar to those in the ovary 
after LH has done its work. 

We then assumed (mistakenly) that 
the oocytes of mammals other than 
rodents and rabbit� would mature after 
similar periods in "Culture. When it be­
came clear that in dog, monkey, ba­
boon and human oocytes the germinal 
vesicle was still intact after as long as 
20 hours in culture, we erroneously 
concluded that oocytes from species 
with a prolonged sexual cycle required 
an extra stimulus for the resumption of 
meiosis. Therefore we added various 
plant and animal hormones. to the cul­
ture. They had no effect whatever. 
Finally we found that by simply ex­
tending the period of culture we could 
induce between 60 and 80 percent of 
the oocytes from all the animals with 
which we worked to resume meiosis. In 
certain species-cow, sheep, monkey and 
probably baboon (we have had too few 
baboon oocytes to be sure)-20 to 24 

hours passed before the germinal vesicle 
regressed. 

Obviously we had to ensure that the 
persistence of the germinal vesicle in 
certain species for as long as 24 hours 
in vitro mirrored the events in the 
ovary after stimulation by LH. It was 
therefore fortunate that Christopher 
Polge and Ronald Hunter of the British 
Agricultural Research Council had made 
detailed estimates of the pig oocyte's 
meiotic stages in vivo after the pigs had 
been injected with LH. These estimates 
showed that the germinal vesicle per­
sisted for 20 to 24 hours after the in� 
jection and that meiosis was then re­
sumed. Polge and I examined cultured 
oocytes and found that they matured at 
a rate closely comparable to the rate of 
maturation in the ovary. This was most 
encouraging to us. If pig oocytes were 
maturing normally in vitro, we could 
reasonably conclude that the same was 
true of oocytes from other species in 
which there was a long delay before the 
germinal vesicle regressed. 

In all species most oocytes matured 
to metaphase II. Some oocytes, how­
ever, proceeded to anaphase of the first 
meiotic division and meiosis then halted. 
The chromosomes failed to segregate 
along the spindle. The number of 
oocytes showing this arrest in anaphase 
was found to depend on the culture 
medium used. For the most part we now 
have mediums in which the number of 
oocytes that fail to reach metaphase 
II is very small, although in some spe-

cies-notably the pig and the mouse-we 
have not fully solved this problem. 

A remarkable phenomenon in the cul­
turing of oocytes was that within each 
species the oocytes matured synchro­
nously, even though they had been taken 
from females in widely differing stages 
of the sexual cycle. In other words, it 
made no difference how near to or far 
from ovulation an oocyte might have 
been at the time of removal; once put 
into the culture medium all the oocytes 
matured together. As a result of this 
phenomenon we were able to predict 
with considerable accuracy the stage of 
meiosis the oocytes from a particular 
species of mammal would reach after 
specific periods in culture. Indeed, by 
timing the interval between the release 
of oocytes from their follicles and meta­
phase II in vitro we can now predict the 
interval in vivo between the secretion of 
LH from the pituitary gland and ovula­
tion in cases where this interval is un­
known. 

Our success with the culturing of 
oocytes from various experimental 

and domestic animals presented a major 
challenge: Would human oocytes re­
spond similarly? After preliminary trials 
it became abundantly clear they would. 
In culture the germinal vesicle per­
sisted for 24 hours; the chromosomes 
condensed at diakinesis between 25 and 
28 hours; metaphase I occurred be­
tween 26 and 35 hours, and the first 
polar body was extruded between 36 

HUMAN EGGS have proved difficult to fertilize in vitro. At left is 

a human egg with several spermatozoa that have failed to penetrate 

fully the zona pellucida. In the photomicrograph at right a sperma-

tozoon (top left) has passed through the zona pellucida and reached 

the surface of the egg, but that is inconclusive evidence of fertiliza­

tion. Some eggs showed other inconclusive evidence of fertilization. 
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and 43 hours. A large majority of the 
oocytes examined after 43 hours were 
in metaphase II and had a polar body. 

Even though the oocytes were neces­
sarily taken from women who were ill 
and undergoing surgery and who were 
at widely differing stages of the men­
strual cycle, approximately 80 percent 
of the oocytes thus obtained resumed 
maturation in culture and progressed 
synchronously through meiosis to meta­
phase II. From our observations we 
could therefore estimate that the inter­
val in man between the secretion of LH 
and ovulation during the menstrual 
cycle is probably 36 to 43 hours. More­
over, the results showed that we could 
induce large numbers of oocytes to 
proceed in culture to the stage where 
fertilization normally occurs. 

Our experiments in the culture of 
oocytes provide some indications of the 
mechanisms involved in the normal evo­
lution of oocytes in the ovary. There is 
evidence that cultured oocytes resume 
their meiosis when the follicular archi­
tecture is destroyed by the rupture of 
a membrane (variously called the base­
ment membrane or membrana propria) 
as the oocytes are removed from the 
ovary. This implies that the intact base­
ment membrane plays a role in restrain­
ing the maturation of the oocyte. If it 
does, that would shed light on several 
phenomena. For example, in some 
atretic follicles the oocyte resumes meio­
sis before the complete degeneration of 
the follicle. Secondly, the basement 
membrane is associated with the granu­
losa cells, and the dictyate stage actually 
begins when the granulosa cells first en­
fold the oocyte in the ovary. Moreover, 
there is evidence that the granulosa 
cells will begin the changes leading to 
the formation of a corpus luteum when 
the follicle is ruptured. It would be 
most interesting to establish that both of 
the changes induced in the ovary by LH 
-the resumption of meiosis in the oocyte 
and the transformation of a Graafian 
follicle into a corpus luteum-could be 
set in motion by rupturing the follicular 
membrane. 

Since it is now possible to induce at 
will any stage of meiosis between 

diakinesis and metaphase II, the way 
is open to investigate how and at what 
stage chromosome abnormalities arise. 
In recent years it has been clearly es­
tablished that in man one such abnor­
mality is associated with mongolism. 
Many mongoloids have 47 chromosomes 
per cell instead of the nonnal 46. The 
extra chromosome is No. 21, that is, 
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ORIGIN of chromosomal abnormalities such as that leading to mongolism can probably be 

studied by growing eggs in culture and watching the chromosomes. Such abnormalities 

might arise in several ways; here paired chromosomes (color) fail to separate normally dur­

ing anaphase I and hence move together to one pole of the spindle. Thus their distribution 

in the egg and first polar body is faulty and could result in abnormalities after fertilization. 

there are three homologous No. 21 
chromosomes instead of the two usually 
found. Mongolism occurs much more 
frequently among the children of older 
mothers. Evidently the defect arises 
early in embryonic development, or per­
haps during meiosis in the oocyte. The 
immediate cause might be an infection. 

Several explanations have been put 
forward to explain the mechanism of 
this and other chromosomal abnormali­
ties. The reader will recall from the 
description of meiosis that homologous 
chromosomes are paired at the begin­
ning of the dictyate stage and should 
remain paired until meiosis is resumed 
under the influence of LH. If homolo­
gous chromosomes were gradually to 
separate during the dictyate stage so 
that they were no longer paired when 
meiosis was resumed, they would move 
independently along the spindle at ana­
phase. Their distribution in the egg 
and first polar body would become a 
matter of chance. This failure of the 

controlled segregation of the chromo­
somes would inevitably lead to abnor­
mal karyotypes, or arrays of chromo­
somes, in some embryos. 

Another source of abnormalities 
might be the nucleolus, the structure 
that contains much of the ribonucleic 
acid in the nucleus. Nucleoli are formed 
from nucleolus-organizer regions in cer­
tain chromosomes. The five pairs of 
human chromosomes carrying nucleolus 
organizers are involved in a high pro­
portion of chromosomal anomalies. Each 
of these chromosomes can produce a 
nucleolus, although in the later stages 
of maturation an oocyte usually has 
only one nucleolus because of nucleo­
lar fusion. The close relation of these 
chromosomes with the nucleolus during 
the prolonged dictyate stage might lead 
to abnormal segregation at anaphase. 
In many of the oocytes that we grew in 
culture we saw several chromosomes­
probably those carrying nucleolus or­
ganizers-in intimate association with 
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the nucleolus during diakinesis. In other 
oocytes all the chromosomes appeared 
to be associated with the nucleolus or 
to be sticking together. 

Having caused oocytes to mature in 
culture to the point of develop­

ment at which fertilization occurs, we 
decided to see if they could be fettil­
ized. Our technique with animal oocytes 
was to transfer them into the fallo­
pian tubes of females of the same spe­
cies. The females were then normally 
mated. 

In earlier work on the rabbit M. C. 
Chang of the vVorcester Foundation for 
Experimental Biology found that as 
many as 80 percent of cultured oocytes 
were fertilized when transferred into a 
doe. The rate of fetal abnormality, how­
ever, was high. Only three normal 
fetuses and 14 that had died during 
pregnancy were recovered from 81 

oocytes transferred in the experiments. 
We worked with the pig oocyte, be­

cause it matures at a rate similar to 
that in man and other large mammals. 
Our initial attempts produced a high 
incidence of anomalies. For one thing, 
large numbers of spermatozoa pene­
trated the egg instead of the normal 
one or two [see illustration on page 72]. 
In addition there was considerable frag­
mentation of the eggs. After we had 
improved this situation by modifying 
the culture medium the results of fer­
tilization grew progressively better, al­
though many eggs are still anomalous. 
This result may be partly due to a 
fact mentioned earlier: that the pig 
oocyte has a tendency to halt its de­
velopment in anaphase I. Apparently 
our conditions of culture are still in­
sufficient for the pig oocyte. So far we 
have examined all the eggs immediately 
after fertilization. Our immediate tasks 

MOUSE EMBRYOS tested for antigens indicate possibilities of the work with eggs. At 

top is a negative result; red cells fail to adhere to a living embryo. Adherence of red cells 

to the embryo at bottom is a positive test for an antigen. A distant possibility is detecting 

female embryos by the presence of sex chromatin in cells excised from living embryos. 
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are to improve the culture mediums and 
to study the further development of 
fertilized eggs. We have learned already 
that we can use fluid from the Graafian 
follicle itself to culture the oocytes. 

Since pig ovaries can be obtained 
easily and cheaply, pig oocytes can be 
matured and perhaps fertilized in large 
numbers. On three occasions we have 
had some 700 pig oocytes maturing 
synchronously in vitro; we could have 
had many more. Such large numbers of 
oocytes should facilitate investigation of 
the biochemical aspects of early mam­
malian development. 

Among the questions that might be 
thus elucidated is the matter of where 
and when DNA and RNA are synthe­
sized. Some evidence suggests that 
DNA is synthesized during the inter­
phase of each cleavage division of mam­
malian eggs; there appear to be no large 
stores of DNA in the cytoplasm. The 
type of RNA being synthesized prob­
ably varies with the stage of develop­
ment. Large amounts of RNA are found 
in fully grown follicular oocytes, al­
though it is not certain when the RNA 
is synthesized. It would be of interest 
to characterize the types of RNA in 
mature oocytes and early embryos. Ap­
parently little, if any, "messenger" RNA 
or protein is synthesized until the early 
embryonic stage. An intriguing fact is 
that the earliest evidence of gene action 
appears in this stage, as does the genetic 
inactivation of one of the two "X" chro­
mosomes in female embryos. These 
events suggest that some delicate genet­
ic mechanism has begun to operate. 

If rabbit and pig eggs can be fertilized 
after maturation in culture, presum­

ably human eggs grown in culture could 
also be fertilized, although obviously it 
would not be permissible to implant 
them in a human recipient. We have 
therefore attempted to fertilize cul­
tured human eggs in vitro. Here we 
promptly encountered a problem in­
volving what is called capacitation of 
the spermatozoa. Capacitation, without 
which most mammalian eggs cannot be 
fertilized, is a poorly understood change 
undergone by spermatozoa in the fe­
male reproductive tract. Noncapacitated 
spermatozoa are unable to penetrate 
through the zona pellucida: the outer 
membrane of the egg. 

''''e attempted to overcome this prob­
lem by removing the seminal fluid from 
the spermatozoa, since this fluid is re­
ported to suppress capacitation. Then 
we added spermatozoa thus treated to 
40 oocytes in vitro a few hours before 
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the extrusion of the first polar body. Ex­
cept in rare cases spermatozoa had at­
tached themselves to but not penetrated 
the zona pellucida 24 to 36 hours later 
[see illustration on page 78]. Three eggs 
had two or more nuclei, which might 
have been a sign of fertilization but was 
inconclusive evidence. These results 
were similar to those obtained in earlier 
attempts by Landrum B. Shettles of the 
Columbia University College of Phy­
sicians and Surgeons. It is undoubtedly 
significant that when we attempted to 
fertilize rabbit and pig 'eggs in vitro 
after their maturation in culture, the re­
suIt was the same: spermatozoa failed to 
pass through the zona pellucida, al­
though they did so, often in large num­
bers, when the oocytes were transferred 
into a mated recipient. 

We accordingly tried to capacitate 
human spermatozoa. Small pieces of 
human fallopian tube were added to 
some cultures, but this brought no in­
crease in fertilization. Next we trans­
ferred some oocytes, together with hu­
man spermatozoa, into the fallopian 
tubes of rabbits or monkeys. None of 
the oocytes were fertilized in the rabbit; 
those put into monkeys simply disap­
peared after about 12 hours. 

Then we tried placing human sper­
matozoa in the fallopian tubes or uterus 
of a rabbit, Rushing them out later and 
adding them to human oocytes in vitro. 
None of the oocytes were fertilized. 
Finally, in an attempt to imitate the 
situation in animals, we took sperma­
tozoa from the uterine cervix of women 
10 hours after coitus. The addition of 
these spermatozoa to human oocytes in 
vitro produced no fertilization. 

So far, then, we have either failed 
or have at best achieved a very limited 
success in fertilizing human eggs in 
vitro. We intend to continue these 
experiments; the ability to observe 
cleaving human eggs could be of great 
medical and scientific value. For ex­
ample, sterility caused by faulty pas­
sage of embryos along the fallopian 
tube could probably be alleviated by re­
moving oocytes from the ovary, grow­
ing and fertilizing them in vitro and 
then transferring them back into the 
mother. Another possibility, ansmg 
from the number of oocytes that can be 
obtained from a human ovary (up to 
65 in our experiments), is that oocytes 
and embryos showing anomalies could 
be eliminated in favor of those devel­
oping normally. This achievement might 
one day permit some choice to be made 
in the type of offspring born to particu­
lar parents. 
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CONFLICT AND AROUSAL 

Arousal involves a heightening of attentiveness that helps individuals 

to act and to learn. The Inner conflicts that 

or complex stimuli produce, in turn, help to 

Ever since psychology became a sci­
entific discipline the experimental 
psychologist has sought to relate 

human and animal behavior to proper­
ties of objects and events in the environ­
ment. He has concentrated on different 
kinds of properties at different times. A 
century ago, when experimental psy­
chology began, the "psychophysicists" 
measured human reactions to the weight 

by Daniel E. Berlyne 

of an object held in the hand, the loud­
ness or pitch of a tone, the length of a 
black line on a white background, and 
the like. These stimulus properties all 
depend on how energy is distributed in 
space and time, and energy had been a 
powerful unifying concept in the sci­
ence of the early 19th century. Later, 
under the influence of the theory of 
evolution, experimental investigators of 

CONFLICT APPARATUS consists of a panel on which four pairs of lights form a diamond 

pattern (rear). A switch (front), operated by the subject, can be moved in four directions 

that correspond to the four corners of the diamond. The subject is told that whenever any 
light is lit on the panel he is to move the switch to the corresponding position. In each 
trial two lights are lit. When both are at the same corner of the diamond, the subject can 
make an unequivocal movement of the switch; this is a "low conflict" trial. When the lights 

are lit at different corners of the diamond, the subject is told to move the switch toward 

whichever of the two lights he may choose. This kind of trial contains "high conflict." 
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ambiguous, 

arouse the 

SUrprISIng 

individual 

behavior focused on the kinds of factors 
that govern natural selection. They ex­
amined the psychological effects of 
stimuli that are beneficial or harmful, 
satisfying or annoying, rewarding or 
punishing. 

In the 20th century the measurement 
of information and of its opposite-un­
certainty-is revealing new interrelations 
in many different areas of science. Psy­
chologists are now becoming interested 
in certain aspects of behavior that hinge 
on how novel, surprising, complex, puz­
zling or ambiguous a stimulus is. Such 
characteristics are closely bound up 
with how much information or uncer­
tainty attaches to the stimulus. The term 
"collative stimulus properties" has been 
proposed as a convenient device for re­
ferring to all these characteristics col­
lectively. They involve collation or com­
parison: they are all a matter of how far 
a particular environmental feature re­
sembles or differs from others that are 
presented at the same time or that have 
been experienced in the past. 

These factors can have a wide variety 
of motivational effects on behavior. An 
extremely strange phenomenon, espe­
cially if it consists of a mixture of fa­
miliar and unfamiliar elements, can in­
duce fear and flight. D. O. Hebb of 
McGill University discovered several 
harmless but novel or surprising sights 
that would terrify a chimpanzee. They 
included a model of a chimpanzee's 
head without the body and a familiar 
attendant wearing another attendant's 
coat. Charlotte Buhler's experiments, 
conducted in Vienna in the 1920's, simi­
larly showed how infants could be dis­
tressed by the sound of a strange voice 
coming from a familiar face or by a 
familiar voice coming from a strange 
mask. Animals and young children will 
often stand gazing in frozen fascination 
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at something they have never seen be­
fore, or vacillate between moving to­
ward or away from it. By the same to­
ken the appreciation of art and humor 
turns quite subtly on the degree of nov­
elty, surprise and complexity. If a joke 
is too predictable or too simple, it falls 
flat; if its content is too farfetched or 
too intricate, it seems labored or pon­
derous. 

Moderate amounts of unpredictable 
change are, however, sought out and 
welcomed. The kinds of behavior that 
we label as "play" or "recreation" are 
cases in point. An environment where 
stimulation is kept to a minimum or is 
unduly monotonous will generally be­
come intolerable before long. As numer­
ous experiments on sensory deprivation 
have demonstrated, boredom can im­
pair several perceptual and intellectual 
functions. It seems that the nervous sys­
tem of a higher animal is made to cope 
with environments that present a fair 
amount of challenge to its capacities. 
It is not at its best when the demands 
that are made on it are either too ex­
acting or not exacting enough. 

Perhaps the most interesting psycho­
logical effects of novelty and complex­
ity, and certainly the ones that have 
received the most investigation so far, 
are those that belong under such head­
ings as "attention" and "curiosity." A 
term current among psychologists is 
"exploratory behavior." In one of our 
experiments pictures of animals were 
exposed two at a time and side by side 
on a screen and the subject's eye move­
ments were observed. The same picture 
was presented trial after trial on one 
side, while pictures of different animals 
were successively exposed on the other 
side. In such a situation a human sub­
ject will spend an increasing proportion 
of the time looking at the side on which 
the pictures vary from b'ial to trial. In 
other words, novel stimuli attract more 
inspection than familiar stimuli. Simi­
larly, human subjects will spend more 
time looking at more complex or more 
incongruous pictures, unless complexity 
becomes extreme [see bottom illustra­
tion on next two pages]. 

What do such properties as novelty, 
surprisingness, complexity, puz­

zlingness and ambiguity have in com­
mon to give them their motivational sig­
nificance? Various answers have been 
proposed, but the most satisfactory one, 
which covers the diversity of collative 
stimulus properties most adequately, 
seems to be that they all give rise to 
conflict. Environmental events that pos-

CONFLICT EXPERIMENT puts a barefoot subject at the switch of the conflict apparatus 

(top and in illustration on opposite page). An observer (bottom) records varia�ions in the 

galvanic skin response of the subject's feet as he reacts to a series of low-conflict and high­
conflict trials. The response, produced by sweating, gives an index of increased arousal. 

