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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 tempera ture. 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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LUNAR ORBITER is camera-carrying spacecraft which will 
be launched into lunar orbit to photograph and transmit to earth 
pictures of large areas of moon's surface_ Mission is to help 
locate best landing spot for astronauts, and to sense and report 

density of micrometeoroids and radiation near moon. Scientists 
will also track Orbiter to learn more about moon's gravity. 
Boeing is building 8 Orbiters for NASA, 3 for ground test, 5 
for flight. First launch is scheduled next year at Cape Kennedy. 

Capability has many faces at Boeing 

BIG BLOW. Wind tunnel tests are used in air· 
to-ground missile studies. Boeing's vast missile, 
space booster and electronics experience in ra· 
dar, guidance and penetration aids is helping to 
develop advanced attack missile system concept. 

SUPERSONIC jetliner, under development 
by Boeing, could carry over 200 passengers 
across U.S. in two hours. Variable wing gives 
ideal sweep-back choices for supersonic and sub­
sonic flight, plus straight wing for slow landings. 

U.S_ NAVY's versatile new transport helicop­
ter, UH-46A, built by Boeing's Vertol Division. 
UH·46A's replenish combat ships while under­
way (permitting maintenance of task force 
integrity), also perform search and rescue, 
personnel transfer, and other missions. 

s� T.echnology. Miuiks. Military Aircraft Sysums. 707.720. 727" 
737 ]etl,ru-r •• Symm, l'tfana�mf!nl • Helicopl4!r' • Morint! Vehicle,. 
Co, Turbine Ens;nes • .A1,0, B�in8 Scientific Rf!� Laboralorie. 
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"'
EAST COAST P.O.E. WIRE WHEELS EXTRA. FOR OVERSEAS DELIVERY AND OTHER INFORMATION, WRITE � THE BRITISH MOTOR CORP. /HAMBRO, INC., DEPT.SA-3, 734 GRANO AVE., RIDGEFIELD, NEW JERSEY 

When it comes to mothering your 
money, our octagon marque is 
practically a second Bank of 
England. The number of buyers 
eager to pay outrageous prices 
for used MG sports cars is 
almost embarrassing. 
Of course, that's how it is when 
one is possessed by the octagon 
spirit: Other machines simply 
won't do. Cost is no object. How 
much? / I'll take it. 

It's been that way for 17 years­
ever since MG came to America 
and started the sports car 
craze. It's that way today-
the lusty MGB is America's 
largest selling sports car. 
So a word of advice: Buy your 
classic MGB in 1965. Feel what 
it's like to control a real sports car 
-one with race-proven 1798 c. c. 
engine, positive rack and pinion 
steering, firm racing suspension 

and non-fade disc brakes. 
Pleasure your eye with MGB's 
Spartan lines-and all your senses 
with the anything-but-Spartan 
interior. (Roll-up windows, snug 
convertible top, Engl ish leather 
upholstery, bucket seats.) 
If you hurry, you'll have just 
that much longer to enjoy your 
MGB before 1980 rolls around 
... and someone offers you a 
price you just can't turn down. 
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Model 7000A is a typical Moseley 
x-y recorder, features new quiet 
AUTOGRIP' electric chart hold­
down; 100 ILV/in_ dc sensitivity; 
1 megohm input impedance at 
null on all fixed and variable 
ranges; ac input ranges from 5 
mv/in.; new high-reliability po­
tentiometers; time sweeps both 
axes; multi-scale zero offset. 
$2575. Model 700lA without ac 
ranges, $2175_ 

Model 7100A is a typical Moseley 
strip-chart recorder, features 1 
megohm input impedance on all 
10 ranges; 1 mv sensitivity full 
scale (optional); 112 second bal­
ance time; instant change of 
chart speeds; quick paper roll 
change; remotely controlled 
"jump" speed (optional); many 
options for recorder-controller 
use. $1800. 710lA I-pen, $1390_ 
Single range, single speed, 2-pen 
Model 7102A, $1100. I-pen 
Model 7103A, $875. 

Moseley Division of Hewlett­
Packard today offers over 40 x-y 
recorders in all paper sizes, l­
and 2-pens, bench, rack or metric 
models, plus a wide line of ultra­
compact, solid-state 5" and 10" 
strip-chart recorders for labora­
tory or industrial use. 

Write for complete catalog. Moselev 
Division, 433 N. Fair Oaks Ave., Pasa­
dena, California 91102. 
Data subject to change without notice_ 
Prices f.o.b_ factory_ 'T. M .. Pat. Pend. 

HEWLETT _ 
PACKARD {hpJ MOSELEY 

9955 - DIVISION 

THE COVER 

The painting on the cover shows a yearling Pacific salmon swimming in a 
laboratory tunnel that measures its uptake of oxygen and hence indicates 
its rate of metabolism (see "The Swimming Energetics of Salmon," page 
80)_ The apparatus, which is called a respirometer, was devised by J. R_ 
Brett and his colleagues at the biological station operated by the Fisheries 
Research Board of Canada at Nanaimo in British Columbia; their objec­
tive was an investigation of the remarkable metabolic performance 
achieved by migrating salmon. The salmon is in a chamber through which 
water is pumped at velocities that can be changed, thus varying the 
amount of energy required by the fish. Behind the fish, but not shown 
in the painting, is a screen that delivers a mild electric charge if the salm­
on touches it; the fish quickly learn to avoid the screen and so are 
induced to continue swimming. The fish depicted in the painting is a hatch­
ery-reared member of the species known as the sockeye salmon (Onco­
rhynchus nerka); it is also frequently called the blueback or red salmon_ 
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He'll soon have It Tougher than a Jet Pilot. 
A cabbie driving from a fogbound air­
port into town has his hands full. And 
soon, more so than the pilot who brings 
in your jet. 

Why? 

Because completely automatic land­
ings are not far off. 

Flight delays and cancellations will 
then be only bad memories. (Last year, 
low ceilings cost airlines $70 million.) 

A new ITT radio altimeter is a critical 
component of the BLEU Systems that 
has 15,000 test landings behind it. 

This altimeter guides the aircraft via 
the autopilot during the final 60 feet of 
the approach and touchdown. 

It's the latest refinement in instru­
ment landing techniques. The ILS (In­
strument Landing System) was devel­
oped by an ITT company. Every 30 sec-

onds somewhere in the world an aircraft 
lands safely using an application of ILS. 

Another significant ITT advance is 
DME (Distance Measuring Equipment) 
which continuously tells pilots their pre­
cise distance from the ground station 
within a radius of 300 miles. 

International Telephone and Tele­
graph Corporation, New York, New York. 

ITT 
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LETTERS 

Sirs: 
After reading the article by Professor 

Cyrus H. Gordon ["The Greeks and the 
Hebrews, " SCIENTIFIC AMERICAN, Feb­
ruary] I should like to enter a caveat on 
the subject of translations of the 
Phaistos disk (page 106). 

In The Times for May 20 it is said: 
"The Professor is working on the as­
sumption that . . .  the disc . . .  should be 
regarded as a ceremonial or decorative 
fOlm of writing the language of Linear 
A script, i.e. North-West Semitic. " It is 
clear from both this and your account 
that Professor Gordon reads the text 
from the center of the spiral out­
ward. Gordon's statements are properly 
hedged with doubts. 

Other recent authors, however, have 
stuck their necks out. Professor Benja­
min Schwartz (Journal of Near Eastern 
Studies, Vol. 18, pages 105-112, 222-
228; 1959) writes: "The language of the 
Phaistos Disc is Indo-European, prob­
ably the same as or similar to the My­
cenaean Greek of the Linear B tab­
lets . . .. The Phaistos Disc . . .  now stands 
solved [by Schwartz], at least in its 
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main features. " Schwartz reads the in­
scription from the outside toward the 
center. 

H. D. Ephron (Harvard Studies in 
Classical Philology, Vol. 66, pages 1-91; 
1962) finds that the language of the 
inscription is a dialect of Mycenaean 
Greek. "We must conclude that the 
printing was done from the center out­
ward, left to right. " He has no doubts 
as to the correctness of his own solution 
and remarks of Schwartz's work: "Ig­
nore any claims of solution for reasons 
discussed . . . .  " 

Professor S. Davis writes (The Phais­
tos Disk, Witwatersrand University 
Press, and by implication in Gmece and 
Rome, Vol. 11, No. 2, page 106; 1964): 
"The decipherment of the Phaistos Disk 
[by Davis] proves beyond the slightest 
doubt that the language of the inscrip­
tion is Hittite. " He reads the inscription 
from the edge of the disk toward the 
center. 

Personally, as a result of physical ex­
periments, which none of the authors 
quoted appears to have attempted, I 
must agree with John Chadwick. He 
writes (The Decipherment of Linear B, 
page 19): "The direction of the writing 
is from right to left " (meaning from the 
periphery inward). If this is so, then 
Gordon's partial translation falls. 

Comparing the judgments of the 
four scholars quoted above (Gordon, 
Schwartz, Ephron and Davis), we must 
conclude: (1) that their results are abso­
lutely incompatible with one another 
and (2) that at least three out of four­
a majority-are certainly mistaken. Fur­
thermore, since all four believe them­
selves to be correct, not only must a 
majority be mistaken in their techniques 
but also (3) the standards of self-criti­
cism and of assessment of evidence of 
the majority (from which we must ex­
cept Gordon, who qualifies his state­
ments) must be illusory. 

As a spectator of this parade of schol­
arship I am tempted to shout: "But the 
Emperor has no clothes on!" 

ALAN MACKAY 

Department of Crystallography 
Birkbeck College 
University of London 
London 

Sirs: 
The crowding of signs on the Phaistos 

disk always takes place on the right­
hand end of words; therefore the script 

must go from left to right, because 
crowding is never called for at the be­
ginning but only at the end when space 
runs out. As a glance at the disk will 
show, this direction of the script means 
that the writing starts out at the center. 
Other Minoan texts found on Crete con­
firm the Cretan origin of the disk and 
show that it was not imported. Accord­
ingly it is no surprise that the direction 
of the writing (from left to right) agrees 
with Linear A and B and that the signs 
in profile face right exactly as their 
equivalents in Linear A and B do. 

The principle of acrophony is the 
new factor that marks an advance over 
earlier studies; it provides an additional 
and objective control over the phonetic 
values. It yields a number of consistent 
and interlocking readings including a 
whole formula attested in Ugaritic liter­
ature. In other words, the internal evi­
dence now has external support. 

CYRUS H. GORDON 

Chairman 
Department of Mediterranean Studies 
Graduate School of Arts and Sciences 
Brandeis University 
Waltham, Mass. 

Sirs: 
On reading the article in the March 

issue of SCientific Amel'ican on "Learn­
ing in the Octopus " I was inspired to 
write this poem. 

The brain of an octopus 
Surrounds its esophagus; 
An outstanding feature 
Of this tractable creature! 
It shows no animosity 
To our curiosity, 
And feels little strain 
When deprived of its brain. 
(But it does show signs 

of a memory wane. ) 

Upon seeing a crab 
It may reach out and grab. 
But a crab plus a square 
Tells this creature, Beware, 
You might get a shock 
Or a powerful knock! 
It's easy to train, 
But it cannot retain. 
(This marvelous octopus 

minus a brain. ) 

ANN M. MAYER 

Cambridge, Mass. 
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If you can't afford to buy 
a computer, buy part of one. 

It works just as well. 

Try it. Chip in with other firms in your area and buy an 
NCR computer. You can all use it. It's being done by many 
banks and other businesses, all over the country that need 
the speed, accuracy and efficiency of electronic computa-

VISIT THE NCR PAVILION AT THE N. Y. WORLD'S FAIR. 

tion. Or rent time on an NCR·owned computer at your local 
NCR data processing center. Either way, you'll get the 
benefits of NCR's unmatched systems and service. Your 
local NCR man will help you make either arrangement. 

THE NATIONAL CASH REGISTER CO. ® 
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50 AND 100 
YEARS AGO 

AUGUST, 1915: "A year ago the 
assertion frequently was made that the 
Teutons would meet with their greatest 
success in the opening months of the 
war, and that the greater numbers and 
superior resources of the Allies would 
soon begin to tell. The truth has turned 
out to be just the reverse. The Teutons' 
star was never so dim as during the 
first few months of the war and never 
so bright as now at the end of the first 
year. Their resources in trained soldiers 
have been vast enough to enable them 
as the war progressed to overcome the 
disparity in numbers and match man 
for man on the battlefields, while in 
ammunition and other essential war ma­
terials their supplies have been greater 
than those of the Allies. With a condi­
tion of stalemate in France and the 
Dardanelles and with Italy checked 
on the Isonzo, while victory perches on 
the banners of the Teutons in Russia, 
the beginning of the second year of the 
great war promises to mark the begin­
ning also of the first decisive stage of 
the conflict." 

"Not long ago there appeared a no­
tice in Swiss papers saying that England 
was building aeroplanes of immense 
size, able to carry 16 men. SCIENTIFIC 

AMERICAN is informed that Germany 
will soon begin the construction of simi­
lar aeroplanes (triplanes) of enonnous 
dimensions. These machines are to be 
three times as big and strong as the 
ordinary flying machine. They are to 
carry as many as 20 men. This crew has 
to work four machine guns and one light 
field piece mounted in a special little 
armored turret. Eight Maybach motors, 
similar to those used by the Zeppelin 
airships, are to drive the apparatus 
through the air. The motors are coupled 
in pairs and drive four propellers. The 
propellers can be shifted in position so 
that they serve for steering in a hori­
zontal plane. Manual steering is resorted 
to only for elevating or depressing the 
machine. All other movements are ef­
fected by the motors. The triplane will 
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fly with two propellers only, if need be, 
and travels at high speed when four of 
the propellers are turning. The machine 
is armored." 

"The number of naked-eye variable 
stars has recently been computed by 
Mr. Harlow Shapley and is much larger 
than was supposed a few years ago. 
According to Mr. Shapley's enumera­
tion, there are five variables of the first 
magnitude or brighter, two between the 
first and second, eight between the sec­
ond and third, 20 between the third 
and fourth, 22 between the fourth and 
fifth and 49 between the fifth and sixth, 
making a total of 106. This is about 
3 per cent of the total number of stars 
(3,330) visible to the naked eye. More­
over, these figures do not include a 
number of bright stars which have re­
cently been suspected of small variation 
by Lau and Guthnick, although, says 
Mr. Shapley, many of them will prob­
ably be admitted soon to the list of 
known variables. If these were included, 
the percentage of naked-eye variables 
would be increased from 3 to more 
than 5." 

AUGUST, 1865: "A new railway, 
worked by stationary steam-engines, has 
of late been exhibited near Camberwell 
Gate in London. This railway is the 
invention of a Mr. Halliwell and is 
worked, somewhat like the old atmo­
spheric line at Croydon, by forced or 
exhausted air in a tube, which is placed 
between the rails and runs along the 
whole length of the line, by which the 
use of the locomotive engine is super­
seded. The patentees, Messrs. Halliwell 
and Allison, claim for the invention that 
lighter rails and sleepers can be used, 
one-half of the coal saved and the tear 
and wear on the rails made not half so 
great. The tube, which is of cast iron, 
is 18 inches in diameter, more or less. 
On the tube is a sliding valve of iron, 
which is so tight, it is said, that it will 
stand as much pressure as any other 
part of the tube. A lifting valve of 
leather, which could not be made tight 
and was the main cause of its failure, 
was used by the old atmospheric rail­
way. A stationary engine will be placed 
at intervals of five miles, more or less, 
with self-acting valves, so that through 
trains may be run any distance without 
stopping. With regard to the speed of 

the train, that, it appears, may be car­
ried as high as 50 or even 100 miles an 
hour." 

"Professor Wheatstone has construct­
ed a very powerful thermo-electric bat­
tery on the principle of that exhibited 
by Mr. Ladd at the Royal Institution. 
The battery constructed by Professor 
Wheatstone consists of 60 pairs of small 
bars, and its electro-motive force is said 
to be equal to that of two of Daniell's 
cells. Not unnaturally, this thermo­
electric battery is exciting the imagina­
tions of men of science, causing them 
to call up wonderful visions of a future 
when much of the work of the world 
shall be done by sunshine. A contem­
porary suggests that, 'like windmills, 
thermo-electric batteries might be erect­
ed all over the country, finally convert­
ing into mechanical force, and thus in­
to money, gleams of sunshine, which 
would be to them as wind to the sails 
of a mill. What stores of fabulous wealth 
are, as far as our earth is concerned, 
constantly wasted by the nonretention 
of the solar rays poured on the Desert 
of Sahara. Nature here refuses to use 
her wonderful radiation net, for we 
cannot cover the desert sands with 
trees, and man is left alone to try his 
skill in retaining solar energy. Hitherto 
helpless, we need not be so much 
longer, and the force of a Sahara sun 
may be carried through wires to Cairo 
and thence irrigate the desert, or pos­
sibly, if need be, it could pulsate under 
our streets and be made to burn in 
Greenland.' " 

"By the time this notice reaches the 
public the Great Eastern will probably 
have begun her eventful voyage. All 
that the experience of previous attempts 
at laying the Atlantic cable could sug­
gest, all that the most earnest and pains­
taking foreSight could anticipate, has 
been done; everything now rests with 
the weather." 

"On the 28th day of August, just 20 
years ago, Rufus Porter issued to the 
public the first number of SCIENTIFIC 

AMERICAN in a brief address, wherein 
he announced to the sovereign people 
that he should advocate the pure Chris­
tian religion, without forming any par­
ticular sect, and should develop the 
beauties of nature, which consists in the 
laws of mechanics, chemistry and other 
branches of natural philosophy. The 
present editors and proprietors assumed 
the control of the paper on July 30, 
1846." 

© 1965 SCIENTIFIC AMERICAN, INC



Report from PULSE-CODE MODULATION-

BELL 
LABORATORIES 

Experimental terminals operate 

at 220 megabits per second 

Demonstration of the effect of Pulse-Code Modulation coding of 

television images transmitted over experimental 220-megabit 

system. With black and white images, each code corresponds 

to a shade of gray. In the extreme case where samples are coded 

to only one digit (left), two shades (dark and light or black 

and white) are possible-producing a high-contrast image. 

With 4-digit coding (center) up to 16 shades of gray are possible 

-producing an image with objectionable contouring. With 

7-digit coding (right) there are sufficient levels to produce 

good television picture quality. Up to 9 digits per code may 

be required, however, when signals are transmitted over a 

number of Pulse-Code Modulation systems used in tandem. 

Pulse-code modulation-one of the 
most interesting and promising tech· 
niques of communications technol· 
ogy-is simple in concept (see draw· 
ing). As with all new system concepts, 
however, peM requires thorough 
research and skillful design to make 
it a practical reality. 

A peM system has been developed 
at Bell Telephone Laboratories and 
is now in widespread commercial 
service. This system, operating at 
1.5 megabits per second, is proving 
useful in transmitting telephone 
voices and data over short dis­
tances, particularly in large cities, 
and other peM transmission sys­
tems are being actively studied. 

To realize more of peM's potential, 
it is necessary to go to higher and 

higher rates of transmission. In 
doing this, ever more difficult prob­
l ems are encountered-problems 
that lie on the frontiers of the tech­
nologies of devices, materials, cir-. 
cuits and systems design. 

To demonstrate what can be done 
in this field and to gain valuable 
experience with peM at high trans­
mission rates, Bell Telephone Labo­
ratories engineers have developed 
experimental peM terminals that 
operate at 220 megabits per second. 

At the transmitting terminal a color 
or black and white television signa I 
and hundreds of telephone voice or 
other signals are sampled, coded 
and "mixed" (multiplexed) together. 
The receiving terminal demultiplexes 
or separates the various signals, de-

codes them, and restores them to 
their original form. 

This experimental system has 
demonstrated that peM systems 
with pulse rates up to 220 megabits 
per second are indeed feasible. 
High-speed electron-beam and solid­
state encoders, a thin·film decoder, 
and other advanced components 
and techniques are utilized. These 
advanced techniques include ar­
rangements for removing time "jit­
ter" from the received pulse stream 
and provision for synchronizing 
terminals in a network of intercon­
nected peM systems. 

@ Bell Telephone Laboratories 
-r- Research and Development Unit of the Ben System 
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Concept of PCM: Wavy line shows a time-varying current, which 

represents an analog communication signal such as human speech 

or a television picture. Electronic PCM circuits periodically "look" 

at or sample the signRI, measure its amplitude, and convert each 

measurement into a digital code. For example, at time tn the PCM 

circuits look at the signal at A. The height or level of sample A 

is then electronically compared with a built-in "scale." In this 

simplified illustration the level of the sample is 6, so 6 is encoded 

(in the binary number system, 6 would be 110, represented as 

shown by pulse, pulse, no-pulse). Codes from many signals may 

be interleaved in time, and a stream of electrical pulses repre­

senting all signals is sent over a transmission line. At the receiving 

terminal, other PCM circuits perform the inverse functions to 

restore the signals to their original analog forms. The experi­

mental terminals operate with up to 512 codes per sample, and 

can code a sample into a 9-bit code in 80 nanoseconds_ 
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"INSTANT INVENTORY" FOR RAILROAD CARS 
(It's as fast as a flash camera!) 

With a furious clatter a freight train 
barrels by at 60 mph. The car num­

bers? A blur. Impossible to read with 

the naked eye. But a fast "electronic 

reader" can do it. That's what the 

scientists of a GT&E subsidiary have 

developed. 

Why this "instant inventory"? Be­

cause railroads rent each other's 

cars-and pay daily charges. Some 

roads could save $10,000 a day, by 

-Trademark 

knowing the position of every car at 

all times. "Visiting" cars could be 

quickly returned. 

That's why our scientists de­

veloped the KarTrak* automatic car 

identification system. A trackside 

optical scanner sweeps the passing 

train with a beam of light, cutting 

through fog, snow-even thick dirt. 

The light bounces back from stripes 

of SCOTCHLlTE® Reflective Sheet-

ing. Each stripe represents a num­

ber which the scanner reads, trans­

lates into digits, transmits instantly 

to headquarters. 

At GT&E, research gets results­

in communications, chemistry, 

electronics, lighting, metallurgy. Re­

search, in a climate of innovation, is 

our solid base for future growth. 

General Telephone & Electronics 

Laboratories, Inc. 

"m'"U"�:::��:'=�::��ORIES OF �E 
GENERAL TELEPHONE & ELECTRONICS G�L 
730 THIRD AVE.. N. V.l 0017· GT&E SUBSIDIARIES. General Teleohone Do",'ing Cos. in 33 states' GT& E laborator", • GT&E International· General T eleohone Directory Co.' Automatic Electric ·lenkurt Electric· Svlvania Electric 
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Residential Segregation 

An objecti{)e index shows that in e{)ery American city Negroes li{)e 

separately from whites. Of the three principal causes-choice, 

po{)erty and discrimination-the third is by far the strongest 

S
ome eight years ago this magazine 

carried a prediction that "the 
'racial problem' of the U.S., still 

festering in the rural South, will be­
come equally, perhaps most acutely, a 
problem of the urban North" [see 
"Metropolitan Segregation," by Morton 
Grodzins; SCIENTIFIC AMERICAN, Octo­
ber, 1957]. One need only recall the 
headlines of the past few years con­
cerning racial strife in New York, Bir­
mingham, Montgomery, Cleveland, San 
Francisco and many other cities to rec­
ognize that the "racial problem" has in­
deed moved into the urban North-and 
also into the urban South. A profound 
social change underlies these events; it 
is reflected in the figures of the 1960 

census, which show that a higher per­
centage of Negroes than of whites live 
in cities. Ten large cities in the North 
and West contain the overwhelming 
majority of the Negroes in those regions, 
which in tum contain 40 percent of the 
nation's Negro population. In the South 
more than half of the Negroes are city 
dwellers. 

Perhaps the most striking feature of 
the life of Negroes in cities is the segre­
gation of their residences from the 
residences of whites. This ghetto situ­
ation is one of the most pronounced and 
most tenaciously maintained forms of 
segregation the Negro American faces. 
Residential segregation in tum under­
lies many other problems. From it arises 
de facto segregation in schools, hos­
pitals, libraries, parks, stores and a 
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variety of activities carried on within 
neigh borhoods. 

Residential segregation is particular­
ly amenable to quantitative study be­
cause it is expressed in the physical 
location of white and Negro households. 
This situation is readily apparent in the 
illustration on page 14, which shows the 
distribution of the Negro population in 
Chicago. Even a cursory inspection 
shows that Negro residential areas are 
clearly distinct from white residential 
areas. A similar map of any other large 
city in the U.S. would also show a high 
degree of residential segregation. 

Work of this kind has a deficiency, 
however, in that it leaves open a ques­
tion: Which of two or more cities be­
ing compared has the greater degree 
of segregation? The kind of ambiguity 
that can arise is indicated by two maps 
published by a newspaper in Chicago a 
few years ago showing the patterns of 
residential segregation in Chicago and 
Birmingham. The accompanying head­
line declared that Chicago was the more 
segregated because its all-white areas 
were more extensive than Birmingham's. 
The same maps could have been used to 
argue that Chicago was the less segre­
gated because its all-Negro areas were 
less extensive than Birmingham's. Both 
statements are true, and both reflect 
the fact that Negroes constitute a much 
larger proportion of the population in 
Birmingham than in Chicago. 

What is needed in the measurement 
of residential segregation is a technique 

that does not lend itself to ambiguous 
interpretation. Such a technique would 
summarize the degree of residential 
segregation in a city independently of 
the percentage of Negroes in the city 
and of any subjective judgments. A 

measure of this kind is the "index of dis­
similarity," which is widely used in 
studies of population distribution. The 
index compares two percentage distribu­
tions. When it is adapted to the com­
parison of white and Negro residential 
distributions, it is commonly called a 
"segregation index." 

The rationale of the segregation in-
dex is that if there were no forces 

working toward residential segregation 
in a city, any given neighborhood 
would show about the same proportion 
of whites, Negroes and other races as 
one would find in the city as a whole. In 
other words, if the population of a non­
segregated city were half Negro and 
half white, the residents of any city 
block would be equally divided be­
tween the two races. Such a situation 
would produce a reading on the segre­
gation index of zero. A reading of 100 

is obtained when there is complete resi­
dential segregation: there are no Negro 
residents in white neighborhoods and no 
white residents in Negro neighborhoods. 

With the necessary data in hand any­
one can calculate a segregation in­
dex for a city by the method I use. 
First identify each neighborhood in 
which the percentage of Negro house-
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PATTERN OF SEGREGATION appears in these photographs of 

playgrounds in New York City. The photograph above shows a 

playground at a public school in Harlem, an overwhelmingly Negro 

section of the city. The photograph below shows a playground at a 

public school on East 81st Street in a predominantly white section. 

Similar segregation by race is evident in every major American city. 

13 

© 1965 SCIENTIFIC AMERICAN, INC



CHANGING CHARACTER of Chicago neighborhoods is reflected by the colors in this 

map. Dark color sbows areas with more than 25 percent Negro population in 1950; medium 

color, the same information for 1960; light color, for 1964. White areas are all·white 

neighborhoods; gray shows nonresidential sections. Data are based on a map prepared by 

the Chicago Urban League. Boundaries define 76 "community areas" set up by researchers 

at University of Chicago for statistical purposes; light gray shows water or noncity areas. 

holds is higher than the percentage in 
the city as a whole. Find the number of 
Negro households and of white house­
holds in these areas. Calculate the per­
centage of the city's Negro households 
contained by the areas (a figure that is 
often above 90 percent) and the per­
centage of the city's white households in 
the areas (typically about 10 percent). 
The difference between the two per­
centages is the city's reading on the 
segregation index. To put it another 
way, a reading of SO on the segregation 
index would indicate that SO percent 
of the Negroes would have to be re­
distributed to predominantly or exclu­
sively white blocks if the city were 
to achieve an unsegregated pattern of 
residence. 