SAMPLE RESPONSE to a conflict trial is shown by the two peaks in the curve of the graph 

(top). The solid bar (color) on the bottom line indicates the IO-second interval in which 

the lights of the conflict apparatus are lit. The first of the peaks, each of which marks an in­
crease in the conductance of the subject's skin, is a response to the start of the trial. Changes 

in the size of this peak enabled the author and his colleagues to compare the degree of 

arousal that each subject experienced in the face of high·conflict and low-conflict stimuli. 
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2 3 4 5 6 

GROUP I A B A B A B 

GROUP II B A B A B A 

7 8 

A B 

B A 

9 10 

A B 

B A 

11 12 13 14 

A B A B 

B A B A 

EFFECTS OF SURPRISE were measured in an experiment 
that put the conflict apparatus to a different use. Two groups of 
subjects were told that the top and right-hand lights of the diamond 

would blink alternately (just as the letter A alternates with the let-

ter B in the two sequences above). This was true until Trial 16 for 
Group I and Trial 19 for Group II, when the top lights went on 

three times in succession (color). The conductance of the "sur· 

prised" group then became substantially greater than the skin 

sess such properties to a high degree do 
not bring one predominant reaction im­
mediately to the fore. They initiate 
discordant and mutually interfering 
processes in the central nervous system. 
Different aspects or components of the 
stimulus tend to evoke several com­
peting bodily movements. It is not clear 
how the stimulus event should be classi­
fied, what its hidden characteristics are 
like, what is likely to follow it. If the 
nervous system did not have means of 
dealing with conRict due to collative 
stimulus properties, a chaotic melee of 
disparate responses, each prevented by 
its competitors from reaching fruition, 
would soon make adaptive behavior im­
pOSSible. Fortunately there are several 
resources on which we can call to fore­
stall this danger. Perceptual and thought 
processes impose order on the external 
world by classifying, interrelating, in­
terpreting and organizing the informa-

tion that comes in through sense organs. 
But often this incoming information is 
not enough. Further information may 
then be sought through exploratory be­
havior. If, however, the disturbance is 
too severe and too threatening, the or­
ganism may be inclined to withdraw 
attention, or even to Ree, from the trou­
blesome stimulus, and signs of fear, and 
stress may appear. 

Psychologists are becoming more and 
more impressed with the crucial role 
played by curiosity and other motiva­
tional effects of conRict in human emo­
tional and intellectual development. 
Jean Pia get of the University of Geneva, 
the outstanding figure in contemporary 
developmental psychology, believes that 
"disequilibrium," or discomfort arising 
from inconsistency and lack of certainty 
in judgment, is the main force pushing 
the child toward mature, logical ways 
of organizing thoughts and perceptions, 

Some of the new techniques of instruc­
tion being tried out in schools expose 
children to experiences designed to 
make them aware of the gaps and con­
tradictions in their knowledge or under­
standing, There are indications that 
learning motivated by curiosity can 
give rise not only to particularly rapid 
and lasting acquisition of knowledge 
but also, above all, to knowledge in 
which ideas are fruitfully pieced togeth­
er in coherent structures, 

These developments, and others point­
ing in the same direction, have encour­
aged a reappraisal and broadening of 
the concept of "drive," which has domi-. 
nated discussions of motivation for 
about 40 years. A condition of high 
drive has usually been regarded as a 
condition of discomfort, tension and 
restlessness. It manifests itself in three 
principal ways: (1) it activates or ener­
gizes the organism as a whole, making 
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IMPACT OF IRREGULARITY was studied by the author in an 
experiment that recorded subjects' brain rhythms with an electro-
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encephalograph as they viewed first one and then another of the 
paired diagrams reproduced here. In each pair the left figure is the 
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SURPRISING STIMULI 

COMPARISON STIMULI 

-
conductance of the "unsurprised" group 
during the corresponding trial (see matching 

white letter A). The two bars (above) com­

pare the mean amplitudes of both responses. 

responses more vigorous and intensify­
ing trial-and-error behavior; (2) it in­
clines an organism toward a particular 
class of behavior that is likely to relieve 
the drive-food-seeking in hunger, ag­
gressive behavior in rage, and so on­
and (3) it enhances learning by making 
the organism particularly sensitive to 
appropriate reinforcing events. Ivan 
Pavlov found it difficult, if not impos­
sible, to condition a dog to salivate at 
the sound of a bell when the dog was 
not hungry. Neal E. Miller and Richard 
C. DeBold of Yale University, using a 
device that forces rats to swallow water, 
have determined that drinking will act 
as a reward only when rats are thirsty. 
In short, the level of drive and the par­
ticular kind of drive that is operating 
play a large part in determining what an 
animal will do, and how energetically, 
and what new responses it will acquire, 
and how effectively, through learning. 

Over the years there have been many 
unsolved problems regarding the nature 
of drive: how it operates and what physi­
ological mechanisms underlie it. Re­
cently new findings and ideas with a 
bearing on these problems have come 
from progress in brain physiology. One 
especially Significant body of work has 
been concerned with the processes on 
which "arousal" depends. 

A higher animal's arousal level-how 
wide-awake, attentive or excited the 
animal is-fluctuates from moment to 
moment. It can range between sleep or 
coma at one extreme and frenzy at the 
other. It is manifested by changes in 
almost every system of the body: by 
the brain's electrical activity, the heart 
rate, the pattern of respiration, the 
electrical properties and temperature of 
the skin, the dilation and constriction 
of peripheral blood vessels, even the di­
ameter of the pupil of the eye [see 
"Attitude and Pupil Size," by Eckhard 
H. Hess; SCIENTIFIC AMERICAN, April, 
1965]. With increasing arousal the body 
mobilizes and sharpens all its functions, 
including the readiness of the skeletal 
muscles for action, the acuteness of the 
sense organs and the ability of the cen­
tral nervous system to analyze and proc­
ess incoming information. A great deal 
of knowledge is accumulating about the 
parts of the brain that control arousal 
level. The essential role of the reticular 
fonnation of the brain stem has been 
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demonstrated by many experimental 
findings [see "The Reticular Forma­
tion," by J. D. French; SCIENTIFIC 

AMERICAN, May, 1957]. It has more 
recently become apparent, however, 
that interactions of the reticular forma­
tion with other brain structures (par­
ticularly the hypothalamus and the 
cerebral cortex) are of crucial impor­
tance. 

Considering the entire picture, one 
can find good grounds for concluding 
that arousal and drive are closely re­
lated. Many of the conditions that pro­
duce high drive-hunger, thirst, sexual 
receptivity, pain, cold-also produce 
bodily signs of high arousal and acti­
vate the reticular formation. A highly 
aroused animal displays the excitability 
and intensity of behavior that have long 
been associated with high drive. Fur­
thennore, when arousal becomes inordi­
nately high, performance is impaired, 
which recalls the deleterious effects that 
have long been ascribed to "overmoti­
vation." The justification for equating 
drive and arousal is most apparent when 
we consider the first of the three as­
pects of drive discussed earlier, namely 
the general activating or energizing 
effects. As far as the other two func­
tions of drive are concerned-direction 
toward particular forms of behavior and 
sensitization to particular kinds of rein­
forcement-the situation is less clear, 
and more research is needed. There are, 

H. RANDOM 

REDISTRIBUTION 
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simpler or more congruous and the right figure the more complex 

or incongruous one. The bars below each pair of figures show in 

seconds the time during which subjects switched from the standard 

waking "alpha" rhythm to a wave pattern indicative of alertness. 
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DIFFERING RESPONSES by subjects to the stimulus of visual patterns are indicated in 

three electroencephalograph tracings. In a the break from alpha rhythm to desynchro· 
nization (which indicates alertness) starts simultaneously with the start of stimulus (light 

color). In b there is a delay before the alertness pattern appears. In c, however, a condi· 
tioned response appears; the subject's pattern of alertness begins before the stimulus is 

received. All subjects' brains resume the alpha rhythm soon after the stimulus is halted. 

however, already indications that differ­
ent centers in the brainstem control 
different kinds of arousal, correspond­
ing to different biological needs, and 
that changes in arousal are intimately 
connected with the reinforcement of 
learned responses. 

What has all this to do with conflict­
producing stimuli? For one thing, 

there appears to be a close relation be-
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tween arousal and the exploratory ac­
tivities that are so often evoked by 
novel, complex or ambiguous stimuli. 
Some investigators, particularly those in 
the U.S.S.R., have found that explora­
tory responses form part of a compre­
hensive network of psychophysiological 
processes called the "orientation reac­
tion." This represents a broadened 
usage of a term introduced in Pavlov's 
laboratory. The orientation reaction in-

2 4 6 8 10 
TRAINING TRIALS 

EFFECTS OF MONOTONY are evident in this record of a subject's eye movements 

as he viewed 10 consecutive pairs of pictures. One picture in each pair was the same 

throughout the 10 trials; the other one was different at each trial. This varying stimulus 
(color) soon attracted the subject's attention (measured by the attention given to 

each 10·second exposure) more than the recurring stimulus, which came to be ignored. 
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cludes, in addition to processes that di­
rect sense organs toward the source of 
stimulation and raise their sensitivity, 
most of the bodily signs of heightened 
arousal. 

We are therefore tempted to ask 
whether or not the motivational effects 
of stimuli that produce conflict work 
through increases in arousal. The impli­
cations reach beyond exploratory behav­
ior. If we may conclude that conflict can 
increase arousal and if arousal may be 
equated with drive, conflict will have 
to be added to the list of conditions 
from which high drive can result. Here­
tofore internal physiological distur­
bances (such as those associated with 
hunger, thirst or sexual appetite) and 
external irritants (such as painful stimu­
lation and excessive heat or cold) have 
been recognized as sources of primary 
drive. Neutral stimuli that have fre­
quently accompanied these conditions 
can, through a conditioned-response 
mechanism, come to induce secondary 
drive (for example learned fear or an­
ger). Our view of motivation will be 
broadened considerably if we are ob­
liged to accept conflict as an additional 
source of drive. This will imply that 
animals can be impelled to action and, 
if necessary, to the learning of new re­
sponses not only by visceral distur­
bances and noxious external stimulation 
but also by conditions that set up dis­
cordant processes in the central nervous 
system. 

With several collaborators, first at the 
National Institute of Mental Health 

and later at Boston UniverSity and at 
the University of Toronto, I have been 
engaged in experiments designed to ver­
ify that conflict and collative stimulus 
properties can heighten arousal in hu­
man subjects. The first experiment was 
concerned with conflict, and we at­
tempted to separate conflict from other 
factors with which it is often combined 
in everyday life. 

The subject sat before a panel bear­
ing eight lights, two at each corner of 
a diamond. "Low conflict" and "high 
conflict" trials were interspersed. A low­
conflict trial consisted of turning on two 
lights at one corner of the diamond, 
whereupon the subject was to press a 
key in the direction of that corner. For 
high-conflict trials two lights appeared 
at two corners, and the subject had to 
press the key one way or the other. 

In order to make sure that the results 
would be due to differing degrees of 
conflict and not simply to the two kinds 
of lighting pattern, there was a prelim i-
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nary run in which pairs of lights at the 
same corner and at different corners ap­
peared in a random order but no key­
pressing response was required of the 
subject or even mentioned. 

Changes in arousal were measured by 
means of the galvanic skin response (a 
transient rise in the conductance of the 
skin), recorded from electrodes attached 
to the soles of the feet. If the subject 
had been instructed to act as soon as 
the lights appeared, the resulting gal­
vanic skin response would have reflected 
the joint influence of the stimulation 
and the bodily movement. To obviate 
this difficulty the lights were always on 
for 10 seconds, and the subject was in­
structed to move the key as soon as they 
went off. Two galvanic skin responses 
generally appeared, one just after the 
illumination of the stimulus lights and 
one just after their extinction. The first 
response was the one of interest, since 
it reflected the impact of a stimulus pat­
tern associated with a greater or lesser 
degree of conflict. The mean amplitude 
of the galvanic skin response immedi­
ately after the onset of the stimulus was 
significantly higher for high-conflict 
trials than for low-conflict trials, con­
firming the prediction. The difference 
did not appear when we examined the 
galvanic skin response that followed the 
pressing of the key at the termination of 
the stimulus or the galvanic skin re­
sponse that occurred during the prelimi­
nary phase when the combinations of 
lights were presented without requiring 
manual responses. We can conclude that 
this was due to differences in degree of 
conflict. 

We went on to test effects of the prin­
cipal collative stimulus properties one 
by one. There was no need to demon­
strate that novelty affects arousal. Many 
previous experiments had shown that, 
say, a monotonously repeated tone grad­
ually loses its power to cause arousal, 
whereas as soon as it is replaced by a 
tone of a different pitch the orientation 
reaction revives. 

Accordingly our next experiment fo­
cused on surprisingness. In everyday 
life surprising stimuli are often novel 
and novel stimuli are often surprising, 
but we had to find a way of inducing 
surprise without novelty. This was done 
by breaking an expected sequence. U s­
ing the apparatus described above, we 
told the subject in advance that the two 
lights at the top of the diamond and 
the two lights at the right-hand corner 
would light up alternately. This alterna­
tion was maintained until a stage to­
ward the end of the experiment, when 

lights appeared at the same corner for 
two successive trials. The second of 
these trials thus presented a stimulus 
that was surprising (since it violated the 
subject's expectation) without being 
novel. The results of this experiment, 
which was carefully designed to con­
trol for spatial and temporal position, 
showed a galvanic skin response to be 
more intense with surprising stimuli 
than with nonsurprising stimuli that 
were otherwise identical. This was so 
whether or not the subject was instruct­
ed to respond by pressing a key. 

At Toronto we later studied effects 
of complexity and incongruity on arous­
al. Some of the visual patterns that had 
been used in the experiments on explor­
atory behavior served as stimuli. Our 
s.ubjects sat in a comfortable chair in a 
dark room watching a screen. Different 
subjects saw the patterns in different 
orders, so that effects of. temporal po­
sition could be counterbalanced. This 
time the patterns were drawn in white 
on a black background, because the 
dazzling effects of a white rectangular 
background would have overwhelmed 
the effects we were seeking. 

In these experiments changes in 
arousal were measured through electro­
encephalographic (EEG) recordings of 
brain waves. In a relatively relaxed but 
waking state the brain produces regular 
"alpha" waves at a frequency of about 
10 cycles per second. In response to 
arousing stimulation these waves are 
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usually replaced by a flatter, more ir­
regular, predominantly high-frequency 
tracing: the "desynchronization" pat­
tern. The duration of desynchronization 
can be taken as a measure of the in­
tensity of the orientation reaction. It 
turned out that the more complex, ir­
regular or incongruous stimuli evoked, 
on the average, significantly longer-last­
ing desynchronizations than the others. 
Hence we have some evidence that the 
arousal system is responsive to the com­
plexity or incongruity of an incoming 
stimulus as well as to its novelty, sur­
prisingness and in general its potenti­
ality for inducing conflict. 

These findings are only part of much 
evidence, coming in from many dif­

ferent areas of research in psychology 
and neurophysiology, with convergent 
implications. It is becoming clear that 
we must enlarge and refine our view of 
the motivational aspects of human and 
animal behavior. We must recognize 
and study an entire new spectrum of 
sources of motivation, depending on 
conflict, uncertainty and collative stimu­
lus properties. Corresponding to them 
there must be a range of powerful and 
hitherto neglected factors that can pro­
vide reinforcement for learning. When 
we have investigated them further, we 
shall have a better understanding of 
how learning works. We may also be in 
a better position to produce it effective­
ly in the classroom. 

1.120 

EFFECTS OF CONFLICT are shown in the average of 25 subjects' skin responses during 
trials involving low conflict (light bars) and high conflict (dark bars). The latter produced 
significantly greater response than the former only at the onset of stimulus (center bars). 
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How the "Newer Alchemy" Was Received 

The startling announcen�ent In 1902 of the Ruthelford-Soddy theolY 

of the transmutation of elelnents by radioactive deca.y met surprisingl.y 

little opposition. A historian of science exalnines this curious reception 

T
he year 1902 saw a turning point 
in the history of science. It was 
the year that two young investi­

gators, the 31-year-old physicist Ernest 
Rutherford and the 25-year-old chemist 
Freoerick Sodoy, announced their the­
ory of the transmutation of elements, a 
oiscovery that genuinely overturneo 
men's ioeas about the nature of matter. 
How was this revolutionary announce­
ment received by the scientific commu­
nity? For historians and others inter­
ested in the advance of science the 
reception of such a bombshell is often 
as fascinating a subject for study as the 
discovery itself. In this instance the re­
action to the event seems in retrospect 
quite surprising, and it invites examina­
tion. 

Consider the setting in which the 
event occurred. A century of theoretical 

by Lawrence Baoash 

and experimental work hao for most 
chemists ana physIcists established the 
atoms of the elements as unchangeable 
units of matter. The old concept of 
alchemy-indeed, any notion of trans­
formation of one element into another­
had long been in disrepute. The pre­
vailing view of the atom was expressed 
trenchantly by James Clerk Maxwell in 
his 1873 address to the British Associa­
tion for the Advancement of Science: 
"No theory of evolution can be formed 
to account for the similarity of atoms 
[that is, their apparent family relations], 
for evolution necessarily implies con­
tinuous change, ana the atom is inca­
pable of growth or oecay, of generation 
or destruction." 

So firmly held was this view that 
when Henri Becquerel discovered radio­
activity in 1896, most students of the 

LETTER from Rutherford to Sir William Crookes (opposite page) was intended to solicit 

the good offices of Crookes to help in acceptance by the Transactions 0/ the Chemical 

Society of a paper by Rutherford and Soddy setting forth their theory of the transmutation 

of elements by radioactive decay. "Dear Sir William," Rutherford wrote, "I have to thank 

you for the reprints of your two Royal Society papers which 1 received yesterday and in 

which 1 was very interested. The blue mercury button in the hydrogen tube is a most 

extraordinary manifestation and shows how much is still to be investigated in that field. 1 
am forwarding to you some reprints of my previous papers on Radioactivity. 1 am sending 

you by this mail an M.S.S. by Mr Soddy & myself on the 'Radioactivity of Thorium' which 

we are forwarding at the same time to the Cnemical Society. We have found that the Th X 
[thorium X] like Ur X [uranium Xl loses its radioactivity in a G.P. [geometric progres­

sion] with the time while the deactivized thorium regains its activity with time. 1 think 

we have conclusively shown that most of the radioactivity is due to a production of Th X at 

a uniform rate by the thorium & that this Th X decays with time. An equilibrium point is 

reached when the rate of production is balanced by the rate of decay. We have strong 

evidence that uranium and radium behave similarly only that the time rate of change is 

different. All these processes are independent of chemical and physical conditions & we 

are driven to the conclusion that the whole process is sub-atomic. Although of course it is 

not advisable to put the case too bluntly to a chemical society, 1 believe that in the radio­

active elements we have a process of disintegration or transmutation steadily going on 

which is the source of the energy dissipated in radioactivity. If you have time to glance 

over the paper 1 think you will see the evidence is all experimental & that the obvious 

deductions from the facts are included in the last section. 1 am afraid that 1 have already 

troubled you sufficiently with my views but Mr Soddy & myself would both be obliged if 

you could do anything to facilitate the publication of the paper if difficulties arise over 

'atomic' views. Yours sincerely E. Rutherford." Letter is at University of Cambridge Library. 

phenomenon insisteo that the energy 
streaming from the interior of the atom 
could not reHect any basic change in 
the atom itself. Becquerel believed the 
radiation was a long-lived form of 
phosphorescence. Marie Curie argued 
that the Becquerel rays were a second­
ary radiation whose emission by urani­
um and thorium was stimulated by the 
elements' absorption of "rays analogous 
to Roentgen rays" that pervaded all of 
space. Sir William Crookes, the noteo 
chemist who was also editor and pub­
lisher of Chemical News, attributed the 
radioelements' raoioactivity to their 
selective absorption and reradiation of 
energy from fast-moving molecules of 
air. Various other theories were offered, 
most of them based on the conviction 
that the energy producing radioactivity 
must come from a source other than 
the atom itself . 

. 
�nong the few investigators who were 

willing to entertain the thought 
that a change within the atom might be 
responsible for the radiation were the 
German physicists Julius Elster ano 
Hans Friedrich Geitel and the British 
phYSicist J. J. Thomson. Thomson, the 
discoverer of the electron, suggested 
that the source of radioactivity might be 
a "regrouping of the constituents of the 
atom, " giving rise to "electrical effects 
such as are produced in the ionization 
of a gas." This provocative suggestion 
was not lost on Rutherford, a student of 
Thomson's in the Cavendish Laboratory 
at the University of Cambridge. 

In 1898 young Rutherford went to 
McGill University in Montreal as a pro­
fessor of physics, and he devoted him­
self there to an investigation of the 
radioactivity of thorium. Three years 
later Soddy, who came to iVIcGiIl from 
the chemistry laboratory at the Univer­
sity of Oxford, joined Rutherford in this 
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ERNEST RUTHERFORD (1871-1937) was appointed professor 

of physics at McGill University in 1898. It was there that he under· 

took the investigation that led to the 1902 papers on the radio· 

activity of thorium compounds. This photograph was made in 1908. 

From Gasometer. 

c 

A 

EXPERIMENTAL SETUP was used by Rutherford and Soddy to 

compare the "emanating" power of various substances. The sub· 

stance (for example thorium oxide), in the form of a fine powder, 

was placed in a shallow lead vessel inside a glass cylinder (C). A 

current of air from a large gas bag was passed through a bulb con· 

taining cotton wool to remoye dust particles and was bubbled 

through sulfuric acid (A l. The air then passed through a second 

bulb containing cotton wool to prevent any spray from being 

carried over. The "emanation" from the thorium oxide mixed with 

the air and was carried from the glass cylinder (C) through a 
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FREDERICK SODDY (1877-1956), a demonstrator in chemistry at 

McGill, joined Rutherford in 1901. His chemical analyses provided 

the first clue that led to the theory of the transmutation of 

elements by radioactive decay. This photograph was made in 1905. 

,--___ @%r-"----.+Ear t h. 
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Earth. 

third plug of cotton wool (D), which completely removed all the 

charged particles carried with the emanation. The emanation then 

passed into a long brass cylinder, which was connected to one pole 

of a battery, the other pole of which was conne(·ted to the earth. 

Three electrodes of equal length (E, F lind T-l) were placed along 

the axis of the cylinder, supported by brass rod;; passing through 

ebonite corks in the side of the (·ylinder. The current through 

the gas resulting from the presence of the emanation was mea· 

sured by means of a quadrant electrometer. This drawing appeared 

originally in the Transactiolls of the Chemical Society for 1902. 
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study. With the help of Soddy's chem­
ical analyses they learned that the ra­
dioactive "emanation " came not from 
thorium itself but from a chemically sep­
arable product they named "thorium X," 
and that the emanation was a chemi­
cally inert gas of the argon family (it is 
now called thoron or radon). 

As Rutherford related many years 
later, the great contrast in physical and 
chemical properties between thorium X 
and its emanation was the "first definite 
clue " that led them to the theory of the 
transformation of elements by radio­
active decay. They were themselves 
startled by the discovery and its impli­
cations. Soddy, according to his own 
later account to his biographer, turned 
to his colleague and blurted: "Ruther­
ford, this is transmutation: the thorium 
is disintegrating and transmuting itself 
into an argon gas." Rutherford rejoined: 
"For Mike's sake, Soddy, don't call it 
transmutation. They'll have our heads 
off as alchemists." 

Anticipating a shocked reaction from 
both chemists and physicists, the two 
young men proceeded to cautious and 
conservative publication of their find­
ings. Their first report was a paper 
printed in the Transactions of the 
Chemical Society early in 1902 that 
simply announced their discovery of 
thorium X and their identification of the 
radioactive emanation as a chemically 
inert gas. vVhen they submitted a sec­
ond paper setting forth their interpreta­
tion of their discovery, they solicited the 
good offices of Crookes to help in ac­
ceptance of the paper by the Transac­
tions. Rutherford wrote Crookes a pri­
vate letter: 

"Although of course it is not advis­
able to put the case too bluntly to a 
chemical society, I believe that in the 
radioactive elements we have a process 
of disintegration or transmutation stead­
ily going on which is the source of the 
energy disSipated ill radioactivity .... 
Mr. Soddy and myself would both be 
obliged if you could do anything to 
facilitate the publication of the paper if 
difficulties arise over 'atomic' views." 

The paper was published in the 
Transactions in the issue of July, 19:)2. 
In it Rutherford and Soddy presented 
their evidence that radioactivity must 
arise from within the atom and that 
it resulted in elemental changes that 
had not preViously been encountered 
in chemistry. "The position is thus 
reached," they wrote, "that radioactivity 
is at once an atomic phenomenon and 
the accompaniment of a chemical 
change in which new kinds of matter 
are produced. The two considerations 

force us to the conclusion that radio­
activity is a manifestation of sub-atomic 
chemical change." 

Rutherford and Soddy were careful to 
use the term "transformation " rather 
than "transmutation." They also took 
pains to point out to their chemical 
brethren that the theory of radioactive 
transformation could not be said to vio­
late any known chemical laws, because 
it evidently involved "causes," or forces, 
not encountered in ordinary chemistry. 

Presumably their selection of a chem­
ical journal to announce their discovery 
was made to enhance Soddy's career, as 
he was only a beginning teacher where­
as Rutherford was already a fuJI profes­
sor. After publication of the two papers 
in the Transactions of the Chemical 
SOCiety Rutherford addressed his own 
peers in physics with redrafts of the 
papers in the Philosophical Magazine, 
the leading physical journal of the day. 
Further, their iconoclastic theory was 
given wide exposure by publication in 
Crookes's popular weekly Che11li[;al 
News. 

What, then, was the reaction to this 
theory? Without doubt it evoked 

high excitement. Crookes described 
their interpretation of radioactivity as 
haVing "undermined the atomic theory 
of chemistry, revolutionized the founda­
tions of physics, revived the ideas of the 

, 
100 

alchemists .... " Herbert Newby McCoy, 
a leading U.S. radiochemist, recollected 
later: "It was all so astounding that 
chemists and physicists by the score 
dropped old problems to take up the 
new work." A. S. Eve, Rutherford's offi­
cial biographer (and a successor to his 
chair at �lcGiJl), recalled that when 
he met Rutherford in January, 1903, 
"Hutherford was already famous, radi­
um was the rage, and the radioactive 
theory of the break-up of atoms was a 
topic of supreme interest. Journalists 
besieged the Physics Laboratory [at 
McGill] and wrote fabulous and fan­
tastic stories until they were forbidden 
the sacred precincts." Rutherford was 
elected to the Royal Society, and as he 
prepared to go to spend the summer of 
1903 in Britain, Joseph Larmor, secre­
tary of the society, wrote him: "You 
may be the lion of the season, for the 
newspapers have become radioactive." 
Soddy was not idle, either. He joined 
Rutherford in a definitive account of 
their theory for the Philosophical Maga­
zinc, and Nature published an abstract 
of a Soddy paper giving the so-called 
Canadian view of radioactivity. More­
over, Soddy left �IcGill to .work with Sir 
\Villiam Ramsay, discoverer of several 
noble gases, in his famous laboratory in 
London. 

I am concerned here, however, not 
with the general acclaim and excitement 
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PARTIAL RESULTS of the Rutherford·Soddy experiments on the radioactive emanations 

of thorium compounds were originally presented in this graph. They found that the rate of 

recovery of the radioactivity of thorium (curve 1) was related to the rate of decay 

of radionctivity of a chemically separable product they named "thorium X" (curve II). 
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EARL Y SUPPORTERS of the Rutherford-Soddy theory of the trans­

mutation of elements are portrayed on these two pages_ They included 
Rutherford's former mentor in the Cavendish Lahoratory at 

Cambridge, J. J. Thomson (extreme left); the physicist and 

but with the reception of the theory it­
self as a blow to the strongly held view 
of the atom. Samuel Glasstone, in his 
Sourcebook on Atomic Energy (pub­
lished in 1950), says that the theory 
"caused consternation in the realms of 
science during the early years of tile 
present century ... many chemists and 
physicists expressed strong opposition 
to the theory, because they felt that it 
was contrary to the established views on 
the permanence of the atom." Among 
Rutherford's and Soddy's contempo­
raries, McCoy (in an address to the 
American Chemical Society 35 years 
la ter) pictured the chemists of the time 
as highly indignant: "What right had 
physicists to tell chemists their atoms 
could disintegrate?" And Sir Henry 
Tizard (a leading scientific adviser to 
the British government during 'World 
War II) wrote in his sketch of Ruther­
ford for the Dictionary of National 
Biography: "The new theory was so 
completely at variance with the long 
accepted views of the indestructibility 
of matter that it was received with ex­
treme skepticism, and even with con­
tempt, by many prominent scientific 
men." 

All of this is only what one should 
have expected. A careful search through 
the archives of the time, however, fails 
to support any such assertion! The 
pages of Nature and The Times of Lon­
don, which were then as they are now 
leading outlets for argumentative "letters 
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to the editor," are absolutely barren of 
protests, or indeed any argument at all 
on the subject of transmutation, in 1902. 
Nor can any papers in opposition to the 
new theory be found in the special sci­
entific journals. At the annual meeting 
of the British Association for the Ad-· 
vancement of Science in September of 
1902, a few months after the publica­
tion of the theory, there was only one 
paper on radioactivity (by J. J. Thom­
son), and it appears that this did not 
mention the Rutherford-Soddy theory. 
One can only conclude that either the 
memories of Tizard (who was a lad of 
about 17 in 1902) and McCoy (speak­
ing 35 years later) were faulty or the 
"many" opponents of the theory main­
tained a surprising silence in their pub­
lications. The latter seems hardly likely, 
considering the history of scientific con­
troversy. 

This is not to say that the transfor­
mation theory met with unanimous 
approval. In the years following 1902 
a few determined voices were raised 
against the theory. Prominent among 
these objectors was a distinguished and 
forceful personality: the physicist Lord 
Kelvin. 

Among the first to express public sup-
port of the Rutherford-Soddy theo­

ry were J. J. Thomson, Rutherford's 
former mentor, and Johannes Stark of 
Germany (both of whom later won 
Nobel prizes in physics). Another, and 

more persistent, champion of the theory 
was Sir Oliver Lodge, a noted scientific 
spokesman and authority on electrical 
matters, who had done no research in 
radioactivity but nevertheless took up 
the cause of transmutation. 

In July of 1903 Ramsay and Soddy 
produced the most impressive single 
piece of evidence in confirmation of the 
theory that radioactive atoms decayed 
into other elements. Using liquefied air, 
they condensed the gaseous emanation 
from radium, and by spectral examina­
tion of the residue they discovered that 
it contained helium. There could be 
little doubt that the helium was a break­
down product from the radium-a clear 
case of one element giving rise to an­
other. At about the same time Ruther­
ford presented another strong indication 
that radium emitted atomic-sized par­
ticles. Pierre Curie and Albert Laborde 
had discovered that a sample of radium 
continuously generated heat. Ruthei·­
ford offered what proved to be the cor­
rect explanation: the heat was pro­
duced, he said, as a result of internal 
bombardment of the mass by energetic 
alpha particles (later identified as heli­
um nuclei) that were emitted by decay­
ing radium atoms. 

Crookes at first held out against the 
transmutation theory, clinging to his 
own hypothesis that radioactivity was 
generated by the active elements' ab­
sorption of energy from energetic air 
molecules. He soon capitulated, how-
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authority on electricity, Sir Oliver Lodge (second from left); 

the discoverer of several noble gases, Sir William Ramsay 

(second from right), and the noted chemist who was also editor and 

publisher of Chemical News, Sir William Crookes (extreme right). 

ever; in an address to the Congress of 
Applied Chemistry in Berlin in 1903 he 
conceded that the atom might undergo 
"a katabolic transformation." The Curies 
also were reluctant to accept the theory, 
but in June of 1903 they too acknowl­
edged that radioactivity might be ex­
plained by some kind of transformation 
of t4e atom. The following year Pierre 
Curie, after confirming by his own ex­
periments that radium did indeed yield 
helium as a decay product, finally 
agreed that "M. Rutherford's point of 
view" seemed to be correct. 

The most vigorous challenge to the 
Rutherford-Soddy theory came at 

the annual meeting of the British Asso­
ciation for the Advancement of Science 
in September of 1903. The meeting of 
Section A (mathematics and physical 
science) opened with a certain degree 
of excitement, for it was rumored that 
Lord Kelvin would attack the Ruther­
ford-Soddy "point of view." Although in 
ill health and unable to be present, 
Kelvin had arranged for distribution to 
the members of a paper presenting a 
theory in opposition to transmutation. 

Young Rutherford, understandably 
nervous about the challenge from the 
79-year-old elder statesman of physics, 
privately appealed to his friends in ad­
vance to support him at the meeting 
if necessary. In the tense, crowded hall 
Rutherford himself opened the discus­
sion. He reviewed the facts of radio-

activity and explained in detail how 
the transformation theory was consis­
tent with all the observed facts. He was 
followed by Lodge, who had been asked 
to read Kelvin's paper. Lodge began by 
congratulating Rutherford and Soddy 
and asserting his own support of their 
theory. He then presented Kelvin's view. 
Kelvin argued in effect for what is now 
known as J. J. Thomson's "plum pud­
ding" model of the atom, picturing the 
atom as a uniform mass of positive elec­
tricity, studded here and· there with 
lumps of negative electricity. Radioac­
tivity, Kelvin went on, was the result 
of violent oscillations set up within 
atoms by energy coming from the ether, 
"where it exists in a form which we 
have not yet found a means of detect­
ing." As for the products discharged 
from radium during its convulsions, 
the beta rays were simply "plums" of 
negative electricity that were released, 
the gamma rays were a vapor and the 
alpha particles were actually radium 
atoms, or perhaps molecules, shot out of 
the agitated mass of radium or its com­
pound. 

Next rose Henry E. Armstrong, an 
eminent professor of chemistry at the 
Central Technical College in London. 
Known as "a man of forceful personal­
ity who, once having formed an opinion 
on a subject, held to it strongly and 
advocated it vigorously," Armstrong 
minced no words. He declared himself 
"astonished at the feats of imagination" 

in which Rutherford and his associates 
had indulged themselves. Chemists, 
Armstrong insisted, could find "no evi­
dence of atomic disintegration on the 
earth." He personally favored Kelvin's 
theory of the origin of radioactivity. 

The Kelvin-Armstrong attack pro­
voked a discussion that went on through­
out the day, extending into an after­
noon session. Larmor, Soddy and others 
defended the transfonr.ation theory, 
and Rutherford delivered a reply to 
Kelvin's and Armstrong's arglUl1ents. By 
the end of the session it was dear that 
the Kelvin point of view had no serious 
support and that transmutation had 
carried the day. As Soddy remarked 
later, this meeting "assisted materially 
in the favourable reception accorded 
the disintegration theory." The opposi­
tion, brought into the open, was all but 
demolished by the strength of the 
demonstrated support for the theory. 

Rutherford and other investigators 
proceeded to establish the half­

lives and the decay series of the known 
radioactive elements. Several more em­
inent scientists publicly expressed their 
support of the Rutherford-Soddy "view." 
Much of the scientific community, how­
ever, maintained some reserve in its 
acceptance of the theory, taking the 
cautious position that although trans­
mutation appeared to be a sound work­
ing hypothesis, its correctness still 
awaited conclusive proof. The only vo-
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cal opponents were Kelvin, Armstrong 
and the German chemist Clemens Wink­
ler, who suggested that radioactivity 
might be simply a physical property of 
matter: "a phenomenon which may ad­
here to matter without influencing its 
chemical composition, something like 
the magnetism of magnetic iron ore." 

Kelvin kept up his fire. In May, 1904, 
Rutherford and Kelvin encountered 
each other as guests at the estate of the 
physicist Lord Rayleigh (the codis­
coverer of argon with Ramsay). Ruther­
ford, in a letter to his wife, gave a 
lighthearted account of their meeting: 
"Lord Kelvin has talked radium most 
of the day, and I admire his confidence 
in talking about a subject of which 
he has taken the trouble to learn so 
little. . .. He won't listen to my views 
on radium, but Strutt gives him a year 
to change his mind. In fact, they placed 
a bet to that effect last evening." R. J. 
Strutt (the baron's son, who later be­
came the fourth Lord Rayleigh) won 
his five-shilling wager. At the British 
Association meeting in the fall of that 
year Kelvin publicly abandoned his own 
theory about the origin of radioactivity. 
He now rejected the external source of 
energy but would not go so far as to 
embrace transmutation. There was to be 
one more round, therefore, before the 
controversy finally expired. 

The occasion was the 1906 meeting 
of the British Association. Soddy led 
a discussion before Section A on the 

transmutation of elements. On reading 
the report in The Times, Kelvin, who 
again was absent from the meeting, 
wrote a letter to the editor. He pro­
tested that the emission of helium 
from radium was not a proof that the 
radium atom had changed; radium 
might merely "contain" helium. He also 
protested a suggestion by Strutt (ac­
cepted by Rutherford and others) that 
the earth's heat was derived from radio­
activity as well as from the planet's orig­
inal contraction. After Kelvin's letter ap­
peared, Armstrong jumped into the fray 
with a letter of his own, denouncing 
the physicists' drawing of conclusions 
from microscopic quantities of what 
they assumed to be pure radium: ""Vork­
ers in the radium school appear to have 
cast caution to the winds .... " 

Lodge replied to these letters with 
persuasive logic but made the error of 
including a personal remark about Kel­
vin: "The fact that physicists have been 
unable to carry their veteran leader 
with them in some recent developments 
has been regretfully known ... but it is 
also known that his brilliantly original 
mind has not always submitted patient­
ly to the task of assimilating the work 
of others by the process of reading, and 
our hope has been that before long he 
would find time and inclination to look 
into the evidence more fully." 

Kelvin quickly rejOined in The Times 
that he doubted "any other person has 
spent more hours in reading the first 

and second editions of Rutherford's Ra­
dioactivity than I have." The Times 
itself in a leading article stiffiy upheld 
Kelvin's reputation and turned the tables 
on the advocates of transmutation by 
accusing them of "spinning cobwebs 
about it without having bestowed upon 
the facts anything like the amount of 
critical industry required to give their 
novel theories validity." 

There followed a series of letters in 
which Soddy, as well as Lodge, ex­
pressed his high regard for Kelvin and 
his right to his opinion but convincingly 
answered all his arguments. Through­
out the letters Kelvin's resistance was 
regarded as ill-informed, and Arm­
strong's almost embarrassing assistance 
was not taken seriously. This exchange 
of letters essentially ended the contro­
versy. Thereafter no important figure 
offered serious objection to the trans­
formation theory. The "newer alchemy" 
won a complete victory, and the ease 
of its victory had only been emphasized 
by the few feeble voices that had been 
raised against it. 