Two particular advantages can be 
cited for this index in comparison with 
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other techniques that have been pro­
posed for the measurement of residen­
tial segregation. The index has no direct 
dependence on the percentage of Ne­
groes in a city, and it is relatively easy 
to calculate. On the other hand, cer­
tain hazards should be noted. Like any 
single index used to represent a com­
plex phenomenon, the segregation in­
dex is a summary device that does not 
reRect all the subtleties of the actual 
situation. It does not indicate the char­
acter of the residential segregation in 
a city-that is, the strength of white 
feelings about where Negroes should 
live or the strength of segregation's 
emotional impact on Negroes-nor does 
it reveal the precise spatial configura­
tion of Negro residential areas. In short, 
the best way to summarize the index 
is to say that it is a strictly objective 

measure, based on census data, of the 
general unevenness in the distribution 
of white and Negro households among 
residential neighborhoods. 

The segregation index can be calcu­
lated from data for any set of residential 
areas: wards, precincts, census tracts, 
blocks and even the usually vague con­
cept of a neighborhood. In general, the 
smaller the areas used in the calculation, 
the higher the degree of segregation 
that will be found. I prefer to use 
data for individual city blocks, because 
a calculation made on this basis shows 
the "fine structure" of the segregation 
pattern. 

I have calculated the segregation in­
dexes for 207 American cities-all the 
cities for which block data are available 
and that had at least 1,000 nonwhite 
households in 1960. The readings for 
these cities range from 60.4 in San Jose, 
Calif., to 9S.1 in Fort Lauderdale, Fla. 
Half of the cities have segregation in­
dexes above S7.S, half below. 

No elaborate analysis is necessary 
to conclude from these figures that a 
high degree of residential segregation 
based on race is a universal characteris­
tic of American cities. This segregation 
is found in the cities of the North 
and West as well as of the South; in 
large cities as well as small; in nonin­
dustrial cities as well as industrial; in 
cities with hundreds of thousands of 
Negro residents as well as those with 
only a few thousand, and in cities that 
are progressive in their employment 
practices and civil rights policies as well 
as those that are not. 

N
egroes are of course not the only 
minority group subjected to preju­

dice and discrimination. How does the 
residential segregation of Negroes com­
pare with that of Puerto Ricans in New 
York City, of Mexican-Americans in Los 
Angeles, of Japanese and Chinese in 
San Francisco? The segregation index is 
adaptable to questions of this type. One 
change is necessary in the method of 
calculation: instead of using data from 
city blocks, one must switch to census­
tract data, which provide a more 
detailed ethnic classification. (Census 
tracts are statistical areas established by 
the Bureau of the Census for the study 
of small sections within cities; the tracts 
average about 5,000 in population.) 

On the basis of census-tract data for 
1960 it is possible to consider three 
groups in New York City: Negroes, 
Puerto Ricans and "other whites." (This 
discussion will ignore the fact that a 
few Puerto Ricans are Negroes.) Indexes 
calculated for each group show that 
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Puerto Ricans and Negroes are both 
segregated from "other whites." The 
degree of Negro segregation, however, 
is much higher. In addition there is 
considerable residential segregation of 
Puerto Ricans from Negroes [see bot­
tom illustration on next page]. 

For Los Angeles in 1960 census-tract 
data permit identification of four 
groups: (1) Negroes; (2) other races, 
meaning nonwhites other than Negroes 
-mainly Japanese and Chinese; (3) 
whites of Spanish surname, a classifica­
tion that provides a rough approxima­
tion of the Mexican-American popu­
lation, and (4) "other whites." Segrega­
tion indexes making six comparisons 
among these groups are shown in the 
bottom illustration on the next page. 
The highest of the six indexes is the one 
comparing Negroes and "other whites." 
The second- and third-highest indexes 
are for the other comparisons involving 
Negroes. In other words, Negroes are 
markedly segregated from all other resi­
dents of the city. Lpwer index values 
appear in the comparisons of "other 
races," "whites of Spanish surname" 
and "other whites" with each other. 

A different kind of analysis can be 
made for San Francisco. For that city 
data are available allowing assessment 
of the trends in segregation between 
1940 and 1960 among whites, Negroes 
and other races. In 1940 San Fran­
cisco's Negro population was quite 
small, numbering only 5,000. During 

0-10 

and after World War II it increased 
rapidly, reaching 74,000 by 1960. The 
population of other races also grew, 
from 27,000 to 62,000. (Chinese make 
up the largest portion of this group, al­
though it also includes a sizable num­
ber of Japanese.) In the early 1940's 
the rapidly growing Negro population 
took over much of the housing vacated 
by the Japanese when they were moved 
to wartime relocation centers. The Japa­
nese returning after the war developed 
new residential patterns. These trends 
are evident in the illustration at the left 
on page 17, which shows that the segre­
gation of whites from other races has 
diminished sharply since 1940. As mem­
bers of other races have dispersed 
from Chinatown and the Japanese colo­
ny they have adopted a residential pat­
tern more like that of the city's whites. 
Concurrently their segregation from Ne­
groes has increased. In contrast, resi­
dential segregation of Negroes from 
whites has remained at a high level 
throughout the two decades. 

Similar trends can be found in many 
Northern cities, although the explana­
tion is different. Half a century ago, 
when the immigration of Europeans was 
at its peak, Northern cities contained 
assorted ethnic colonies. At that time 
the Negro population in these cities 
was small. The vast migration of Ne­
groes from the South to the North began 
during World War I, which marked 
the period when European immigration 

dropped sharply. Stanley Lieberson, one 
of my colleagues at the University of 
Wisconsin, has examined the chang­
ing patterns of residential segregation 
among the European immigrants and 
has found that in 1910 some ethnic 
groups were as segregated from native 
whites as Negroes were. Since 1910, 
however, the residential segregation of 
every group of European descent has 
been declining, whereas segregation of 
whites from Negroes has been increas­
ing. 

In the South historical data also 
show a long-tetlli trend of increasing 
residential segregation of Negroes from 
whites. A special census of Charleston, 
S.C., in 1861 showed that whites and 
slaves were only slightly segregated 
from each other. In that era, of course, 
most urban slaves were housed in a 
walled-off portion of their owner's resi­
dence or in separate slave quarters 
on his property. By 1910 Negro-white 
segregation had risen appreciably in 
Charleston. Segregation indexes calcu­
lated for subsequent census years con­
firm a century-long increase. 

The best-documented pattern of 
steadily increasing residential segrega­
tion in Southern cities uses special com­
pilations of data from city directories 
for Augusta, Ga., which distinguish be­
tween whites and Negroes [see illustra­
tion at Tight on page 17]. Similarly de­
tailed information is not available for 
other cities. Many miscellaneous data, 

CJ 
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NEGRO DISTRIBUTION in Birmingham, 

Ala., is shown according to data ohtained in 

the 1960 censns. The outlined areas are census 

tracts, which are suhdivisions established by 

the Bureau of the Census for the purpose of studying small areas 

within cities; the tracts average about 5,000 in population. The key 

at left indicates how the map can be read to show the percentage 

of Negroes in the population of each census tract in Birmingham. 
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• PORTLAND 
83.8 84.3 76 7 

SAN FRANCISCO • 
82.9 79.8 693 • 

DENVER 

MINNEAPOLIS
. 88.0 86.0 79 3 

MILWAUKEE 
92.9 91.6 881 

• 

OMAHA 
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• LOS ANGELES 
84.2 84.6 81.8 

REGIONAL CHANGES in residential segregation between 1940 and 1960 are indicated for 

four regions: Northeast, North Central, West and South. The numerals give each city's "seg­

regation index" for 1940, 1950 and 1960; a rising index indicates increasing residential 

segregation in the city. The trend of segregation in each region between 1950 and 1960 

is indicated by the colors: light for a downward trend and dark for an upward trend. 
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SEGREGATION INDEX 

COMPARATIVE SEGREGATION of Negroes and other racial or ethnic groups is sbown 

for two cities. Readings are in terms of segregation indexes for 1960. For example, compari. 

son of Negroes with "other whites" (meaning whites other than Puerto Ricans) in New York 

shows that 80 percent of Negroes would have to be redistributed to achieve desegregation. 
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however, support the supposition that 
residential segregation was at a mini­
mum during slavery and that subsequent 
years have brought the gradual oblitera­
tion of older patterns in favor of more 
segregated ones . 

S
ystematic analysis of trends in resi-
dential segregation can begin with 

1940, when the Bureau of the Census 
started publishing data for city blocks. 
On the basis of these data I have con­
structed a series of segregation indexes 
covering 1940, 1950 and 1960. The in­
dexes show the trends in the 109 cities 
for which block data were published 
and that contained at least 1,000 non­
white households in 1940. Residential 
segregation of whites from nonwhites 
was quite pronounced in all 109 cities 
by 1940. Even so, by 1950 the segre­
gation scores for 83 of these cities had 
advanced to new peaks. The average 
among the 109 cities was an increase 
of 2.1 points, from 85.2 to 87.3. 

A different story appears in the next 
decade. Between 1950 and 1960 only 
45 cities registered increases; 64 showed 
decreases. The average for the 109 
cities went down 1.2 points to 86.1 [see 
top illustmtion at left J. 

An average, of course, conceals in­
dividual performances. Examination of 
the changes in the two decades re­
veals some interesting variations be­
tween regions. From 1940 to 1950 
the majority of cities in every region­
Northeast, North Central, West and 
South-experienced increases in segre­
gation, but the average increase was 
larger in the South (3.6 points) than in 
any other region. Cities in the North 
Central region showed an average in­
crease of 1.5 points; the change among 
cities in the Northeast and the West 
was upward but negligible. 

The contrast between Southern cities 
and those in other regions became more 
pronounced in the next decade. Among 
Southern cities the average of the seg­
regation indfxes rose 2.2 points be­
tween 1950 and 1960. In each of the 
other regions the average went down­
rather sharply in the West (6.5 points) 
and the Northeast (4.7), less markedly 
in the North Central states (1.5). 

Two generalizations can be made on 
the basis of these trends. The first is that 
many Southern cities are approaching 
the upper limit of complete segregation. 
Secondly, even if the 1970 census 
should show that the declines in the 
other regions continued during the pres­
ent decade, it would still be many dec­
ades before residential segregation of 
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SEGREGATION TRENDS in San Francisco are shown in compari. 

sons of whites, Negroes and other races from 1940 (light bars) to 

1950 (medium bars) and 1960 (dark bars). The term "other races" 

refers mainly to the city's residents who are of Oriental origin. 

RISING TREND of residential segregation in the South is indio 

cated by the situation in Augusta, Ga. The data for the years before 

1940 are based on city directories, which distinguished between 

white and Negro residents. Later data are from census reports. 

whites from Negroes reached low levels 
in any part of the country. The modest 
declines during the 1950's in three 
regions do not conceal the fact that 
throughout the nation residential seg­
regation continues to be a serious social 
problem. 

D
iscussions of regional differences 
in segregation often bog down in 

unsubstantiated generalizations or out­
right polemic. Rather than attempt an 
intuitive interpretation of the changes 
in segregation, I undertook a more 
formal assessment. For each of 69 
cities for which all the necessary data 
could be obtained I calculated five 
variables showing changes in the city's 
characteristics between 1940 and 1950 
and between 1950 and 1960. The five 
variables were: rate of growth of the 
white population; rate of growth of the 
nonwhite population; rate of suburbani­
zation; rate of new housing construc­
tion, and degree of improvement in the 
occupational level of nonwhite workers. 
With these figures in hand I assessed 
by statistical methods whether or not 
a city's change in segregation during a 
decade was related to changes in any of 
the five variables. 

This is not the place to go more fully 
into the methodology of the study. Suf­
fice it to say that the results of the 
analysis allow an interpretation that 
avoids the pitfalls of regional chauvin· 

ism. The analysis led to the following 
interpretation of the changing trends in 
residential segregation. 

In cities throughout the country lit­
tle new housing was built during the 
depression years of the 1930's and the 
war years of the 1940's. About the only 
exceptions were public housing and 
war-housing projects. These were almost 
invariably occupied on a segregated 
basis-either by public policy, the loca­
tion of the site or informal controls. 
Rapid population growth stimulated by 
wartime industrialization gave rise to 
severe strains on the urban housing 
market. Extremely low vacancy rates 
were one index of the tight housing 
market that persisted throughout the 
1940's. The situation was particularly 
serious for Negroes: Negro residential 
areas could not be expanded into sur­
rounding white areas, but Negroes con­
tinued moving into the cities. 

In these circumstances neither the 
pressures of rapidly growing Negro pop­
ulations nor the improving economic 
status of Negroes could have much ef­
fect on patterns of residen tial segre­
gation. With Negro residential areas be­
coming increasingly overcrowded, slight 
increases in the segregation index were 
common. In some cities, particularly 
smaller and more recently settled 
Southern cities that still had vacant 
land available for residential develop­
ment, there was considerable new con-

struction in the late 1940's. Virtually 
all of it was occupied on a segregated 
basis. These developments account for 
the large increases in the segregation 
indexes of the South. 

The housing shortage eased tremen­
dously during the 1950's. As millions of 
people-mainly white-flocked to new 
suburban housing, vacancy rates in 
cities climbed, levels of overcrowding 
among Negroes as well as whites were 
drastically reduced and Negro residen­
tial areas expanded. In Northern cities 
Negro populations continued to grow at 
a rapid rate. There was a large-scale 
turnover in the housing market as many 
higher·income whites obtained new 
housing, and lower-income whites and 
Negroes abandoned some of the worst of 
the old housing. Extensive highway con­
struction, urban renewal and public 
housing projects contributed to residen­
tial change. 

The statistical analysis shows that 
in this more permissive housing-market 
situation the pressures for housing for 
the growing Negro populations, to­
gether with the demand for improved 
housing created by the improving eco­
nomic status of Negroes, were able 
to counteract and in many cases to 
overcome the historical trend toward 
increasing residential segregation. In 
Southern cities Negro population 
growth was slower and economic gains 
were less. The long.term trend toward 
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ACTUAL AND EXPECTED segregation indexes are shown for 15 cities on the basis of 1960 

census-tract data. The comparison relates to the argument that the poverty of Negroes is the 

sole cause of residential segregation. The "expected" indexes (dark bars) show how much 

racial segregation there would be if the amount paid for housing were the only cause of 

segregation. Actual segregation indexes (light bars) are much higher, indicating that 

factors other than poverty are involved in the determination of Negro housing patterns. 
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increasing segregation slowed but was 
not reversed. 

Improved economic circumstances 
among Negroes can, in a permissive 
housing market, be effective in reduc­
ing levels of residential segregation. 
This much is demonstrated by events of 
the decade from 1950 to 1960. The 
implications of this finding, however, 
should not be exaggerated. The rela­
tion shown by the statistical analysis 
also indicates that even if Negroes 
gained full economic equality at some 
time in the distant future, their resi­
dential segregation from whites would 
still be considerable. 

G
unnar Myrdal suggested in An Amer-

ican Dilemma, his classic study of 
the race problem, three principal fac­
tors that could explain the prevalence 
of residential segregation. The first was 
choice: perhaps Negroes prefer to live 
in Negro neighborhoods. Myrdal grant­
ed that there was some truth in this 
notion, but he observed that the choice 
can hardly be considered a free one 
because it is made in a society in which 
discrimination and prejudice are wide­
spread-often to the point where many 
Negroes who move into white neighbor­
hoods are threatened with physical vio­
lence as weIl as social ostracism. 

The second factor is discrimination. 
Sometimes this may be outright, as it 
still is in the housing markets of most 
cities, both North and South. Some­
times it may be more subtle, as tends 
to be the practice in cities with "fair 
housing" legislation, where Negroes 
who seek housing in white areas are of­
ten put off by various stratagems and 
evasions. 

The third factor noted by Myrdal 
was poverty. To the extent that Negroes 
are unable to afford living in many 
areas of a city, segregation can re­
suIt from economic factors rather than 
from discrimination in housing. Op­
ponents of fair-housing legislation are 
often among those who are most vocif­
erous in support of this point of view, 
arguing that efforts to combat residen­
tial segregation should be directed pri­
marily toward improving the Negro's 
economic ability to compete in the 
housing market. Because this argument 
has such a plausible ring it is instruc­
tive to examine its empirical under­
pinnings. 

Empirical data usually turn out to be 
more complex than any simple hypothe­
sis would suggest, and this is certainly 
the case with data on race, income and 
residential segregation. In Chicago, for 
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example, nonwhite families in 1960 
constituted 20 percent of all families 
but only 8 percent of those families 
with incomes of $10,000 and over. 
Clearly the city's nonwhites are on the 
average poorer than the whites and 
hence are less able to pay high housing 
costs. Yet 1960 census data on rental 
housing show median rents for both 
white and nonwhite households to be 
$88 per month. If poverty were the only 
explanation for residential segregation, 
it would follow that rental housing 
should be comparatively unsegregated. 
In fact it is not. In the ownership mar­
ket it is apparent that Negroes are at 
a competitive disadvantage and that 
relatively few families can afford the 
more expensive new housing in the city 
and ,tbe suburbs. Most owners, how­
ever (both Negro and white), live in 
moderately priced housing. 

One might conclude at this point that 
the poverty explanation for the resi­
dential segregation of Negroes has some 
merit but is obviously not the full 
story. Before I leave the reader with 
that conclusion I should like to discuss 
the matter more fully. The poverty ar­
gument is seldom stated explicitly but 
seems to depend on four assumptions: 
(1) that families with different incomes 
live in different areas of the city; (2) 

that Negroes have lower incomes than 
whites; (3) that nonwhite families at 
any given income level are able to ob­
tain the same housing as whites at that 
level, and (4) that the observed pattern 
of residential segregation by race re­
sults from the first three assumptions. 

To test the poverty argument I shall 
accept the first three assumptions and 
subject the fourth to empirical exami­
nation. Researchers at the University of 
Chicago have divided the city of Chi­
cago into 76 "community areas" for 
statistical purposes [see illustmtion on 

page 14]. The 1960 census provides 
data on the distribution of income 
among the families in each area. Since 
nonwhite families account for 8.3 per­
cent of all families with incomes of 
$10,000 and over, assume that in each 
community area they do likewise. By 
making similar assumptions for each it1-
come bracket one can calculate the "ex­
pected" number of nonwhite families in 
each community area. This calculation 
gives the distribution of white and non­
white families that could be expected 
if Negro poverty were the sole explana­
tion for residential segregation. 

It should follow, if the poverty ex­
planation is valid, that the expected 
distribution of nonwhites is similar to 

the actual distribution. This, of course, 
is not the case. In contrast to the wide 
range in actual percentages of nonwhite 
residents, every expected figure is be­
tween 13 and 33 percent. The actual 
segregation index calculated from the 
data for community areas is 83; that 
calculated from the expected data is 10. 

The conclusion is inescapable that 
the poverty explanation for residential 
segregation has little merit. This con­
clusion does not apply only to Chicago. 
Experiments with several similar tech­
niques for 15 other cities revealed the 
same findings. In fact, the more refined 
the technique, the more unequivocal the 
finding, that is, the less the portion of 
residential segregation that could be 
attributed directly to economic factors. 

This point is reRected in the illustra­
tion on the opposite page, which shows 
the actual and expected segregation in­
dexes for the 15 cities on the basis of 
1960 census-tract data. In making these 
calculations I did not use the income 
distribution of families; instead I used 
the distribution of households-by value 
for owner-occupied units and by rent 
for renter-occupied units. In contrast 
with income, which indicates poten­
tial ability to compete in the housing 
market, this technique uses data on 

what families actually pay for housing. 
On this basis too the results show that 
Negroes are excluded from many resi­
dential areas in which their economic 
status would allow them to live. 

There is an even simpler demonstra­
tion of the inadequacy of the poverty 
explanation for residential segregation. 
The crucial assumption that white and 
Negro families at the same income 
level are not residentially segregated 
is patently false. In no city do high­
income Negroes live randomly scattered 
in the same neighborhoods as high­
income whites. In no city do low-income 
Negroes live in the same neighborhoods 
as the majority of low-income whites. 
Regardless of income, most Negroes live 
in Negro neighborhoods and most 
whites live in white neighborhoods. 

A summary assessment can now be 
made of the three factors cited by 
Myrdal. Neither free choice nor poverty 
is a sufficient explanation for the uni­
versally high degree of segregation in 
American cities. Discrimination is the 
principal cause of Negro residential 
segregation, and there is no basis for 
anticipating major changes in the seg­
regated character of American cities 
until patterns of housing discrimination 
can be altered. 

IMPACT OF SEGREGATION on Negroes who might otherwise be expected to exercise a 

free choice in housing is indicated by this block in the Harlem section of New York. Houses 

were designed by the architect Stanford White when Harlem was a white section; after it 

became Negro the block acquired the name "Strivers' Row" because so many white-collar 

and professional Negroes-barred from other areas by segregation-aspired to live there. 
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INFRARED ASTRONOMY 

The radiation in the spectral region between light and radio 

'waves carries much information about celestial objects. Ne,v 

detectors are making this information increasingly available 

by Bruce C. Murray and James A. Westphal 

The basic task of the astronomer 
is to record samples of the ra­
diation emitted and reflected by 

celestial objects. The obstacles to the 
fulfillment of this task are numerous. 
Historically they have included igno­
rance of the kind of radiation to look 
for, ignorance of the filtering action of 
the earth's atmosphere, and lack of in­
struments to detect radiation of certain 
wavelengths. 

In this article we shall describe brief-
1y how the obstacles have largely been 
surmounted in the infrared region of the 
spectrum. The radiation in this region, 
which lies between the visible spec­
trum and the microwave region of 
the radio spectrum, carries information 
needed to determine the surface tem­
perature of the moon and some of the 
planets and the nature of planetary at­
mospheres; it also bears unique clues 
to the nature of luminous objects 
throughout the universe-from very cool 
stars to the extraordinarily brilliant 
quasi-stellar sources. 

Until World War II advances in infra­
red astronomy were few and far be­
tween. Since then there has been rapid 
progress in infrared techniques and in 
the volume of new findings. Up to now 
the most important work has been done 
with earth-based instruments. The next 
stage, which is just beginning, is the use 
of balloons to carry instruments above 
most of the earth's atmosphere. Eventu­
ally, when satellite laboratories are large 
enough and reliable enough, they may 
make a valuable contribution. There is 
no danger, however, that ground-based 
observers will soon be unemployed: 
their infrared techniques are still being 
developed much faster, and yielding 
richer dividends, than those associated 
with balloons and space vehicles. 
. Infrared astronomy had its origin in 
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observations made by Sir William Her­
schel in 1800, long before there were 
photographic plates or other means for 
recording radiation. Using his eye as a 
detector, he observed the sun through 
"differently coloured darkening glasses" 
(that is, filters) . "What appeared re­
markable," he wrote, "was that when I 
used some of them, I felt a sensation 
of heat, though I had but little light; 
while others gave me much light, with 
scarce any sensation of heat." 

This prompted Herschel to conduct 
a famous experiment in which he used 
a prism to separate sunlight into its 
various colors and compared the tem­
perature at different points in the spec­
trum by means of a glass thermometer 
whose mercury bulb had been black­
ened with ink. Two other thermometers 
located out of the path of the sun's rays 
served as controls. Herschel was sur­
prised to find that the sunlit thermom­
eter showed a steady increase in tem­
perature as he moved it from the violet 
end of the spectrum to the red end­
and that the temperature remained high 
for some distance beyond the visible 
red. Herschel subsequently demonstrat­
ed that this "infra-red" radiation was 
produced not only by the sun but also 
by other sources, and that it obeyed 
the same laws of reflection and refrac­
tion that apply to visible light. 

Today the term "infrared radiation" 
is commonly used to describe elec­

tromagnetic radiation whose wavelength 
lies between .75 micron (750 milli­
microns), which is just beyond the red 
end of the visible spectrum, and rough­
ly 3,000 microns (three millimeters), 
the beginning of the region that can 
be detected by microwave radio tech­
niques. The distinction between infra­
red astronomy and radio astronomy is 

therefore an arbitrary one, based en­
tirely on differences in detection tech­
niques. In radio astronomy celestial 
radiation that has been collected by an 
antenna system is fed into a device that 
operates as a wave detector. Although 
strenuous efforts have been made to re­
duce the wavelengths at which such de­
tectors operate, progress has been slow. 
World War II radar technology pushed 
the detectable wavelength down to 1.2 
centimeters, or 12 millimeters. After 20 
years of effort the shortest operating 
wavelength for a wave detector has been 
lowered to about three millimeters. Be­
tween .75 micron and three millimeters 
the only practical detectors are those 
the infrared astronomer can use in 
conjunction with optical telescopes, so 
this piece of the electromagnetic spec­
trum remains his by right of occupancy. 
The region between 22 microns and 
1,000 microns is still almost entirely 
unexplored, however, largely because 
little radiation in this region can pene­
trate the earth's atmosphere. The trans­
parency of the earth's atmosphere to in­
frared radiation of various wavelengths 
is plotted at the top of the illustration 
on page 22. 

For convenience infrared astronomers 
have labeled portions of the infrared 
region according to the mode of detec­
tion or to the bandwidth of particular 
"windows" in the atmosphere. Thus the 
region from .75 micron to 1.2 microns 
is called the photographic infrared, be­
cause photographic emulsions still re­
spond to radiation of such wavelengths. 
In fact, the first photograph in the in­
frared was made by Sir John Herschel 
(Sir William's son) in 1840, before suit­
able silver-salt emulsions were available. 
He recorded a portion of the infrared 
spectrum of the sun by exposing paper 
that had been soaked with alcohol con-
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taining partides of carbon black; the 
heat of the infrared radiation evaporat­
ed the alcohol in such a way as to leave 
a detectable image. Some 100 years 
later the photographic infrared provid­
ed the first evidence of carbon dioxide 
on Venus, water vapor and carbon di­
oxide on Mars and hydrogen on Ju­
piter. These and other landmarks in the 
history of infrared astronomy are listed 
in the illustration on the next page. 

All astronomical observations beyond 

EAST 

1.2 microns are currently made with 
one-dimensional detectors, that is, de­
tectors that respond only to the radiant 
energy collected at a single point in 
the image. The region from 1.2 to 5.2 
microns is usually called the near infra­
red. In the region from 5.2 to 8 microns 
the earth's atmosphere is completely 
opaque. There is then a window be­
tween 8 and 14 microns, loosely de­
scribed as the long-wavelength infrared; 
the term can be stretched to include ra-

NORTH 

SOUTH 

diation that enters through still another 
window from about 17 to 22 microns. 
No important astronomical measure­
ments have yet been made in the region 
between 22 and 1,000 microns, but it is 
suspected that somewhere in this large 
expanse of the spectrum there are a few 
windows of potential significance for 
ground-based astronomy. 

The first of the one-dimensional in­
frared detectors was the thermocouple, 
which consists of a junction of two dis-

WEST 

INFRARED MAP OF VENUS was made by the authors and Robert 

L. Wildey of the California Institute of Technology, using an 8-to-

14-micron infrared detector in conjunction with the 200·inch Hale 

telescope on Palomar Mountain. The infrared radiation that can 

be observed hy scanning the disk of Venus at 8 to 14 microns 

is thermal radiation emitted by the sun.heated atmosphere. The 
figures in the diagram represent in degrees Kelvin (degrees centi· 
grade above absolute zero) the "brightness temperature" of Venus. 

The brightness temperature is equivalent to the actual temperature 
if an object emits at all wavelengths as though it were a black body. 