We must still ask why this revolu-
tionary theory, so reminiscent of 

the discredited fantasies of the ancient 
alchemists, met so little opposition from 
the traditionally skeptical scientific com­
munity. No doubt the most important 
reason was that the transmutation the­
ory explained the facts of radioactivity 
well and no other reasonable theory 

EARLY OPPONENTS of the Rutherford-Soddy theory included 

the "elder statesman of physics" William Thomson, better known 

as Lord Kelvin (left), and a professor of chemistry at the Cen­

tral Technical College in London, Henry E. Armstrong (right). 
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could do so. I should also like to sug­
gest that the atmosphere of the time 
played a large part. 

At the turn of the century the seri­
ous investigators of nature had been 
reduced to a state in which they were 
reluctant to reject outright any radical 
discovery or new idea. The discoveries 
of radioactivity, X rays, electrons, the 
photoelectric effect, quantum theory, 
the theory of relativity and other sur­
prises followed one another in quick 
succession. Typical of the scientists' 
shell-shocked reaction to this series of 
startling announcements was a remark 
made to Rutherford by the brilliant 
investigator of electricity John Zeleny: 
"I am about ready to believe that most 
anything is possible." 

Moreover, without detracting from 
the originality or insight of Rutherford 
and Soddy, it must be admitted that 
the idea of transmutation was already 
in the air. Two years before their an­
nouncement the Irish physicist G. F. 
FitzGerald, in a paper in Nature on 
"The Theory of Ions," had suggested 
that "an element of one kind may some 
day be transmitted [sic 1 into that of 
another" and had asserted that there 
was "no impossibility in the dreams of 
the alchemist." Becquerel himself, in a 
talk before the Royal Institution of 
London just four months before the 
publication of the Rutherford-Soddy 
theory, had observed that the questions 
concerning radioactivity "have raised 
new hopes on the transformation of 
matter." And the famous British astro­
physicist Norman Lockyer, the discov­
erer of helium in the spectrum of the 
sun's atmosphere, had published in 1900 
a book called Inorganic Evolution, in 
which he claimed to have found evi­
dence suggesting the evolutionary build­
up of heavy elements from light ones. 
His spectral studies, he said, showed 
that the atmospheres of the hot, young 
stars contained the light chemical ele­
ments, and the heavier elements could 
be found in the older, cooler stars. 

Nevertheless, these ideas about the 
growth and decay of elements were 
mere surmise and suggestion. Ruther­
ford ::u1d Soddy must be credited vvith 
a thoroughly scientific accomplishment 
in presenting a definite theory that was 
soundly based on specific observations 
and explained the puzzling phenome­
non of radioactivity. The timing of their 
announcement could hardly have been 
improved. A decade earlier it might 
have been dismissed as entirely too 
radical. When it came, it came at a mo­
ment not only of maximum acceptability 
but also of maximum impact. 

SCIENTISTS AND ENGINEERS: 

DON'T 
SEND US 
YOUR 
RESUME! 

FIRST, LET US SEND YOU OURS 

Chances are you don't know much about us or our steady growth. 
Since our founding in 1961, we have been quietly going about our 
business: preparing analytical and theoretical studies dealing with 
questions on space systems and strategic and tactical warfare. 

More recently our Development Company has begun applying 
advanced techniques and technologies to new problems-problems 
unrelated to defense. Socio-economic planning, for example, where 
creative insight can provide practical answers to the development 
problems of the modern world. We are actively investigating the role 
of economic planning and its consequences in such fields as indus­
trial and community development, public health, resources develop­
ment, and conservation. 

Essentially, ours is a business of problem solving, requiring disci­
plines in the physical sciences, engineering, mathematics, social 
psychology, sociology, and economics. During the next few months, 
we will add to our professional staff specialists capable of making 
major contributions to our work. 

Frankly, since our standards are high, we are very selective. If you 
are our man, you're the same way. Early in your career, you set your 
sights high. You ranked high in your class academically and you've 
probably done graduate work. Your professional progress has been 
unusually fast; your achievements meaningful and rewarding. You 
may not be seeking a change of association right now, but neither 
do you rule out the future possibility. You have a solid record of 
achievement in one of the following: 

SYSTEMS ANALYSIS 

I 
RADAR THEORY AND ANALYSIS 

SOCIAL SCIENCES ELECTRONIC COUNTER MEASURES 
ECONOMICS AND ECONOMETRICS SPACE SCIENCES 
ENGINEERING PHYSICS THEORETICAL AERODYNAMICS 

We're located in Santa Barbara, California-one of the world's truly 
beautiful cities, with a climate to match. No smog. No heavy inductry. 
Just a perfect environment for professional growth and family enjoy­
ment. And ou r Research Center is just a stone's th row from the 
seaside campus of the University of California, Santa Barbara. 

Perhaps you are already convinced that you are our man. If so, by 
all means send us your resume. If not, send for ours. 

Write in confidence to Mr. John C. Adams, Assistant to the President 

INCORPORATED 

(DEFENSE RESEARCH CORPORATION) 

... contributing to the solution of problems of international importance 

P O  S T 0 F Fie E BOX 3587 . SA N TAB ARB A R A, CAL IF 0 R N I A 931 05 

(Opportunities also exist in the Washington, D.C. area) 
AN EQUAL OPPORTU NITY EMPLOYER 
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MATHEMATICAL GAMES 
Puzzles that can be solved b.y reasoning 

based on ele7nentary physical principles 

by Martin Gardner 

T
his month's department, to vary 
things a bit, is a collection of short 
problems that are not so much 

mathematical as they are problems com­
bining logical reasoning with some 
knowledge (mostly elementary) of physi­
cal laws. They could be called physics 
puzzles. In a few cases the questions 

The hourglass paradox 
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are worded so as to misdirect the read­
er, but there are no joke solutions that 
depend on language quibbles. I want to 
thank David B. Eisendrath, Jr., John B. 
Hart, Jerome E. Salny and Derek Ver­
ner for problems 1, 12, 15 and 23 re­
spectively. The answers will appear 
next month. 

1. 
An unusual toy is on sale in Paris 

shops: a glass cylinder, filled with water, 
at the top of which an hourglass floats 
[see drawing at left in illustration on 
this page]. If the cylinder is inverted, 
as in the right-hand drawing, a curious 
thing happens. The hourglass remains 
at the bottom of the cylinder until a 
certain quantity of sand has flowed into 
its lower compartment, and then it rises 
slowly to the top. It seems impossible 
that a transfer of sand from top to bot­
tom of the hourglass would have any 
effect on its overall buoyancy. Can you 
guess the simple modus operandi? 

2. 
A piece of solid iron in the form of a 

doughnut is heated. Will the diameter 
of its hole get larger or smaller? 

3. 
From a sheet of thin pasteboard cut a 

horseshoe shape that is a trifle longer 
than a toothpick [see top illustration on 
opposite page]. Lean the pick and 
horseshoe together on a tablecloth as 
shown. The problem is to lift both the 
horseshoe and the toothpick by means 
of a second toothpick held in one hand. 
You may not touch the horseshoe or the 
toothpick on which it leans with any­
thing except the toothpick in your hand. 
Both objects must be lifted together 
and held suspended above the table. 
How is it done? 

4. 
An old joke concerns a truck driver 

who stopped his panel truck just short 

of a small, shaky-looking bridge, got out 
and began beating his palms against the 
sides of the large compartment that 
formed the back of the truck. A farmer 
standing at the side of the road asked 
him why he was doing this. 

''I'm carrying 200 pigeons in this 
truck," explained the driver. "That's 
quite a lot of weight. My pounding will 
frighten the birds and they'll start fly­
ing around inside. That will lighten the 
load considerably. I don't like the looks 
of this bridge. I want to keep those 
pigeons in the air until I get across." 

Assuming that the truck's compart­
ment is airtight, can anything be said 
for the driver's line of reasoning? 

5. 
Fill a glass with water and drop a 

small cork on the surface. It will float to 
one side, touching the glass. How can 
you make it float permanently in the 
center, not touching the glass? The glass 
must contain nothing but water and 
the cork. 

6. 
In Chapter 7 of Lewis Carroll's Syl­

vie and Bruno Concluded the German 
Professor explains how people in his 
country need not go to sea to enjoy the 
sensations of pitching and rolling. This 
is accomplished, he says, by putting 
oval wheels on their carriages. An Earl, 
who is listening, says that he can see 
how oval wheels could make a carriage 
pitch backward and forward, but how 
could they make the carriage roll too? 

"They do not match, my Lord," the 
Professor replies. "The end of one wheel 
answers to the side of the opposite 
wheel. So first one side of the carriage 
rises, then the other. And it pitches all 
the while. Ah, you must be a good 
sailor, to drive in our boat-carriages!" 

Is it possible to arrange four oval 
wheels on a carriage so that it would 
actually pitch and roll as described? 

7. 
Some friends were picnicking .• "Did 

you bring the oil and vinegar for the 
salad?" Mrs. Smith asked her husband. 

"I did indeed," replied Mr. Smith. 
"And to save myself the trouble of car­
rying two bottles I put the oil and vine­
gar in the same bottle." 

"That was stupid," snorted Mrs. 
Smith. "I like a lot of oil and very little 
vinegar, but Henrietta likes a lot of 
vinegar, and--" 

"Not stupid at all, my dear," inter-
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Horseshoe and toothpick 

rupted Mr. Smith. He proceeded to 
pour, from the single bottle, exactly the 
right proportions of oil and vinegar that 
each person wanted. How did he man­
age it? 

8. 
You are locked in a room that con­

tains no metal of any sort (not even on 
your person) except for two identical 
iron bars. One is a bar magnet, the other 
is not magnetized. You can tell which is 
the magnet by suspending each by a 
thread tied around its center and ob­
serving which bar tends to point north. 
Is there a simpler way? 

9. 
A cube of ice Hoats in a beaker of 

water, the entire system at 0 degrees 
centigrade. Just enough heat is supplied 
to melt the cube without altering the 
system's temperature. Does the water 
level in the beaker rise, fall or stay the 
same? 

10. 
In the tower of a church two bell 

ropes pass through small holes a foot 
apart in a high ceiling and hang down 
to the Hoor of a room. A skilled acrobat, 

carrying a knife and bent on stealing as 
much of the two ropes as possible, finds 
that the stairway leading above the ceil­
ing is barred by a locked door. There 
are no ladders or other objects on which 
he can stand, and so he must accom­
plish his theft by climbing the ropes 
hand over hand and cutting them at 
points as high as possible. The ceiling is 
so high, however, that a fall from even 
one-third the height could be fatal. By 
what procedure can he obtain a maxi­
mum amount of rope? 

11. 
A man walking at night along a side­

walk at a constant speed passes a street 
light. As his shadow lengthens, does the 
top of the shadow move faster or slower 
or at the same rate as it did when it was 
shorter? 

12. 
A garden hose is coiled around a reel 

about a foot in diameter placed on a 
bench as shown in the illustration at the 
right. One end of the hose hangs down 
into a bucket and the other end is un­
wound so that it can be held several 
feet above the reel. The hose is empty 
and there are no kinks or obstructions in 
it. If water is now poured into the upper 
end by means of a funnel, one would 
expect that continued pouring would 
cause water to run out at the lower end. 
Instead, as water is poured into the fun­
nel it rises in the raised end of the hose 
until it overHows the funnel; no water 
ever emerges from the other end. Ex­
plain. 

13. 
You cannot push a peeled hardboiled 

egg through the neck of a glass milk 
bottle because the air trapped in the 
bottle keeps it from going through. If, 
however, you drop a piece of burning 
paper or a couple of burning matches 
into the bottle before you stand the 
egg upright at the opening, the burning 
will use up oxygen and create a partial 
vacuum that draws the egg inside. After 
this has happened a second problem 
presents itself. Without breaking the 
bottle or damaging the egg, how can 
you get it out again? r 

14. 
A small boy is sailing a plastic boat 

in the bathtub. It is loaded with nuts' 
and bolts. If he dumps all this cargo into 
the water, allowing the boat to Hoat 

empty, will the water level in the tub 
rise or fall? 

15. 
A family is out for a drive on a cold 

afternoon, with all vents and windows 
of the car closed. A child in the back 
seat is holding the lower end of a 
string attached to a helium-filled bal­
loon. The balloon Hoats in the air, just 
below the car's roof. When the car ac­
celerates forward, does the balloon stay 
where it is, move backward or move 
forward? How does it behave when the 
car rounds a curve? ,. 

16. 
It has been suggested that in the far 

future it may be possible to hollow out 

The hose paradox 
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The Compton tube 

the interior of a large asteroid or moon 
and use it as a mammoth space station. 
Assume that such a hollowed asteroid 
is a perfect, nonrotating sphere with a 
shell of constant thickness. Would an 
object inside, near the shell, be pulled 
by the shell's gravity field toward the 
shell or toward the center of the aster­
oid, or would it Hoat permanently at the 
same location? 

17. 
A bird has a small, lightweight oxy­

gen tank attached to its back so that it 
can breathe on the moon. Will the bird's 
Hying speed on the moon, where the 

pull of gravity is less than on the earth, 
be faster, slower or the same as its 
speed on the earth? Assume that the 
bird carries the same equipment in both 
instances. 

18. 
A little-known invention of the physi­

cist Arthur Holly Compton is shown 
schematically above. A glass torus sev­
eral feet across is completely filled with 
a liquid in which small particles are 
suspended. The tube is allowed to rest 
until there is no movement of its liquid 
and then is quickly Hipped upside down 
by a lBO-degree rotation about the hori-

A problem in mechanics 
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zontal axis. By viewing the suspended 
particles through a microscope one can 
determine whether or not the liquid is 
now Howing around the torus and, if so, 
in what direction. If you were in a 
basement with this device and did not 
know the direction of north, how could 
you use the Compton tube to determine 
the four points of the compass? 

19. 
A bowl, three-quarters filled with 

water, rests on a scale. If you drop a 
live fish into the water, the scale will 
show an increase in weight equal to the 
weight of the fish. Suppose, however, 
you hold the fish by its tail so that all 
but the extreme tip of its tail is under 
water. Will the scale register a greater 
weight than it did before you dunked 
the fish? 

20. 
A rope is tied to the pedal of a bi­

cycle as shown in the bottom illustra­
tion on this page. If someone pulls back 
on this rope while another person holds 
the seat lightly to keep the bicycle bal­
anced, will the bicycle move forward, 
backward or not at all? 

21. 
If a rope is tied to the stern of a row­

boat, is it possible for a man standing 
in the boat to propel it forward through 
quiet water by jerking on the free end 
of the rope? Could a space capsule drift­
ing in interplanetary space be propelled 
by a similar method? 

22. 
Which is worth more, a pound of $10 

gold pieces or half a pound of $20 gold 
pieces? 

23. 
An entertaining curiosity that can be 

built easily consists of two small 110-
volt bulbs (preferably one clear and one 
frosted) and two on-off switches con­
nected in a simple series circuit plugged 
into any wall outlet carrying the usual 
alternating current [see illustration on 
opposite page]. When both switches are 
on, both bulbs light. If one bulb is un­
screwed, the other goes out-as would 
be expected. When both switches are 
off, both bulbs are dark. But when 
switch A is on and B is off, only bulb a 
lights. And when switch B is on and A 
off, only bulb b lights. In short, each 
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An electrical paradox 

switch independently controls its cor­
responding bulb. Even more inexplica­
ble is the fact that if the two bulbs are 
interchanged, switch A still controls 
bulb a and switch B still controls bulb 
h. Nothing is concealed in the wooden 
board on which the switches, bulb 
sockets and wire are mounted. What is 
the clever secret behind the construc­
tion of this circuit? 

T
he first of the two problems given 
last month was to determine the 

largest number that cannot be expressed 
by substituting positive integers in the 
formula 23x + 28y. The answer is (23 
X 28) - 23 - 28 = 593. For proof see 
the solution to Problem 26 in Roland 
Sprague's Recreation in Mathematics 
(Blackie, London, 1963). 

The second problem was to deter­
mine when a person's biological chart, 
as worked out by the Swiss school based 
on the work of Wilhelm Fliess, will 
finish a complete cycle and start repeat­
ing the same pattern. The three super­
imposed cycles have periods of 23, 28 
and 33 days. These numbers are prime 
to each other (have no common divisor) 
and so the combined pattern will not re­
peat until after a lapse of 23 X 28 X 

33 = 21,252 days, or a little more than 
58 years. Since Fliess's system did not 
include the 33-day cycle, his cycle pat­
terns repeat after a lapse of 23 X 28 = 

644 days. Swiss Fliessians call this the 
"biorhythmic year." It is important in 
computing the "biorhythmic compati­
bility" between two individuals, since 
any two persons born 644 days apart 
are synchronized with respect to their 
two most important cycles. 

THIS IS THE NEW FIELD MODEL QUESTAR TELESCOPE 
mounted on the Linhof Deluxe Pan Head. It 
weighs less than 3 pounds and costs only $795. 
This includes an eyepiece, improved basic 
camera coupling set, and the case shown 
below whose foam lining provides space for 
cameras and other accessories. ,� 

Twenty-one major changes in this barrel and 
control-box assembly permit a much wider photo­
graphic field of view, which now covers all but the 
very corners of the 24x36 mm. film frame at f/16 
without extension tubes. Exposures are two f-num­
bers faster. 

The New Field Model is optically identical in 
quality to all Questars. Since only an average of 
one out of three perfect optical systems sur­
passes theory by enough to satisfy us, we can 
continue to state that no amount of money, 
time or human effort can noticeably improve 
Questar's power of resolution. For whereas 
Lord Rayleigh's criteria sets 1.4 seconds of arc 
as Questar's limit of resolution, a Questar has 
resolved two stars but 0.6 second apart. 

Because our function is to make the world's 
finest small telescopes in limited number, in­
stead of many of ordinary quality, this New 
Field Model offers a new experience to the 
photographer. We offer him the world's sharp­
est lens, of 89-mm. aperture. We provide him 
with a low-power wide-field finder view, like 
that of a field glass, to let him locate distant 
objects rapidly. With a flick of finger he can bring 
to bear a high-power view of 40-80x or 80-160x 
to study the object minutely through this super­
fine telescope. Another finger flick and slight 
refocusing brings the object to the clear bright 
center of his camera's groundglass. 

At this point he is challenged to capture on 
the sensitive emulsion what this superb tele· 
scope of 56 inches focal length is projecting to 
his film. He has seen it in Questar's eyepiece 
and in his reflex camera's groundglass. All that 
remains is to place the image in exact focus on 
the film and expose correctly with no vibration 
at aU. And at long last we have the only camera 
able to do this, the Questar-modified Nikon F 
which is fully described in our new price cata· 
log. We now have on hand the new Nikon F 
Photomic T, with its new metering system built 
right into the interchangeable viewfinder that per­
mits the photographer an ac.curate through-the­
lens reading. 

And so Questar now has a true photographic 
model, and a camera without mirror slap, shut­
ter vibration, or too-dim focusing. With these 
problems solved, only one remains to interfere 
with sharp resolution-we need quiet air for 
good seeing. How do we get heat waves to stand 
still for sharp pictures at great distances? 
But there are even ways to take advantage of 
Nature's moods. Send for our 42-page booklet, 
with its 8 pages of color, which discusses the 
many aspects of telescopic photography; price 
$1.00 in the United States, Canada and Mexico. 
By Airmail to West Indies and Central America, 
$2.30; to Europe and North Africa, $2.50; to 
Australia and elsewhere, $3.50. 

QU1E5)TA� 
BOX 20 NEW HOPE, PENNSYLVANIA 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

I
n recent years several experimenters 
have observed that ultrasonic vibra­
tions in air stimulate the growth of 

plants. The effect appears at frequencies 
above 20,000 vibrations per second and 
levels off above 50,000 vibrations. The 
possibility that plants might respond to 
sound waves was recognized more than 

7�-watt lamp 
in porcela.in 
socket 

l�"X 12"X 12 
inside 
dimensions 

Stinlulating plant growth with ultrasonic 

vibrations; electrical discharges in a gas 

, a century ago. Charles Darwin attempt­
ed without success to stimulate the "sen­
sitive plant" (Mimosa pudica) with 
sound waves generated by the bassoon 
and other musical instruments. Similar­
ly negative results were subsequently 
reported before 1900 by many other ex­
perimenters, including the eminent Ger­
man plant physiologist Wilhelm Pfeffer. 

In the light of these reports interest 
in such experiments largely disappeared 
until the advent of electronic apparatus 
for generating ultrasonic vibrations. Last 
year Evalyn Horowitz, then a high 
school student in Bergenfield, N.J., won 
a prize at a science fair for a project 

labo Y'atory 

.---J theY'mo m etc)'" 

based on the exposure of radish seed­
lings to vibrations of 50,000 cycles per 
second at an acoustic energy equivalent 
to about one watt. She demonstrated 
that the rate of growth is almost doubled 
during the three weeks following germi­
nation and that accelerated growth is 
observed even when the plants are kept 
in darkness. 

, The ultrasonic generator used by Miss 
Horowitz consisted of an electronic os­
cillator connected to a small loud­
speaker of the kind used for the "tweet­
er" in high-fidelity phonographs. "The 
idea of doing the experiment," Miss 
Horowitz writes, "came to me when one 
of my teachers explained that the 
growth of plants can be influenced by 
light of a selected color. Somehow the 
words 'light' and 'sound' became linked 
in my mind; I wondered if sound of a 
certain pitch might not have a com­
parable effect on plant growth. The 
literature was not encouraging. Most in­
vestigators who had subjected plants to 
vibrations in the audible range reported 
negative results. A bulletin issued by 
the u. S. Department of Agriculture, 
however, stated that 'the effects [of 
sound] on flowering, growth and yields 
have not yet been evaluated with re­
spect to time of treatment and intensity 
of treatment.' This implied that the 
question was not settled. So I decided to 
set up an apparatus for exposing potted 
plants to ultrasonic vibrations. I chose 
radishes for the experiment primarily 
because they are hardy and the seeds 
were available. 

Cabinet for experiments with plants 

"Two groups of plants were grown for 
each experiment. One was exposed to 
ultrasonic energy and the other was in­
sulated as a control. The apparatus used 
in the first series of experiments con­
sisted of two cabinets with a volume of 
one cubic foot each. They were lighted 
by 7.5-watt incandescent lamps. The 
experimental cabinet also housed a 
tweeter, which is a small loudspeaker 
powered by an audio generator of the 
kind used by electronic-service tech­
nicians. The audio generator developed 
a maximum frequency of 50 kilocycles 
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at about one watt. I bought these com­
ponents, together with timing switches, 
from a dealer in amateur radio supplies. 

"The cabinets were constructed of 
acoustic ceiling tile two inches thick 
[see illustration on opposite page J. I 
obtained the tile from a lumberyard. 
The material was cut to size and as­
sembled with wood screws. A small hole 
in the top of each cabinet admitted a 
thermometer for monitoring the tem­
perature of the air. The assemblies were 
closed with snugly fitting, removable 
covers of the same material. 

"I later learned that the sound would 
have been more effectively confined if 
I had made the cabinets by nesting two 
plywood boxes with an inch of space 
between them and filling the space with 
sand. My construction worked, how­
ever, perhaps because during operation 
the cabinets were separated by about 
10 feet. At this distance little ultra­
sonic energy from the experimental 
cabinet penetrated the control cabinet. 

"Enough garden soil was procured for 
eight clay pots of two-inch diame­
ter. The soil was thoroughly mixed in 
a cardboard box, tested for chemical 
composition, fertilized, moistened and 
packed lightly into the pots. Four radish 
seeds were planted in each pot at a 
depth of about an eighth of an inch. 
All the pots were watered equally and 
.simultaneously. The time switches were 
set to turn on the lights and the audio 
generator at 8:30 A.M. daily and turn 
them off 12 hours later. 

"Records were made of the dates of 
planting and sprouting. When the seeds 
germinated, each plant was identified by 
a numbered label affixed to the edge 
of the pot. Thereafter on Mondays, 
Wednesdays and Fridays notes were 
made of the general appearance of each 
plant, including height, leaf growth and 
coloring. The plants were measured in 
two ways: by straightening the stems 
and placing them against a ruler and by 
estimating the height against a back­
ground of metric graph paper. I am not 
satisfied with either method. The first 
entails handling the plants, with the 
risk of damage, and the second is sub­
ject to error. I did not succeed, how­
ever, in devising a better measuring 
scheme. 

"The first experiment was stopped 
after 28 days, and I then plotted graphs 
of the relative growth of the experi­
mental plants and the controls [see 
upper illustration on this page J. Plants 
that were treated with ultrasonic vibra­
tions grew an average of 87 percent 
taller than the controls. In general ap-
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pearance the controls were small and 
sturdy, with thick stems and bright 
green leaves. In contrast, the experi­
mental plants were comparatively 
spindly. They were tall and shaky, with 
thin stems and dark green leaves. 

"This experiment demonstrates that 
exposure to ultrasonic vibration affects 
the growth of radishes, but it does not 
explain why. It has been suggested that 
the vibrations 'awaken' the plants, that 
is, that they first stimulate the metabolic 
processes as light becomes available for 
photosynthesis and that later they ac­
celerate the biochemical reactions. If 
this were the case, the plants should 
produce more and larger leaves and 
thicker stems; in general they should 
become large counterparts of the con­
trols. Instead they merely grow taller. 

"The theory has also been advanced 
that the vibrations raise the temperature 
of the soil, thereby increasing the ac­
tivity of soil microorganisms and pro­
viding the experimental plants with an 
abnormal amount of nutrients. A careful 
check of soil temperature by thermom­
eters that could be read to within half a 

degree failed to show a significant dif­
ference in soil temperature between the 
two cabinets. Increased microbe activity 
should change the acidity of the soil. A 
careful check of soil acidity at the end 
of the experiment indicated a pH of 
between 3.5 and 4 in all pots. 

"The plant hormones known as auxins 
can encourage elongated growth. It oc­
CUlTed to me that the most common 
auxin, 3-indoleacetic acid (IAA), might 
be involved. Perhaps the vibrations 
either increased its formation and ac­
tivity or decreased the effectiveness of 
its inhibitors. As a rough check on this 
hypothesis I made up four solutions of 
the chemical: two test tubes contain­
ing five grams of a .1 percent solution 
of IAA (the approximate concentration 
found in plants) in ether, and another 
two test tubes containing five grams of 
a 1 percent solution of IAA in ether. 
One tube of each concentration was 
placed in the control and experimental 
cabinets respectively. The experimental 
solutions were exposed to 50-kilocycle 
vibrations 12 hours a day for 10 days. 
The .1 percent experimental solution 
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lost .08 gram more IAA than its control 
and the 1 percent solution lost .17 
gram more than its control. These loss­
es do not necessarily imply increased 
chemical activity as a result of the 
ultrasonic irradiation, but they indicate 
that some phenomenon other than evap­
oration is at work. 

"In another experiment I compared 
the growth of two groups of radish 
seedlings: one treated with IAA and 
exposed to ultrasonic vibrations, the 
other not treated with the hormone but 
exposed to the vibrations. Two other 
groups, one treated with the hormone 
and one untreated, were used as con­
-trois. These plants were potted in 
troughs that required more room than 
was available in the original cabinets. 
Larger cabinets were built [see illus­
tration below J. These were similar to 
the ones made first but were lighted by 
20-watt fluorescent lamps. The lamps 
0\erheated the cabinets. This problem 
was solved by placing the ballast coils 
of the lamps outside the cabinets and by 
keeping a tray of ice inside as required. 
A more elegant cooling system could 
have been set up by installing a heat 

thermometer 
;2o-watt, 2.4" 
fluorescent 

26" x 19" " lZ" r. D. 
box made of 2" 
acou.stic tile 

exchanger in the cabinets, but my 
scheme worked nicely even though it 
required close attention. 

"One group of control plants and 
one group of experimental plants were 
watered regularly as in the first experi­
ment. The other group of controls and 
the second group of experimental plants 
were watered with a .1 percent solu­
tion of IAA. All other conditions were 
identical with those of the first expcri­
ment. The IAA-treated control plants 
showed 91.5 percent of the growth of 
the untreated controls. The IAA-treated 
experimental plants grew 140 percent 
higher than the untreated controls, and 
the untreated experimental plants grew 
150 percent higher than the untreated 
controls. 

"Although the hormone-treated plants 
in both cabinets grew somewhat less 
than their untreated counterparts, the 
treated experimental plants exhibited 
more growth with respect to the un­
treated experimental plants than the 
treated controls did in relation to their 
untreated counterparts. This result does 
not necessarily implicate IAA in the 
phenomenon of growth acceleration, 

-4")( 5"x 3" utility cabinet 
with perforated cover fot' 

tweeter 

c','Xi' 
acoustic-tile cover 

Second design for a cabinet 
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although in my opinion some relation is 
implied. The lower comparative growth 
rate of the treated plants may be ex­
plained by the fact that auxin can 
cause a plant to spend more energy 
'burning' food than using it. 

"As a final experiment in the series, 
I compared the relative growth of a 
group of normally lighted controls with 
a comparable group of experimental 
plants exposed to ultrasonic vibrations 
but deprived of light. I was curious to 
learn if some or all of the energy neces­
sary to support growth could be pro­
vided by ultrasonic vibrations. Plants 
normally grown in darkness are tall, 
thin and devoid of the green pigment 
chlorophyll; they die of starvation soon 
after sprouting. Unfortunately this ex­
periment was undertaken just prior to 
the science fair, when my time was 
limited. Even so, it produced at least 
one interesting result. 

"The control cabinet was lighted by a 
single 7.5-watt incandescent lamp. The 
experimental plants were irradiated with 
ultrasonic vibrations in darkness. Both 
cabinets were operated 12 hours a day 
for 20 days. Four plants were grown 
in each cabinet. The average growth of 
the two groups is shown in the accom­
panying illustration [lower illustration 
on preceding page J. The control plants 
were small but sturdy; they had thick 
stems and the leaves were bright green. 
The experimental plants, which grew 
134 percent taller than the controls, 
were spindly, thin-stemmed and yellow­
ish, but they survived." 

N yle A. Steiner of Kaysville, Utah, 
submits what is perhaps the most 

inexpensive system that can be devised 
for demonstrating the many effects as­
sociated with electrical discharges in 
a gas at low pressure. The complete 
apparatus, including the gas-discharge 
tube and vacuum pumps, can be con­
structed for about $5 if the experi­
menter owns' an induction coil and no 
more than $10 if he does not. Steiner 
writes: "tdy discharge tube was made 
from a glass straw bought at a drug­
store. The tube has an inside diameter 
of about four millimeters and is about 
25 centimeters long. The anode was 
prepared by wrapping enough black 
plastic tape snugly around a two-inch 
length of 14-gauge clean copper wire to 
make a snug fit with the inside diameter 
of the glass tube. The joint was made 
airtight with a coating of plastiC ce­
ment. It could also have been sealed 
with paraffin or with a mixture of equal 
parts of rosin and beeswax applied 
smoking hot. 
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"The cathode, which is installed in 
the other end of the glass tube, consists 
of a llf-inch length of small brass tubing 
removed from a ball-point pen. Traces 
of ink inside the tubing can be removed 
with carbon tetrachloride or a com­
parable cleaning fluid. The cathode is 
sealed into the glass tubing by the same 
method used to install the anode. The 
brass tube serves both as an electrode 
and as an outlet for exhausting the 
glass tube. 

"The air pump consists of two parts: 
a length of heavy-walled rubber tubing, 
mounted on a flat board, and a pair of 
rollers equipped with handles. I take a 
roller in each hand, press one against 
the flexible tubing near one end and 
roll it to the opposite end. This causes 
a closed constriction to move down the 
tube, pushing the air ahead of the 
constriction. The second roller is then 
pressed against the tubing at the same 
initial point before the first roller is 
lifted. This sequence of motions is 
continued. The action resembles that of 
milking a cow. The glass tube to be ex­
hausted is connected to the end of the 
rubber tubing at which the strokes 
originate. Care must be taken to avoid 
lifting both rollers Simultaneously or air 
will rush into the vessel. 

"I used a 20-inch length of surgical 
tubing for the pump. The tubing had 
an outside diameter of 3/8 inch and an 
inside diameter of 3/16 inch. This tube 
was mounted by means of staples on a 
board 18 inches long, three inches wide 
and 3/4 inch thick. A guide rail 1/4 
inch thick that extended 1/8 inch above 
the surface of the base at one side pre­
vented the rollers from tipping off the 
tubing [see illustration at right J. 

"The connection between the pump 
and the discharge tube was made by a 
six-inch length of neoprene tubing that 
made a tight fit with the brass tubing 
serving as the outlet of the discharge 
tube. The neoprene tubing was coupled 
to the larger surgical tubing by means of 
a reducer made by soldering a one-inch 
length of brass tubing from a ball-point 
pen into a similar length of 1/4-inch 
copper tubing. The small neoprene tub­
ing was obtained from a hobby shop. 
Such tubing is normally used for the 
fuel line of miniature gasoline engines. 
The rollers are ink brayers and cost $1 
each at a shop selling art supplies. The 
operation of the pump can be improved 
by lightly coating the inner surface 
of the surgical tubing with vegetable 
cooking oil. 

"The capacity of the pump is low. 
For this reason small leaks can be 
troublesome. In some versions of the 

rectified 'ow voJtage-g;ves d.c. high voltage 
� 

(,aised 

18"X 3"X %," 
\Nood ba5e 

%" o. 1). x 5J,.�' 1. D. 
surgical tubing 

edge 

printer's 
rollers 

pinch clamp 
placed het'e 

when \'o\\er is here 

Apparatus for experiments with electrical discharges itt gas 

apparatus I have installed oil seals at all 
joints. The joints are placed inside a 
small container, such as the cap of a 
catsup bottle, and flooded with oil [see 
top illustration on next page]. A coat­
ing of the rosin-beeswax mixture is 
about as easy to apply and more con­
venient because it does not spill. 

"For the high-voltage power supply 
I used an induction coil with a self­
contained vibrator for interrupting the 
primary circuit. The coil produced a 
half-inch spark between needle points in 
air. Such coils are available from dealers 
in scientific apparatus. The high-voltage 
output is unidirectional and equivalent 
to direct current. Comparable coils were 
formerly used in the ignition system of 
Model-T Ford automobiles and can be 
bought for a few dollars fronl mail-order 
houses that cater to antique-car enthusi­
asts. The ignition coil from a modern 

automobile can be used but it must be 
equipped with a switch for rapidly 
closing and opening the primary circuit. 
This could be done by coupling a small 
electric motor to the camshaft of a dis­
tributor from an automobile. 

"Direct current for energizing the 
induction coil can be provided by recti­
fying the alternating-current output of a 
12-volt step-down transformer. For the 
rectifier I used a single silicOJl diode. 
The coil performs much better, how­
ever, when it is powered by a 12-volt 
storage battery. The high-voltage out­
put leads of the coil connect directly to 
the electrodes of the discharge tube. 
Avoid touching the leads or electrodes 
when the coil is in operation or you may 
get an unpleasant shock. 

"To operate the system, switch on 
the high voltage and operate the rollers. 
After about 10 strokes reddish streamers 
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NEW DISCOVERIES IN SCIENCE FROM RESEARCH IN ST. LOUIS 

McDonnell creates Gemini, 
plus mission simulator that 
trains the men who fly it 

Behind the spectacular achievement 
of this year's Gemini space flights and 
Colonel White's "walk" in space was 
the development by McDonnell of an 
elec tronic device that contributed 
greatly to the success of the mission. 
The device is a Gemini Mission Simu­
lator. It's used in pre-flight training 
of Gemini as tronau ts and ground 
crews. It can simulate every known 
orbital problem - including system 
failures - which the astronaut might 
encounter in his spacecraft during 
actual flight. 

A ccomplishments of McDonnell 
Engineering go far beyond spacecraft 
development alone. There are more 
than 5000 people here engaged in 
Structures, Propulsion, Metallurgy, 
Aerodynamics and Thermodynamics, 
Electronics, Microwaves, Vibrations, 
Acoustics and many other projects. 
In these areas McDonnell serves both 
government and civilian interests. 

If you'd like to locate your plant or 
laboratory close to this kind of envi­
ronment, write for our brochure, "St. 
Louis-A Research Center." Contact 
A. G. Baebler, Manager, Industrial 
Development Dept., Union Electric, 
St. Louis, Missouri 63166. 

Business Managed. Investor Owned. Serving Two Million People 

With artificial satellites already launched and 
space travel almost a reality, astronomy has 
become today's fastest growing hobby. 
Exploring the skies with a telescope is a 
relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page 
illustrated articles on astronomy, observing, 
telescopes and accessories. It is of interest 
to both beginners and advanced amateurs, 

CONTENTS INCLUDE: 
Obsminl the sun, moon, planets and wonders of the sky, 
Constellation map • Hints for observers. Glossary of telescope 
terms • How to choose a telescope • Astrophotolraphy 

UNIT!?ON 
INSTRUMENT COMPANY • TEL�SCOPE SALES OIV. 
66 NEEDHAM ST.. NEWTON HIGHLANOS 61, MASS. 

I Please rush to me, FREE of charge, 
IUNITRON'S OBSERVER'S GUIDE and TELESCOPE J 
I CATALOG # 6-Y I 
I I 
: Name I 
I I 
I Slreet : 
I I 

L� __________ ..!t:!: ____ J 
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that resemble miniature bolts of light­
ning will appear between the electrodes. 
As pumping continues the streamers will 
be replaced by a solid bluish glow that 
fills the entire tube. Shortly thereafter 
the glow will fade at one end; the so­
called Faraday dark space will appear 
and the remaining glow will slowly 
break into striations. 'When the pump is 
operated at the rate of about one stroke 
per second, all these phenomena will be 
observed in less than a minute. 

"If the system is working well, the 
Faraday dark space may grow to a 
length of about a quarter of an inch. 
Greater length requires lower pressure. 
To achieve it you can convert the 
surgical tubing into a two-stage pump 
by means of a pinch clamp. First pump 
the system to the lowest possible pres­
sure. Then clamp the surgical tubing on 
the low-pressure side of the brayer at 
the end of the stroke. Pumping is re­
sumed by stroking the brayers between 
the hose connection and the pinch 
clamp. Thereafter air that is removed 
from the discharge tube is compressed 
in the short length of surgical tubing 
between the pinch clamp and the end 
of the brayer stroke. The pressure in this 
region, even after prolonged pumping, 
will remain far below that of the atmo-

sphere. Still lower pressures can be 
achieved by similarly installing a second 
pinch clamp, thus converting the de­
vice into a three-stage pump. Continued 
operation will then cause the striations 
to fade, and within minutes a greenish 
glow will appear on the inner walls of 
the glass. This glow is fluorescence ex-
cited by X rays. 

. 

"Faster pumping speeds can be 
achieved at a somewhat lower cost in 
terms of labor by backing up the pump 
with a water aspirator. Such an aspirator 
can be made easily by inserting the 
brass tubing from a ball-point pen 
through the side of a seven-inch length 
of copper tubing (1/4 inch outside 
diameter) fitted with a hose connection 
[see illustration below]. The hose con­
nection is screwed to a water tap. When 
water runs through the copper tubing, 
air is drawn into the stream through the 
brass tubing. I have also backed up the 
pump with the compressor unit from a 
discarded refrigerator. The inlet of the 
compressor is connected to the outlet of 
the surgical tubing. With this arrange­
ment I have succeeded in pumping the 
tube to a pressure so low that all glow 
disappears, indicating a pressure of less 
than .001 millimeter of mercury." 

water- faucet connector 

( 

.---... 
coppe.r tube 

�" O.D. 