On the Kelvin scale the range from 195 to 220 degrees represents 
a range from -78 to -53 degrees C. These are temperatnres in the 
upper atmosphere of Venus; the surface temperature is believed to 

be above the boiling point of water. Note that the temperature 
across the disk does not change at the terminator: the dividing line 

between the sunlit hemisphere (left) and the dark hemisphere. 
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similar metals; heating of the junction 
generates a small flow of electric cur­
rent. A parallel array of thermocouples 
is known as a thermopile; it was first 
used in astronomy almost 100 years ago 
by William Parsons (Lord Rosse) to 
measure the 8-to-14-micron radiation 
emitted by the full moon and collected 
by a reflecting telescope. (The glass 
lenses in a refracting telescope will 
not transmit radiation much beyond 
1.5 microns.) In 1880 Samuel Pierpont 
Langley invented another one-dimen­
sional detector: the bolometer, a device 
that measures the increase in electrical 
resistance that results when a blackened 
metal foil is heated by absorbing radia­
tion. With the bolometer Langley and 
Frank 'Vashington Very made crude 
measurements of the infrared spectra 
of the sun and moon out to about 14 
microns. 

Early in this century the sensitivity 
of the thermocouple was increased by 
placing it in a vacuum. This improve­
ment enabled W. W. Coblentz to mea­
sure the near-infrared emission of stars 
for the first time. In the late 1920's Edi­
son Pettit and Seth B. Nicholson intro­
duced the concept of the stellar bolo­
metric correction, a correction applied 
to estimates of the energy output of 
stars that is based on infrared measure­
ments out to 14 microns. They also took 
the first infrared readings of the moon 
during an eclipse. Soon thereafter Ar­
thur Adel pushed infrared measure­
ments of the solar spectrum out to about 
22 microns. 

The next big advance in infrared 
detectors was the Golay cell, in­

vented by Marcel J. E. Golay in 1942. 
In this device the heating of a confined 
gas creates a pressure that slightly dis­
torts a mirror against which a beam of 
light is directed; thus any change in 
temperature within the cell results in 
a displacement of the beam of reflected 

LANDMARKS in the history of infrared 

astronomy are listed in this chart, which 

is vertically logarithmic in time backward 

from the present. The snrnames of the ma­
jor investi gators are given, together with 

short identifications of their achievements_ 

The transparency of the earth's atmosphere 

to infrared radiation of various wavelengths 

is plotted at top. The symbol "T b" signifies 
brightness temperature. The label "3C 273" 

(bottom) denotes a quasi-stellar radio 
source, or quasar. Light gray region is un­
explored; very little radiation in this re­

gion can penetrate the earth's atmosphere_ 

, 
, 

INFRARED RADIATION WAS DISCOVERED by Sir William Herschel in 1800 with the 

experimental apparatus depicted in this contemporary engraving. Herschel used a prism 

(D) to separate sunlight into its various wavelengths and compared the temperature at dif­

ferent points in the spectrum by means of a glass thermometer whose mercury bulb had 

been blackened with ink (1). Two other thermometers (2 alld 3) located out of the path of 

the sun's rays served as controls. He was surprised to find that the sunlit thermometer showed 

a steady increase in temperature as he moved it from the violet end of the spectrum to the 
red end and, moreover, that the temperature remained high beyond the visible red. 

light. With the Golay cell, shortly after 
World War II, William M. Sinton and 
John Strong made new measurements 
of the 8-to-14-micron radiation from 
Venus and Mars and brought up to date 
the values Coblentz had obtained some 
30 years earlier for the "brightness tem­
perature" of these planets. The bright­
-ness temperature of an object is equiva­
lent to its kinetic (that is, actual) tem­
perature only if the object emits at all 
wavelengths as if it were a black body. 
The emissivity of a planet is influenced, 
however, by such things as the rough­
ness of its surface. If the planet has an 
atmosphere, the transparency and the 
temperature of the atmosphere also 
contribute to the planet's overall bright­
ness temperature. For Venus, Sinton 
and Strong obtained a brightness tem­
perature near the center of the planet's 
disk of 235 degrees Kelvin (38 degrees 
below zero centigrade, the freezing 
point of water) . For Mars they con­
firmed Coblentz' estimate that the sur­
face temperature is only a few degrees 
above the freezing point of water (273 
degrees Kelvin). 

The Golay cell in its present form 

approaches the limit of sensitivity at­
tainable by any detector operated in 
thermal equilibrium with a room-tem­
perature environment. An uncooled and 
unshielded detector responds to all the 
infrared radiation that impinges on it. 
When the background brightness of the 
sky is also taken into account, the infra­
red astronomer's situation can be com­
pared to the one in which a visible-light 
astronomer would find himself if he 
tried to observe the stars by day with a 
luminous telescope. 

The infrared emission of the earth's 
atmosphere is particularly strong in 
the 8-to-14-micron region of the spec­
trum [see bottom illustration on next 
page J. In a typical case photons of these 
wavelengths will strike an uncooled de­
tector at a rate of 101" per second. The 
statistical fluctuation under such cir­
cumstances will be about 3 X 107 pho­
tons per-second; therefore any signal of 
this strength or less cannot be distin­
guished from "noise" in one second of 
observing time. By lengthening the ob­
serving time and integrating the detec­
tor output the effect of noise can be 
reduced, but to obtain an improvement 
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by a factor of 10 the observing time 
must be increased by a factor of 100. 

The long-sought goal of producing 
a cooled and shielded thermal detector 
was attained in 1960 by Frank J. Low 
at the firm of Texas Instruments, Incor­
porated. Low, who is now associated 
with the National Radio Astronomy 
Observatory in Greenbank, W.Va., de­
veloped a bolometer that operates at 
a few degrees K., the temperature at 
which liquid helium evaporates. The 
bolometer is at the bottom of a cylin­
drical metal shield that is refrigerated 
by liquid nitrogen. Thus few infrared 
photons can reach the detector except 
those defined by the cylinder's field of 
view. (An arrangement similar to the 
one used by Low is illustrated at the 
bottom of the opposite page.) With his 
cooled detector Low was successful in 
observing the 8-to-14-micron radiation 
from Saturn for the first time; he has 
also measured the one-millimeter emis­
sion from Jupiter and other objects. 

E fforts since 'World "Val' II to ex­
� ploit the infrared region of the 

RADIATION FROM MARS ralls into two main categories, reflected solar radiation (left) 

and emitted thermal radiation (right), which overlap in the near-infrared region of the 
spectrum. "Windows" in the earth's atmosphere that admit infrared radiation are in color. 

The peak of the emitted radiation happens to he centered in the 8-to-14-micron window. 

100 spectrum for military purposes have led 
to the development of an entirely new 
class of detector that uses semicon­
ducting crystals. These devices, known 
as quantum infrared detectors or photo­
conductive detectors, have the ability to 
absorb individual infrared photons and 
to release a unit of electric charge for 
each photon absorbed. The conductivity 
of the crystal depends on the number 
of charge carriers released; thus con­
ductivity can be used as a measure of 
infrared flux. Although the new de­
tectors are noisier than Low's bolometer, 
they have been steadily improved, are 
easy to obtain and have given a great 
impetus to infrared astronomy. For the 
first time detector sensitivity is no long­
er the most serious limitation in carry­
ing out infrared observations with earth­
based telescopes. 
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RADIATION EMITTED BY EARTH'S ATMOSPHERE (black curve) is substantial at 8 
to 14 microns. If, however, the atmosphere emitted as much radiation as a black body does 
at 300 degrees K. (colored curve), the 8-to-14-m;cl'On window would be all but useless. 
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A standard arrangement for using 
sensitive detectors in infrared astronomy 
is illustrated at the top of the opposite 
page. The detector is exposed alternate­
ly to two beams; one beam consists of 
radiation from the celestial object and 
the surrounding sky, the other of ra­
diation from the sky alone. A rotating 
chopper blade determines which beam 
reaches the detector. If the infrared flux 
of the two beams is different, the de­
tector will produce a fluctuating signal 
proportional to differences in radiation 
energy in the two beams; in this way a 
steady sky background is eliminated. 
The signal is rectified to yield a direct-
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current voltage, which is then recorded. 
Finally, after suitable calibration of the 
instrument, the observed voltage is used 
to compute the infrared flux intercepted 
by the aperture of the telescope. The· 
major remaining source of error in such 
measurements is a persistent uncer­
tainty involving the irregular transpar­
ency of the atmosphere to radiation of 
various wavelengths. To reduce this 
uncertainty to a negligible level will re­
quire an intensive study of the absorp­
tion and emission properties of the at­
mosphere at various times of the day 
and in various seasons. 

�t us now tum to some of the things 
that have been accomplished in in­

frared astronomy with the new detec­
tors. Among the topics that have re­
ceived much attention is the composition 
of the atmospheres of the nearby plan­
ets. Because Mars has long seemed to 
be the planet most hospitable to life it 
has been intensively studied. One dis­
covery, which caused a considerable 
stir at the time of its announcement in 
1956, has since been shown to have an 
explanation other than the one first pro­
posed, but it provides a good example 
of the pitfalls that abound in this new 
and difficult field. 

In 1956 Sinton, then at the Smith­
sonian Astrophysical Observatory, con­
ceived of a way to test the hypothesis 
that the dark regions of Mars, which 
change in appearance with the Martian 
seasons, may consist of vegetation. If 
the vegetation contains complex com­
pounds of carbon and hydrogen, they 
should absorb infrared radiation at 
characteristic wavelengths. Such ab­
sorption is a general property of organic 
compounds, whether they are produced 
by living organisms or not. 

Sinton therefore examined the sun­
light reflected from Mars to see if any 
of the incident radiation in the region 
between 3 and 4 microns might be 
missing. If it were, one could assume 
that it had been absorbed by vege­
tation, particularly if the absorption 
changed with the seasons. vVhen Sinton 
compared the sunlight reflected from a 
typical bright region on Mars with that 
from a dark region, he found that the 
latter had seemingly absorbed a small 
amount of infrared radiation at 3 .43, 
3.56 and 3.67 microns, which suggested 
the presence of complex organic com­
pounds [see top illustration on page 
27]. Sinton repeated his observations 
again in 1958 with more sensitive 
equipment and found he had to make a 
slight upward revision of .02 micron in 
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OPTICAL SYSTEM used in infrared astronomy exposes a sensitive detector (right) alter­
nately to two beams; one beam consists of radiation from tbe celestial object and tbe sur­
rounding sky, the other of radiation from the sky alone. A chopper hlade determines which 
beam reaches the detector. If the infrared flux of the two beams is different, the detector 

yields a fluctuating signal, which is then rectified to produce a direct-current reading. 
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COOLED AND SHIELDED DETECTOR provides a very sensitive means for measuring 
infrared radiation. The diagram at the top of the page shows how the whole device is 10' 
cated in an optical system. The detector is placed at the bottom of a cylindrical metal shield 

that is refrigerated by liquid hydrogen, which boils at about 20 degrees K. So shielded, few 

infrared photons can reach the detector except those defined by the cylinder's field of view. 

25 

© 1965 SCIENTIFIC AMERICAN, INC



150 

z 
> 
-' w 
;L 
if) 
W w 0:: (9 140 w 

Q 
w 0:: 0:: 0 � f-
f- « « z 0:: w 2' 
G.- o:: 
2' w 
w f-
f-
w 
u 130 « 
LL 0:: 
� if) 

120 

110 

105 

A 

84 72 60 48 36 24 12 0 
HOURS IN SHADE 

LUNAR NIGHTTIME COOLING CURVE (top) shows that the surface of the moon nor· 

mally cools rapidly after the sun has gone down. This smooth decline is interrupted in this 

case by an anomaly in the region of the crater Copernicus (see photograph at bottom), 

which cools more slowly. Presumably such regions consist of bare rock, or of rock that is 

itt most only thinly covered by the otherwise ubiquitous lunar dllst. When this observation 

was made, nighttime was to the left, daytime to the right of the terminator line, which 

was itself moving to the right. Infrared radiation in the 8·to·14·micron range was recorded. 
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the wavelength of each of the three ab­
sorption bands. For several years these 
"Sinton bands" lent considerable sup­
port to the hypothesis that there was 
vegetation on Mars. 

Early this year James S. Shirk, Wi!­
limn A. Haseltine and George C. Pimen­
tel of the University of California at 
Berkeley pointed out that deuterium ox­
ide (heavy water) could account for the 
two most prominent bands (at 3.58 and 
3.69 microns) if it were present in large 
amounts in the Martian atmosphere. 
This explanation, however, seemed un­
satisfactory. Finally, in March, D. G. 
Rea and B. T. O'Leary of the Univer­
sity of California at Berkeley, together 
with Sinton himself, reported their con­
clusion that deuterium oxide present in 
the earth's own atmosphere had not 
been adequately taken into account in 
the ;"'Iars observations. The presence of 
the third band at 3.45 microns remains 
to be explained. 

Another kind of investigation of 
Martian atmospheric absorption bands 
seems well substantiated and has led 
to a sharp revision in estimates of the 
density of the Martian atmosphere. In 
1963 Lewis D. Kaplan, Guido Munch 
and Hyron Spinrad of the California 
Institute of Technology used the 100-
inch reflecting telescope on Mount Wil­
son to make new measurements of the 
carbon dioxide absorption bands in the 
photographic infrared radiation reflect­
ed from Mars; they concluded that 
carbon dioxide is less plentiful than had 
been indicated by earlier and less accu­
rate measurements. This implied that 
the pressure of the atmosphere at the 
surface of Mars is only about .37 pound 
per square inch, or 2.5 percent of the 
earth's atmospheric pressure of 14.7 
pOllnds per square inch at sea level. 
The Martian atmosphere therefore may 
be too rarefied to support either a 
winged vehicle or a parachute, both of 
which had been considered for landing 
instrument capsules from spacecraft. 
Now it appears that a large fraction of 
the payload available for landing a first 
probe on Mars may have to be taken up 
by a structure for absorbing impact or 
by braking rockets. Thus the whole 
approach to the problem of exploring 
the Martian surface in the near future 
has been influenced by the results of 
ground-based infrared astronomy. 

perhaps the most fascinating-and 
certainly the most perplexing-re­

sults in infrared astronomy have to do 
with the surface temperatures of the 
moon and planets as indicated by their 
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infrared thermal emIssIOn. As long ago 
as 1926 Pettit and Nicholson had shown 
that the moon cools with unexpected 
rapidity during a lunar eclipse. The 
surface temperature falls from about 
390 degrees K. (117 degrees C.) to 
about 150 degrees K. in a few hours. 
Evidently the heat stored immediately 
below the surface is prevented from 
moving upward to replace the heat 
radiated into space. It appears, there­
fore, that the moon is covered by a 
millimeter or so of material 100 times 
more insulating than any substance that 
occurs n aturally on earth. This observa­
tion provided the original basis for the 
belief that there is at least a thin layer 
of dust on the moon. 

In 1960 Richard W. Shorthill, How­
ard C. Borough and Joseph M. Conley 
of the Boeing Aircraft Company made 
the additional discovery, with the aid 
of the 60-inch reflecting telescope on 
Mount vVilson , that the lunar crater 
Tycho cools more slowly than the sur­
rounding areas during a lunar eclipse. 
This was the Rrst detection of a geo­
graphical variation in the thermal prop­
erties of the lunar surface. 

In the summer of 1962 we and Robert 
L. vVildey, one of our colleagues at 

the California Institute of Technology, 
extended the search for such thermal 
variations to the cooling that occurs 
during the normal lunar night. Ours was 
the Rrst study of the moon to be made 
with a quantum infrared detector in the 
8-to-14-micron region. Using the detec­
tor in conjunction with a special 20-
inch telescope, we found that the kind 
of anomalous cooling discovered by 
Shorthill and his associates persisted 
more than 60 hours after the sun had 
set on an anomalous area [see illllstra­
tiOIl 0/1 opposite page J. 

Our observations strongly suggest 
that the slow-cooling areas, in partiClI­
lar the large rayed craters, consist 
partly of bare rock, or of rock that 
is at most only thinly covered; this 
would allow heat from below to reach 
the surface readily. Moreover, our 
nighttime cooling curves supply clues 
to the nature of the lunar surface at a 
depth measured in centimeters rather 
than in millimeters-the depth to which 
cooling is limited during the brief pe­
riod of a lunar eclipse. vVe and oth­
ers have been surprised to Rnd that 
the physical model that best satisRes the 
eclipse observations does not Rt the 
nighttime cooling observations. In fact, 
it does not appear that any simple 
homogeneous model for the lunar sur-
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ERRONEOUS EVIDENCE for the presence of vegetation on Mars was obtained by William 
A. Sinton in 1956. When he compared the sunlight reflected from a typical bright region on 
Mars I curve lit top) with that from a typical dark region (curve lit bottom), he found that 

the latter had seemingly absorbed a slight amount of infrared radiation at 3.43, 3.56 and 

3.67 microns, suggesting the presence of complex organic cOlnpounds. It now seems that 

the last two bands represent deuterium oxide (heavy water) in the earth's atmosphere. 

w 
<-9 
« 
f­
--' 
o 
> 

f­
=> 
0.­
f­
=> 
o 

o o 

BAFFLING PHENOMENON was first observed by Wildey in 1962 while he was mapping 

the 8·to·14·micron radiatiou from Jupiter with the 200·inch telescope. When the scanning 
field included the shadow of one of the four largest moons of Jupiter (right), the infrared 

flux was enhanced by as much as thirtyfold directly under the moon's shadow. A normal 
scan is at left. The strange phenomenon was observed twice and has not been seen since. 
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RELA TIVE POWER EMITTED at three wavelengths is plotted against the brightness 

temperature of the source. The response at each wavelength is taken to be unity when the 

recording system is aimed at a black body of large angular size whose temperature is 273 

degrees K. The brightness temperatures of the moon and planets are indicated at top. The 
graph shows that longer wavelengths are desirable for observing the colder planets. 

face will be able to explain our obser­
vations. Evidently the lunar surface is 
more heterogeneous under its thin ve­
neer of dust than anyone had thought. 
This is one of several instances in which 
the observations of infrared astronomers 
have outrun the ability of theorists to 
provide explanations. 

Later in 1962 we trained our 8-to-
14-micron detector on the surface of 
Venus, this time using radiation col­
lected by the 200-inch reRector on Pal­
omar Mountain. The surface of Venus, 
of course, is obscured by a dense at­
mosphere that reRects and absorbs most 
of the sun's incident radiation. The in­
£t'ared radiation that can be detected 
by scanning the disk of Venus at 8 to 
14 microns is thermal radiation emitted 
by the sun-heated atmosphere. It had 
been discovered as early as 1927 by 
Coblentz that the infrared brightness 
temperature across the disk does not 
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change at the terminator: the dividing 
line between the sunlit and the dark 
hemisphere. This was confirmed in our 
more detailed survey [see illustration 
on page 21 J. 

Our 1962 observations also showed 
clearly that the temperature is highest 
at the equator of Venus and falls con­
siderably (about 20 degrees C.) toward 
the poles. The temperature also de­
creases generally toward the edge of 
the disk. Known as limb-darkening, this 
phenomenon is characteristic of emis­
sion from planetary atmospheres. (The 
atmosphereless moon, for example, does 
not show limb-darkening.) 

It was originally surprising to dis­
cover that the distribution of heat with­
in the atmosphere of Venus-and pos­
sibly at the surface of the planet-is 
practically independent of the location 
of the sun. It was even more surprising 
to discover last year, in our most recent 

series of observations, that more 8-to­
I4-micron radiation is emitted from the 
totally dark side of Venus than from the 
sunlit side. Once again observations 
have outstripped theory. 

An interesting feature of the 8-to-14-
micron map of Venus shown on page 
21 is the small hot spot near the south 
pole. This was one of several that came 
and went within a period of about 24 
hours. It seems reasonable to describe 
them as storms in the upper reaches of 
Venus' atmosphere. 

We have also carried out infrared 
surveys of. Jupiter with the 200-inch 
telescope. Photographs of Jupiter made 
with visible light show that the atmo­
sphere of the giant planet is divided into 
a number of distinct horizontal bands, 
the pattern of which shifts with the 
passage of time. One might therefore 
expect to find some evidence of these 
bands in infrared maps of the planet. 
Instead maps of Jupiter's emission at 
8 to 14 microns contain few distinctive 
features of any kind. 

In our 1962 observations of Jupiter 
we twice detected phenomena that 
were completely baffling and that to our 
further surprise have not recurred since. 
As we were scanning the image of the 
planet to map its 8-to-14-micron emis­
sion, our detector happened to pass 
across a region darkened by the shadow 
of one of Jupiter's four largest moons. 
We were astonished to find that the 
infrared Rux was enhanced by as much 
as thirtyfold at a point directly tinder 
the moon's shadow [see bottom illustra­
tion on preceding page J. Since the last 
observation of this curious phenomenon 
was made in 1962, it has not been de­
tected again. 

I n the compass of this article we have 
had to make a somewhat arbitrary 

selection of the work that has been 
done at infrared wavelengths. For ex­
ample, we have barely mentioned in­
frared studies of stars and other objects 
beyond the solar system. This omission 
can perhaps be justified on the basis 
that some of the most interesting work 
is so recent that it is only now reach­
ing the technical journals. Infrared ob­
servations of stars and of objects that 
are of interest to radio astronomers­
such as radio galaxies and the remnants 
of supernovae-are of considerable im­
portance for the development of astro­
physical theory. 

One supernova remnant, the Crab 
nebula, has already been extensively 
studied in the infrared region by the 
Soviet astronomer V. I. Moroz [see illtls-
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tration below J. At the University of 
Arizona, Harold Johnson and Low have 
made the first recording of the infrared 
emission of the brightest quasi-stellar 
radio source-3C 273 . Low has also 
recorded the source's emission at one 
millimeter. These objects, now com­
monly called quasars, are among the 
brightest and most distant objects in 
the universe. The incentive to study 
their infrared emission is great, and 
they will doubtless receive increasing 
attention in the years ahead. 

The future should al so see major ef­
forts to explore the infrared region be­
tween 22 and 1 ,000 microns, in which 
no important astronomical observations 
have yet been made. In this region the 
only major source of opacity in the 
earth's atmosphere arises from water 
vapor, the absorption bands of which 
are broadened by atmospheric pressure. 
The magnitude of this pressure-broad­
ening at very high, dry sites has still not 
been investigated with care. It may 
well be that there are adequate win-

1 0 15 1 0 14 
1 0 -22 

0 
z 
0 u w (/) 
0:: w [L 
W 
-.J 1 0 -23 U i--
>-U 
0:: w [L 
0:: w I--w 
::2: 
w 0:: 1 0 -24 <t ::J 
0 (/) 
0:: w [L 

dows at various places in the long­
wavelength infrared region all the way 
to the radio-astronomy portion of the 
millimeter region. If such windows can 
be found, it should be possible for 
ground-based instruments to close the 
present gap between the domains of 
infrared astronomy and short-wave­
length radio astronomy. 

perhaps the principal problem that 
each infrared astronomer must solve 

for himself is where to place his detec­
tors in order to get the greatest return 
on his investment of time and energy. 
Should he operate with ground-based 
telescopes or should he send his instru­
ments aloft in balloons and perhaps 
into space with rockets? Each platform 
has its advantages and disadvantages. 
Our own feeling is that balloons have 
many advantages over space vehicles 
for making a spectral reconnaissance of 
the infrared regions that cannot be ex­
plored from the ground. At an altitude 
of from 80,000 to 100,000 feet a bal-

FREQU ENCY (CYCLES PER SECOND) 
1 0 13 1 0 12 1 0 1 1  

loon i s  above virtually all the compo­
nents of the atmosphere that absorb in ­
frared radiation. The fact remains that 
if a detailed inspection of a planet's 
thermal emission is desired, there is no 
substitute for a suitably instrumented 
space vehicle, preferably one placed in 
orbit around that planet. 

The advantages offered by ground­
based telescopes, however, are hard to 
duplicate on small, remote moving plat­
forms. These advantages include the 
ability to make long exposures and the 
ability to use complicated instrument 
systems, such as those that must be 
cooled by l iquid nitrogen and liquid hel i­
um. The greatest advantage of all is the 
ability to repeat one's observations and 
to pursue a program until a satisfactory 
level of reproducibility has been ob­
tained. Thus we feel reasonably sure 
that ground-based instruments will pro­
vide the major volume of infrared 
observations, and perhaps the observa­
tions of greatest significance, for dec­
ades to come. 
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SYNCHROTRON EMISSION SPECTRUM of the Crab nebula in­
cludes the observed intensities ( solid black line ) and the inter­
polated intensities ( broken black line ) for the entire range of the 
electromagnetic spectrum from the visible to the radio wavelengths. 

The longest wavelength infrared observation, at 2.2 microns, was 

made by the Soviet astronomer V. I. Moroz, from whose paper this 
illustration has been adapted .  Synchrotron radiation is caused by 
the rapid gyration of charged partides in a strong nlagnetic fie1d. 
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High-Speed Tube Transportation 
In which a system is proposed that would carry passengers from 

Boston to Washington in 

at speeds up to 500 miles 

90 minutes. Its vehicles would travel 

an hour through dual evacuated tubes 

C ontemporary technology can orbit 
an astronaut and send photo­
graphs back from Mars, but so 

far it has not been able to cope with 
the mundane problem of mass trans­
portation. Proliferating superhighways 
are clogged as soon as they are built. 
Air travel is inefficient for short trips, 
and some air lanes are crowded to the 
danger point. Railroads move passen­
gers no faster than they did 50 years 
ago, and they lose money in the proc­
ess. Is it possible that the techniques 
and methods of the aerospace industry, 
and in particular the special approach 
known as "systems engineering," could 
be brought to bear on the vexing tasks 
of moving passengers between the coun­
try's closely spaced metropolitan centers 

by L. K. Edwards 

and getting commuters to work? This 
article will describe the evolution, find­
ings and potentialities of one effort to 
accomplish that end. 

The effort began nearly two years 
ago when, as an engineer in the Space 
Systems Division of the Lockheed Mis­
siles and Space Company at Sunnyvale, 
Calif. , the writer suggested: Why not 
develop airplane-speed surface trans­
portation? Lockheed authorized a small 
group of us to consider the proposition. 
Our investigation was brought to a focus 
last fall by the Federal Government's 
desire to attack the problem of rail 
transportation in the "Northeast Cor­
ridor," the densely urbanized strip along 
the East Coast from Boston through 
New York to Washington. After conver-

sations with people in the Northeast 
Corridor Transportation Project of the 
Department of Commerce and in - the 
School of Engineering at the Massachu­
setts Institute of Technology, which is 
making technical studies for the project, 
we have evolved two specific proposals. 
One is a "Corridor" system to provide 
intercity passenger service, downtown­
to-downtown, for several thousand pas­
sengers an hour. The other, an "Urban" 
system, is a commuter network. (Early 
this year Lockheed decided to con­
centrate on projects more closely re­
lated to its traditional activities; I 
obtained an option to acquire the com­
pany's interest in the transportation 
project and have since been proceeding 
on my own responsibility, although with 

"CORRIDOR" TUBE TRAIN is made up of cylindrical cars 65 feet 

long running on steel tracks welded to the floor of an underground 
tube. Each car has four steel wheels filled with roller bearings. 

Entrance and exit doors, on opposite sides of the cars, are pres-
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some valuable technical support from 
Lockheed personnel . )  

The general elements of  the Corridor 
design emerged rather quickly from 
a logical sequence based on common 
sense and a few simple calculations. In 
retrospect, at least, the logic seems 
inexorable: 

1. To compete with foreseeable im­
provements in air travel and its associ­
ated surface connections, the average 
speed along the Corridor must be at 
least 200 miles an hour. Time must be 
allowed for intermediate stops in ad­
dition to those in Boston, New York 
and Washington, so the cruising speed 
must be increased accordingly-to some­
thing over 400 miles an hour. 

2. Such high speeds are unthinkable 
unless one protects the train from ice 
and from objects falling or thrown into 
its path. The vehicle should therefore 
travel through a continuous enclosure­
a tube. 

3. Drag forces due to air resistance 
are substantial at present-day railroad 
speeds; they increase with the square 
of the velocity, and they would be pro­
hibitive in the case of aircraft speeds 
in air at sea-level density. Therefore 
most of the air should be pumped out 
of the tube. 