A water aspirator 
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ALLOY STEELS (A dvertist?771ellt) 

The interaction of solute elements, their thermodynamic relationships with each other and 

with iron ... how these interactions control subsequent solid state transformations to produce 

a microconstituent which determines the properties of the alloy. 

A
IOY steel studies were once meas­

ured in terms of "the state of the 
art." Not so now. Steel research 
activity is moving forward so 

rapidly it now includes such sophisti­
cated concepts as atomic scale interac­
tions, solid state reactions and micron 
scale defect measurements. 

This rapid advance in alloy steel de­
velopment can be attributed to the in­
teraction of physicists, chemists and en­
gineers-often working as a team. Sep­
arately as well as together, they make 
careful studies of the intimate structure 
of metals and the mechanisms by which 
the structure controls engineering prop­
erties of steel, such as strength, tough­
ness, ductility and joinability. 

True, iron is the backbone of steel. 
But it is only that until researchers work 
to develop in it properties many times 
superior to those inherent in iron. 
Strength is an important example. The 
yield strength of iron is approximately 
4,000 psi. But research has developed 
commercial steels with strengths two or­
ders of magnitude greater. 

Research studies begin with the peri­
odic table. Here is where the researcher 
makes a finite choice of those elements 
that may be alloyed with iron. 

The treatment the alloy then receives 
ultimately determines what engineering 
properties the steel will develop. 

Alloy studies delve into the interac­
tion of these (alloying) solute elements. 
Their thermodynamic relationships with 
each other, as well as with the iron are 
investigated. These interactions control 
subsequent solid state transformations 
to produce a micro constituent which can 
enhance the properties of steel. These 
transformations are also studied. The in­
ternal structure or atom array within the 
microconstituent is examined by elec-

by James Smith 

tron microscopy, electron and/or X-ray 
diffraction and by micros training tech­
niques. This examination can reveal the 
presence of dislocation networks which 
determine the deformation characteris­
tics of the alloy steel. 

These tools are useful in observing the 
contribution made by the clustering of 
solute atoms. Also, the precipitation of 
intermetallic compounds to the strength­
ening by coherency binding and strain 
hardening mechanisms. 

Through these observations, new con­
cepts are being introduced. Concepts 
such as the interaction of precipitates or 
foreign particles with dislocation struc­
tures and vacancy concentrations. These 
new concepts permit the interpretation 
of why and how steels can be made 
tougher, stronger and more ductile. The 
way these mechanisms operate to form 
the micro constituents which comprise 
the composite microstructure determines 
the engineering properties of the steel. 

Youngstown ' Steel 
THE YOUNGSTOWN SHEET AND TUBE COMPANY· YOUNGSTOWN, OHIO 44501 

Just as chemistry determines what is 
to be alloyed with the steel, the treat­
ments which can be given to the steel 
are determined by the variables of pres­
sure, temperature and time. These alter 
the thermodynamics and kinetics of the 
solid state transformations in alloy steels. 

Every time steel is heated or cooled, 
compressed or stretched, squeezed or 
expanded, its properties are changed. 
Science and engineering are combined 
to exercise a control over these variables 
under conditions where the research in­
vestigator can examine the contribution 
of each variable. And where he can opti­
mize the combination of variables to pro­
duce steels with superior properties. 

Recently this type of investigation has 
resulted in a physical simulation of hot 
rolling steel through experiments in the 
laboratory - experiments in which the 
steel is not even rolled! 

Greatly enhanced thermal transfer sys­
tems used in cooling steels provide an 
excellent example of advances in engi­
neering. This kind of advancement has 
enabled steel production to make use of 
the thermal-mechanical treatments. Pre­
viously, this treatment could be per­
formed only in the laboratory. 

Alloy steels which take advantage of 
these increased capabilities are now 
evolving. Concepts are developing from 
a combination of chemistry, physics and 
engineering, and will produce the engi­
neering properties required by an ad­
vancing technological age. 

This article gives you a glimpse of just 
a few developments in alloying steels. It's 
only a small part of the continuing, wide­
spread research effort that is going on 
24 hours a day at Youngstown's research 
center. If you think our researchers might 
be able to help you, just give us a call or 
write Department 251B6. 
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Take 3 books for onlyS495 
(values to /54.00) 

when you enroll as a member of 

The Library of Science 
• Choose Any 3 Books for $4.95. 
Choose from these authoritative, signifi­
cant books on every major area of science 
and technology, including mathematics. 
physics, chemistry, astronomy, computer 
science, natural history. many others. 
Many are indispensable references in the 
field. 
• Introductory Offer. This unusual of­
fer will introduce you to the benefits of 
membership in THE LIBRARY OF SCT­
ENCE. a professionaL highly selective 
source of the best scientific reading. 

• Substantial Savings. As a member. 

you save lip to 40% on the books you 
must have in your professional library. 

• Wide Range of Selections. Each 
month you receive information about 
current Selections. Yet you need buy as 

few as 3 more Selections during the next 
12 months. And you receive a FREE 
Bonus Book of your choice for every 4 
Selections purchased. 

• Why Not Enroll Today? Fill in and 

return the Membership Application be­
low, indicating the 3 books you want for 
only $4.95.Your books will be sent with­
out delay. 

--;, 

The Library of Science L-54-L 

59 Fourth Avenue/New York 10003 

Please enroll me as a member and send me at 
once the 3 Selections circled below, for which 
you will bill me only $4.95, plus postage. As a 
member, I need take as few as 3 more Selec­
tions during the next 12 months, always at 
reduced Member's prices. I will receive a free 
Bonus Book of my choice after every fourth 
Selection. 
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For example, you may choose 
1. INTERNATIONAL DICTIONARY OF APPLIED MATHEMATICS 
The massive reference that covers all important concepts 
of applied mathematics, including 81 basic branches of 
physics and engineering. 1,177 oversize pages: over 
8,000 entries; addendum of foreign terms. 

2. FAMOUS PROBLEMS OF MATHEMATICS. 
Heinrich Tietze. A stunning analysis of 
some of the most profound problems in the 
history of mathematics. Includes Fermat's 
last problem, the four-color map problem, 
many others. List price $10.00. 

3. WATCHERS OF THE SKIES. Willy Ley. 
The popular science writer's splendid in­
formal history of astronomy. "If there is a 
royal road to the understanding of unmath­
ematical astronomy, it is this lucid book." 
-Gerald Wendt. List price $8.50. 

4. BETTER REPORT WRITING. Willis H. 
Waldo. Valuable, step-by-step guide to sci­
entific writing: how to prepare effective 
technical articles for publication or circula­
tion within a group. List price $10.00. 

5. METHODS OF APPLIED MATHEMATICS. 
Francis B. Hildebrand. Revised version of 
the highly regarded work on matrices and 
linear equations, the calculus of variations, 
other important mathematical methods. List 
price $14.00. 

6. MATHEMATICS DICTIONARY. Edited by 
Glenn & R. C. James. The indispensable 
dictionary in the field. Definitions of over 
7,000 terms, concepts, and relationships, dif­
ferentiation formulas, integral tables. etc. 
Revised, enlarged edition. List price $15.00. 

7. THE ORIGIN AND EVOLUTION OF THE 
UNIVERSE. Evry Schatzman. Man's knowl­
edge of the universe, brilliantly documented 
by one of Europe's foremost astrophysi�ists. 
An authoritative and definitive masterpiece 
of scientific writing. List price $8.50. 

8. THE ARCHITECTURE OF MOLECULES. 
Linus Pauling. The distinguished Nobel 
Prize winner's exceptionally clear explora­
tion of the world of electronic structure. 
With 57 full-page drawings in color by Sci­
el/tific American illustrator Roger Hayward. 
List price $10.00. 

9. ELEMENTARY MATRIX ALGEBRA. Franz 
E. Hohn. Almost encyclopedic in scope. 
this book offers a concrete understanding of 
matrix theory and its applications to atomic 
physics, game theory, many other areas. List 
price $8.00. 

List price $25.00 

10. ALBERT EINSTEIN AND THE COSMIC 
WORLD ORDER/CONTEMPORARY PHYSICS. 
Dual Selection. Cornelius Lanczos' fasci­
nating evaluation of Einstein's contributions 
pills David Park's informative, delightful 
overview of the frontiers of physics. List 
price $8.90. 

11. MATHEMATICAL METHODS FOR DIGITAL 
COMPUTERS. Edited by Ralston & Wilf. 
Illuminating guide to the most useful tech­
niques of numerical analysis for solving 
mathematical and physical problems on the 
digital computer. List price $9.00. 

12. MASERS AND LASERS. M. Brotherton. 
The impact of masers and lasers on the 
physical, medical, and communication sci­
ences, brilliantly explained and analyzed. 
Reviews principles and applications in this 
vital field. List price $8.50. 

13. EXCURSIONS IN NUMBER THEORY / 
�ATHEMATICAL DIVERSION�. Dual Selec-
hon. Aspects of number theory, brought 
together in a book Martin Gardner calls 
"splendidly written, well selected"- pills a 
volume of tantalizing mathematical puzzles 
by J. A. H. Hunter and Joseph S. Madachy. 
List price $9.95. 

14. CHAMBERS' TECHNICAL DICTIONARY. 
Edited by Tweney & Hughes. A massive. 
1028-page reference that defines and pro­
nounces over 60,000 terms in 120 branches. 
of science and technology. List price $7.95. 

15. MATHEMATICS FOR THE PHYSICAL SCI· 
ENCES. Herbert S. Wilf. Seven major math­
ematical disciplines central to the physical 
sciences are integrated in this unique book. 
Covers each discipline from theory to com­
putational techniques. List price $7.95. 

16. THE NATURE OF SOLIDS. Alan Holden. 
An up-to-date, non-mathematical overview 
of one of the most exciting areas of modern 
physics-the science of the solid state. Lucid 
treatment of heat, symmetry, crystal struc­
ture, etc. List price $6.95. 

The Library of Science 59 Fourth Avenue 
New York, N.Y. 10003 
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by Frank A. Beach 

HUMAN SEXUAL RESPONSE, by William 
H. Masters and Virginia E. Johnson. 
Little, Brown and Company ($ 10). 

T
he subject and scope of the work 
presented in this volume are faith­
fully represented in its title when 

the proper definitions are supplied. The 
"response" consists exclusively of a 
sequential pattern of muscular, glandu­
lar and vascular changes. In the studies 
conducted by Masters and Johnson this 
pattern was evoked by touch and pres­
sure stimuli applied to the genitalia. A 
more explicit title would have been 
"Physiological Changes Evoked in Men 
and Women by Genital Stimulation." In 
their preface the authors refer to the 
"massive state of ignOI<ance" that exists 
with respect to the simplest details of 
sexual response. This lack of knowledge 
is not peculiar to the general public but 
is also characteristic of the medical pro­
fession. According to Masters and John­
son, medical schools have shown a "con­
sistent refusal . . .  to instruct in human 
sexual physiology." It was partly to pro­
vide the knowledge needed for such in­
struction that investigation of the details 
of this topic was begun in 1954. Since 
1959 the strictly academic aspects of 
the work have been closely coordinated 
with a "c:linical-research program" deal­
ing with problems of sexual inadequacy. 
In the ensuing seven years some clinical 
patients have contributed to the empiri­
cal study, and conversely some of the 
research discoveries have proved useful 
in clinical therapy. 

The complete sexual response actual­
ly consists of a temporal pattern, or 
"cycle," with four sequential phases 
termed excitement, plateau, orgasm and 
resolution. A single pattern is presented 
for the male since individual differences 
usually affect only the duration of the 
response. In contrast, three different 
patterns are diagrammed for the female, 

BOOKS 
The 111asters-lohnson study 
of !uunan sexual response 

and even they "are Simplifications of 
those most frequently observed and are 
only representative of the infinite varie­
ty in female sexual response." These 
"simplifications" were abstracted from a 
minimum of 7,500 complete cycles ex­
perienced by female subjects in the 
course of the investigation. In view of 
the red uced variability characterizing 
sexual response in men it was con­
sidered adequate to collect data on a 
minimum of 2,500 male cycles. 

The book is organized in terms of the 
"response cycle," and separate chapters 
are devoted to the physiological mani­
festations that characterize each phase 
in women and in men. Separate treat­
ment is given to the sexual response in 
III pregnant women, to the response 
of seven \NOmen with artifiCially con­
structed vaginas and to the effects of 
aging in 61 women and 39 men. A COll­
c:luding section covers three disparate 
topics: male-female similarities, the role 
of muscular tone and individual proto­
cols of four selected participants. The 
scope and general nature of the data 
reported can be indicated by a few 
selected examples, but it must be kept 
firmly in mind that the individuals ob­
served were specially chosen for this 
study and. therefore represent a highly 
selected popu la tion. 

During the excitement phase, which 
begins soon after the initiation of stimu­
lation, the nipples of the female breast 
become erect and the entire breast be­
gins to increase in size as a result of 
increase in the local blood supply and 
retention of venous blood. During the 
plateau phase the pigmented skin im­
mediately surrounding the nipple (the 
areola) becomes engorged. There is no 
pronounced change in the breast during 
orgasm, but in the resolution phase the 
nipples and areolae soon return to the 
preexcitement state and overall breast 
size declines gradually. Nipple erection 
occurs in some men, but for the most 
part there are no dramatic changes in 
the masculine breast as a result of 
genital stimulation. 

In both sexes the excitement phase 

may be marked by development of a 
"sex flush": a measles-like rash that first 
appears along the midline of the chest, 
tends to spread laterally to cover the 
breasts and in extreme cases extends to 
the lower abdomen. This flush reaches 
a maximum late in the plateau phase 
and fades rapidly after orgasm. Early 
in the resolution phase some men and 
women exhibit a perspiration response 
involving the forehead, face and neck, 
and in some individuals larger areas of 
the body. 

The rate of breathing increases in 
both sexes toward the end of the plateau 
phase and throughout the orgasmic 
phase, when it may reach a tempo of 
40 per minute. Heart activity is accel­
erated at the same time, rates during 
orgasm of llO to 180 beats per minute 
having been recorded. Systolic blood 
pressure is elevated, and increases from 
the resting state vary between 30 and 
80 millimeters. 

Masters and Johnson present detailed 
descriptions of the changes that take 
place in the reproductive organs during 
successive stages of the response cycle. 
The account of these changes in men is 
clear-cut and important, but the most 
striking, novel and clinically significant 
evidence pertains to the female. 

During the excitement phase of the 
cyc:le the amount of blood reaching and 
retained by the outer lips of the vagina 
(labia majora) is markedly increased; as 
a result they become noticeably con­
gested and swollen. At the same time 
these structures flatten out and pull 
apart, so that the inner lips (labia 
minora) are partially exposed. With the 
onset of the plateau phase the labia 
minora expand, thus increasing the di­
ameter of the opening to the barrel of 
the vagina. As the plateau phase pro­
gresses, the coloration of the labia mi­
nora changes from pink to a bright red, 
and in women who have borne children 
the change progresses to a deep wine 
color. This color shift is described as a 
highly reliable indicator of "sexual ten­
sion" and a premonitory sign of orgasm. 
Once the color change has occurred a 
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woman is almost certain to attain 
orgasm if effective stimulation is con­
tinued. Conversely, the orgasmic phase 
never occurs unless the minor labia 
have undergone the pronounced change 
from pink to red . \Vith the termination 
of orgasm and the beginning of the res­
olution phase the color of the inner labia 
fades rapidly, returning to the prestimu­
lation base l ine within 10 to 15 seconds. 

During the excitement phase the 
clitoris increases in size, but this effect 
is restricted to the outer end of the 
structure and is due entirely to the con­
gestion of blood in it; it is not a genuine 
erection such as occurs in the penis. In 
the plateau phase the clitoris retracts­
is withdrawn under the hood of skin 
directly above it. This organ exhibits no 
particular change with the occurrence 
of orgasm and returns to its normal rest­
ing position during the first five to 10  
seconds o f  the resolution phase . The 
rapidity of the reaction is comparable 
to the postorgasmic loss of red colora­
tion in the inner labia and to the initial 
stage of loss of erection in the male's 
penis. Some psychoanalytic theorists 
have laid considerable emphasis on sup­
posed differences between orgasms pro­
duced by clitoral stimulation and those 
produced by vaginal stimulation . As far 
as strictly physiological measures are 
concerned no difference is detectable . 

The earliest physiological sign of a 
woman's response to sexual stimulation 
is the appearance of droplets of a special 
lubricating fluid on the walls of the 
vagina .  Beginning from 10 to 30 sec­
onds after the onset of stimulation a 
"sweating" process develops, and as 
the numerous drops coalesce they form 
a smooth coating over the lining of the 
entire vaginal barrel .  The source of this 
mucus-like material is not, as many 
authorities have believed, the cervix of 
the uterus; nor is it produced by the 
glands of Bartholin, which have been 
implicated by other writers. Instead the 
lubricating substance appears to be 
exuded by the vaginal lining, which 
contains no recognizable glandular ele­
ments. 

As the excitement phase continues, 
the inner two-thirds of the vaginal bar­
rel lengthens and expands. At thi� point 
the cervix, which normally projects 
downward into the posterior uterine 
cavity, is pulled upward, thus contribut­
ing to the increased size of the interior 
portion of the vagina. Changes taking 
place during the excitement phase are 
concentrated in the inner two-thirds of 
the vaginal barrel, but as the plateau 
phase is attained a very important modi-
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fication occurs in the outer third . This 
portion of the organ becomes grossly 
engorged with venous blood, so that 
together with the already engorged in­
ner labia it reduces the effective diame­
ter of the previously distended open­
ing by at least a third . The engorged 
outer third of the vagina is termed by 
Masters and Johnson the "orgasmic 
platform" because of its activity during 
the next phase of the response cycle .  

The woman's orgasmic experience 
coincides with a series of powerful, 
localized contractions of the orgasmic 
platform. There may be as few as three 
to five such contractions or as many 
as 10 to 15; they occur at intervals of 
approximately .8 second. The psycho­
logical intensity of the orgasm is directly 
related to the number of vaginal spasms. 
It would appear a reasonable conclu­
sion that the subjective experience de­
pends in large measure on sensory feed­
back from this vaginal activity. 

The resolution phase of the female 
response cycle is characterized by a 
rapid regression of the orgasmic plat­
form and a more gradual collapse of the 
expanded inner two-thirds of the vaginal 
barrel .  The latter change, as well as the 
return of the cervix from its elevated 
position, take at least three or four 
minutes following the termination of 
the orgasmic phase. One of the most 
noteworthy facts concerning the wom­
an's resolution phase is that under ap­
propriate conditions of stimulation the 
regressive changes of resolution can be 
halted at the level of the pre orgasmic 
plateau, and continuing stimulation can 
in many individuals elicit one or more 
additional orgasms before sexual reac­
tivity returns to the resting level. This 
observation is particularly important 
because no comparable phenomenon 
occurs in men . The resolution phase of 
the male cycle must proceed until the 
physiological conditions produced by 
stimulation have returned to the pre­
stimulatory level . Only then is it pos­
sible, after a period of inactivity, to re­
instate the excitement phase . 

The details of the masculine response 
cycle, the effects of aging on different 
phases of the cycle in men and women 
and other topics covered in this book 
are as significant as the material sum­
marized above, but that summary must 
suffice to establish the character of the 
findings reported in the book. There is 
much to be said about such matters as 
the constitution of the subject popula­
tion and the methods used to obtain 
data. 

At the beginning of the investigation 

118 female and 27 male prostitutes were 
intensively interviewed; eight women 
and three men were selected for in­
tensive anatomical and physiological 
study. None of the data collected from 
prostitutes were incorporated in the 
published report, but this pilot phase of 
the work provided a valuable oppor­
tunity for developing and standardizing 
the investigative techniques used later. 
Furthermore, the diverse experience of 
prostitutes provided useful information 
regarding a variety of methods for ele­
vating and controlling sexual tensions. 

The next step in the program was to 
enlist "a group of study subjects whose 
reproductive viscera could be related to 
baselines of anatomic normalcy and 
from whom long-range cooperation was 
possible . "  There was also the require­
ment "that there be a positive history 
of masturbatory and coital orgasmic ex­
perience before any study subject [was] 
accepted in the program." To achieve 
this end "volunteers were sought from 
relatively selected social, intellectual 
and economic backgrounds. " The result­
ing study-subject population came pri­
marily from the academic community 
associated with a large university-hos­
pital complex and therefore included a 
high proportion of men and women 
from upper socioeconomic and intel­
lectual levels. Other subjects were 
drawn into the study when they came to 
the clinic with problems of infertility or 
"sexual inadequacy."  Finally, some sub­
jects were recruited to meet specific 
project interests such as the geriatric 
program. 

In sum, these various sources yielded 
382 women and 312 men who actively 
participated in the study. The ranges in 
age were 18 to 78 for women and 2 1  
t o  8 9  for men, with the majority o f  in­
dividuals falling between 21 and 40. 
Included in the total were 276 married 
couples and 106 women and 36 men un­
married at the time of the study. The 
use of unmarried subjects "was aban­
doned as soon as it was established 
unequivocally that there is no basic dif­
ference in the anatomy and physiology 
of human sexual response regardless of 
the marital status of responding units. " 
The men and women who participated 
in the study are described as "a small, 
arbitrarily selected segment of male and 
female society," and the number is 
regarded as too small to justify statistical 
presentation of the results. 

Potential subjects were given a de­
tailed interview; final selection depend­
ed on, among other things, the individ­
ual's willingness to participate, sexual 
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responsiveness and ability to communi­
cate details of the sexual reaction . Thus 
reticent, inarticulate and sexually un­
responsive men and women were weed­
ed out, as were any individuals with 
anatomical abnom1alities of the repro­
ductive system. Having been selected 
as a subject, each person was "exposed 
to a controlled orientation program be­
fore assuming active participation . " A 
detailed medical, social and sexual his­
tory was obtained by the two investi­
gators working as a team. The subject 
was then shown the research setting and 
equipment, and the functions of the 
equipment were explained . In the next 
step "sexual activity first was encour­
aged in privacy in the research quarters 
and then continued with the investiga­
tive team present, until the study sub­
jects were quite at ease in their artificial 
surroundings. " Until they felt secure in 
their surroundings and confident of 
their ability to perform no recordings 
were made. There were 338 instances 
in which a subject was unable to re­
spond fully to stimulation . These are 
negligible compared with the more than 
10,000 instances in which complete re­
sponse cycles occurred . 

Sources of stimulation included manu­
al and mechanical genital manipulation 
and natural  and artificial coition. The 
last variant concerned only women and 
involved the use of special equipment 
consisting of a transparent plastic penis 
mechanically activated in such a way 
that the rate and depth of thrust could 
be initiated and controlled completely 
by the responding individual . 

The investigators were aware of the 
possible effects of the experimental 
situation on the psychological attitudes 
and even the physiological reactions of 
their subjects. They write: "The in­
vestigation has underscored many ex­
amples of socially or cultur al ly oriented 
situations that could influence human 
sexual response patterns. The possibility 
that the artificial atmosphere of the re­
search laboratory might alter physiologic 
as well as psychologic sexual reaction 
patterns has been a constant concern . . . . 
In view of the artificial nature of the 
equipment, legitimate issue may be 
raised with the integrity of observed 
reaction patterns. " 

Instead of trying to overpower the 
reader with arguments calculated to 
negate criticism, the authors cite several 
relevant facts. All the subjects were 
able to perform sexually in the "re­
search environmen t "  and to regularly 
achieve orgasm in spite of the presence 
of the observer team and the employ-

ment of various measuring devices. I t  
can  be  considered extremely unlikely 
that this would be true of a randomly 
selected population or even of one con­
stituted entirely of volunteers, but it 
has already been mentioned that all the 
participants in the Masters and Johnson 
study were careful ly selected from a 

much larger volunteer group. In ad­
dition , the initial period of orientation 
had a definite effect. Some subjects 
found themselves unresponsive during 
the first few sessions, but experience 
and greater familiarity with the setting 
brought progressive improvement until 
by their own account these men and 
women felt at ease and able to respond 
as frequently and intensely as they 
could in their own homes. 

As far as the use of artificial stimu­
lation for some women is concerned, 
the authors offer the following observa­
tion: "Suffice it to say that in travaginal 
physiologic response corresponds in 
e\'ery way with previously established 
reaction patterns observed and recorded 
during hundreds of cycles in response 
to automanipulation. " 

One passage in the book should be 
considered with special care because it 
raises fundamental questions that are 
certain to occur to every thoughtful 
reader and because it points out why no 
objective answers are as yet available. 

"How does the sexuality of male and 
female study subjects differ from that 
of our general population , and are there 
significant differences? These biologic 
and behavioral questions are of major 
moment.  Unfortunately, they are ques­
tions for which there are no answers, 
because there are no established norms 
for male and female sexuality in our 
society .. . . Without established norms of 
human sexuality, there is no scale with 
which to measure or evaluate the sex­
uality of the male and female study­
subject population . . . .  Comparisons may 
be drawn electively between the re­
ported response patterns of this highly 
selected research population and the 
reader's personal experience or his con­
cept of norms of human eroticism in 
today's society. From these prejudiced 
levels of comparison, there is �o appeal 
at this time. " 

How is this extraordinary collection 
of evidence to be viewed, interpreted, 
'evaluated? It  appears to the reviewer 
that, in spite of the fact that the authors 
frequently use such terms as "psycho­
logic" and "eroticism, " this is clearly a 
research program belonging within and 
confined to the domain of experimental 
physiology. Throughout the presenta-
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tion of results there are many references 
to "sexual tension" and its "release," but 
when we examine the primary data 
we are restricted to measurements of 
"superficial and/or deep vasoconges­
tion" and "increased myotonia, both 
voluntary and involuntary in character," 
in other words, temporary changes in 
local blood supply and transitory muscle 
spasms. 

Since Masters and Johnson explicitly 
avoid dealing with problems of motiva­
tion and of psychosexual interpretation, 
their approach is far removed from the 
realm of psychoanalysis (although their 
data should be of great interest to ana­
lysts and other psychiatrists). Because 
they make no attempt to describe a 
"statistically normal" population, and 
because they stress directly observed 
phYSical responses rather than the verbal 
reports of their subjects, their contribu­
tion belongs in a category different 
from the monumental interview studies 
carried out by Alfred C. Kinsey and his 
co-workers. 

Viewed as a series of investigations 
into the functions of the reproduc­
tive system, the work reported in this 
book can be most meaningfully com­
pared to the pioneering observations 
and experiments of William Beaumont, 
Walter B. Cannon and others in connec­
tion with the physiology of the digestive 
system.  There are obvious similarities to 
Beaumont's brilliant discoveries con­
cerning the movement of food through 
the stomach, which were facilitated 
by the opportunity to obtain samples 
directly through an opening in the 
stomach of one of his subjects. The 
present work is also comparable to 
Cannon's classic experiment demonstrat­
ing that the physical basis of hunger 
pangs is contraction of the stomach 
muscles, a demonstration made possible 
by recording the pressure changes in a 
small balloon that had been swallowed 
and then inflated to fill the stomach's 
interior. Cannon's procedure of com­
paring his subject's report of hunger 
pangs with the mechanical record of 
stomach activity is directly comparable 
to Masters and Johnson's correlations 
between the observed and recorded con­
tractions of vaginal muscles and their 
subjects' report of sexual orgasm. 

Testifying as an experimentalist with 
a long-standing profeSSional interest in 
the scientific understanding of sexual 
behavior, the reviewer can confidently 
assert that Masters and Johnson have 
made a number of extremely original 
and significant contributions to the 
theoretical aspects of this very impor-

tant field of investigation . Undoubtedly, 
however, most readers of their book will 
be more interested in the practical sig­
nificance of the work reported in it. 
This aspect of their program is partially 
covered by chapter subdivisions en­
titled "Clinical Considerations. "  Under 
this heading in six chapters the authors 
deal specifically with the application of 
their findings to successful sexual ad­
justment in everyday life. A partial list 
of the questions raised and answered 
will indicate the scope of this material. 

Women vary somewhat with respect 
to the size and positioning of the clitoris; 
does this have any influence on sexual 
responsiveness? What effects, if any, do 
individual differences in the size of the 
penis have on a man's ability to effec­
tively stimulate his female partner? Do 
the movements of the cervix during 
female orgasm facilitate or impede the 
migration of the sperm the male de­
posits in the vagina? What are the 
physiological consequences of sexual 
intercouse during pregnancy and nurs­
ing? Are they harmful? What effects 
follow intercourse during menstruation? 
Does menopause alter the physiological 
response to sexual stimulation? What 
are the symptoms and causes of reduced 
sexual ability or impotence in men over 
50, and can such symptoms be allevi­
ated? 

All of these will surely be accepted as 
questions of genuine importance and 
direct relevance to the achievement and 
maintenance of successful marital sexual 
relations. In addition to greatly increas­
ing our factual knowledge concerning 
sexual physiology, Masters and Johnson 
have provided basic information that 
can be used to improve the lives of 
many men and women. 

Short Reviews 

MUSICAL INSTRUMENTS; A COMPRE-

HENSIVE DICTIONARY, by Sibyl 
Marcuse. Doubleday & Company, Inc. 
($ 17.50). Miss Marcuse tells us in her 
preface to this encyclopedic record of 
instruments from all over the world that 
there are more than 5,000 books and 
papers on non-European and folk in­
struments alone. Her fascinating book, 
with its thousands of entries, makes this 
seem altogether plausible. In greater or 
less detail, with the help of good pic­
tures (but not, alas, enough of them), 
she describes different kinds of noise­
maker, from "talking drums" (signaling 
devices) and bull-roarers to walking­
stick violins, raft zithers, humming tops 
and pibgorns. Many of the names, par-
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ticularly the African ones, are magnifi­
cently sonorous and to our ears prepos­
terous : the lumbamba is a small cylin­
drical drum of the Congo; the yurupuri, 
a wooden trumpet played in pairs by 
youths of the Amazon valley; the zuf­
folo, a whistle flute of Lombardy; the 
yan-ljin , a Tibetan instrument that is 
cousin to a dulcimer; the zurrumbera, 
a bull-roarer of northern Spain ; the 
wani-guchi, a ritual gong hung at the 
entrance to Japanese shrines and struck 
by worshipers ; the xaque-xaque, one of 
a number of different Brazilian rattles ;  
the wurumbumba, a musical bow of 
the Congo and Angola ; the bum-bum, a 
musical bow of Honduras ;  the wurst­
fagott, a "sausage bassoon"; the abilosen 
adar, a Basque horn sounded at night to 
frighten away wild animals; the abeng, 
a cane pipe of the Gabon Republic 
played through one nostril ;  the ha, a 
musical bow of the African bushman ; 
the ehecacozcatl, a shell trumpet of the 
pre-Columbian Toltec culture ; the eu­
nuch flute, an instrument resembling 
the kazoo (which is also called the 
bazoo) ; the ndingi, a wooden cowbell 
of the Congo; the kshudra katyayana 
vlna, a small stringed instrument of 
Bengal with a calabash body, an almost 
circular soundboard and 18 steel strings. 

A HISTORY OF EPIDEMICS IN GREAT 

B RITAIN, by Charles Creighton . 
Barnes & Noble, Inc. ($50) . This two­
volume work is a reprint of a noted 
scholarly account of infectious diseas­
es in Britain from the middle of the 
seventh century, when the famine pesti­
lences afflicted the Anglo-Saxons, to the 
end of the 19th century. To this edition 
have been added an essay by D. E. C .  
Eversley o n  epidemiology, which criti­
cally evaluates Creighton's book, and a 
long introduction by the medical histo­
rian E. Ashworth Underwood, which 
describes Creighton's life (he died in 
his 80th year in 1927) and also makes 
a careful assessment of his History .  
Creighton was  a strange, quirky man 
with all kinds of prejudices and blind 
spots, among them a disbelief in the 
pathogen ic properties of bacteria, a 
strong skepticism about the efficacy of 
vaccination and an almost paranoid 
hostility to Edward Jenner, whom he 
regarded as a thoroughgoing knave and 
faker. In view of these prepossessions it 
may be hard to believe that he could 
have written a useful, let alone a great, 
book on epidemics, and i t  is to these 
doubts that Underwood, a staunch 
admirer of Creighton's, addresses a good 
part of his introductory essay, attempt-
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ing to show that Creighton was not as 
pigheadedly biased or as medically 
ignorant as many of his contemporary 
critics made him out to be and as some 
of his own writings seem to indicate . 
Underwood overstates his case, but he 
makes it clear that Creighton's book 
deserves its high reputation. He was a 
qualified physician, a skilled phYSiolo­
gist, a first-rate historian and a gifted 
writer. These strengths outweighed his 
prejudices . Although the history is en­
tirely misleading when it touches on 
questions of pathology and vaccination, 
on balance it is a brilliant survey that 
reflects an enormous amount of research 
and a pioneering work in relating epi­
demic disease to social circumstances. 
The book has long been out of print 
and almost impossible to find; to have it 
once more available, even though the 
price is steep, is a boon to historians and 
medical specialists. 

THE PENGUIN DICTIONARY OF SAINTS, 

by Donald Attwater. Penguin Books 
Inc ($ 1 .45) . The key word, we are told, 
that distinguishes the saint is not that 
he had visions or performed miracles or 
was canonized but that he had "hero­
ism," the saint being the man or woman 
who gives himself or herself to God 
heroically. The entries in this interest­
ing handbook of hagiology run from 
Aaron and Julius (put to death at Caer­
leon in Monmouthshire about the mid­
dle of the third century) and Abo (a 
Moslem perfumer who embraced Chris­
tianity and was beheaded as a renegade 
from Islam) to Zeta (a domestic servant 
born near Lucca in the 1 3th century 
who was looked on as the patroness of 
domestic servants and who after a life 
of devoutness and generosity, particu­
larly to the sick and to prisoners in jail, 
died peacefully in 1278) . 

THE "VORK OF FRAKK LLOYD WRIGHT, 

edited by Th. Wijdeveld. Horizon 
Press ($42.50) .  A reprint of the cele­
brated "Wendingen edition" first pub­
lished in 1926, this book contains sev­
eral hundred photographs of structures 
Frank Lloyd Wright built or planned, 
detailed architectural drawings, and ar­
ticles by Wright and leading European 
architects and American critics . The 
Wendingen volume, of which this is es­
sentially a facsimile, was produced ac­
cording to Wright's specifications .  It is 
a curious piece of bookmaking and ty­
pography. For example, it consists en­
tirely of double-fold pages printed on 
one side of each sheet, which makes 
the volume thicker than it needs to be 

and clumsy to handle when turning the 
pages. The advantage Wright presum­
ably envisioned from this design was that 
the pictorial matter would reproduce 
better because only one side of the 
sheet would be used. Whatever the 
quality of the reproductions in the origi­
nal edition may have been, as rendered 
in this volume they are quite uneven ; 
not a few of the illustrations are gray­
ish, mottled and unattractive. The ty­
pography is heavy and not pleasing to 
the eye, although it fits the old-fash­
ioned flavor of the book as a whole . 
Altogether the physical appearance of 
the book is reminiscent of the contradic­
tions of the master's work : ahead of its 
time and brilliant but in some respects 
quite dated; imaginative and bold but 
in certain of its features unnecessarily 
original .  

A PROPHET IN Two COUNTRIES, by 
Nancy Arms. Pergamon Press 

($2 .45) . A brief life of Sir Francis Si­
mon, a physicist who gained an early 
reputation in Germany for his work in 
low-temperature phYSics and consider­
ably enhanced it in Britain , to which he 
migrated in 1933 . He contributed also 
to the development of atomic energy 
and to the advancement of technological 
education in Britain . 

THE THEORY OF THE PHOTOGRAPHIC 

PROCESS, edited by T. H. James . The 
Macmillan Company ($22 .50) . The third 
edition of this standard reference work 
(the first and second editions were 
edited by the late C. E. Kenneth Mees) 
has been completely rewritten and in­
cludes a large amount of new material . 
Unfortunately the revisions have made 
it necessary to eliminate sections of 
the earlier editions that contained valu­
able historical information . 

C Llt-fATES OF THE U.S .S .R . , by A. A.  
Borisov. Aldine Publishing Com­

pany ($ 10) . After a brief history of the 
s tudy of climates of the U .S .S .R . ,  this 
book gives detailed descriptions of the 
regional climates of the vast continental 
expanse that covers a seventh of the 
land surface of the earth. Useful for 
climatologists, meteorologists, geogra­
phers, botanists, ecologists and other 
specialists on the U .S .S .R . ,  eastern 
Europe and Asia. Numerous maps. 

IN GARDENS OF HAWAII, by Marie C. 
Neal. Bernice P .  Bishop Museum 

($ 15) . This volume of more than 900 
pages, a revision of a work first pub­
lished in 1928 and reissued in an 
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enlarged version in 1948, provides de­
tailed information about 3,000 species 
of ornamental and food plants, weeds 
and characteristic native and endemic 
plants found on the lush islands of 
Hawaii. One cannot help regretting­
although the cost might have been pro­
hibitive-the failure to include at least 
a few color plates of what are obviously 
some of the most beautiful plants and 
flowers in the world . 

Notes 

POLITICAL PARTIES, by Robert Mi­
chels . The Free Press ($2 .45) .  A reprint 
in inexpensive form of a highly regard­
ed study concerned with the oligarchic 
tendencies of modern democracy. 

THE COLLECTED SCIENTIFIC P APEHS 

OF PAUL A.  SAMUELSON, edited by Jo­
seph E. Stiglitz. The M . I . T.  Press ($25) . 
These two volumes contain most of the 
contributions of a distinguished Ameri­
can theorist to the study of mathemati­
cal economics up to 1964. 

THE OXFORD ECOl'WJ\ lIC ATLAS OF 

TI-IE WORLD, prepared by the Economist 
Intelligence Unit and the Cartographic 
Department of the Clarendon Press. 
Oxford University Press ($ 15) .  A re­
vised third edition of this reference 
compendium that contains a large num­
ber of world commodity maps and a 
statistical index with information rang­
ing from the cereal production of Aden 
to the machinery imports of Yugoslavia .  

THE COMPLEAT STRATEGYST, by J .  D .  
Williams .  McGraw-Hill Book Company 
($6.95) . A revised edition, completed 
a short time before the author's death, 
of a widely used primer on the theory 
of games of strategy, the principal revi­
sion consisting of a chapter on the pivot 
method, which is useful in solving 
matrix games. 

E CONOMIC GROWTH AND STRUCTURE, 

by Simon Kuznets . W. W. Norton & 
Company, Inc. ($7.50) .  Selected essays 
by a distinguished American economist 
known for his contributions to the con­
cept of gross national product and for 
other quantitative studies of economic 
level and growth. 

ANCIENTS AND MODERNS, by Richard 
Foster Jones . University of California 
Press ( $ 1 .95) . A reprint of Jones's able 
study of the rise of the scientific move­
ment in 17th-century England. Paper­
bound. 
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Deep Sky Photography with 

The Celestron 10 
Schmidt Cassegrain Telescope as shown 
here equipped with astro camera adap­
tor and the Celestron 4 Guide Scope_ 
You will be able to capture on film 
exquisite details of the moon and 
planets at exposure times of 1/10 to 
1/100 second_ For deep sky exposures 
of faint nebulae, the Celestron 10 is 
guided with a Celestron 4 Guide Tele­
scope at typical magnifications of 600X_ 
Visually or photographically, the Celes­
tron 10 is the ideal telescope for 
educational institutions or the serious 
amateur astronomer. 
"Observational Astronomy" - a complete 
lab manual - free to educational institu· 
tions. For more details on the Celestron 10 and other telescopes from 4" to 36" write to: 

Celestron Pacific 
13214 Crenshaw Blvd., Gardena, Calif. 