4. Given external power plants to 
exhaust the tube, why not make these 
the sole source of propulsive power for 
the train? It is only necessary to admit 
air at atmospheric pressure behind the 
train to accelerate it through the evacu-

ated tube; similar pneumatic effects 
can decelerate the train to a stop. 

5. For heavy, continuous traffic a pair 
of tubes is needed. Convenience of in­
stallation and maintenance suggest that 
they should be installed side by side. 
They can then be interconnected with 
controllable valves to improve the effi­
ciency of airflow. 

6. At ground level or elevated above 
it the tubes would be an unsightly nui­
sance. Moreover, a reasonable degree of 
straightness would call for large num­
bers of bridges or tunnels. (The high­
speed Tokaido railroad between Tokyo 
and Osaka in Japan, with a design speed 
of 150 miles per hour, includes some 40 
miles of tunnels-an eighth of its total 
length.) In the central districts of major 
cities there is no alternative to tunnel­
ing. One should therefore consider put­
ting the tubes in a tunnel all the way 
from Boston to Washington-a little 
more than 400 miles. 

� this point a practical person might 
well call a halt, pointing out that 

anyone with any sense knows that 400 
miles of tunnel would be prohibitively 
expensive. The systems engineer is 
trained to ask, "Would it?" and to study 
the pros and cons before either discard­
ing or accepting the idea. On investiga­
tion we found that the tunnel, at $4 to 
$5 million per mile including the dual 
tubes and valves, may well be less ex­
pensive than any other high-speed solu­
tion to the Corridor problem. (Accord-

______ � _ _ /.:� _A&__ ---�- - -� � 

ing to an authoritative estimate it would 
cost some $6 million per mile to dupli­
cate even the largely conventional To­
kaido line in the Northeast Corridor. )  

Several factors make the tunnel seem 
particularly attractive. Because pneu­
matic propulsion permits tubes of small 
diameter, the tunnel's cross-section area 
need be only about 270 square feet, 
smaller than some of the water tunnels 
supplying New York, only two-thirds as 
large as a two-track subway tunnel and 
only a third as large as a standard rail­
way tunnel. Impressive new machinery 
has been developed for automatic tun­
neling through hard rock, and a Corri­
dor tunnel can be dug in bedrock most 
of the way. In the case of a tunnel, 
moreover, heavy right-of-way costs and 
real estate taxes would presumably be 
replaced by nominal payments for ease­
ments. Finally, at depths below 50 feet 
the temperature does not fall below the 
freezing point of water; it remains con­
stant all year; there is no weathering. 
Transportation tunnels typically remain 
in use for at least a century, whereas 
most surface-transportation facilities sur­
vive only a few decades without sub­
stantial renovation. 

We therefore decided in favor of the 
tunnel concept. Mounting the tubes in 
the tunnel calls for one of the few real 
innovations we considered necessary for 
a genuinely high-speed system. The 
maximum speed attainable in surface 
transportation is heavily influenced by 
the smoothness of the surface traversed, 

sure-tight sliding panels that retract into the ceiling. The end of 

an ordinary car rather than of an actual lead car is exposed at 

the left in order to show the flat faceplate by which the cars are 

coupled rigidly. Each car will have room for 64 seated passengers. 
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EVACUATED TUBE 

DUAL TUBES are floated in water to ensure a smooth ride. The 

empty tube will be submerged in the water as shown at left; when a 

train passes, the tuhe must displace more water but will only be 

depressed It inches out of line because the water, being confined in 

"DYNAMIC AIR LOCK" accomplishes the transition from a stand­

ing start to high-speed motion in the evacuated tube. As it waits in 

the station the train has its nose at the end of the tuhe, the evacu-

a narrow channel, will itself rise 7t inches (right). The tubes are 

evacuated by external compressors; the tunnel air is at normal pres­

sure (color). Cross valves interc'onnect the tubes, and other valves, 

in the top of the tube, open to admit outside air for acceleration. 

EVACUATED TUBE 

ated portion of which is sealed off by the "start" valve (top). 

The valve swings open (bottom) and the train, with a near vacuum 

in front of it and full pressure behind, is pushed into the tube. 
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1 2 3 4 DISTANCE FROM START (MILES) 
ACCELERATION AND SPEED depend on the train's weight and 

how much full.pressure air is admitted to the tube. The curves show 

the acceleration ill the first four miles for trains weighing 700,000 

pounds (black) and a million pounds (gray). The unbroken por· 

tions of the curves show how many "miles of air" are used for 

acceleration, or how far the train is when the start valve is closed. 
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and the smoothness requirement be­
comes more stringent as speeds increase. 
The Tokaido railroad's operating speed 
has been significantly limited, for ex­
ample, by uneven settling of the road­
bed, although it was specially designed. 
"Smoothness" has two aspects: the ini­
tial, or no-load, condition and uniform 
"compliance," or flexing, under load. The 
Stephen sons learned about this when 
they first built railroads across England 
in the 1840's. In spite of expensive and 
time-consuming efforts to provide a 
level, solid support under every yard of 
rail, they found the smoothest ride of 
all was achieved where the tracks were 
virtually floated across a bog so soft 
that a man could hardly stand on it! 

In the tube-transportation system we 
therefore propose to float the tubes 
in water throughout the level portions 
of the path. In the no-load condition 
the tube will be submerged in the water 
to a depth of about 20 inches [at left in 
top illustration on opposite page]. Re­
gardless of small shifts in the supporting 
earth, the rigidity of the tube and the 
self-leveling of the water will keep the 
alignment of the tube itself undisturbed. 
When a train comes along, of course, 
the tube will become heavier and must 
sink deeper into the water-nine inches 
deeper in the case of a typical train. The 
tube will not be seriously deformed by 
this further immersion, however. Since 
the water supporting each tube will be 
constrained in a trough, it will not be 
able to "seek its own level" under the 
speeding train; instead the water level 
will rise 7Jf inches and the tube will 
actually settle only 1Jf inches [at right in 
top illustration on opposite page]. 

This "dynamic Rotation" in water can 
provide the ultimate in uniform com­
pliance under load. It should also have 
advantages in shock absorption and 
sound deadening. It does raise a num­
ber of questions about the longitudinal 
water movements and stresses induced 
in the tube when the train passes and 
about corrosion, but these problems 
seem either to be inconsequential or 
to have ready solutions. 

What should the train run on? For 
half a century patents have been 

granted on various ways of supporting 
a vehicle without wheels, and most "ad­
vanced" land-transportation concepts 
incorporate one or another of these 
schemes. Our investigation confilmed 
what railway engineers have known 
all along: with roller bearings a steel­
rimmed wheel running on a steel rail is 
amazingly efficient. It takes only about 

two pounds of tractive force per ton of 
railroad train weight to overcome rolling 
friction-almost regardless of speed. 
Few airplanes can cruise with less than 
130 pounds of thrust per ton of the 
plane's weight, of which half is charge­
able to producing lift. In other words, 
the wheel-on-rail is more than 30 times 
more efficient than the airplane in this 
lift-to-drag relation; helicopters and 
"ground effect," or hovering, machines 
tend to be less efficient than airplanes. 

There are other advantages to wheels. 
They avoid the need for an air blower 
or other active lifting device aboard 
the vehicle. They position the vehicle 
in the tube more precisely than other 
systems can. And it is easy to gear 
shafts to the wheel axles as a source 
of auxiliary power for air condition­
ing and other requirements. 

Can wheels run safely at very high 
speeds? The answer is yes. Specially 
built "automobiles" have exceeded 500 
miles an hour in record runs on wheels 
with standard roller bearings; the bear­
ings showed no signs of heating or in­
cipient breakdown. An individual bear­
ing on the tube train might suddenly 
"freeze," but installing the bearings 
in pairs would allow for that eventual­
ity; moreover, any wheel experiencing 
such a partial failure could be immedi­
ately and automatically lifted off the 
track for the remainder of the trip. Will 
the wheel rim Ry apart? No, the cir­
cumferential stresses are less than those 
attained in the compressors of some 
turbojet engines. The wheels can be 
tested from time to time by "overspeed­
ing" in a test pit, but in general trouble 
is unlikely-particularly if the wheels 
are not abused by having to transmit 
heavy propulsive and braking forces. 

Do wheels not require springs? Hard­
ly any, if the roadbed is really smooth. 
"Consider the billiard ball," an M.LT. 
professor once told his class. "It is a 
hard object rolling on a hard surface. 
But it does not need springs because 
the surface is smooth." Aerospace en­
gineers have learned, moreover, that 
springs and shock absorbers often create 
more dynamic problems than they solve. 
(The tube train would, however, have 
rubber bushings at several points in the 
wheel mounts to absorb slight shocks 
and deaden noise.) The lubricants re­
quired for wheels will of course have 
to function in a low-pressure environ­
ment, but space technology has solu­
tions available for any problems that 
arise. The final decision was to use 
wheels, old-fashioned though they may 
seem-double-flanged wheels running on 

continuous steel rails welded to the floor 
of the tubes. 

The passenger car itself is remark­
ably simple: a 65-foot-long thin-walled 
cylinder with wells for four wheels [see 
illustration on pages 30 and 31]. The 
loading on each wheel is well within 
present railroad practice. The coupling 
between cars is no more than a strong, 
Rat faceplate with a number of push­
button-operated bolts and with no pro­
vision a t a II for Rexing. The rigid con­
nection between cars assures pressure 
integrity throughout the train and keeps 
objects from falling to the track; it will 
also avoid the familiar car-to-car sway­
ing motions, which get much worse as 
the speed increases. Rigid coupling is 
possible because the track is so straight: 
the sharpest curve through which the 
train must turn will have about a five­
mile radius, and even this will only be at 
reduced speeds. With nominal loads at 
the wheel flanges, the entire train will 
flex to conform to such gentle curves 
with much less induced stress than is 
applied to an airplane wing. 

C onstruction of the cars will be con-
siderably simplified by the nature 

of the stresses that will be encountered. 
The greatest loads will result from the 
maintenance of sea-level pressure in­
side the car as it moves through a 
low-pressure environment. These loads 
produce "hoop tension" in the circular 
wall, which is ideal. Even the longitudi­
nal stresses turn out to be plimarily ten­
sion rather than compression, since the 
train will be accelerated by low pressure 
in front of it and decelerated by low 
pressure behind it. The shell can there­
fore be sheet metal of moderate gauge, 
with little bracing except at the doors 
and wheel wells. 

At each end of the train we propose 
to place a special "lead car." This car 
will have at its forward (or rear) end a 
pressure enclosure with an emergency 
exit through it and will include a com­
partment for the "safety attendant," who 
replaces the conventional engineer or 
motorman, a battery-powered low-speed 
motor for emergency and in-station pro­
pulsion, batteries and generators, public 
telephone booths and perhaps lounge 
space and dressing rooms. 

Entering a clean and quiet station 
that looks something like the lobby of 
a large office building, travelers will 
board the train through gates much 
like the outer doors of a modern ele­
vator, behind which the openings in 
the train will be positioned. (Passengers 
will not see the exterior of the train 

33 

© 1965 SCIENTIFIC AMERICAN, INC



2 START VALVE CLOSED 

DECELERATfON VALVES C 

CROSS VALVES CLOSED AHEAD OF TRAIN. OPENING AS TRAIN PASSES 

PNEUMATIC PROPULSION would function as  shown here on the 

8S.mile leg from Philadelphia to New York. The train is  forced 

into the tube as  shown in the middle illustration on page 32 
and is  accelerated at maximum rate by the fuIl.pressure air ad· 

mitted behind it ( 1 ) .  After two to three miles the start valve and 

accelerator valves are closed (2 ) ; the train continues to accelerate, 

34 

'DECELERATION VALVES 

but at a diminishing rate. The cross ducts close as the train passes 

in order to contain the air behind it. After a while the train begins 

to compress the residual air in the tube ahead of i t  and is  decel· 

erated gradually ( 3 ) .  When the air ahead of the train reaches 

atmospheric pressure, the deceleration and terminal valves are 

opened ( 4 ) .  Each of them closes again as  the train passes ( 5 ) .  
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any more than a passenger sees the ex­
terior of an elevator. ) The openings in 
the train will be pressure-tight curved 
segments that retract into the top of the 
car, like the doors on some present-day 
airplanes. The entrance and exit will be 
on opposite sides. 

The car's nine-foot-six-inch inside 
diameter will allow two-pIus-two seat­
ing for 64 passengers with spacing com­
parable to that on luxury airliners. We 
have tentatively provided luggage space 
both above and below the seats in the 
belief that most passengers prefer to 
keep their luggage with them. There 
will, of course, be no windows. (There 
is growing evidence, incidentally, that 
looking out of windows while traveling 
on the surface at high speeds would 
make passengers dizzy, if not actually 
sick. ) 

The principle of pneumatic propulsion 
is obviously not new. Pneumatic de­

livery tubes were once common in 
department stores and are still in use 
in libraries and other institutions. Even 
pneumatic passenger transportation has 
a history. One of the oldest such systems 
on record was built in Ireland during 
the 1840's. The train was propelled by 
a piston that extended from the bot­
tom of a car into an externally pumped 
tube, 15 inches in diameter, laid be­
tween the tracks. The train displayed 
speed, power, efficiency, smoothness, 
cleanliness and silence far superior to 
the best steam railroads of the day, 
and similar installations were soon built 
in England. All were abandoned within 
a few years, however, because of one 
tremendous trifle: a leather flap, which 
ran the full length of the tube to seal 
the slot through which the train was 
connected to the piston, could not with­
stand the onslaught of the elements and 
of rats! 

New York City's first subway was a 
pneumatic one, built in 1870 by a 
proprietor and editor of Scientific Amer­
ican, Alfred Ely Beach. In an effort to 
get a franchise for a subway running the 
length of Manhattan, he had a one-block 
tunnel dug under Broadway from War­
ren Street to Murray Street, using a 
cylindrical tunneling shield of his own 
design. A blower propelled the 18-pas­
senger car through the tunnel in one 
direction and then reversed to "suck" it 
back. The subway ride was a popular 
attraction for a year, but Beach never 
got his franchise; the elevated railroads 
went up instead. 

There is certainly no more attractive 
way to propel a heavy train at high 

speed than with the most available 
medium of all: free air. Sea-level atmo­
spheric pressure applied to the 10,000-
square-inch cross section of the train 
yields a propulsive force of 140,000 
pounds, or 70 tons. At only 50 miles 
an hour this matches the pulling power 
of five large steam locomotives. Better 
yet, air can continue to push with 
this force at speeds as high as 200 miles 
an hour-at which point the effective 
power level is 70,000 horsepower. Yet 
the only power plant is a bank of 
perhaps four 2,500-horsepower electric 
motors driving air compressors at one 
or two points outside the tube. The ex­
planation of this apparent inconsistency 
is that each train is accelerated for only 
about two minutes-whereas the exter­
nal power plants work more or less con­
tinuously, storing the energy in the 
evacuated tube to be drawn on when 
needed. This is the principle of the 
pneumatic catapults that launch mis­
siles and torpedoes; a catapult's low­
horsepower, long-duty-cycle engine and 

compressor store a great amount of en­
ergy for release in seconds. 

In a sense, then, the tube train will be 
the world's largest catapult, but with 
a big difference: instead of being al­
most instantaneous, the acceleration will 
be gradual. In fact, the rate of both 
starting and stopping accelerations can 
be kept below those of jet aircraft and 
even below those of a compact car. No 
seat belts will be needed; even standees 
will not experience accelerations appre­
ciably higher than in present rapid­
transit systems. It is the rate of change 
in acceleration, something called "jerk," 
that is most critical to comfort, and 
"jerk" is low in the tube train because 
the acceleration continues for a com­
paratively long time. 

We already have some experimental 
data on how a cylindrical object behaves 
when it is accelerated to high speed in 
an evacuated tube. For the past five 
years the Army Research Office in Dur­
ham, N. C. , in conjunction with Duke 
University, has been working on a "vac-

PHILADELPHIA 
1-----' G�OUND �EVEL?x- NEW YORK 

----I -------SERVICE SHAFT 

40 MILES 50 60 70 80 

GRAVITY AND VACUUM combine to propel a million-pound train from Philadelphia 

to New York in 13 minutes. The tube profile has a maximum slope of 15 percent at the ends 

(top). The middle diagram shows how the pressures behind and ahead of the train vary 

along the route; the difference between the fore and aft pressures accelerates and then de­

celerates the train_ The bottom diagram shows the speed contributions of vacuum and grav­

ity, which add (on an energy basis) to produce a peak speed of about 500 miles an hour. 
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LV. 1:15 

AR.l:23 
LV. 1 :25 

AR.l:38 
LV. 1 :40 

AR. 1 :56 
LV. 2:01 

PHILADELPHIA 
AR.2:14 
LV. 2:17 

AR.2:23 
LV. 2:25 

AR.2:36 
LV. 2:38 

AR. 2:45 

"NORTHEAST CORRIDOR" route, with 

spurs to airports at New York and Wash· 

ington, is shown, along with the schedule 

for. the 1: 15 out of Boston. Site of one 

stop in Connecticut remains to be decided. 

36 

uum-air missile boost system" designed 
to get missiles or satellite-launching ve­
hicles moving fast before the first-stage 
rockets are fired. Tests have been con­
ducted with metal cylinders in tubes 
ranging from IJ� inches to six inches in 
diameter; a six-inch, half-pound hollow 
projectile, for example, is accelerated to 
more than 750 miles an hour within the 
length of a 100-foot tube. The tests have 
shown that the compressibility of air, 
which degrades aircraft performance at 
high speed, actually assists in the opera­
tion of such a tube catapult. Another 
encouraging finding is that there ap­
pears to be an inherent centering ef­
fect that tends to maintain the pro­
jectile's stability and keep it away from 
the walls of the tube. 

Although our tube train is driven by 
air pressure, no complicated air-lock 
arrangement is necessary for station 
stops. While the train is in a station, 
with its nose at the end of the tube, 
a large valve closes off the evacuated 
portion of the tube [see middle illustra­
tion on page 33]. Passengers leave and 
enter freely and then the car doors are 
closed pressure-tight. Now the valve 
close to the end of the tube is opened; 
atmospheric air forces the train into the 
near vacuum in the tube. (The radial 
clearance between the cars and the tube 
is to be about an inch; our studies indi­
cate that the power loss through this 
space should be insignificant, but if ex­
perience proves otherwise a brushlike 
seal could be added at each end of the 
train. ) As the train moves down the 
tube the valve is kept open for a time 
to allow continued acceleration at maxi­
mum rate. When the proper amount of 
air has been admitted, depending on 
the weight of the train, the valve is 
closed. This traps a slug of air in the 
tube behind the train; it expands, and 
in doing so it applies further, although 
decreasing, force to accelerate the train 
still more. Within the first four miles 
the train will have reached a speed of 
about 300 miles an hour. 

The air behind the train becomes 
increasingly attenuated; the very-low­
pressure air in the long tube in front 
of it is steadily compressed. After a 
while the pressures are balanced fore 
and aft; then the decreasing pressure 
behind the train begins to decelerate it. 
When the air ahead reaches atmospheric 
pressure, the valves at the destination 
end are opened; the train is brought to 
a stop-and the tube behind it has large­
ly been restored to low pressure [see 
illustration on page 34]. If one ignores 
the losses due to the circulation of air 

through the tube and to the trifling 
amount of rolling friction, the train has 
had a free trip! In general, the magni­
tude of the compressor's task-which is 
to restore the initial near vacuum with­
in the tube-is equal to the amount of 
these two losses. A normal surface vehi­
cle, on the other hand, consumes energy 
in proportion to its weight in getting up 
to speed and then wastes that energy 
in the form of air turbulence and heat 
at the brakes before coming to a stop. 
Aircraft are inherently even more waste­
ful: a jet airliner consumes billions of 
foot-pounds of energy in climbing to 
cruising altitude, all of which is wasted 
by the descent at the end of the trip. 

p neumatic propulsion, then, is an ef-
fective and comparatively efficient 

means of transportation. When we came 
to deal with the longer and heavier 
trains required in the Urban system, 
however, we found that satisfactory ac­
celeration could not be achieved with 
atmospheric pressure alone. Fortunately 
another source of propulsive power is 
readily at hand-and as "free" as air. It 
is gravity. We decided to take advan­
tage of the principle of the pendulum. 
As first-year physics students learn, a 
pendulum, in the course of a single 
swing, converts potential energy (the 
energy stored in the suspended mass of 
the pendulum) into kinetic energy (the 
energy of the pendulum's motion) and 
back again into potential energy. This 
double conversion is accomplished with 
a lovely 100 percent efficiency except 
for the tiny losses resulting from air 
drag and friction in the suspension. That 
is why a spring weighing two ounces 
can swing a four-ounce clock-pendulum 
weight back and forth for eight days; it 
would take a 300-pound spring to do 
the same job if the back-and-forth mo­
tion were entirely horizontal and wasted 
all its energy at the end of each stroke. 

It was a simple matter to design a 
pendulum into our tube-train system. 
With the decision already made to put 
the tubes in a tunnel, it would add very 
little to the cost of the tunnel to slope 
it downward on both sides of each sta­
tion. Leaving a station, the train is ac­
celerated by the downgrade, and as it 
approaches the next station it is deceler­
ated by the upgrade-interchanging po­
tential and kinetic energy with the same 
high efficiency as a clock pendulum. In 
the case of the Urban system the pen­
dulum effect can contribute more than 
half of the total energy required by the 
tube train. The technique affords other 
important benefits: 
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1. It brings most of the tunnel down 
into deep bedrock, where the cost of 
tunneling-by blasting or by boring-is 
reduced and incidental earth shifts are 
minimized; the rock is more homoge­
neous in consistency and there is less 
likelihood of water inflow. 

2. The nuisance to property owners 
decreases with depth, so the cost of 
easements should be lower. 

3. A deep tunnel does not interfere 
with subways, building foundations, 
utilities or water wells. The only really 
deep works of man in the Corridor area, 
as far as we can determine, are two New 
York City water conduits. (They were 
dug as deep as 1,100 feet, incidentally, 
precisely to save money and ensure 
long life.) 

4. The pendulum ride is uniquely 
comfortable for the passenger. When a 
vehicle gains speed by coasting freely 
down a moderate slope, the passenger 
feels absolutely no sensation of fore­
and-aft acceleration; he can stand up, 
write and pour water without difficulty. 
The same thing is true as the vehicle 
loses speed by coasting uphill at the 
end of the trip. Tube-train riders will 
feel some vertical acceleration during 
brief periods when the path changes 
slope, but at rates well below the cri­
teria for passen ger eleva tors. 

The amount of "free speed" available 
from the pendulum technique varies 
with the square root of the depth. At 
1,000 feet it would be some 175 miles 
an hour; at 4,000 feet, nearly 350 miles 
an hour. We propose to have the Cor­
ridor trains cruise at 3,500 feet, de­
riving 325 miles per hour of speed from 
gravity. 

Is that too deep to go? We do not 
think so. The 12-mile-Iong Simplon 
Tunnel bores 7,000 feet below the sur­
face of the Alps. (It has been giving 
good service for 60 years, incidentally.) 
Copper mines go down 5,000 feet and 
diamond mines 10,000 feet. The earth 
temperature at 3,500 feet in the North­
east Corridor area is unlikely to exceed 
100 degrees Fahrenheit; air condition­
ing, which would have to be installed 
in any case, will keep the passengers 
comfortable. In order to construct the 
tunnel, vertical shafts 15 feet in diam­
eter would be sunk every 10 miles along 
the route and fitted with high-speed 
elevators; these could be left in place 
to serve as emergency escapes in the 
unlikely event of a train breakdown 
within a tube. In the event of an 
emergency, air would be admitted to 
the tube from the tunnel, which will 
be at atmospheric pressure, simply by 

opening valves along the top of the 
tube. 

In the case of the trip from Philadel­
phia to New York, the two elementary 
sources of power, gravity and vacuum, 
would com bine to propel the train 85 
miles in 13 minutes, or at an average 
speed of 390 miles per hour, with a peak 
speed slightly above 500 miles an hour 
[see illustration on page 35]. A single 
train will make the run from one end 
of the Corridor to the other in an hour 
and a half with seven intermediate 
stops en route, with New York just 45 
minutes from either end. Spurs to Dulles 
Airport outside Washington and Ken­
nedy International Airport outside New 
York may be desirable. 

In our calculations we have provided 
for a peak capacity of 9,000 passengers 
an hour. This would be accomplished 
by running three trains per hour, each 
with seats for 1,500 people and liberal 
rush-hour standing room for another. 
1,500 who would presumably be willing 
to stand during such short segments as 
the Philadelphia-New York run. The ca­
pacity of the system could be doubled 
by running six trains per hour. (The Re­
gional Plan Association has predicted 

that the rush-hour demand for this sys­
tem would reach 7,000 passengers per 
hour in the near future and that the sys­
tem should be able in time to handle 
15,000 per hour.) 

A single train will be able to make 
a round trip in about four hours, thanks 
to the high speed and the fast "turn­
around" (which will not involve turn­
ing but merely shunting from one track 
to another and reversing). The three­
trains-per-hour service could therefore 
be maintained with only 12 trains, plus 
some spare cars. This would mean a 
very low aggregate cost for rolling stock, 
crews and maintenance personnel, al­
though individual employees would be 
highly trained and could be well paid. 

In addition to carrying passengers 
the tube trains are designed to handle 
express cargo. This will be done during 
off-hours, providing ballast for trains 
that would otherwise accelerate too fast 
when the passenger load is light. Ex­
press cars will have the same length 
and coupling faceplates as passenger 
cars but will be open, like hopper cars, 
to receive standardized, pressure-tight 
modules· preloaded with mail, news­
papers and other high-grade cargo; the 

ATLANTIC o C E A N 

"URBAN" SYSTEM for New York City has six lines radiating from midtown Manhattan. 

Tentative terminals for the lines and the elapsed time to each from Manhattan allowing 

for stops en route as indicated, are shown on the map, along with built-up areas (color) 

served by the system. The main line and spur of the Corridor system are shown in gray. 

37 

© 1965 SCIENTIFIC AMERICAN, INC



11<E<=---------------- s MILES IN 21 MINUTES ------------------');:. I 

.... .... .... 
..... , ........ .... .... 

t 
4,300 FEET 

t 

S MILES IN 3.2 MINUTES 

t 
3,000 FEET 

t 

.. .. 
.... 

.... 
.. .. 

.. .. 
.... .. .. 

> 

EIGHT-MILE TRIP could be accomplished by a pure passenger 

pendulum in only 2.1 minutes (top). The route, comparable to the 

arc traced by the end of a lO-mile-long pendulum, would descend 

4,300 feet below ground level. The terminal segments of the pendu-

lum route (broken lines) would be too steep for a practical system, 

however. In the proposed Urban system the pendulum path is flat­

tened at each end (bottom). The depth of the tunnel becomes 3,000 

feet. With pneumatic propulsion, the elapsed time is 3.2 minutes. 

modules will be readily transferable to 
trucks. Any number of these express 
cars can be added to trains as the 
passenger load fluctuates. 

.N we were refining the Corridor sys­
tem we were urged by several con­

cerned individuals and agencies to see 
what might be done with a similar ap-

proach to help solve the commuter prob­
lem, particularly in metropolitan New 
York. The resulting Urban network is 
based on the same techniques as the Cor­
ridor system. Each Urban train would 
carry 2,600 passengers seated and 3,400 
standing; the size of the seats, the space 
allowance for standees and the propor­
tion of seats to standees would all be 

superior to present-day rapid-transit 
systems. If the train stops about once 
every eight miles, it can average two 
miles a minute-including the time spent 
in stations . 