FREE 
NEW 514·PAGE 
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ALLIED 
CATALOG 

Top savings on the best 
in eledronics for everyone 

SAVE MOST ON: 
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able only from Allied_ 
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24 MONTHS TO PAY! 
Enjoy the things you 
want now, while you 
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conv eni ent A l l ied 
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Send for new 1967 ALLIED Catal09:.1 a 'j � D -��L�;-;;:;'�,-�;T�;8--;'---- __ '. - - , 
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Murray Siegel can't hold a job at 

Fairchild. He's had five in as many 
years. He's been a Circuit Designer, 
Senior Product Engineer, Integrated 

Circuits Applications Designer, 
Senior Marketing Engineer. Now, 

he's responsible for developing 
advanced applications for digital 
circuits. We have a lot of job­

hoppers at Fairchild. 

We need four more. If you want to 

move fast in the semiconductor 
business-and you have what it 
takes to get there - contact Jack 
Sheets at Fairchild Semiconductor, 

313 Fairchild Drive, Mountain View, 

California. 

We need an Applications Engineer 
with a B.S.E.E. and experience in 
digital circuit design to determine 
new product direction and to work 
with field salesmen in the develop­
ment of integrated circuits for 
advanced computers. 

We're also looking for an Applica­
tions Engineer with a B.S.E.E. and 
two years experience in designing 
timers and motor controls to co­
ordinate Fairchild applications 
projects in the development of 
integrated circuits for consumer 
appliances. 

FAIRCI-IIL-C 

SEMICONDUCTOR 

Murray Siegel needs an Applica­
tions Engineer with a B.S.E.E. and 
two years experience in semicon­
ductor circuit design to provide 
complete technical assistance in the 
development of integrated circuits 
for communications equipment. 

And we need an Applications 
Engineer with an M.S.E.E. and 
experience in solid state circuit 
design to work with customers and 
Fairchild departments in the devel­
opment of custom integrated 
circuits and discrete circuits for 
digital systems. 

A Division of Fairchild Camera and Instrument Corporation . An Equal Opportunity Employer (M&F) 
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See the Stars. Moon. Planets Close Upl 
3" Astronomical Reflecting Telescope 

(Famous Mt. Palomar Type) 
Sec the stars, moon, phases of 
Venus, planets close up! 60 to 180 
power-famous Mt. Palomar Re­
f l e c t i n g  t y p e .  U n u s u a l  Buy I 
Equipped with Equatorial mount: 
finder telescope, hardwood tripod. 
Included Free: "STAR CHART"; 
2 7 2 - p a g e  " H A NDBOOK OF 
HEAVENS": "HOW TO USE 
YOUR TELESCOPE" book. 

Stock No. 85,050-5. .. .. . .... $29.95 Ppd. 

4V41l Astronomical Reflector Telescope! 45.270 Power. New Viur:,tioll :Free Metal Pedestal Mount. Stock No. 85,105-5 ................ 584.50 F.O.B. Barrington, N.J. 
SUPERB 6" REFLECTOR TELESCOPE! Inc. elf'c/ric clock uri VI', seLting circlea. equatorial mount, pedcstn. base. 4 l'ycpit,CC'; for til) to .':i7GX. Teflon beo.rings. Stock No. 85,086-5 . . . . . . . . •  _ . . . . •  $199.50 F.O.B. Barrington, N.J. 

New, Low-Cost 
THERMOELECTRIC COOLING SYSTEM 

Complete, solid state unit. 
Amazingly versatile. Excellent for 
experimental uses in Industry. un1-
\"erslties. research labsl Silent. mo­
tionless. Simple to operate. No 

moving purts to wear oul. No Muid leakage. At 80° Ji'. 
ambient, temp .. unit, pumps up to 35 BTU/hr .• yet keeps 
transrer bar at 25° F. At zero cooling load. bar can be 
cooled to t:10 F. Save t housatlds of dollars in producing 
prototypes. mock-ups, models. Idea.) as spot cooler in 
Instruments, electroHic :wd other industrial equipment. 
Excellent as custom cooler of chemicals. cold plates, etc. 
Cooling sect iOIl has :.tl-t hermocouple I5-amp. module 
posit iOlled between finned heatsink ami aluminum trans­
fer bar by spring-loaded. thermally Insulated assembly. 
Power unit wit'll t ra.Jlsrormer. choke. 2 rectifiers. pro­
vhles hili-wave rectified JJC from lID-V. (lO-cycle outlet: 
produces approx. I amp. DC consumption :{.4 V. 12.5 
amp. ripple below I.�%. Cooling unit 4Nx5J.iNX5% .... 
Power unit, 5 }.4NX:J 11NX·�N. Fan rpm-a 1.00. Wt. 8 lbs. 
Full instructions iIlClll<lt'ti. 
Stock No. 70,818-5 ..................... $62.00 Ppd. 

• 
scien��IET�e�;r!R�!����ra�!!��!S nmg-n .. t,,,, lIol:lri�illll: tilt(·r!O. comp:l�!o. onC-Wll.V mirror 
film. I)ri"m. tJiffrllct,ioll Il'T:ltilllt :Hul lots of other items 
for hllntln�d" of thri ll ing (lXPCriIlHmt�. piliI' u Tell-Len!! 
i-;it for makinll; t,·lc>!collc�. millroscolJcl!, etc . . F ull ill-

_ "trm!lioll>! in,'II,ded. Stock No. 70,342-5 ................ S5.S0 Postpaid Science Treasure Chest Deluxe-Stock No. 70.343-5 ............................... $10.50 Postpaid 
War Surplus! Arneritan-Made 

7XSO BINOCULARS 
llig saVings! Brand new! Crystal­
clear vlcwlng-7 power. Every opti­
cal clement Is coated. An excellent 
night glass-the size recommended 
Cor satellite viewing. Individual eye 
focus. Exit pupil 7 mm. Approx. 
lieid at J .000 yds. Is 381 ft. Carry­
illg Case included. American 7x50's 
normally cost S274.50. Our war 

surplus price sav('s you reId money. 
Stock No. 1544-5 .................. only $74.80 P pd. 

7 x 35 AMERICAN MADE BiNOCULARS 
Stock No. 964-5 ........................ $55.00 Ppd. 
8 lit 30 B'noculars-simllar to above and a terrific bargain. 
Stock No. 963-5 ........................ $40.00 Ppd. 

FOlcinating Top Adoptation of Binary Digital Computer 
BEAT "DR. NIM" IN ANCIENT GAME! 

�ot easy, but fun [or all! Thrilling 
for youngsters. Challenging for 
adults. Teaches computer funda­
ment,alR, without need for mathe­
matical abllity. To play. release 1 
to 3 marbles for roll down plastic 
game board through series of flip­
flop channels. How you SET fllp­
flops to begin and path of travel 
for each marble. determines path 

of succeeding marbles. All plays predictable. Now DR. 
NIM autol1wt-tcally plays 1, 2 or 3 marbles. 11 you can 
make him take the last marble you win! Game great for 
playroom and parties. year-round fun. Durable red & 
white plagUc 1 1%" x 12Y2" X IV2"'. 24-p. Instruction 
Booklet.. 
Stock No. 70,816-5. . . . . . ...... $2.98 Ppd. 

MakeYour Own Powerful AstronornitalTelestope 
G RI ND YOU R OWN 
A STRONOMICAL MIR­
RO R. I{its contain fine an-
nealed mirror blank, 
tool. diagonal 

lenses. 

MAIL COUPON FOR FREE CATALOG! 
I Completely New 1966 Edition 

l ED J �� �a�'i:siE��at�� 65g��argains 

I Barrington, New Jersey 08007 

I 
Please rush Free Giant Catalog S 

I Name......... . ......................... r"'��.!J.'I 
I Address.... . .. . .... .... .. ................. . 

I City .................. ........... State ......... Zlp ........... ����!i!J 

SOLVE PROBLEMS I TEll FO 

NEW WORKING MODEL 
DIGITAL COMPUTER 

MINIATURE VERSION OF' 
GIANT ELECTRONIC BRAIN S 

Fascinating new see-through model computer 
actually solves problems. teache!! computer 
fundamentals. Adds. subtracts. multiplies. shifts. complements. enrries. 
memorizes. counts. compares. sequences. Attractively colored. rigid plas­tic parts easily assembled. 1210 x 3Ji" X 4�1O. Incl. step-bY·l!tep nssembly diagrams. 32-pnge instruction book covering operation, computer 11ingUo.ge 
(binary system). programming. problems and 15 eXperiments. Stock No. 70,683-5.. . • . . • . . . . . . .  . . .  . . . . . . . . .  . .  . . . . • . •  $5.98 Ppd. 
DETAilED PROGRAMMING BOOKLET FOR EXPERIMENTS 
Stock No. 9080-5 . • • • • • . • . . . • . .  (50 Pages} • • • • • . . . . . . . . .  $1.00 Ppd. 

NEW • • •  TRANSPARENT CRYSTAL MODELS 
Set of 15 Basic Symmetries 'with 

Built·in Crystallographic Axes 
Designed for iab study. demon­
stration, exhibition. Colored 
threads. builtintoeach precision­

made hollow plastiC model, show position or all axes­
black for identical axes, red to indicate a "c" axis. yellow 
to denote any third axis. You can mark formulas. dimen­
sions, key letters, etc. on models with china marking 
pencil. Set includes: Cube (measuring 1 �N), Octahedron. 

Dodecahedron, Tetrahedron, Pyrithohedron. Rhombo­
hedron. Tetragonal Dipyramid. Tetragonal Prism &: 
Plnacoid, Hexagonal Dipyramid. Hexagonal Prism &: 
Pinacold. Trigonal Scalenobedron. Orthorhombic Dipyra­
mid. Monoclinic Prism. Trlclinlc Pinacoid. Orthorhombic 
Prism & Plnacoid. Models in poly bags separately 
packed in compartmental wooden case 12"x9U"x2}-.(N. 
Stock No. 70,821-5 .................. .. $64.00 Ppd. 

IIBaiis of Fun" for Kids ... Traffic Stoppers for 
Stores . . •  Terrific for Amateur Meteorologists ... 

SURPLUS GIANT WEATHER BALLOONS 
At last ... available again in big 
8-(t. diameter. Create a neighbor­
hood sensation. Great backyard 
tun. Exciting beach attractIon. 
Blow up with vacuum cleaners or 
auto air hose. Sturdy enough for 
play, all other uses with reasonable 
care (can be punctured by sharp 
obJects).�'lIIed with bellum (available 
locally). Use balloons hIgh In the sky 
to attract crowds. advertise store 
sales, announce fair openings, etc. 

Amateur meteorologists use balloons to measure cloud 
heights. wInd speed. temperature, pressure. humidity 
at various heights. Photographers can utilize tor low­
cost aerial photos. Recent Gov't surplus ot heavy, black 
neoprene rubber. 
Stock No. 60,568-5 ...................... $2.00 Ppd. 

Brand New, Quick-Charge, Industrial Surplus 
NICKEL-CADMIUM SA TTERY 

Unparalleled Value 
For the first time a 6-volt, light-weight nickel­
cadmium battery in stainless steel, strap typo 
casing. 4-amp hour capacity. Almost unlimited 
life-thousands of discilarge-charge cycle!! with 
minute deterioration--charges fully ill approx. 
1 hr. with Edmund charger kit. Just a few drops 
of water per year provide full maintenance. 

Hundreds of uses for hobbyists, amateur photographer!!, 
campers, model builders, etc. Unequalled for rechargeable 
lanterns; cycle scooters, and boat lights: portable fluorescent 
and ultra-violet lights; electronic flash units. Battery re­
Quires minimum of electrolyte; is sealed to prevent loss; 
delivers nearly 100% of output below freezing temperatures 
compared to 50% by lead·acid batteries. No corrosive fumes 
under any stage of recharge. Can't be damaged by accidental 
charge in reverse (but not recommended). Stud type termi­
nals on top 1 �'" apart marked for polarity, 6/32 thread, 
nuts and lock-washers. 6"'x2"'x4"'. 'Yt. 2 Ibs. 12 ounces. 

Stock No. 70.776-5 .................... 515.00 Ppd. 

CHARGER KIT FOR 6-VOLT BATTERY. Charges in 
approx. 1 hr. Shuts off automatically, attaches to Stock 
No. 70,776 battery case. Includes transformer, ballast re­
sistors, charger circuit board, mounting hardware, 8-ft. 
cord, plug switch, assembly instructions. 
Stock No. 70,807-5 ..................... $8.00 Ppd. 

ONE 1.2-VOLT NICKEL-CADMIUM CELL 
Stock No. 40,798-5 ..................... S3.95 Ppd. 

SOLID WOODEN PUZZLES 
12 Different puzzles that will 
stimulate your ability to think 
and reason. Here Is a tascinat­
lng assortment ot wood puzzles 
that will provide bours ot plea­
sure. Twelve ditTerent puzzles. 
animals and geometric forms 
to take apart and reassemble, 
give a chance for all the tamily, 

young and old. to test skill, patience and, best of all, to 
stimulate ability to think and reason while baving lots 
of tun. Order yours now. 
Stock No. 70,205.5 .................. $3.00 Postpaid 

Precision Marine Time Piece 
SHIP'S BEll CLOCK 

Faithful Time Afloat or Ashore 
Handsome metal case in ei ther brass or 
chrome. Highly corrosion resistant for 
use on shipboard or home. Finely made, 
unusually high Quality. 8--day clock has 
familiar 1 to 12 dial-also marked wi th 
24-hour system of timekeeping and tradi­

tional watch periods from Evening (or First) Watch through 
Second Dog Watch. Chimes nautical baIr-hour intervals from 
1 to 8 bells, can be turned off. Thermometer at bottom of 
dial. 'Vt. 6 lbs. 
Stock No. 70,781-S Brass ............... $70.00 Ppd. 
Stock No. 70,782-5 Chrome ............ $70.00 Ppd. 

ORDER BY STOCK NUMBER' OPEN ACCT TO RATED FIRMS· SATlSfAC710N GUARAN7EED' 

EDMUND SCIENTIFIC CO., BARRINGTON, NEW JERSEY 08007 
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THE MAMMALIAN EGG. Colin R. Aus­
tin. Blackwell Scientific Publications, 
1961. 

PRELIMINAIW ATTEMPTS TO FERTILIZE 

HUMAN OOCYTES MATURED IN VITRO. 

R. G. Edwards, Roger p, Donahue, 
Theodore A. Baranki and Howard 
VV. Jones, Jr., in American journal of 
Obstetrics and Gynecology, in press. 

THE MATURATION OF RABBIT OOCYTES 

IN CULTURE AND THEIR MATURATION, 

ACTIVATION, FERTILIZATION AND 

SUBSEQUENT DEVELOPMENT IN THE 

FALLOPIAN TUBES. M, C. Chang in 
The journal of Experimental Zoolo­
gy, Vol. 128, No.2, pages 379-405; 
March, 1955. 

CONFLICT AND AROUSAL 

CONFLICT AND THE ORIENTATION RE­

ACTION. D. E. BerIyne in joumal of 
Experimental Psychology, Vol. 62, 
No. 5, pages 476-483; November, 
1961. 

CONFLICT, AHOUSAL AND CURIOSITY. D, 
E. BerIyne. McGraw-HilI Book Com­
pany, Inc., 1960. 

EFFECTS OF STIMULUS COMPLEXITY 

AND INCONGRUITY ON DURATION Ol� 
EEG DESYNCHRONIZATION. D. E. 
BerIyne and P. McDonnell in Elec­
troencephalography and Clinical 
NeurophYSiology, Vol. 18, pages 
156-161; 1965. 

MOTIVATION INHERENT IN INFORMATION 

PROCESSING AND ACTION. J. MeV. 
Hunt in Cognitive Factors in Motiva­
tion and Social Organization, edited 
by O. J. Harvey. The Ronald Press 
Company, 1963. 

HOW THE "NEWER ALCHEMY" 
WAS RECEIVED 

TILE DISCO\,EIW OF RADIOACTIVITY AND 

THANSl'vIlJTATION. Edited and with 
commentary by Alfred Romer. Dover 
Publications, Inc .• 1964. 

RUTHERFORD. A. S. Eve. Cambridge 
University Press, 1939. 

RUTHERFORD AND THE NATURE OF THE 

ATOM. E. N. da C. Andrade, Double­
day & Company, Inc., 1964. 

SOURCEBOOK ON ATOMIC ENERGY. Sam­
uel Glasstone. D. Van Nostrand Com­
pany. Inc., 1958. 

THE AjVIATEUR SCIENTIST 

THE USE OF ULTRASONIC ENERGY IN 

AGRICULTURE. Lowell E. Campbell 
and L. G. Schoenleber in Agricultur­
al Engineering, Vol. 30, No.3, pages 
239-241; May. 1949. 
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Here's what 
Anaconda is doing 
about the 
copper shortage. 

Britannia Beach, B.C.-Small, 
but important copper sourc e. 

New geological lab 
stepping up exploration 

for new ore. 

Great Falls, Montana­
Capacity of refinery 

being increased 20%. 

Weed Heights, Nev.-Open pit 
mining operation. Enlarged 

concentrator will double output. 

Tucson, Arizona-Building new 
extractive metallurgical research center 

to help develop mineral reserves 
in Southwest, Mexico, Latin America. 

Cananea, Mexico-Open pit operation. 
Improving facilities to boost production. 

� 
Exploring nearby ore body. 

� 

w 

Cerro Verde, Peru-Ore deposit 
now being drilled. May become important 

N new source of copper. 

E 

Chuquicamata-One of world's 
great copper mines. * 

La Africana-Small underground 
operation near Santiago. 

More cars, homes, appliances, color TV-everything for our 
booming economy means more copper. So do increased de­
fense needs and rising standards of living abroad. Result­
copper use in the free world has doubled since 1950. To keep 
pace, Anaconda and the copper industry have expanded 
capacity steadily. But demand for copper grows. So Anaconda 

:::��:::::;=-;:....-- Butte, Montana-Enlarging open pit 
and underground operations. 

Increasing concentrator output. 
Geological lab developing improved 

exploration techniques. 

",..."...." r .. ... �' ... 
� ,.....,...-v .. PT • vv 

Twin Buttes, Palo Verde and other 
mineralized areas near Tucson, Arizona 

will provide important new sources of copper. 

Exotica-New ore body 
near Chuquicamata 

now being developed. * 

EI Salvador-A large 
underground operation. * 
Also site of an Anaconda 

geological laboratory. 

*Expansion plans in Chile project 
a 50% increase in copper production. 

has stepped up its efforts-will increase its copper capacity 
50% by 1970. At the same time, Anaconda will also be pro­
ducing more molybdenum, uranium, aluminum, beryllium 
(and even iron!)-all essential if the free world's economy 
is to keep growing. The Anaconda Company, 25 Broadway, 
New York, N. Y. 10004. GIllOt 
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Airco delivers liquid helium anywhere within 48 hours 
Airco is the world's largest commercial distributor of helium. Production, storage 
and distribution facilities are strategically spotted about the U.S. We'll get your 
helium to you quickly-all you want, liquid or gas-in any quantity from a cylinder 
to a trailerful. The next time you need helium, call Airco. 

We're near, there and everywhere. 

AIRCO INDUSTRIAL GASES <5:5> 
Air Reducticn -
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