Urban-system lines might radiate in 
six directions from midtown New York 
[see illustmtion on preceding pagel. 
Each line would have two tubes, but 

TUBE CATAPULT has been tested by the Army Research Office at 

Durham, N.C., and Duke University. The 100-foot-long tube is evac­

uated by a comp.ressor. Cylindrical metal projectiles, released at the 

far end, are forced down the tube by atmospheric pressure, reach­

ing speeds as high as 750 miles an hour. Tests have shown that there 

is a tendency for the projectiles to remain centered in the tube. 
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there would be no need for cross-valv­
ing. Since the Urban tunnels would 
slope down and then up again, with no 
level run as in the Corridor tunnel, 
floating the tubes in water would not 
work; instead they can be suspended on 
springs. With a train every 10 minutes, 
the capacity of a single tube would be 
36,000 passengers per hour; the frequen­
cy could be doubled to handle 72,000 
per hour. 

Each train would be half a mile long. 
This unusual length has some interest­
ing advantages. At each suburban sta­
tion there would be a long, narrow 
parking lot directly above the train, 
with numerous access roads passing 
through it. This would decrease local 
congestion and allow each passenger to 
park or alight from his bus near the 
section of the train that would put him 
closest to his midtown or downtown 
destination. In the city, passengers 
would be released into a larger area 
than that of a conventional station, 
again relieving congestion. 

Most commuters drive or take a bus 
to their suburban stations. The Urban 
system would require that they drive a 
few miles farther. In retul11, however, 
they would find good parking, reliable 
round-the-clock service and a speed 
that would more than make up for the 
longer ride to the station and that would 
be far superior to expressway speed 
even under the best driving conditions. 
The system would also lend itself par­
ticularly well to feeder-bus service. 

As now conceived, the New York Ur­
ban commutation system would consist 
of 140 miles of dual tubes and 19 sta­
tions and would require 18 trains. The 
original cost would be about $1.25 bil­
lion. This is about 25 percent more than 
the amount that, according to one esti­
mate, would be required for thorough 
modernization of the area's commuter 
railroads, which are under continual 
criticism for providing poor service, are 
losing money on passengers and are try-

- ing to get out of the passenger business. 
The Urban system might well supplant 
these railroads; it would complement, 
rather than supplant, the existing sub­
ways. A similar Urban system, scaled 
down somewhat, might make sense for 
Boston (Route 128 to downtown in five 
minutes) , San Francisco (San Jose to 
downtown, with stops about every 
eight miles, in 22 minutes) and other 
cities. 

I-I0w close does the speed of the 
gravity-vacuum system come to the 

limits of what is practical in surface 

"CORRIDOR" TUNNEL might be bored through deep bedrock by hydraulic tunneling ma­

chines. This machine·drilled segment of a New York water conduit is 12 feet in diameter. 

transportation of passengers? Consider 
a typical eight-mile Urban segment. 
Imagine, first of all, a hypothetical vehi­
cle built to travel horizontally with un­
limited power. It would accelerate until 
it would have to decelerate again, accel­
erating and decelerating at three miles 
per hour per second, the top rate to 
which passengers are subjected in pres­
ent rapid-transit practice. (Actually no 
existing system has the power to main­
tain such acceleration beyond 30 to 40 
miles an houL) The speed at midpoint 
would reach 295 miles an hour and the 
accelerations would be high and con­
tinuous. The elapsed time for the eight 
miles would be 3.2 minutes, which must 
be about the theoretical limit for hori­
zontal travel unless everyone is strapped 
into his seat. The power requirements 
would be prohibitively high. 

Now imagine a "passenger pendu­
lum," a gravity train swooping through 
a 4,300-foot-deep tunnel with no air re­
sistance [see top illustration on opposite 
page]. It would make the swing in 
only 2.1 minutes without consuming 
any power at all, and there would be 
no sensation of horizontal acceleration. 
The speed at midpoint would be 360 

miles per hour. The steep slopes at each 
end of the trip are not suitable for mass 
transportation, however. 

Finally, consider the proposed grav­
ity-vacuum system with a fully loaded 
Urban train (6,000 passengers and a 
gross weight for the train of 1.6 million 
pounds). Its path will partially parallel 
the pendulum's but will level off as it 
enters the stations, so the maximum 
depth of the tunnel will be only about 
3,000 feet [see top illustration on oppo­
site page]. 

Pneumatic acceleration and decelera­
tion will be added, with one mile of full­
pressure air applied at each end. The 
gravity-vacuum combination will impart 
an "equivalent horsepower" of 275,000 
during acceleration, but the actual 
horsepower requirement will be no more 
than 7,700. The acceleration during the 
first and last miles will be two miles 
per hour per second, two-thirds as high 
as the continuous acceleration in the 
hypothetical horizontal vehicle; during 
the remainder of the trip the accel­
eration will be negligible. The elapsed 
time of 3.2 minutes will nevertheless 
match that of the horizontal trip, with a 
speed at midpoint of 335 miles an hour. 
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PNEUMATIC TRAIN was constructed under Broadway in New York City in 1870 by Alfred 

Ely Beach, editor of SCIENTIFIC AMERICAN.  These engravings, which illustrated an account in 

the magazine, show the eight.foot tunnel ( top ) and the "richly upholstered" car ( bottom ) .  
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It seems reasonable to expect, then, that 
the proposed tube train will cover a 
moderate distance in an elapsed time 
that cannot be matched by any other 
vehicle traveling horizontally and ac­
commodating standing passengers. No 
advances in propulsion or braking tech­
nology can avoid this conclusion, since 
human comfort is the critical factor. 

T he system I have proposed seems to 
offer a number of broad social and 

economic benefits in addition to con­
venience for travelers. Its construction 
would, of course, employ a large num­
ber of workers. It would cut down auto­
mobile traffic in the heart of a metropo­
lis, thereby reducing air pollution and 
the intrusion of expressways and ga­
rages. (Each tube, with its capacity of 
36,000 passengers per hour, would be 
equivalent to 14 jammed lanes of ex­
pressway.) The casualties from grade­
crossing, highway and airplane acci­
dents would be reduced. Subsidies to 
passenger-carrying railroads might be 
obviated and railroads, free to concen­
trate on freight, might compete more 
effectively with trucks. Finally, putting 
much of the surface transportation un­
derground would beautify the country­
side and make it possible to redeem 
blighted areas of many cities and small­
er communities. 

How soon could the Corridor or the 
Urban system be completed? The pace 
of the project would probably be set 
not by technological development but 
by the speed of tunneling; it would 
normally take perhaps three years from 
ground-breaking to operational use. 
With strong leadership, the raising of 
capital and the necessary legislative 
processes might take as short a time as 
one year. If the best "concurrency" tech­
niques of the weapons-system industries 
were brought to bear, then portions of 
either system could surely be opened for 
business on the 100th anniversary of the 
completion of the first transcontinental 
railroad. The Golden Spike was driven 
on May 10, 1869, ushering in a major 
era of growth in the U.S. 

Our forefathers built a great railroad 
system that is still suitable today for 
heavy freight, but not for passengers. 
Will we merely patch up the passenger 
system and hand it on to our children 
along with its marginal service, satu­
rated capacity and insatiable appetite 
for subsidy? Or will we select a new 
system with a new order of convenience, 
sound economics and capacity for 
growth-and do it now, so that we can 
enjoy it too? 
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�®@J®lli reports on : 
a strong desire to contribute to electron micrography . • .  constructively vigorous 
molecules . • •  a n  i ntermediate policy in  lasers 

Com petence i n  customers 
Delbert E. Philpott took 
t h i s  b e a u t i fu l  e l e c t r o n  
micrograph o n  a KODAK 
Projector Sl ide Plate, Con­
trast .  It shows the ultimate 
source of the sticky secre­
tion on the tube feet of star­
fish that gives them a grip 
powerful enough to open 
oysters . The sieve-l ike ob­
ject is  a cross-section of one 
of the secretory packets that 
Dr. Phi lpott  di scovered. 
Two. more secretory packets 
are seen in longitudinal sec­
tion above it. The large object beneath the packets is the cell 
nucleus . 

H ow much easier life would be for biology students without 
the long tale spilled out on KODAK Projector Slide Plates by 
electron microscopes over the past quarter century ! Used to 
be KODAK Lantern Slide Plates . No difference. (Only the 
name was updated . The old name was redolent of coal oil .)  
In addition to "Contrast,"  they also come as " Medium . "  
Very little difference i n  electron-exposure behavior. ("Not so," 
argue some customers . We don't  argue back. The customer 
is always right.) 

, 

What, then, has happened to the spirit of progress in ma­
terials for electron micrography ? This is a very difficult 
question on which we have been working for a long time. 
About all we have to show for this work is an article entitled 
"Some Things Every Electron Microscopist Ought to Know." 
It 's  free from Publications Service, Eastman Kodak Com­
pany, Rochester, N. Y. 1 4650. It chats a little . theory (very, 
very lightly) about electron image structure. Dr. Philpott had 
never read it before making the electron micrograph that re­
vealed the starfish's secretory secret. Neither did any of the 
people who uncovered all the other organelles for the biology 
students . 

Wa nted : more ketene m i l l io n a i res 
Ketene (CH2 = C = O) can be turned into money if you don't 
let it sit around for more than an hour or two, as we dem­
onstrate in Kingsport, Tenn. ,  by the millions of pounds per 
annum. Ketene is one of the most reactive organic molecules 
that a chemical engineer ever gets to tame. Lots of molecules 
are noted for coming apart with a loud bang. That's not what 
we mean. In ketene the cumulative double bond acts like a 
powerful spring, all set to grab something. When nothing else 
is available, a molecule of ketene will grab another molecule 
of ketene, forming diketene. This dimerization by no means 
uses up all the constructive vigor, and we have some very n ice 
business in diketene to prove it. Who buys our diketene we 
have no intention of telling you, and just what they do with it  
we don't know ourselves . Obviously they are competent 
people, frightfully so.  

In the industrial-chemical big league, where everybody is 
everybody else's competitor, supplier, and customer, one of 
the most thrilling parts of the game comes in deciding what 

not to tell .  A few small points about handl ing ketene that we 
think we understand better than the other teams make ketene 
chemistry a profitable interest for us to encourage in others . 

C4H9 Currently we would like to see some com-
"

C - C - O  
pany make a killing o f  their own through / - - butylethyl ketene they'd buy from us.  We 

C2H5 doubt butylethyl ketene has been offered 
commercially heretofore. At $5 per pound of 20 % n-hexane 
solution, some might hesitate to call BEK commercial even 
yet, but such a silly price would hardly prevail when a bit of 
volume develops and we start shipping straight BEK in bulk 
under refrigeration, the way we do diketene. The tricks we 
learned about trafficking in the latter will help with BEK, 
which is about as reactive undiluted but will keep quite a while 
in 20 % hexane solution. 

Eastman Chemical Products, Inc. , Kingsport, Tenn. 37662, can 
supply a technical data pamphlet 01/ BEK which labors under the im­
pression that BEK will become the basis of a new cye/obutalle indus­
trial chemistry. What a pleasallt surprise if we turned out to be right 
about that ! 

Long, long rod s  for the profess ion 
A l l  too easy it i s  to bel ieve we know a l l  the folks out there i n  
laserland and their gals a l l  know o u r  phone number. That 
backward-looking viewpoint neglects the still unknown heroes 
who will save the skins of the generous makers of laser­
development budgets.  

These heroes are probably no amateurs . They have probably 
been devoting full time to keeping abreast .  Now that they are 
ready to grab the lead instead of just staying abreast, they need 
rods from a supplier in an intermediate position. That's just 
what we are here - a  supplier. We follow an intermediate 
policy between working directly in established projects only 
and offering raw glass only. We have a highly respectable 
background in high-precis ion optics . We make our own glass 
by our own methods . We welcome inquiries for neodymium­
doped silicate glass rods around two inches thick and a yard 
or more long, with Brewster-angle or other kinds of ends . We 
welcome challenges to hold the loss coefficient under 0. 1 % per 
cm and to raise the damage threshold to 600 joules/cm2 of 
cross-section. 

If there is a nybody in the 
a u d i ence who has been 
wond ering how much is  lost 
by hitching two rods to· 
g ether with Brewster faces 
overla p p e d ,  a s  com pa red 
with a n  uninterru pted rod of 
e q u a l  length,  let him note 
some input-output studies on 
one of our 36 -inchers b efore 
(solid) and a fter (dashed) 
we busted it unintention a l l y  
a n d  unha p pily.  
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That phone number is (716) - 325 - 2000, Ext. 5166. It connects to 
Special Products Sales, Eastman Kodak Company, Rochester, N. Y. 
14650. Mail to this address from residential return addresses is 
ha,!dled gingerly. A t  a recent

. 
science fair where a young blade kept 

/irll1g, learnedly, a pocket-SIze laser rod that some kind-hearted 
physicist had bestowed all him for the advancement of his education 
we walked o ver and told him to stop right then and there. We advised 
his proud mama and papa to get him to an ophthalmologist. What all 
ophthalmologist can do for damaged retinas we don't know. 

This Is-another advertisement where Eastman Kodak Company probes at random for mutual 
I nterests and occasionally a little revenue from those whose work has something to do with science 
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60° 
closer 

to 
the sun 

New hi-temp Geon vinyl beats the heat. 

Its ability to withstand temperatures 

of 200 degrees and higher is the first 

break-through in vinyls since the first 

rigid vinyl was developed. Result: vinyl 

advantages can be built into many prod­

ucts where heat is a problem. Hi-temp 

Geon vinyl safely carries hot water, hot 

chemicals, hot air and hot fumes. It 

is tough, self-extinguishing, electrically 

non-conducting, colorful, light in weight, 

strong, and readily fabricated. F or data 

and comprehensive brochure, write 

B.F.Goodrich Chemical Company, Dept., 

GA-8, 3135 Euclid Avenue, Cleveland 

15, Ohio. In Canada: Kitchener, Ontario. 

B.F.Goodrich Chemical 
• dIvision of The 8.f.Good"ch Camp.n)" 
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X
most 20 years to the day after hu­

man ingenuity contrived the 
world's first nuclear explosion, a 

more benign demonstration of that in­
genuity produced the first close-up pic­
tures of another planet. On July 14 the 
spacecraft Mariner IV came to within 
6,118 miles of Mars after journeying 
325 million miles through space in 228 
days. The five million "bits" of informa­
tion that Mariner IV collected in 25 
historic minutes of picture-taking will 
absorb the attention of astronomers, 
geophysicists and other specialists for 
months to come. 

The five million bits, relayed back 
to earth at the leisurely rate of 8.3 
bits per second, represent a sequence 
of some 20 pictures. (This issue will 
be in circulation before the exact num­
ber is known.) The pictures were made 
alternately through red and green fil­
ters to provide infoimation about the 
planet's surface coloration. Each pic­
ture, made up of an array of 40,000 
(200 by 200) picture elements, shows an 
area approximately 130 miles on a side. 
(The oblique views show a somewhat 
larger area.) Each picture element, in 
turn, contains six bits of information, 
enough to identify 64 levels of bright­
ness from pure white to black. This fine 
gradation of tone was selected to maxi­
mize the amount of detail visible in sur­
face areas that were expected to have 
inherently low contrast. 

The first few pictures to be received 
have the quality that was anticipated, 
but since the sun was almost overhead 

SCIENCE AND 

when the initial exposures were made, 
there are no strong shadows to bring out 
surface features. Workers at the Jet 
Propulsion Laboratory of the California 
Institute of Technology, which carried 
out the brilliant experiment, are opti­
mistic that a great deal will be revealed 
about the Martian surface when pic­
tures with longer shadows have been 
received and when the whole set has 
been carefully examined. 

Apart from the photographs, a num­
ber of separate experiments conducted 
by Marine)" IV during its flyby have 
apparently settled some important ques­
tions about Mars. First, the planet has 
virtually no magnetic field. This im­
plies that the planet lacks a liquid me­
tallic core, which is believed to account 
for the earth's magnetism. It remains to 
be seen from the photographs whether 
or not Mars has experienced tectonic 
processes of the kind that have shaped 
the surface of the earth by throwing up 
continents and mountain ranges. Sec­
ond, Mars shows no evidence of a radi­
ation belt, which is to be expected if the 
planet lacks a magnetic field to trap 
charged particles. As a result energetic 
particles directly bombard the Martian 
surface with an intensity many times 
greater than that at the surface of the 
earth. If there is life on Mars, it must be 
adapted to survive this considerable 
flux of radiation. 

A third immediate finding is that 
the Martian atmosphere is almost cer­
tainly too thin to provide appreciable 
support for vehicles with conventional 
parachutes or wings, which might other­
wise have been employed to achieve a 
soft landing on Mars in future expedi­
tions. The density of the atmosphere 
was determined by its effect on radio 
signals when Marine)" IV disappeared 
behind the planet and reemerged on the 
other side. The results confilm density· 
measurements made earlier by infrared 
astronomers [see "Infrared Astronomy," 
page 20]. 

The triumph of Mariner IV demon­
strates the vigor of the technology that 
has been developed in the U.S. space 
program in the half-dozen years since 
the launching of Explorer I on January 
31, 1958. It also bears out a prediction 
made in Introduction to Outer Space, 
a report prepared by the President's 
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Science Advisory Committee and issued 
by President Eisenhower in March of 
that year. "Much that scientists wish 
to learn from satellites and space voy­
ages into the solar system," said the 
report, "can be gathered by instruments 
and transmitted back to earth. This 
transmission . . .  is relatively easy with 
to day's rugged and tiny electronic 
equipment . . .. The cost of transporting 
men and material through space will be 
extremely high, but the cost and diffi­
culty of sending information through 
space will be comparatively low." The 
Mars-Mariner program has cost about 
$120 million. The cost of landing a 
man on the moon by 1970 will be $20 
billion. 

Genetic Punctuation 

Two group
.
s of workers h�ve recently 

found eVIdence supportmg the hy­
pothesis that the genetic messages used 
by the living cell to specify the con­
struction of protein molecules may in­
clude some form of punctuation-a 
"period"-to signal the protein-synthe­
sizing mechanism that a given message 
is ended and that a protein chain is 
to be terminated. The message itself 
is embodied in a genetic code whose 
"words" are various combinations of the 
four different bases in deoxyribonucleic 
acid taken three at a time. Each of the 
20 different amino acids used in the 
synthesis of proteins is represented 
by one or more three-letter words, or 
codons. There are 64 possible kinds of 
triplet codon; more than 40 have now 
been shown to code for specific amino 
acids. 

It has been difficult to demonstrate, 
however, that a given codon does not 
code for any amino acid, even though 
it was suspected that such codons­
called nonsense codons-may exist. Evi­
dence for such nonsense codons has now 
been presented in two papers published 
simultaneously in Nature. The feature 
of the nonsense words identified is that 
they signal the cell to break off the 
protein chain it is synthesizing; there­
fore they play the role of a period in 
the genetic message. One paper is by 
Sydney Brenner, A. O. W. Stretton and 
S. Kaplan of the University of Cam­
bridge; the other is by Alan Caren and 

Another Brush Innovation in Recording: 

The Brush 2300. 
Best recorder around 

for getting IQts of data down 
on one piece of paper. 

No wonder the Brush 2300 light 

beam recorder can handle just 

about any industrial recording job 

you can name. 

It's available with 1 to 16 analog 

channels. Writing speeds from 0 to 

30,000 inches per second. Push­

button choice of eight different 

chart speeds-or sixteen if you like. 

And all the frequency response 

you'll ever need. 

Power requirements? Next to 

nothing ... even operates off a car 

battery. One model operates off 

flashlight batteries! 

And here's the topper. Anyone, 

anywhere can operate a 2300. The 

controls are logically grouped, chart 

paper loads from the front and the 

ga Ivos can be switched and adjusted 

in seconds. Simple. Rugged. light­

weight. Low cost per channel. That's 

the 2300. The common-sense se­

lection for almost every industrial 

recordi ng requi rement. 

A demonstration wi II prove it. See 
your local Brush Sales Engineer. Or, 

call us collect ... 216-EN 1-3315. 

An illustrated brochure is yours 

for the asking. Brush Instruments 

Division, Clevite Corporation, 37th 

& Perkins, Cleveland, Ohio 4 4114_ 

------brush 
CLEVITE 

INSTRUMENTS DIVISION 
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Martin G. Weigert of Yale University. 
The methods used by the two groups 

of workers both involved the search for 
codons that have mutated in certain 
bacterial strains. When a codon has 
mutated to a nonsense codon and has 
lost the ability to code for any amino 
acid, a protein that was formerly pro­
duced appears in a stunted form and 
ceases to perform its function as an en­
zyme; the effect can be observed in the 
organism. Primarily by studying the ac­
tion of the chemical mutagens that in­
duced the formation of nonsense codons 
the Cambridge group was able to iden­
tify in two such codons the sequence of 
bases: uracil, adenine and guanine in 
that order (UAG), and uracil, adenine 
and adenine (UAA). Brenner, Stretton 
and Kaplan discussed corollary evidence 
indicating that the UAG codon is prob­
ably an abnormal interruption of pro­
tein synthesis rather than the normal 
signal for chain termination. No such 
evidence exists, however, to rule out the 
role of the UAA codon; Brenner and his 
colleagues imply that it in fact plays the 
role of a normal period in the bacte­
rial strains used in their experiments. 

The UAG codon was also identified 
by Garen and Weigert. They studied a 
codon (for the amino acid tryptophan) 
that mutates, losing its ability to code 
for any amino acid in some strains of 
the bacterium Escherichia coli. They 
found that the mutant codon could mu­
tate again to form a new codon and 
could thus regain the ability to code for 
an amino acid. By analyzing the new 
amino acid incorporated into the pro­
tein alkaline phosphatase as a result of 
such secondary mutation, Garen and 
Weigert were able to identify the base 
sequence of the nonsense codon. 

Better Automobiles by Fiat? 

The automobile industry got a strong 
nudge in the direction of safety en­

gineering and the control of air
' 

pol­
lution last month when the General 
Services Administration, the Federal 
Government's purchasing agency, listed 
17 features to be required in all new 
cars and over-the-road trucks bought 
by the Government beginning with the 
1967 models, or after September 28, 
1966. The General Services Administra­
tion buys some 38,000 such vehicles a 
year; the Department of Defense buys 
at least another 15,000. These numbers 
are not large compared with total auto­
mobile purchases in the U.S., but be­
cause the Federal Government is the 
largest single buyer of automobiles, and 

because its move will probably stimu­
late corresponding legislation in several 
states, the new standards will have a 
heavy impact on the design of U.S. 
automobiles. 

The major requirement is the instal­
lation of afterburners or other devices 
to reduce the amount of unburned hy­
drocarbons, which contribute to air pol­
lution, in exhaust fumes. California law 
already requires the installation of such 
devices in cars bought in the state be­
ginning with the 1966 models this fall; 
New York has been considering similar 
legislation. The General Services Ad­
ministration move will tend to make ex­
haust controllers standard equipment 
on all cars by 1967. 

The new Government standards also 
seek to control the lethal rearward dis­
placement of the steering wheel in ac­
cidents by specifying that the assembly 
be so constructed that it cannot be 
driven backward more than five inches 
by a head-on collision at 20 miles per 
hour. Some of the other Federal re­
quirements are stronger seat-belt an­
chors, recessed dashboard controls, a 
dual foot-brake system for the front 
and the rear wheels, standard bumper 
heights, backup lights and safety door 
locks and hinges. Some of these features 
are now standard on expensive cars and 
optional extras on lower-priced cars. 
General Motors announced that it would 
make a number of the features standard 
in all its 1966 models. If all the features 
become standard, according to auto­
mobile industry sources, they may add 
$100 to $150 to retail prices. 

Animal Protein from Plants 

A group of investigators at Purdue 
. University has discovered a mu­

tant strain of corn that may help to 
solve one of the world's most pressing 
nutritional problems: how to provide 
the protein needed for human growth 
in areas that have a chronic shortage of 
animal protein. Even when plant pro­
tein is abundant in such areas, it does 
not supply all the amino acids required 
to build animal protein; one result is 
the severe nutritional disorder called 
kwashiorkor. The new strain of corn­
named opaque-2-contains protein that 
is exceptionally rich in lysine, the ami­
no acid in which cereal plants are par­
ticularly deficient. 

In recent months Edwin T. Mertz, a 
biochemist, Oliver E. Nelson, a plant 
geneticist, and their co-workers Olivia 
A. Veron and Lynn S. Bates have har­
vested enough opaque-2 to test its nu-

tritional value. They report in Science 
that rats raised on opaque-2 gain 
weight three times faster than rats 
raised on ordinary corn. The investiga­
tors conclude that their experiments 
provide "a basis for assuming that 
opaque-2 proteins would also be supe­
rior to ordinary maize proteins in the 
diet of man and domestic animals." This 
assumption will be tested later this year 
by Ricardo Bressani, a biochemist at the 
Institute of Nutrition of Central Ameri­
ca and Panama in Guatemala City. 
Bressani plans to introduce opaque-2 
(in the form of tortillas, a flat corn 
bread) into the diet of a group of Gua­
temalan children. The children will 
then be tested to assess the extent to 
which the lysine-rich protein is retained 
by their bodies, and to what effect. If 
the results of this program are favorable, 
a seed bank operated in Mexico City 
by the Rockefeller Foundation plans 
to sponsor the widespread planting of 
opaque-2 in Central America, where 
kwashiorkor is common. 

Because the gene responsible for the 
opaque-2 mutant is recessive, the corn 
must be grown so that exposure to stray 
pollen is minimized. The Purdue group 
is currently growing a crop expected to 
yield several thousand pounds of shelled 
corn; some will be given to Bressani and 
the rest to nutritionists at Purdue, who 
will feed it this fall to pigs, chickens and 
graduate students. Mertz and Nelson 
believe that analogous lysine-rich pro­
teins may exist in mutant varieties of 
other cereals; they have undertaken to 
find a general method for detecting such 
strains. 

Proteins by Machine 

A recurrent dream of the hardwork-
ing chemist's is that someone will 

develop an apparatus that would au­
tomatically perform the dozens-some­
times hundreds-of steps in the syn­
thesis of a complex compound. Such a 
machine has now been developed by 
two chemists at the Rockefeller Institute 
for the purpose of linking amino acids 
into the peptide chains that comprise 
proteins. Their achievement has special 
significance because, as chemists work 
out the sequence of amino acid units 
in proteins of special biological impor­
tance, they will undoubtedly undertake 
to synthesize them. Already several 
groups of workers have achieved the 
total synthesis-by laborious manual 
methods-of insulin, a protein that con­
sists of 51 amino acid units arranged in 
two cross-linked peptide chains. 
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design simplicity is your A·1 guarantee 
for trouble free motor control performance 

• Allen-Bradley Seriej! K starters-in all ratings­
achieve their unusual simplicity by means of their time 
tested solenoid design. With but a single moving part­
and this being so rugged and so simple that nothing can 
go wrong-you are guaranteed many extra millions of 
trouble free operations. 

Here are some additional plus features-which you 
obtain at the regular price of the starter� The new 
Series K coil is pressure molded and impervious to 
corrosive atmospheres. Any Series K coil that fails when 
used at its nameplate rating will be replaced free of 
cost to you. 

Special cushioning eliminates destructive pounding of 
the magnet-a built-in permanent air gap makes mag­
netic sticking impossible throughout the operating life 
of the contactor. The cadmium oxide silver contacts 
need never be serviced-they close "square" and thus, 
by eliminating the sideward motion, the corresponding 
contact wear is likewise eliminated, and contact life is 

substantially increased. And the overload relays-two 
are standard but three can be furnished just as readily­
are truly trip free and tamperproof. They will provide 
dependable protection throughout the life of the control. 

Don't make the mistake of trading the Allen-Bradley 
Series K quality features for a competitor's cut price-such 
exchange is not a bargain. Let your local Allen-Bradley 
appointed distributor prove to you that when you're up 
against a really tough control job, the Allen-Bradley 
Series K line is the only answer. It's trouble free! By 
the way, have you Publication 6110 in your engineer­
ing files? If not, please write 
Allen-Bradley Co., 1204 S. Third 
St., Milwaukee, Wis. 53204. In 
Canada: Allen-Bradley Canada 
Ltd., Galt, Onto Export Office: 
630 Third Ave., New York, New 
York, U.S.A. 10017. 
BULLETIN 709 Series K motor control in 
NEMA Type 1 enclosure. There is a 
modern, "family·like" appearance to 
all Series K general and special pur· 
pose enclosures, and-no starters take 
so little time to install. The white in· 
terior is a great help. 

ALLEN - BRADLEY 
Member of NEMA 

QUALITY MOTOR CONTROL 
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The apparatus for synthesizing pep­
tides was developed by R. B. Merrifield 
and John M. Stewart. They have dem­
onstrated its capability by synthesizing 
bradykinin, a hormone with a peptide 
chain of nine amino acid units. Men'i­
field had only recently succeeded in 
synthesizing bradykinin manually by the 
method known as solid-phase peptide 
synthesis. The bradykinin made by ma­
chine is equal in yield, purity and bio­
logical activity to the substance synthe­
sized manually. It should be feasible to 
synthesize larger pep tides by machine, 
according to Merrifield, as soon as cer­
tain details of the solid-phase technique 
are worked out. 

The first step of solid-phase peptide 
synthesis is to anchor the amino acid 
intended to form one end of the chain 
to a solid, insoluble particle. The prod­
uct is then placed in a reaction vessel, 
and a soluble reagent is added to effect 
the bonding of the next amino acid. 
To achieve each bond may require as 
many as 80 operations such as pump­
ing, shaking and filtering. After each 
amino acid is added the reagent is 
washed away; the procedure is repeat­
ed for each amino acid in the chain. 
Finally the peptide is removed from its 
anchor by a chemical cleavage. 

The large number of operations in­
volved in solid-phase synthesis is no 
drawback, since each step entails only 
the transfer of solution to or from a 
single vessel and can be performed 
readily by machine. A programmer such 
as the one designed by Merrifield and 
Stewart can be instructed to repeat any 
sequence involving only the addition 
and removal of reagents. 

Soft and Hard Acids and Bases 

A recent symposium indicates that 
the principle of "soft and hard 

acids and bases" can be widely applied 
to explaining and predicting the likeli­
hood and speed of chemical reactions 
and the stability of the resulting com­
pounds. The concept of soft and hard 
acids and bases-"SHAB," as it has come 
to be called-was put forward in 1963 
by Ralph G. Pearson of Northwestern 
University, who sought to identify the 
factors that make some chemical reac­
tions occur at faster rates than others 
and that determine the stability of 
compounds. 

From the theoretical chemist's point 
of view an acid is a substance that ac­
cepts electrons in a reaction and a base 
is one that donates electrons. Stable 
compounds can be considered as hav­
ing two parts, one an acid and the other 
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a base. Even single atoms can be re­
garded as acids or bases in this sense. 
Examining data from a large number of 
his own experiments and those of other 
workers, Pearson concluded that reac­
tions between acids and bases could be 
explained in terms of the deform ability 
of electron "clouds," the smeared orbits 
of electrons surrounding the nuclei of 
the atoms involved. 

The clouds tend to be spherical. 
Some atoms are easily "polarized," how­
ever, which is to say that their elec­
tron clouds can be readily distorted; 
these atoms Pearson calls "soft." In 
other atoms, less easily polarized, the 
cloud resists distortion; these atoms 
Pearson calls "hard." Soft atoms tend to 
donate or accept electrons easily and 
to form covalent bonds; hard atoms 
tend to share electrons less readily and 
to form ionic bonds. The heavier an 
atom is, the softer it is. Metals are soft. 
Atoms that are highly ionized, or have 
lost a number of electrons, tend to be 
hard. 

Pearson found that hard acids prefer 
to combine with hard bases and soft 
acids to combine with soft bases. It fol­
lows, for example, that soft acids and 
bases react more readily on a metal 
catalyst than hard ones do; hard sol­
vents are best for dissolving hard sub­
stances, and so on. The status of the 
SHAB principle was recently discussed 
at a symposium in Geneva sponsored by 
the American Cyanamid Company's Eu­
ropean Research Institute and reported 
in Chemical & Engineering News; the 
participants generally agreed that it ex­
plains many phenomena, and can help 
workers to bring about many desired 
reactions, in inorganic and organic 
chemistry and in biochemistry. 

Calendar-calculating Twins 

p sychologists have long been familiar 
with the phenomenon of the "idiot 

savant"; the term has traditionally been 
used to describe a person with subnor­
mal intelligence-frequently in the im­
becile range-who has a special, highly 
developed intellectual skill incongruous 
with the rest of his mental activity. Now 
a unique case has been reported of a 
pair of identical twins both of whom 
appear to fit into the traditional cate-
gory of idiot savants. 

. 

The twins are 24-year-old men named 
Charles and George, who have spent 13 
of the past 15 years at Letchworth 
Village, a state mental institution in 
Thiells, N.Y. Two years ago they were 
transferred to the New York State Psy­
chiatric Institute in New York City, 

where they came under the observation 
of William A. Horwitz, Clarice Kesten­
baum, Ethel Person and Lissy Jarvik, 
who report their findings in a recent ar­
ticle in the American Journal of Psy­
chiatry. 

The special skill of the idiot savant 
generally involves some kind of calcu­
lating; in this case both Charles and 
George are unusually adept at comput­
ing calendar dates and at very little else. 
Like many other calendar calculators, 
the twins have IQ's in the 60-to-80 
range and cannot add, subtract, mul­
tiply or divide simple single-digit num­
bers. Their self-taught calendar calcula­
tions, however, go far beyond the range 
of any hitherto reported. Although 
Charles is completely accurate only for 
this century, George can project his 
calendar calculations over a range of at 
least 6,000 years. For example, he can 
instantaneously identify February 15, 
2002, as a Friday or August 28, 1591, 
as a Wednesday. When asked in what 
years April 21 falls on a Sunday, both 
Charles and George will correctly an­
swer 1968, 1957, 1953, 1946 and so on; 
when encouraged, George can go back 
as far as 1700. When asked in what 
month of the year 2002 will the first of 
the month fall on a Friday, George gave 
February, March and November-all 
correct answers. The twins can also 
specify that the fourth Monday in Feb­
ruary, 1993, will be the 22nd and that 
the third Monday in May, 1936, was 
the 18th. 

The development of George's special 
talent was observed earlier than that 
of his brother. At age six he would 
spend hours poring over an almanac that 
contained a perpetual calendar. From 
the beginning he made no errors. 
Charles became interested in telling 
dates only after the twins were institu­
tionalized at age nine, and he was ob­
served to go through a period in which 
he made many mistakes. Although both 
twins are severely myopic, there is no 
evidence that their common skills are 
genetically linked. 

The fact that both twins operate in 
a range of calendar calculation far be­
yond that of the usual 200- to 400-year 
perpetual calendar makes it doubtful 
that their feats involve only memory. 
Moreover, they operate so rapidly that 
they probably use no formula, even 
if they were capable of learning one. 
The investigators write that they have 
no better explanation for the observed 
phenomenon than the one that is offered 
by the twins themselves, who answer 
the question of how they perform by 
saying, "I know" or "It's in my head." 
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HERE'S THE INSIDE STORY FROM ROHR 

TITAN III-C BOOSTER INSULATION 
Above are fabrication sequences in the insulation of motor cases for 
the solid rocket strap-ons of the Titan III-C, standard Air Force launch 
vehicle, recently successfully flight tested at Cape Kennedy. These 
bunc;:t-N rubber insulative components are manufactured by Rohr's 
Sp�ce Products Division to meet United Technology Center's precise 
requirements. Both precured and cured-in-place techniques are used 
in insulating the 1 O-foot diameter center segments and aft closures. 
These components, varying in thickness from a fraction of an inch to 
almost a foot, have performed perfectly throughout the motor's 
extensive development and test program. Reliability is assured by 
close control of manufacturing processes, including curing under 
high pressure in Rohr's 15-foot by 35-foot autoclave. Technologies 
developed at Rohr Space Products Division in the large solid rocket 
field encompass the full range of insulation materials in use. In 
addition to providing the insulation, booster intertank structures for 
the solid boosters on the Titan III-C are also manufactured at Rohr. 

For the full story on this and a 
variety of other nonmetallic 
fabrication capabilities, please 
contact: Marketing Manager, 
Dept. 73, Space Products Divi­
sion, Rohr Corporation, River­
side, California. 
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WHO HAS ... 

movies: stereo 
and all that jazz ... 

the world's largest 
and most complete 
commercial pilot 
training school ... 

*On the screen in Panavision® and Metro Color®: Metro-Goldwyn-Mayer presents an 
Anatole de Grunwald production. "The Yellow Rolls-Royce," starring Ingrid Bergman. 
Rex Harrison, Alain Delon, George C. Scott, Jeanne Moreau, Omar Sharif and 
Shirley MacLaine. By Inflight Motion Pictures, Inc. 

and a five-second answer 
to your reservation questions ... 

W ho but 

UNITED AIR LINES 
Welcome aboard the Extra Care Airline 
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NUCLEAR FISSION 

Twenty years after the detonation of the first nuclear explosion 

the study of the splitting of the atolnic nucleus in two is still 

the best source of infonnation about highly deforn1ed heavy nuclei 

T
he interest of physicists in the 
process of nuclear fission did not 
subside after the achievement of 

a self-sustaining chain reaction and the 
detonation of the first nuclear explosive 
20 years ago. Apart from the epoch­
making technology to which it gave 
birth, the discovery of fission raised in­
teresting new questions in basic physics. 
How could such a small input of en­
ergy-the mere absorption of a single 
neutron-so easily split the nucleus of 
an atom in two? \<Vhy did the cleaved 
uranium nucleus break into two pieces 
of unequal mass instead of splitting in 
half? These and other questions, offer­
ing a unique opportunity to study the 
inner workings of highly deformed 
atomic nuclei, have continued to absorb 
the attention of a number of investi­
gators over the years, and they have led 
to considerable enlightenment about the 
internal structure and energy configura­
tions of deformed heavy nuclei. 

It is not easy to recall now with what 
surprise and incredulity physicists greet­
ed the announcement of the fission of 

by H. B. Leachman 

the atomic nucleus in 1939. Experi­
mental workers had been attacking 
nuclei with particles from accelerating 
machines and had found that it took 
millions of electron volts of energy to 
chip one or two nucleons (protons or 
neutrons) out of the nucleus. It seemed 
that to cause a heavy nucleus to fission 
would require hundreds of millions of 
electron volts, an amount of energy 
that was not then available. Now it 
turned out that only six million elec­
tron volts, easily obtained by the inser­
tion of an additional neutron in the 
uranium nucleus, was sufficient to tear 
the nucleus apart, with a consequent re­
lease of 200 million electron volts of en­
ergy. It was as if a hard rock had been 
split in half by tapping it with a pencil. 

Niels Bohr of Denmark, who had 
hastened to the U. S. with the news, 
puzzled over this phenomenon with 
John A. Wheeler at Princeton Univer­
sity, and within the short span of a few 
months they had published a detailed 
model that explained the initial obser­
vations satisfactorily. Their proposal 

was the now famous liquid-drop anal­
ogy. They likened the fission of the 
uranium nucleus to the splitting of a 
drop of liquid by deformation. 

The Liquid-Drop Model 

In its lowest energy shape-the shape 
that requires the least amount of energy 
to maintain its form-a drop of water is 
spherical. By the application of energy 
from outside it can be pulled into an 
elongated shape [see illustrations on 
next two pages]. Up to a certain point 
the force of surface tension will hold the 
drop together. After it has been pulled 
out to a "threshold" elongation, how­
ever, the drop will find it energetically 
advantageous to break in two at its nar­
row waist. The two resulting drops are 
tear-shaped at first, but they quickly 
round into the minimum-energy spheri­
cal shape, converting the energy of their 
former deformation into heat. In short, 
the input of a certain threshold quantity 
of energy deforms the original drop to 
a shape in which it fissions, and each 

COMPUTER PATTERN shows the successive deformations under­

gone by an electrically charged drop of liquid prior to breaking 

into two pieces. These calculated shapes are useful in analyzing 

the actual deformations undergone by an atomic nucleus during 

fission (see illustrations on next two pa.ges). The shapes were 

obtained by David L. Hill at the Los Alamos Scientific Laboratory. 
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of the parts into which it breaks then 
assumes the stable spherical shape with 
the release of surplus energy. 

In a general way the same principles 
apply to the fission of an atomic nu­
cleus. On the basis of their liquid-drop 
analogy Bohr and Wheeler calculated 

that the energy required to cause the 
uranium nucleus to fission by a succes­
sion of deformations (as opposed to a 
conceptual nucleon-by-nucleon separa­
tion) should be just about six million 
electron volts. Such a deformation-a re­
adjustment of the nucleonic configura-

tion and therefore of the nuclear forces 
-would be produced by introducing a 
neutron into the nucleus of uranium 235 
(converting it into uranium 236). 

The forces at work in the atomic 
nucleus differ, of course, from those in a 
drop of water. The liquid-drop analogy 

LIQUID.DROP ANALOGY of the phenomenon of nuclear fission 

is illustrated by these two sequences ,:Or photographs selected from 

a motion-picture film made by S. G. Thompson and his colleagues 

at the Lawrence Radiation Laboratory of the University of Cali· 

CALCULATED LIQUID.DROP SHAPES were derived from the 

pattern of nested computer shapes on the preceding page. In the 
computer program it was assumed that each successive shape would 
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fornia. The photographs show an ordinary drop or water suspended 

in oil; the initial deformation of the drop was produced by apply· 

ing a voltage across the oil. In the sequence at top the initial defor· 

mation was inadequate to cause fission and the drop has returned 

be the one requiring the minimal amount of energy. lust before 

this theoretical drop broke in two (extreme right) it had an ex· 

tremely long neck that was thinner than the diameter of a nucleon. 
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pictures the nucleus as a sphere with 
electric charges distributed uniformly 
throughout its volume, the charges in 
the case of the uranium nucleus being 
the positive charges of its 92 protons. 
The protons and the 143 neutrons mak­
ing up the U-235 nucleus are packed in 

a space only about 10-1� centimeter in 
diameter. Against the very strong force 
of electrostatic repulsion between the 
closely packed protons, which would 
tear the nucleus apart, there is a strong­
er nuclear force (corresponding to the 
surface tension of a spherical drop of 

water) that holds the nuclear particles 
together. 

When the U-235 nucleus absorbs an 
extra neutron, however, the energy pro­
vided can agitate the nucleons within 
a nearly spherical nucleus or deform a 
nucleus of essentially unagitated nu-

to its original, minimum·energy spherical shape. In the sequence 

at bottom the initial deformation has pulled the drop out to its 

"threshold" elongation, following which the drop breaks in two at 

its narrow waist. The two resulting drops quickly round out to the 

mlnImum·energy spherical shape, converting the energy of their 

former deformation into heat. The analogy between the fission of 

the uranium nucleus· and the splitting of a drop of liquid by defor· 

mation was developed by Niels Bohr and 10hn A. Wheeler in 1939. 

Its length was twice that of a real nucleus at the moment of fission. 

(The length of the latter had been calculated from the kinetic en· 
ergy of the fission fragments /lying apart, which indicates the dis· 

tance between the centers of charge of the ends just before they 

separate.) This long stretching would not result if the actual neck. 

tearing mechanism were known and included in the calculation. 
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cleons into an elongated nucleus. The 
result is an elongation of the nucleus 
to the threshold point where the force 
of repulsion between the charges in 
the ends of the drawn-out nucleus be­
comes stronger than the even more 
reduced cohesive nuclear force for the 
elongated nucleus. After further elonga­
tion the nucleus splits into two frag­
ments, and the electrostatic repulsion 
between them drives them apart at a 
thirtieth of the velocity of light, amount­
ing to a large liberation of energy in 
the form of kinetic energy. Thereafter 
there are further liberations of much 
smaller amounts of energy as the two 
fragments, which are deformed at the 
moment of fission, revert to a shape 
of minimum energy; in this process they 
release energy in the form of emitted 
neutrons and gamma rays. Alternatively, 
the liberation of energy can pe con­
sidered on the basis of Einstein's prin­
ciple of the equivalence of mass and 
energy. The masses of the two new nu­
clei that finally result do not quite add 
up to the mass of the parent U-236 
nucleus: the difference has been liber­
ated as kinetic and radiant energy. 

The liquid-drop analogy explains why 
heavy nuclei can be fissioned more 
easily than lighter ones. The more pro­
tons there are in a nucleus, the greater 
the repulsion is between the ends as the 
nucleus begins to elongate; therefore 
less energy is required to get the process 
under way. Bismuth can be fissioned by 
injecting an alpha particle (a helium 
nucleus) into its nucleus, increasing its 
83 protons to 85. Although that nucleus 
is only a little lighter than the nucleus 
of uranium, having seven fewer pro­
tons, the fission of bismuth requires 15 
million electron volts-two and a half 
times more energy than uranium fission 
requires. As one goes down the periodic 
table to the lighter elements, the energy 
requirement for fission increases rapidly. 
On the other hand, the man-made ele­
ments heavier than uranium can be split 
with ease. This factor sets one limit on 
the possible weight of an element: one 
can imagine a heavy, proton-loaded 
nucleus in which the deformation need­
ed for the repulsive forces of the charges 
to exceed the cohesive nuclear forces is 
so slight that the nucleus will split of its 
own accord without any particle or en­
ergy being injected. 

The Deformation of the Nucleus 

To describe what will happen as 
an atomic nucleus is deformed two 
items of information are needed; how 
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(1) the repulsive energy and (2) the 
nuclear cohesive energy change as the 
shape of the nucleus changes. The cal­
culation of the dependence of electro­
static repulsion on the shape of the 
nucleus is a straightforward, although 
often complicated, matter. For the cal­
culation of the dependence of cohesion 
on shape, the lore of nuclear studies 
shows that the surface tension of a 
liquid drop provides a satisfactory mod-

a 

. -�) 

( 

el; the same mathematical formulas can 
be used. With the aid of electronic 
computers it has become possible to cal­
culate what energies are required to 
deform nuclei to various shapes and 
how much energy is needed to cause a 
given nucleus to fission. 

These theoretical calculations show 
that a nucleus is fissioned most easily­
that is, with the smallest input of 
energy-when it is deformed roughly 

b c 

�-------�y--------�) 

) ( 
10-14 SECOND 10-14 SECOND 

SEQUENCE OF EVENTS involved in the fission of a nucleus of uranium is depicted here. 

The U·235 nucleus consists of a closely packed collection of 92 protons (colored balls) and 

143 neutrons (gray balls). The sequence begins when a neutron enters the U·235 nucleus 
(a), converting it into U·236 and producing deformations that eventually lead to fission. 

About a hundredth of a trillionth of a second later one of the deformations reaches a thresh. 
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into the shape of a peanut. The produc­
tion of this shape, however, is not a sim­
ple or straightforward happening, like 
the elongation of the water drops in the 
photographs at the top of pages 50 and 
51. An incoming neutron may impart or 
distribute energy within the nucleus in 
almost an infinity of ways, and usually 
the energy is likely to "play about" in a 
million different steps, so to speak, be­
fore it stretche� the nucleus into the pea-

d 

• • 

\ I 

• 

e 

nut shape. All of this takes place with­
in about 10-14 second after the nucleus 
has absorbed a neutron. 

David L. Hill, using a large elec­
tronic computer at the Los Alamos Sci­
entific Laboratory, has calculated a se­
quence of deformations through which 
the charged liquid drop would success­
fully progress toward a final fission of 
the drop. In this program it was as­
sumed that each successive change of 

1 
\1 

f 

shape would be the one requll'lng the 
minimal amount of energy. Unencum­
bered by many of the effects that would 
allow the drop to tear in two, this cal­
culation pelmitted unreasonably long 
stretchings of the nucleus; in fact, in the 
last stages of the calculation Hill's the­
oretical drop had an almost incredibly 
long neck that was thinner than the di­
ameter of a nucleon! We know, how­
ever, that its length was twice that of a 

• 

• 

� \. 
----------------7)1�(�----------------------------7) 1�(------------------------------�)I 

10-12 SECOND SECONDS TO YEARS 

old shape (b) and the nucleus splits into two fragments (c). As 

the two fragments fly apart, they release a large amount of energy 

in the form of kinetic energy and, after another hundredth of a 

trillionth of a second (d), a smaller amount in the form of two or 

three emitted neutrons. About a trillionth of a second after this 

stage the fragments come to rest (e) and emit about eight gamma 

rays. During tbe last stage of the fission process (fl, which may last 

anywhere from a few seconds to years, more gamma rays and about 

half a dozen beta particles, or electrons (black balls), are emitted. 

Separation of fragments after fission is much greater than shown here. 
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TWO UNEQUAL FRAGMENTS usually result from the fission of 

a uranium nucleus. The most frequent split is into fragments con­
taining 141 nucleons (neutrons and protons) and 95 nucleons re­

spectively. Although in this case one fragment has about half again 

as much mass as the other, they differ very little in diameter. Fis­

sions into two equal fragments containing ll8 nucleons each are 

very rare, accounting for only about .01 percent of the total num­

ber of fissions. Two other splits, classified as rare, are indicated. 

real nucleus at the moment of fission. 
(The length of the latter has been esti­
mated from the kinetic energy of the 
fission fragments flying apart, which in­
dicates the distance between the cen­
ters of charge of the ends just before 
they separate.) This uninvestigated de­
tail of neck-breaking is overshadowed 
by the successes of the liquid-drop 
model: the model has qualitatively il­
lustrated the nuclear shapes leading 
to fission and has explained the small 
energy required for fission. 
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This brings us to a persistent question 
about nuclear fission that the liquid­
drop model has not been particularly 
helpful in solving. According to the cal­
culations based on that model, the two 
ends of the elongated nucleus should 
be equal in size and therefore the two 
fragments into which it splits should 
be of equal mass. The fission of uranium 
does not, however, obey this expecta­
tion of symmetry. Usually its two prod­
ucts are unequal: one has about half 
again as much mass as the other. Hence 

fragments are found in two equally 
populated groupings, one of smaller 
mass and the other of larger [see illtls­
lTation above J. This behavior is surpris­
ing on more than one count. Fission into 
two unequal fragments releases less en­
ergy than a split into equal fragments, 
and so the uranium case departs from 
the usual rule that physical and chemi­
cal reactions tend to go in the direc­
tion that will release the maximum en­
ergy. 

The puzzle is compounded by the 
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finding that lighter elements such as 
bismuth, in contrast to uranium, most 
often do break into exactly equal halves 
when they fission. Although the fission 
of bismuth seems well behaved in con­
fOlming to the liquid-drop model, un­
fortunately for the experimentalist the 
bismuth nucleus fissions only rarely. 
Many experiments on the fission of bis­
muth have nonetheless been performed 
in recent years. In most of these ex­
periments the bismuth nucleus is bom­
barded with alpha particles at high 
energy (about 65 million electron volts) 
to increase the chance that it will be 
distorted to the threshold for fission in­
stead of to some other unstable shape 
in which the nucleus discharges the 
absorbed energy merely by emitting 
neutrons. The experiments have shown 
that bismuth generally fissions into two 
equal fragments, just as the liquid-drop 
model predicts. In a certain proportion 
of the cases, to be sure, the fragments 
are not precisely equal, but J. R. Nix 
of the Lawrence Radiation Laboratory 
of the University of California has cal­
culated that these small variations can 
be attributed to writhings of the nu­
cleus, producing slightly different 
shapes, during the course of deforma­
tions leading to fission. This work is part 
of a large-scale program of liquid-drop­
model studies led by Wladyslaw J. 
Swiatecki. 

The Shell Model 

If the liquid-drop model successfully 
predicts the results of bismuth fission, 
why does it fail in the case of urani­
um fission? Recent studies suggest an 
answer. The calculations for the liquid­
drop model are based only on two major 
fOlms of energy in the nucleus: the 
electrostatic repulsive energy and the 
nuclear cohesive, or surface, energy. 
They neglect, however, the energy in­
volved in the "shell" structure of the 
nucleus. Both the neutrons and the 
protons are known to be numbered in 
shells analogous to the shells of elec­
trons outside the nucleus [see "The 
Structure of the Nucleus," by Maria C. 
Mayer; SCIENTIFIC AMERICAN, March, 
1951]. The energies involved in these 
shells are comparatively small. They 
may nonetheless be a significant fac­
tor in the fission of the heavy ura­
nium nucleus, where the margin be­
tween cohesive energy and repulsive 
energy is narrower than in the lighter 
elements. New experimental measure­
ments now indicate that shell ener­
gy does indeed play a part in deter-
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ENERGY RELEASED by the fission of the uranium nucleus into very unequal fragments 

(two bars at bottom) is less than that released by fission into two equal or nearly equal frag­

ments (two bars at top). Most of the energy released is in the form of kinetic energy (dark 

gray); a smaller amount is released as internal energy, including energy of deformation, of 

the fragments (light gray). Energy is in millions of electron volts, abbreviated "mev." 
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ENERGY REQUIRED to deform a uranium nucleus (top) increases up to a calculated thresh­

old of about 7.6 mev, where the cohesive effect of surface tension exactly equals the re­

pulsive effect of the charged protons in the two ends of the deformed nucleus. For greater 

elongations energy is released (bottom). At scission, or the moment of fission, a large addi­

tional energy, amounting to some 170 mev, becomes available. This is the kinetic energy of 

the fragments, which results from the repulsive force between the separated fragments. 
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THREE·DIMENSIONAL "ENERGY SURFACE" (lower left) in· 

dicates the energies required to deform a uranium nucleus into 

various shapes. The shapes result from mixing the two basic shapes 

shown along the axes of the grid at upper right; four specimen 

shapes resulting from different mixings are depicted. The surface 

was calculated for the liquid.drop model of the nucleus by Stanley 

P. Frankel and Nicholas C. Metropolis, then at the University of 

Chicago. The particular numerical parameters used in these 

computer calculations resulted in a threshold energy of 7.6 mev 

(colored dot), whereas the actual threshold for uranium has 

been found to be six mev. More complex calculations mixing 18 
basic shapes instead of only two yield essentially the same results. 

mining what products will emerge from 
the fission of uranium. 

Thanks to improved techniques it has 
become possible not only to record the 
emission of neutrons from each fission 
but also to detelmine the masses of the 
fragments in an experiment involving 
millions of fissions. The number of neu­
trons emitted by a fragment provides a 
measure of its internal energy. Such 
measurements have produced a striking 
finding: the fragments of smallest mass 
within each of the two groups of frag­
ment masses have very little internal 
energy. This is indicated by the fact 
that their later emission of neutrons is 
minimal. The smallest fragment in the 
heavy group contains 50 protons plus 
a complement of neutrons; the smallest 
fragment of the light group contains 
50 neutrons plus a complement of pro­
tons. The neutron-emission measure-
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ments show that the internal energy of 
fragments in each group increases stead­
ily with mass. These facts at once pre­
sent two very interesting implications. 

The significance of these results is 
that the number 50 is one of the 
"magic" numbers in the shell theory of 
nuclear structure. Any nucleus with 50 
protons or 50 neutrons has a lower than 
average energy and more than average 
stability, presumably as a "closed shell" 
e.ffect analogous to the stability of ele­
ments with closed outer shells of elec­
trons. It appears, then, that at some 
time in the sequence of deformations 
the nuclear-shell effect influences the 
shape-and hence ultimately the divi­
sion-of the uranium nucleus. 

The second interesting point is that, 
although the favored fOlm of fission is 
division into fragments of unequal size, 
the fragments finally exhibit approxi-

mately equal internal energies. We have 
seen that these internal energies result 
from the deformation of the nucleus 
from a spherical shape; this implies that 
the paired fragments of the most likely 
divisions tend to be equally distorted. 
The simplest picture of this-although 
we have no assurance that it is the cor­
rect picture-is a nucleus just before 
fission shaped like two spherical balls 
at opposite ends of a thin, stretched 
neck. The larger sphere has 50 pro­
tons plus neutrons; the smaller, 50 neu­
trons plus protons. The neck consists of 
about 26 particles-protons and neu­
trons. It is reasonable to assume that 
the neck is thinnest at the midpoint 
between the spheres, consequently that 
the nucleus is most likely to break at 
that point. Each sphere will therefore 
have an equal portion of the neck 
material attached to it after fission. 
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Drawings show relative size of Boeing variable·sweep·wing supersonic transport design, Boeing 727 short·to·medium range jet and new short·range Boeing 737. 

Career Openings at Boeing in Engineering 

and Computer Technology 
The Boeing Company, today's world leader 
in the field of jet transportation, is continu­
ing to pioneer evolutionary advances in the 
design of civilian and military aircraft of 
the future. 

Immediate openings, covering a broad 

range of technical and management re­
sponsibilities, are available to qualified 
engineers and scientists in areas men­
tioned on the following page. 

These assignments involve the next gen­
eration of jets, including the nation's new· 

est short·range jetliner, a supersonic pas· 
senger transport, giant logistics aircraft and 
other advanced manned aircraft systems. 

You are invited to fill in the professional 
application form that begins below and 
continues on the following page. 

-----------------------MAIL FORM TODAY-----------------------

PROFESSIONAL POSITION APPLICATION 
(All replies held in strict confidence) 

Date of this Application----__________ _ 

Name--_________________ _ 

LAST (USE: NO INITIALS) 

Social Security No.-------________ ___ 

Present Address---_____________ _ 

NO. 

ZIP CODE: 

Telephone No.----_____________ _ 

Date of Birth-__________ U.S. Citizen---

U.S. Military Service: Yes D No D 

Branch of Service------__________ _ 

Type of Discharge'--------'-_________ _ 

Full Name of Spouse-------________ _ 

Previous Boeing Employee ?------_______ _ 

If the answer to either of the following two questions is "yes," explain 
on supplementary sheet: 

1) Have you any physical defects ?--________ _ 

2) Have you ever been arrested (except minor traffic)? 

HIGHER EDUCATION 

College and location 
Dates Degree 

Attended and Major 

1.--__________ -;-__ ---+ __ _ 

2. _____________ --'-___ � __ ___ 
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At Boeing, you'll be working with the world 
leader in the field of multi-jet aircraft, in a 
dynamic career environment that's condu­
cive to rapid advancement You'll be backed 
by unexcelled research facilities, including 
the largest, most advanced wind tunnel 
complex in private industry_ 

Assignments are available immediately in 
the following areas: 

DESIGN ENGINEERING, includin-g structural, 
hydraulic, air conditioning and pneumatic 
systems, aircraft control, power plant and 
fuel systems_ 

DEVElO PMENT ENGINEERING, including 
structural dynamics; stability and control; 
fatigue analysis; loads analysis; stress 
analysis; hydraulic and electrical systems; 
weights; metallurgy; non-metallic materi­
als; support equipment/facilities (electron­
ics); electro-optical systems; propulsion; 
navigation and guidance systems; military 

Flyeasting on the Skykomish River near Seattle 

EMPLOYMENT HISTORY (Attach Resume) 

operations analysis; flight test operations; 
flight test instrumentation; costs and 
schedules; and structural, propulsion and 
mechanical tests_ 

TOOL & PRODUCTION ENGINEERING, includ­
ing tool design, tool liaison and production 
planning_ 

COMPUTER TECHNOLOGY, including pro­
gramming and systems analysis involving 
commercial, manufacturing, engineering 
and scientific applications; operations re­
search analysis; systems research analysis; 
mathematical statistics and research, and 
analog and hybrid flight simulation_ 

Requirements include a Bachelor's or ad­
vanced degree in engineering, physics, 

Beautiful homes line Seattle's 200 miles of shore 

FORM BEGINS ON PREVIOUS PAGE 

mathematics, business administration, op­
erations research or production manage­
ment, plus applicable experience_ 

Salaries are competitively commensurate 
with your experience and educational back­
ground_ Moving and travel allowances are 
paid to newly hired personnel. Boeing is an 
equal opportunity employer and complies 
with the provisions of The Civil Rights Act 
of 1964_ 

The Boeing Airplane Division is located at 
Renton, Washington (near Seattle) in the 
uncongested Pacific Northwest, noted for 
year-round mild climate, nationally famous 
recreational facilities, excellent schools 
and housing, and healthful outdoor West­
ern living for the whole family_ 

Take a few minutes now to complete and 
mail the form which begins on the previous 
page_ 

IIIIITI�L; 
AI R PLAN E D I V I S I ON 

Other divisions: Aero-Space. Turbine. Vertol 
Also, Boeing Scientific Research Laboratories 

Seatlle's famous Monorail and Space Needle 

L------------------_ 

Firm Name and Address I 
Base Pay 

I 
Dates Employed 

40 hr /Wk Month/Year 2 .. -----------------------

1. _____________________________________________ .1. _____________ .' _____________ _ 

Position & Duties 

2. ______________________________________________ L ________________ _ 

Position & Duties 

3. _____________________________________________ .1. ___________________________ _ 

Position & Duties 

4. ______________________________________________ j ________________ .. __________ . 

Position & Duties 

REFERENCES. Give full names, occupations and addresses. Professional 
(previous supervisor preferred): 

L. _________________________________ __ 

2. _________________________________ _ 

Character (other than relatives or former employers): 

LIST TYPE OF WORK PREFERRED UPON EMPLOYMENT: 

Have you ever been cleared for classified military information?-­

If yes, give date, level and company. 

May we contact your former and present employer prior to completion 
of employment negotiations? Yes-- No-- . 
If "yes," I hereby authorize, without liability, any former employer or 
any other party to release any and all records of my service and other 
information concerning me_ 

SIGN YOUR NAME HERE 

Return to: Mr. Thomas Sheppard, Airplane Division, 
The Boeing Company, P. O. Box 707-BEU, Renton, Washington 98055 
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The neck part, being non spherical , car­
ries energy of deformation, and there­
fore both fission fragments have equal 
amounts of internal energy. Occasion­
ally the neck of the stretched uranium 
nucleus will break not in the middle 
but close to one of the spheres; in these 
cases one fragment should have much 
more internal energy than the other. 
This pattern-equality of energy be­
tween the fragments in most cases but 
inequality in some-is exactly what one 
finds in the experimental observations 
of the products of uranium fission [see 
illustration below J. 
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The model nicely explains the fission 
of uranium into two fragments of un­
equal mass, but its shell-number re­
quirements are not satisfied in those 
very rare instances when the uranium 
nucleus splits exactly in half, with 46 
protons and 72 neutrons in each frag­
ment. Evidently these fissions are rare 
because the energy advantage of the 
shells is lacking; 46 protons do not close 
a shell and 72 neutrons are too far be­
yond closing a shell. In bismuth fission 
the shell effect apparently does not 
operate at all; the fission products can­
not have a magic number of protons 

108 RARE 128 

FREQUENT 

RARE 

or neutrons for any reasonable division. 
The question of just when and how 

shell energy influences the deformation 
of the uranium nucleus that leads to 
fission is an intriguing subject for further 
investigation. In many additional re­
spects the process of nuclear fission is 
rich in possibilities for exploring the 
properties and organization of the nu­
cleus. The fission process is the only 
ready means we have for observing 
atomic nuclei in a highly deformed con­
dition, and it is producing infOlmation 
about nuclear matter that could not be 
obtained in any other way. 

141 

154 

NEUTRONS EMITTED by various fragments of a split uranium 

nucleus provide a measure for the internal energy of each frag­

ment. Such measurements indicate that the fission of uranium is in­

fluenced by two spherical clusters of nucleons, each of which has a 

minimal internal energy as indicated by its minimal later emis­
sion of neutrons. The larger cluster contains 50 protons plus a 

complement of neutrons (sphere at top right); the smaller con· 

tains 50 neutrons plus a complement of protons (sphere at bottom 

left). Tbe number 50 is one of the "magic" numbers in the shell 

theory of nuclear structure: any nucleus with 50 protons or 50 neu· 

trons has lower than average energy and more than average stabil· 

ity, presumably as a "closed shell" effect analogous to the stability 

of elements with closed outer shells of electrons. The neck be­

tween the spheres consists of about 26 nucleons. It provides both 

the internal euergy (in the form of energy of deformation) required 

for neutron emission and the additional neutrons and protons to 

give the fragments different masses, depending on whether the 

split comes at the midpoint of the neck or near one of the spheres. 

Truncated ends of the neck after scission are schematic; nu· 

clei are expected to result in smoother shapes at breaking point. 
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The Production of Heat by Fat 

In addition to normal "white" fat, many newborn Inammals and adults 

of hibernating species have "brown" fat deposits. It is metabolism 

in brown fat cells that increases heat output as a response to cold 

by Michael J. R. Dawkins and David Hull 

W
hen a warm-blooded animal is 
exposed to cold, it increases 
its production of body heat by 

shivering. Mammals face a cool environ­
ment for the first time at birth, how­
ever, and many newbom mammals (in­
cluding human infants) do not shiver. 
Yet they somehow manage to generate 
heat in response to a cool environment. 
The mystery of how this is done has 
only recently been cleared up. It tums 
out that the young of many species (and 
adults of hibemating species as well) are 
fortified with a special tissue that is ex­
ceptionally efficient in producing heat. 
The tissue in question, long a puzzle 
to investigators, has become a highly 
interesting object of physiological and 

chemical study within the past few 
years. 

Our own interest in it was aroused in 
1963 by a chance observation at the 
Nuffield Institute for Medical Research 
of the University of Oxford, where 
we were working in a group studying 
physiological problems of the newbom. 
Examining newbom rabbits, we noticed 
that they had striking pads of brown 
adipose tissue around the neck and 
between the shoulder blades. Adipose 
tissue is a salient feature of all warm­
blooded animals. It constitutes the lay­
er of fat underlying the skin over most 
of the body, and it is known to serve 
not only as an insulating blanket but 
also as a storehouse of food and en-

ergy. In the adult animal the adipose 
tissue is almost entirely of the white 
variety. The large deposits of adipose 
tissue we saw in the newbom rabbits 
were in the brown form, and this was a 
phenomenon that called for explanation. 

Looking back through the literature, 
we found that the brown adipose tissue 
had mystified investigators for hundreds 
of years. It was noted as early as 1551 
by the Swiss naturalist Konrad von 
Gesner, who was impressed by the mass 
of this tissue he observed between the 
shoulder blades of a marmot. Some 
observers confused the tissue with 
the thymus gland, another mysterious 
structure that had been found to be 
particularly prominent in newborn ani-

I 

\ 

ADIPOSE TISSUE is enlarged 425 diameters in these photomicro· 
graphs made by the authors. Brown fat cells (le/t) from between 
the shoulder blades of a newborn rabbit have numerous small drop· 

lets of fat suspended in the stained cytoplasm. White fat cells 

(right) from an adult rabbit have large droplets of fat surrounded 
by narrow rims of cytoplasm. The stain is hematoxylin and eosin. 
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mals. Other zoologists, noting that a 
brown adipose mass was typical of 
hibernating animals, called it the hi­
bernation gland. In this century more 
modem theories were advanced. Some 
physiologists suggested that brown adi­
pose tissue had something to do with 
the formation of blood cells; others, that 
it was an endocrine gland. It does, in 
fact, contain hormones similar to those 
secreted by the adrenal cortex, but ex­
periments in administering extracts from 
the tissue failed to show any consistent 
evidence of hormonal effects. 

In 1961 two physiologists independent-
ly suggested a more plausible hy­

pothesis. George F. Cahill, Jr., of the 
Harvard Medical School, noting that 
adipose tissue has an active metabolism 
that must generate heat as a by-product, 
proposed that the layer of white fat 
clothing the body should be regarded 
"not merely as a simple insulating 
blanket but perhaps as an electric 
blanket." And Robert E. Smith of the 
University of California School of Medi­
cine at Los Angeles specifically called 
attention to the high heat-producing 
potentiality of brown adipose tissue, 
whose oxidative metabolism he had 
found to be much more active than that 
of white adipose tissue. 

The cells of adipose tissue are char­
acterized by droplets of fat in the cyto­
plasm (the part of the cell that lies 
outside the nucleus). In the white adi­
pose cell there is a single large droplet, 
surrounded by a small amount of cyto­
plasm. The brown adipose cell, on the 
other hand, has many small droplets of 
fat, suspended in a considerably larger 
amount of cytoplasm. With the electron 
microscope one can see that the brown 
fat cells contain many mitochondria, 
whereas the white fat cells have com­
paratively few. Mitochondria, the small 
bodies sometimes called the power­
houses of cells, carry the enzymes 
needed for oxidative metabolism. What 
gives the brown fat cells their color is 
a high concentration of iron-containing 
cytochrome pigments-an essential part 
of the oxidizing enzyme apparatus-in 
the mitochondria. 

It is easy to show by experiment that 
brown fat cells, loaded as they are with 
mitochondria, have a large capacity for 
generating energy through oxidation of 
substrates. Tested, for example, on suc­
cinic acid, an intermediate product in 
the Krebs energy-producing cycle, the 
brown fat cells of rabbits prove to 
have a capacity for oxidizing this sub­
stance that is 20 times greater than 
the oxidative capacity of white fat cells 

a b c 

BROWN FAT accounts for 5 or 6 percent of the hody weight of the newhorn rabbit. It is 
concentrated, as shown in sections, around the neck and between the shoulder blades. 

HUMAN INFA�T at birth has a thin sheet of brown adipose tissue between the shoulder 

blades and around the neck, and small deposits behind the breastbone and along the spine. 
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OXIDATIVE CAPACITY of various tissues is compared by measuring their ability to oxi. 

dize succinic acid. The light gray bars are for adult rabbit tissues, the dark bars for tissues 

from newborn rabbits. Newborn brown fat (color) is the most active oxidizer by far. 

and is even greater than that of the 
hardworking cells of the heart muscle. 

To explore the role of the brown 
adipose tissue in newborn rabbits we 
began by measuring the animals' total 
heat production. An indirect measure of 
this production is the animal's consump­
tion of oxygen: each milliliter of oxygen 
consumed is equivalent to about five 
calories of heat in the body. We found 
that at an environmental temperature 
of 35 degrees centigrade (95 degrees 
Fahrenheit) newborn rabbits produced 
heat at a minimal rate. When their 
environment was cooled to 25 degrees 
C. (77 degrees F.), they trebled their 
heat output. At 20 degrees C. (68 de­
grees F.) their heat production reached 
a peak: 400 calories per kilogram of 
body weight per minute. If newborn 
rabbits were as fully protected against 
heat loss and as large as adults are, 
this rate of production would be suf­
ficient to maintain their internal body 
temperature at a normal level even in a 
cold environment as low as 30 degrees 
below zero C. A newborn rabbit how­
ever, has little or no fur and ; large 
surface area in relation to its body mass; 
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hence its deep-body temperature falls 
when the animal is only mildly chilled 
by the outside air. 

The next step was to determine 
whether or not heat production was 
concentrated in the brown adipose 
tissue. In a newborn rabbit this tissue 
makes up 5 to 6 percent of the total 
body weight and is localized, as we 
have noted, around the neck and be­
tween the shoulder blades. We inserted 
a fine thermocouple under the skin next 
to the brown adipose tissue to measure 
any change in the temperature of that 
tissue, and for comparison we inserted 
a second thermocouple in back-muscle 
tissue at the same distance from the 
skin and a third in the colon to record 
the deep-body temperature. At the 
neutral environmental temperature of 
35 degrees C. the temperatures at all 
three sites in the body were the same. 
When the environmental temperature 
was lowered to 25 degrees C., differ­
ences developed: the temperature at the 
brown adipose tissue then was 2.5 de­
grees higher than that in muscle tissue 
in the back and 1.3 degrees higher than 
the deep-body temperature [see illustra-

tion on opposite page]. The temperature 
difference persisted for many hours, un­
til the fat stored in the brown tissue 
was almost completely exhausted, 

This clear indication that the brown 
adipose tissue produced heat was 
strengthened by an experiment in which 
the newborn animals were deprived of 
oxygen, the oxygen content of the air 
in the experimental chamber being re­
duced from the normal 21 percent to 5 
percent. Deprived of the oxygen re­
quired for oxidative metabolism, the 
brown adipose tissue promptly cooled 
to the same low temperature as the 
muscle tissue. When the oxygen con­
centration in the air was restored to 
the normal 21 percent, the brown adi­
pose tissue immediately warmed up 
again, with the muscle tissue and deep­
body temperature trailing after it in 
recovery. 

I s the brown adipose tissue solely 
responsible for the newborn animal's 

increase in heat production in response 
to cold? We examined this question in a 
series of experiments with Malcolm M. 
Segall collaborating. The experiments 
consisted simply in observing the effect 
of excising most of the brown adipose 
tissue (amounting to a few grams) from 
newborn rabbits. When 80 percent of 
this tissue was removed (by surgery un­
der anesthesia), the animals no longer 
increased their heat production in re­
sponse to exposure to cold. In short, 
removal of the few grams of this specific 
tissue practically abolished the newborn 
rabbit's ability to multiply its oxygen 
consumption threefold and step up its 
heat production correspondingly. Evi­
dently, then, the brown adipose tissue 
was entirely, or almost entirely, re­
sponsible for this ability. 

Our results did not necessarily mean 
that all the metabolic heat in response 
to cold was produced within the brown 
fat cells themselves. Those cells might 
release fat in some form into the blood­
stream for transport to other tissues, 
where it might be oxidized. Fortunate­
ly this question too could be investi­
gated experimentally. 

The fat in the droplets in adipose 
cells is in the form of triglyceride 
molecules. A triglyceride consists of a 
glycerol molecule with three long-chain 
fa tty acids attached [see middle illustra­
tion on page 66]. Before the triglyceride 
can be oxidized it must be split into 
smaller, more soluble units-that is, into 
glycerol and free fatty acids. Glycerol 
cannot be used for metabolism in a fat 
cell, because that type of cell does not 
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contain the necessary enzymes. Conse­
quently all the glycerol molecules freed 
by the splitting of triglycerides in fat 
cells are discharged into the blood­
stream. The glycerol level in the blood 
therefore provides an index of the rate 
of breakdown of triglycerides in fat 
cells. Now, if the level of free fatty acids 
in the blood corresponds to the glycerol 
level, we can assume that fatty acids 
also are released from these cells in 
substantial amounts for distribution to 
other tissues. 

We examined the blood of newborn 
rabbits from this point of view. To begin 
with, at the neutral incubation tempera­
ture of 35 degrees C. the level of free 
fatty acids in the blood was slightly 
higher than that of glycerol. When the 
environmental temperature was low­
ered to 20 degrees, the glycerol level 
in the blood increased threefold. The 
concentration of free fatty acids in the 
blood, however, rose only a little. This 
showed that most of the fatty acid mole­
cules freed by the splitting of triglycer­
ides in fat cells must have remained in 
the cells and been metabolized there. 
Studies of adipose tissue in the test tube 
indeed demonstrated that less than 10 
percent of the freed fatty acid is re­
leased from the cell. We can conclude 
that the brown fat cells are the main site 
of cold-stimulated heat production. 

H ow is the heat produced? Brown 
fat cells are admirably suited, by 

virtue of their abundance of mito­
chondria, for generating heat by means 
of the oxidation of fatty acids. In this 
process a key role is played by adeno­
sine triphosphate (ATP), the packaged 
chemical energy that powers all fOlms 
of biological work, from the contraction 
of muscle to the light of the firefly. The 
probable cycle of reactions that turns 
chemical energy into heat in adipose 
tissue cells is shown in the illustration 
on page 67. 

Triggered by the stimulus of cold, 
the brown fat cell splits triglyceride 
molecules into glycerol and fatty acids. 
The glycerol and a small proportion of 
the free fatty acids are released into the 
bloodstream for metabolism by other 
tissues (probably liver and muscle). 
More than 90 percent of the fatty acid 
molecules remain, however, in the fat 
cell. They combine with coenzyme A, 
the energy for this combination being 
donated by ATP. Since the donation in­
volves the splitting of high-energy 
bonds in ATP, with its consequent 
hydrolysis to adenosine monophosphate 
(AMP), the cell has to regenerate ATP. 

This is accomplished by oxidative phos­
phorylation: the addition-of- -inorganic 
phosphate to AMP with the simultane­
ous oxidation of a substrate. 

Now, some molecules of the fatty 
acid-coenzyme A compound formed 
with the help of ATP are oxidized to 
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provide energy for the regeneration of 
ATP. But--most of this complex is re­
converted, by combination with alpha­
glycerol phosphate, to the original tri­
glycerid0. In short, there is an appar­
ently purposeless cycle that breaks 
triglyceride down to fatty acids only 
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SITE AND OXYGEN DEPENDENCE of heat production are established by data from 

newborn rabbits subjected to cold and temporarily deprived of oxygen. The top curves are 

for body temperature measured near brown fat (solid black line), in muscle (broken gray) 
and in the colon (broken black). The hottom curves trace metabolic activity. In the period 

covered hy the colored band the environmental temperature was 35 degrees centigrade; 

thereafter it was 25 degrees. The gray hand marks a period during which the oxygen concen· 
tration was cut from 21 percent to 5 percent. Apparently brown·fat metabolism in the pres· 

ence of adequate oxygen accounts for a rabbit's ability to respond to a drop in temperature. 
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REMOVAL OF BROWN FAT by surgery sharply curtails the response to cold. The two 
bars at the left show the oxygen consumption in intact newborn rabbits at two temperatures. 

The bars at the right are for rabbits that have had 80 percent of their brown fat removed: 

metabolism at 35 degrees is unchanged but there is virtually no increase at 20 degrees. 
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METABOLISM OF BROWN FAT begins with the hydrolysis of the triglyceride molecule 

(left), yielding one molecule of glycerol (center) and three of free fatty acid (right). 
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GLYCEROL CONCENTRATION (brohen line) in the blood of a newborn rabbit rises 

sharply when the environmental temperature drops from 35 degrees centigrade (colored 
ar.ea) to 20 degrees (white area). The concentration of fatty acids in the blood rises only 
slIghtly, however (solid line). Apparently fatty acids are largely metabolized in the cell. 
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to resynthesize the latter back to tri­
glyceride. Although the cycle seems 
pointless in chemical telms, it is clearly 
significant in terms of work. The cycle 
is, in fact, a device for turning the 
chemical-bond energy of fatty acids into 
heat_ The energy driving the cycle 
comes fundamentally from the oxidation 
of the fatty acids, and the fact that the 
cycle is exceptionally active in brown 
adipose tissue is demonstrated by that 
tissue's high consumption of oxygen. 
Judging from the propOltion of free 
fatty acids retained by the cells of 
brown adipose tissue, and from the ef­
fects of surgical removal, this tissue 
accounts for more than 80 percent of 
the increased body heat produced by a 
newborn rabbit in the cold. 

The heat must of course be dis­
tributed to the rest of the body by the 
bloodstream. The newborn animal's 
brown adipose tissue has an extremely 
rich blood supply. During exposure to 
cold the blood How through this tissue 
may increase to several times its nOlmal 
rate, and indirect calculations suggest 
that as much as a third of the total 
cardiac output is directed through the 
tissue. 

I-I0w does cold stimulate the brown 
adipose tissue to generate heat? 

There are two possible means by which 
the body's sensation of cold may be 
communicated to the tissue: by nerve 
impulses and by hormones, the chemi­
cal "messengers" of the body. We found 
that the hormone noradrenaline has a 
specific stimulating effect on the brown 
adipose tissue. An intravenous infusion 
of noradrenaline in a newborn rabbit 
will bring about a large increase in 
the animal's oxygen consumption and 
heat production in its brown fat. If 
the brown fat is removed, the hOlm one 
no longer produces any increase in 
the body's oxygen consumption. The 
question remains: Is the hOlmone de­
livered to the intact tissue by way of 
the bloodstream or by release at sym­
pathetic nerve endings, which are 
known to secrete noradrenaline close to 
cells? Several clues suggest that the 
nerve endings, rather than the blood­
stream, are the agent of delivery. For 
one thing, the adipose tissue's rapid 
response to cold indicates that the 
message travels via the nerves. Second, 
experiments show that drugs that block 
the action of noradrenaline circulating 
in the blood do not block the tissue's 
response to cold. Third and conclusive­
ly, direct electrical stimulation of the 
sympathetic nerves going to the tissue 
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will cause the brown adipose tissue to 
produce heat, whereas when the sym­
pathetic nerves are cut, the tissue can 
no longer burn its fat when the animal 
is exposed to cold. 

Various findings indicate that the 
overall system controlling the produc­
tion of heat by brown adipose tissue is 
probably as follows: The temperature 
receptors in the skin, on sensing cold, 
send nerve impulses to the brain. The 
brain's temperature-regulating center 
then relays impulses along the sym­
pathetic nerves to the brown adipose 
tissue, where the nerve endings release 
noradrenaline. The hOlm one activates 
an enzyme that splits triglyceride mole­
cules into glycerol and free fatty acids 
and thereby triggers the heat-producing 
cycle. Thus the rate of heat production 
is controlled by the sympathetic nervous 
system. 

Among the animals that have brown 
adipose tissue at birth, the amount 

FAT CELL 

varies considerably from species to spe­
cies. As in the rabbit, there are large 
deposits between the shoulder blades in 
the newborn guinea pig and the coypu 
(a water rodent). In the cat, dog and 
sheep at birth there are sheets of brown 
adipose tissue between the muscles of 
the trunk and around the kidneys. The 
human infant has well-marked deposits 
of such tissue [see bottom illustration on 
page 63], and recent studies indicate 
that this tissue is a source of heat for a 
baby as it is for other newborn animals. 
When a baby is exposed to cold, its 
blood shows a small but definite rise in 
the glycerol level with no significant 
change in the level of fatty acids; on 
prolonged exposure to cold the fat in 
its brown adipose tissue is used up. 

In most species of animals born with 
brown adipose tissue the tissue appears 
to be largely converted to the white 
form by the time the animal has reached 
adulthood. Certain animals retain at 

TRIGLYCERIDE 
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PHOSPHATE � ______ __ 

BLOODSTREAM GLUCOSE 

. a-GLYCEROL 

FATTY ACID­COENZYME A 
ESTER 

7HATE 0, 
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least some tissue in the brown form, 
however. The adult rat, for example, 
has small amounts of brown adipose 
tissue in the shoulder blade region and 
elsewhere. The rat's venous system in­
dicates that there is a rich flow of blood 
from this region to the plexus of veins 
around the spinal cord; this suggests 
that the brown adipose tissue in the 
adult rat may serve particularly to warm 
vital structures in the animal's body core 
during exposure to cold. When a labora­
tory rat is kept in a cold environment, it 
develops additional brown adipose tis­
sue and an increased ability to produce 
heat without shivering. 

For hibernating animals brown adi­
pose tissue is an all-important necessity 
throughout life. These animals possess 
large amounts of the tissue, and direct 
studies have now shown that the brown 
adipose tissue is responsible for the 
animals' rapid warming and awakening 
from the torpid hibernating state. 

HEAT IS PRODUCED in brown fat cells by the oxidation of fatty 
acids. In response to cold an enzyme, lipase, splits triglyceride. The 

glycerol leaves the cell. The fatty acid forms an ester with coen· 
zyme A, the reaction acquiring energy from the splitting of adeno-

sine triphosphate (ATP) into adenosine monophosphate (AMP) 
and inorganic phosphate. Some of the ester is oxidized to regener­

ate ATP; the rest goes to resynthesize triglyceride. The effect of 

the cycle, then, is to turn chemical-hond energy into heat energy. 
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Here are just 36 

of the 36,000 

Amphenol connectors 

Why so many? Because interconnec­
tion jobs have become so diverse and 
complex. On a Polaris, you may need 
a big aft umbilical connector that 
withstands 5000°F for 21/2 minutes. 
But if you're miniaturizing a strip 
chart recorder, you can pack 50 con­
tacts into a 1" connector. What else? 
MILITARY CONNECTORS. (Far left) 
We make all the standard AN/M S 
and other Mil-spec types, including 
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MIL-C-26500 and MIL-C-38300 circu­
lar environmental connectors. (Inci­
dentally, we have a Space and Mis­
sile Systems facility just for specials.) 
PRINTED CIRCUIT CONNECTORS. 
(Middle left) There are actually thou­
sands. Everything from the mi­
crominiature 64 Series to the bellows­
contact type 225 Series to the new 
Amphenol Flex-1 connector that 
welds directly to unstripped flat cable. 

RACK AND PANEL CONNECTORS. 
(Middle right) There's the Min-Rac 17, 
with its extremely uniform body con­
tacts. For the ultimate in mating 
reliability, consider our new Series 
217. It is 99.99% reliable with three 
positive seals: around the contacts, at 
the rim, and at the lip. Or for easy 
blind mating, choose the Amphenol 
Blue Ribbon connector with sturdy, 
wedgelike contacts. 

COMMERCIAL PLUGS AND SOCK. 
ETS. (Far right) Pick from a long list 
of tube sockets, microphone plugs, 
cable jacks, tip jacks, heavy duty in­
dustrial sockets-all you'll ever need. 

Delivery? The fastest in the busi­
ness. Ask your nearest distributOI: or 
Amphenol Sales Engineer. (Or write 
to us.) Amphenol Connector Division, 
1830 South 54th Avenue, Chicago 50, 
Illinois. 

CONNECTOR DIVISION 
amphenol corporation 

SpeCify Amphenol .. the leading name in cable, connectors, assemblies, RF switches, potentiometers, microelectronics 
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DENSITY GRADIENTS 

Devices incorporating this simple concept have recently found 

application In fields as diverse as solid-state physics, the 

Inanufacture of plastics and the chemistry of the genetic code 

T
he term "density gradient" has 
a somewhat technical ring, but 
there is nothing esoteric about the 

concept. Examples of density gradients 
will be immediately familiar to the 
reader. The earth becomes progressively 
denser toward its center, with a sharp 
ri.se in density at a boundary some 1,800 
miles below the surface. The density of 
the air we breathe decreases exponen­
tially with increasing altitude up to 
about three miles, where fluctuations in 
temperature caused by the absorption 
of the sun's ultraviolet radiation disrupt 
its smooth decline. The density of the 
water in the oceans increases roughly 
as a linear function of increasing depth. 
Within the human body-indeed, in all 
biological systems-density gradients in 
the form of gradients in the concentra­
tion of various molecules are essential 
for the distribution of these molecules 
to their respective sites of action. 

In the laboratory, devices that incor­
pOl'ate density gradients are used to 
measure tiny variations in the density 
of samples of matter. The standard de­
vice of this type, called a density­
gradient column, is capable of detecting 
variations in density as minute as one 
part in 10 million, and can do so with 
a sample weighing only a millionth of a 
gram! The wide utility of this simple 
device can be appreciated when one 
considers that virtually every chemical 
reaction involving solids or liquids is 
accompanied by a change in density. In 
addition to serving as a powerful ana­
lytical tool, the density-gradient column 
is employed extensively in both research 
and industry to separate substances that 
could be isolated only with great diffi­
culty, if at all, by other techniques. This 
article deals with the theoretical and 
practical aspects of the standard den­
sity-gradient column and also describes 
some of its more interesting recent ap-
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plications in fields as diverse as solid­
state physics, the manufacture of plas­
tics and the chemistry of the genetic 
code. 

The easiest way to produce a density 
gradient in the laboratory is to pour 

a lighter liquid gently over a heavier 
liquid, as a bartender does in making 
a many-layered pousse-cafe [see illus­
tration at left on page 72]. At first there 
is a sharp boundary between the two 
liquids, but if the liquids are miscible 
the boundary soon begins to spread out 
to form a more gradual transition zone. 
If a sample of matter (either solid or 

liquid) with a density somewhere be­
tween the densities of the two original 
liquids is now placed in the density­
gradient column, the sample will come 
to rest at a point where the density of 
the liquid in the column exactly matches 
its own. By carefully calibrating the 
column beforehand the density of the 
sample can be read off with consider­
able precision. 

If a collection of samples with differ­
ent densities is placed in the density­
gradient column, each sample will come 
to rest at a different height in the col­
umn; by successively removing samples 
at different heights the density-gradient 
column can be made to serve as a high­
ly reliable separation device. Moreover, 
such a column is a self-stabilizing de­
vice: any object placed in it will retUl11 
to its proper level after being disturbed. 

These three important features of 
a density-gradient column were recog­
nized more than 300 years ago by 
GaliIeo Galilei, who described the fol­
lowing experiment in his Dialogues 
concerning Two New Sciences; "In the 
bottom of a vessel I placed some salt 
water and on this some fresh water; 
then I showed them that the ball [of 
wax] stopped in the middle and that 

when pushed to the bottom or lifted to 
the top it would not remain in either of 
these places but would retUl11 to the 
middle." Noting that a single drop of 
the sample sufficed for the experiment, 
Galileo went on to suggest that his in­
vention might have some practical ap­
plications, perhaps in medicine. 

A density-gradient column construct­
ed by Galileo's method has one serious 
drawback: normally the interdiffusion 
of the two liquids proceeds so slowly 
that it takes days or even weeks to 
achieve a useful linear gradient, that is, 
a gradient in which the density varies 
in direct proportion to the height. The 
diffusion process can be speeded up, 
however, by several techniques. One 
is simply to agitate the boundary re­
gion with smooth up-and-down stirring 
movements of increasing amplitude [see 
illustration at right on page 72]. In 
order for such a column to be stable for 
at least a month the ends of the column 
must be provided with reservoirs of the 
two liquids whose densities represent 
the extremes of the density range of the 
samples to be tested. Since the gradient 
can be disrupted by fluctuations in tem­
perature, it is also desirable that the 
entire apparatus be placed in a con­
stant-temperature bath. "Instant" den­
sity-gradient columns can be made by 
pouring the two liquids into the column 
at controlled rates [see top illustrations 
on pages 74 and 75]. 

Another way to produce a density 
gradient is to subject any solution to a 
substantial centrifugal force. Modern 
ultracentrifuges rotate at speeds in ex­
cess of 1,000 revolutions per second 
and generate forces enormously greater 
than gravity. As a result the molecules 
in solution distribute themselves in the 
centrifuge cell in such a way that the 
density is higher the greater the dis­
tance from the center of the rotor. 
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DENSITY·GRADIENT COLUMNS used for measuring the density 
of samples of polyethylene were photographed at the plastics· 
manufacturing plant of the W. R. Grace & Co. in Clifton, N.J. The 
columns contain a mixture of water and isopropyl alcohol, with the 
water on the bottom. The samples are dropped into the columns 

from the top one at a time and come to rest at points where their 
density exactly matches that in the columns. Dark spheres at right 
and clear spheres elsewhere in the columns are glass floats used for 
calibrating the density gradients. Many samples from completed 
tests remain in the columns. Columns are about three feet high. 
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INTERDIFFUSION of two miscible liquids with different densities is the easiest way to 
produce a density gradient in the laboratory. The denser liquid (gray) is poured into the 
bottom of the column and is gently overlaid with the less dense liquid (color). At first 

there is a sharp boundary between the two liquids {left}, but this soon begins to spread out 

into a more gradual transition zone (center). It takes days or even weeks for this method 
to achieve a linear gradient (right), that is, one in which density varies directly with height. 

A density-gradient column can be 
calibrated in several ways. One method 
is to introduce hollow glass floats or 
liquid droplets of known density into 
the column. (In the case of liquid drop­
lets it is important that they be im­
miscible with both liquids in the col­
umn.) Another method is to determine 
the variation in the refractive index of 
the liquid in the column; this method 
takes advantage of the fact that light 
is refracted, or bent, at a larger angle 
when it passes through a denser medi­
um than when it passes through a less 
dense medium. In an ultracentrifuge 
this type of calibration is usually ac­
complished by means of the "schlieren" 
optical technique [see bottom illtlstra-
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tion on page 74]. In a recent series of 
experiments performed in our laboratory 
at the Polytechnic Institute of Brooklyn, 
Yasunori Nishijima and I found that the 
variation in refractive index with den­
sity could be determined far more sim­
ply by the use of moin�-pattern gratings 
[see bottom illustration on page 75]. 

A sensitive density-gradient column, 
that is, one in which there is a 

small but constant variation in density 
over a workable distance, has many 
applications in research. For example, 
the column can be used to record the 
dislocations that occur in certain crys­
tals as a result of ionizing radiation. 
When potassium chloride crystals, say, 

AGITATION of the boundary region be­
tween the two miscible liquids at left is 

one way to speed up the interdiffusion proc­

ess. To achieve a good linear gradient the 

mixing loop should make smooth up-and­

down movements of increasing amplitude. 

which are normally colorless, are treated 
with X rays, they turn purple; this is 
because some of the chlorine atoms are 
pushed out of their positions in the 
crystal lattice and are replaced by elec­
trons. The change in color is accom­
panied by a minute decrease in density, 
which can be observed by placing the 
irradiated crystals in a density-gradient 
column consisting of tetrabromoethylene 
and benzene. Recently I found that if 
the purple crystals were subsequently 
illuminated with yellow light, they sank, 
demonstrating that their original density 
had been restored. 

The density-gradient technique is 
also capable of detecting extremely 
small amounts of impurities in a test 
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sample. One area in which this is par­
ticularly important is the analysis of 
crystalline semiconductors, such as those 
employed in transistor devices. As little 
as two parts in 10 million of boron in 
silicon crystals has been detected in this 
manner. 

Density gradients play a role in al­
most every separation technique used 
today in research and industry. The 
traditional unit operations of chemical 
engineering, in which the components 
of a mixture are separated in the course 
of being transferred from one homoge­
neous phase to another, all involve the 
action of a density gradient subject to 
gravity; these operations are gas absorp­
tion, distillation, liquid extraction, leach­
ing, crystallization and drying. The same 
applies to the newer separation tech­
niques, which include zone refining, 
electrophoretic convection and thermal 
diffusion. Incidentally, it is quite easy to 
separate sodium chloride crystals from 
potaSSium chloride crystals by the den­
sity-gradient technique, a task that is 
practically impossible by any other 
means; the density gradient is provided 
by the interdiffusion of two liquids in 
which the crystals are insoluble. 

It is now common practice in all 
polyethylene-manufacturing plants to 

evaluate samples of the plastic by means 
of density-gradient columns [see iUt/s­
tmtion on page 71] . The density of a 
particular sample of polyethylene is 
directly proportional to its degree of 
crystallinity. The more linear the long­
chain polyethylene molecules are (that 
is, the less branched they are), the 
better the chains can pack and hence 
the more crystalline the sample is. The 
crystallinity of the plastic in turn deter­
mines its gross mechanical properties, 
such as stiffness and tensile strength. 
Thus by merely observing where a sam­
ple of polyethylene comes to rest in a 
calibrated density-gradient column one 
can immediately determine its suita­
bility for a particular end use. 

Crystallization in plastics is a rather 
slow process; for example, if saran is 
melted and suddenly chilled to room 
temperature, it remains amorphous for 
some time. Apparently the alignment of 
the long-chain molecules proceeds quite 
slowly, owing to the high viscosity of 
the plastic and the length of the mole­
cules. When a piece of amorphous saran 
is placed in a density-gradient column, 
it gradually sinks as crystallization pro­
ceeds; in this way one can conveniently 
follow the kinetics of crystallization. 
Another interesting trick is to place in 
a denSity-gradient column a piece of 

Mylar that has been freshly cut at one 
end with a pair of scissors. The cut end 
will tip down, presumably as a result of 
the greater crystallinity brought about 
by the shearing action of the scissors. 
In time, however, the sample will be­
come level, thereby indicating the par­
ticular "relaxation" time associated with 
the sample. 

All chemical reactions in solution in­
volve some alteration in the bonding of 
the reacting molecules and hence in the 
distribution of electrons in the sample. 
This in turn almost invariably means 
that the density of the sample is 
changed. A rather extreme case of den­
sity change occurs in the conversion of 
a vinyl monomer into a long-chain 
polymer: the transformation of the dou­
ble bond of the monomer into the single 
bond of the polymer results in an in­
crease in denSity of about 35 percent. 
Masahide Yamamoto and I recently suc­
ceeded in carrying out such a polymer­
ization reaction in a density-gradient 
column. Acrylamide, a vinyl monomer, 
in the presence of riboflavin can be 
made to link into polymer by light; we 
illuminated a droplet of the monomer 
in the column and observed the rate of 
fall of the droplet and thus the rate of 
polymerization of the sample. 

rrhe late Danish investigator Kai U. 
- Linderstr!ilm-Lang, who invented 

many ingenious experimental techniques 
in biochemistry, was the first to apply 
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the density-gradient technique to the 
study of the process by which proteins 
are digested in the intestines. When a 
protein molecule is attacked by diges­
tive enzymes, its chain (or chains) of 
amino acid subunits is split at certain 
points, yielding mostly single amino 
acids or combinations of two amino 
acids. These comparatively simple units 
are then ingested into the bloodstream. 
At one end of each unit is an amino 
group (NH2); at the other is a carboxyl 
group (COOH). Both groups are elec­
trically charged and are capable of caus­
ing a considerable increase in the den­
sity of water by breaking down its 
rather open molecular structure-a proc­
ess known as electrostriction. Linder­
str!ilm-Lang was able to follow the diges­
tion of proteins by periodically placing 
droplets of protein mixed with digestive 
juice in a density-gradient column con­
sisting of hexane and nitrobenzene. He 
found in the case of the milk protein 
lactoglobulin that the electrostriction 
was greater than it should have been if 
only the bonds linking the amino acid 
subunits in the protein chain had been 
split. Evidently before the splitting of 
the bonds some kind of unfolding of 
the protein chain occurs that also con­
tributes to electrostriction. 

Biochemists who work with the cells 
of living tissues generally use den­
sity gradients in conjunction with the 
centrifuge. When a cell membrane is 
broken, many cell components-nuclei, 

10 15 20 

DEPTH (CENTIMETERS) 

EFFECT OF AGITATION on the formation of a linear density gradient in a column con­
sisting of benzene and bromobenzene is depicted here. The three curves represent the 
original density distribution (light gray), the distribution after 25 strokes with the mixing 

loop (dade gray) and the distribution after 50 strokes and standing for 10 hours (black). 
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"INSTANT" DENSITY GRADIENT can be set up by the following 

method: The denser liquid (gray) is introduced into the bottom 

of a vessel containing the less dense liquid (color), where the two 

liquids are mixed by a propeller.like agitator. The resulting mix· 
ture lIows out of the second vessel through a tube that leads to 

the bottom of the density.gradient column. If the rate at which 

the denser liquid lIows from the first to the second vessel is exactly 

half the rate at which the mixture lIows out of the second ves· 
sel, a linear gradient will be formed in the column, with the 
denser liquid at the bottom and the less dense liquid at the top. 

mitochondria and so on-are released 
more or less intact. Such particles are 
too small to settle in a reasonable time 
in an ordinary gravitational density 
gradient. Their separation can be accel­
erated, however, by installing the gra­
dient in a centrifuge. One instrument 
developed speCifically for this purpose 
by Norman C. Anderson of the Oak 
Ridge National Laboratory allows the 
continuous separation of subcellular 
particles while the machine is operat­
ing; the method is particularly suited 
for collecting viruses and other palti­
cles needed in large quantities for re-

search [see top illustration on page 76]. 
The idea of employing a density 

gradient inside the cell of an ultracen­
trifuge (a very-high-speed centrifuge) 
was conceived about 10 years ago by 
Matthew M. Meselson, Franklin W. 
Stahl and Jerome R. Vinograd, who 
were then working at the California 
Institute of Technology. They dissolved 
deoxyribonucleic acid (DNA) in a water 
solution of the saIt cesium chloride and 
proceeded to subject the mixture to 
centrifugation. At high speeds of rota­
tion the cesium chloride solution forms 
a density gradient, with the con centra-

tion of the saIt (and therefore the den­
sity of the solution) highest at the outer 
end of the centrifuge cell. As the cen­
trifugation proceeds the DNA molecules 
move outward in the cell until they 
come to rest at a point where their 
density is exactly matched by the den­
sity of the cesium chloride solution. To 
achieve this condition of equilibrium a 
rather long period of centrifugation is 
required, but the process can be con­
siderably accelerated by using a very 
short centrifuge cell. 

This technique was utilized by 
Meselson and Stahl to perform an ex-
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"SCHLIEREN" TECHNIQUE can be used to calibrate a density· 
gradient column by determining the variation in the refractive in. 
dex of the liquid in the column. This method takes advantage of 
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the fact that light is refracted, or bent, at a larger angle when it 

passes through a denser medium than when it passes through a less 
dense medium. The essential optical parts of the system are shown. 
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ANOTHER METHOD by which a linear density gradient can be 
set up almost instantaneously is to introduce the two liquids simul­

taneously into the column at controlled rates of flow. The flow of 

the less dense liquid begins at a maximum and decreases to a mini· 
mum, whereas the flow of the denser liquid begins at a minimum 

and increases to a maximum. The total flow at any time remains 

constant. One way to control the flow of the two liquids is to use 

syringes whose pistons are operated by helical cams of variable 

pilch. Vessels containing the liquids can also be suspended on a 
pulley that raises one at the same rate at which it lowers the other. 

periment of great importance to biology. 
They set out to test the hypothesis, put 
forward by James D. Watson and 
F. H. C. Crick in 1953, that the mole­
cule of DNA is a double-strand helix 
that replicates itself by becoming un­
twisted and providing two separate 
templates for the formation of two new 
complementary strands. Meselson and 
Stahl began by growing bacteria in a 
medium containing the heavy isotope of 
nitrogen (N-15); the heavy nitrogen was 
incorporated into the bacteria's DNA. 
The heavy-nitrogen bacteria were then 
placed in a medium containing the 

lighter common isotope of nitrogen 
(N-14). Shortly thereafter samples of 
DNA were extracted from the growing 
bacterial population and placed in the 
density-gradient ultracentrifuge. Three 
types of DNA were separated in the 
centrifuge cell: ( 1) molecules containing 
only N-14, (2) molecules containing 
only N-15 and (3) molecules contain­
ing both N-14 and N-15. The isotopes in 
the last category were equally divided, 
suggesting that the replication of DNA 
in the bacteria involves two continuous 
molecular units. Meselson and Stahl also 
found that when the hybrid DNA was 

heated, it split into two pure samples re­
spectively containing only N-14 and only 
N-15, thus demonstrating the presence 
of two separable units of the original 
genetic material. These results provided 
strong support for the 'Watson-Crick hy­
pothesis. 

Much further work has been done on 
DNA with the density-gradient ultra­
centrifuge. For example, the technique 
has demonstrated that the density of a 
DNA molecule varies with the propor­
tion of its subunit "bases" (specifically 
with the ratio of, on the one hand, the 
paired bases adenine and thymine and, 

MOIRE TECHNIQUE also measures the density of the liquid in 
the column by determining the variation in refractive index. The 

distortion in the image of a regular grating seen through the liquid 

is magnified by viewing it through a slightly rotated, identical grat­
ing. The resulting moire pattern (right) contains a curve (color) 
that indicates directly the variation of refractive index with density. 

75 

© 1965 SCIENTIFIC AMERICAN, INC



c d 

DENSITY·GRADIENT ULTRACENTRIFUGE developed by Nor· 
man G. Anderson of the Oak Ridge National Laboratory allows 

continuous separation of subcellular particles while the machine is 

operating. The gradient liquid flows into the spinning rotor from 
the center through small tubes to the rotor's outer edge, where it 

builds up a density gradient with the densest liquid outermost (a). 
The cell fragments are then injected into the inner, least dense 
edge of the gradient (b). After more spinning the particles are 
separated (e) and then removed by introducing a dense solution to 

outer edge of rotor, pushing gradient out of an inner drain tube (d). 

on the other, the paired bases guanine 
and cytosine). This observation has been 
particularly interesting to workers en· 
gaged in deciphering the genetic code. 
Chemists who work with synthetic long­
chain polymers have also found a use 
for the density-gradient ultracentrifuge: 
it is now possible to separate polymers 
that differ in chemical composition, de­
gree of branching or general three­
dimensional geometry. 

The stabilizing action of a density­
gradient column can be used to great 
advantage in the separation of sub­
stances by the technique of electropho-

resis. In the conventional electrophore­
sis apparatus a mixture of substances 
in solution-proteins, say-is placed in 
a tube and subjected to the influence 
of an electric field. If the molecules of 
one of the substances have a character­
istic charge, they will migrate through 
the tube at a characteristic rate and 
form a band that is separate from the 
rest of the mixture. The leading edge of 
the band is denser than the liquid be­
hind it, which gives rise to some ambi­
guity in observation. If the entire proc· 
ess is carried out in a prefoffiled density 
gradient of sugar and water, however, 

the band is much sharper. The Swedish 
investigator Harry Svensson has shown 
that density-gradient electrophoresis 
yields much finer resolution of the pro­
teins in blood serum than had ever been 
thought possible. Work along these 
lines could lead to the discovery of new 
blood proteins and, it is hoped, to a 
more precise diagnosis and analysis of 
certain diseases. 

In an age of increasingly complicated 
instrumentation it is refreshing to know 
that such a simple concept as the den­
sity gradient continues to find new uses 
in so many fields of investigation. 

SCHLIEREN PHOTOGRAPHS of a density gradient consisting of 
four copolymers of styrene and iodostyrene were made by J. J. 
Hermans and H. A. Ende of the Chemstrand Research Center in 
Durham, N.C. The gradient was produced in an ultracentrifuge; 

the dark vertical line at the left in each photograph is the meniscus, 
or surface, of the liquid. The four cycles in the curve indicate the 
variation in refractive index for each of the copolymers, which 
differ in their percentage of iodine and hence in their density. 
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RESEARCH REPORT 

Plasma Radiation Shielding 
for Astronauts 

The environment in deep space is never more hostile 
than after a large flare erupts on the surface of the sun. 
For the next day or two the solar system is filled with 
penetrating radiation in the form of very energetic 
protons (30-1000 MeV ). On earth we are shielded from 
this hazard by our magnetic field and by our atmosphere. 
In space some substitute shield has to be found. Mag­
netic or solid shielding could be used, but very large 
weights are involved. The only other approach that has 
been advanced involves charging the space vehicle to 
a large positive electrostatic potential (typically 200-
million volts) relative to space. This scheme suffers 
from the defect that the vehicle would attract electrons 
from the surrounding space at an entirely unacceptable 
rate. It would require thousands of megawatts to pre­
vent the rapid discharge of the potential. 

M ... CHETIC FIELD 
TYPICAL 

In the Plasma Radiation Shield a magnetic field generated by a 

superconducting coil is used to suspend an electron cloud near 
a spacecraft charged to a high voltage. Protons from the sun 
enter the electron cloud but slow down as they reach regions 
of higher potential and are repelled. 

1. Levy, R. H. and Jones, G. S., Aveo-Everett Research Laboratory 
Research Report 192 (Sept. 1964); a/so, AIAA J. ii, 1835-38 (Oct. 1964). 

2. Jones, G. S., Avco-Everett Research Laboratory AMP 165 (June 1965). 

A new approach to electrostatic shielding called "Plasma 
Radiation Shielding," has been put forwardl and is 
being studied under NASA sponsorship. The heart of 
this idea is the use of the magnetic field of a super­
conducting coil to suspend a cloud of electrons in the 
vicinity of the space vehicle. The cloud acts as the 

;: 

10' negative terminal of a ca­

SHIELOIHe. 

pacitor while the space ve­
hicle itself is the positive 
terminal. The electrons find 
themselves in crossed elec­
tric and magnetic fields and, 
as in the Philips' ionization 
gauge or the microwave 

�-- PC .... ,"lELD'H" magnetron, drift in a direc-
10 100 1000 tion perpendicular to both 

'"lELDED VOLU.E • •  J the electric and magnetic 
Comparative weights for fields. The electron trajec-
different shielding systems. tories do not in tersect a wall 

and consequently a high charge can be maintained. 
Protons from the sun would penetrate the electron 
cloud, slowing down as they reached regions of higher 
potential. If their kinetic energy is less than the voltage 
of the space vehicle, they never reach the vehicle. With 
the spacecraft charged to a high enough potential, 
the number of protons which reach the vehicle is 
tolerable. Since only a moderate magnetic field is re­
quired to control the electron cloud, it is estimated 
that a Plasma Radiation Shield would be 20 times 
lighter than the more conventional shields. 

As in other devices for containing charged particles, 
stability may be a serious problem. Thus far, electron 
containment and injection experiments2 at low voltage 
(-10KV) have been successful and in agreement with 
theoretical predictions. We have been unable to identify 
any insuperable problems standing in the way of 
achievement of the required high voltages. 

AVCO-EVERETT RESEARCH LABORATORY 
A division of Avco Corpora t ion 

2385 Revere Beach Parkway 
Everett, Massachus etts 02149 
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FINISHING ELECTROSTATIC DRUM 
Natural-diamond tool produces mirror finish 

on aluminum office copier drums at Xerox Corporation, 
Rochester, N. Y. Tolerances on final finish 

are held to four microinches rms (root mean square). 

Such close tolerances are necessary 

to allow absolute uniformity in the deposition 

of the selenium coating used 
in the company's copying machines. 
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Look what they're doing with diamonds 
Every job shown on these pages could not have 

been performed as efficiently or as economically 
without diamonds. 

Natural and synthetic industrial diamonds offer 

the unique combination of excellent cutting or 

grinding ability linked with fantastic endurance. 
Your diamond tools therefore last longer than any 
other cutting tools you can use. Your people spend 
more time in production, less time changing tools. 

If you cut, sharpen or smooth anything in your 
business, you can probably use diamonds too. Test 

CUTIING BARIUM GLASS 
Solid block of hard barium-content glass 

is cut into IV2-inch-thick sections 
with diamond-edged bandsaw blades. 

Unusual sawing job, performed at 
Dia-Chrome Company, Glendale, Calif., 

was the only practical method 
of obtaining usable blanks. A b.lade 

speed of 1000 s.f.m. was employed. 

De Bee�s WOl'ld's le.ding supplier 
of di.monds fol' indllstl'Y 

Industrial Grit Distributors (Shannon), Ltd., 
Shannon, Ireland 

natural or synthetic diamonds against the method 
you're now using. You'll learn how well diamonds 
can perform for you. 

Your wheel and tool manufacturer can prove it. 

Or write to this magazine for more information. 

De Beers, backed by the facilities of the Diamond 

Research Laboratory, offers a full range of both 

natural and De Beers-made synthetic diamonds for 

industry. The laboratory is constantly engaged in 

finding new and better applications for the users of 
industrial diamonds everywhere. 

ADAPTING A CYCLOTRON 
The cyclotron at Washington University required 

holes cut into the walls to permit installation 
of storage tubes for rad ioactive materia I. 

A cluttered ceiling and a sloping floor called for 

horizontal bracing of the Truco Model "8" 
portable drilling machine. Diamond drills 

reduced job time by 90% over similar 

drilling job performed with jackhammers. 
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The Swimming Energetics of Salmon 

These fish perform a migh�y metabolic feat when they SWill1 hundreds 

of miles upstreall1 without food to spawn. Experintents in the field 

and in the laboratory help to clarify how the feat is accomplished 

M
an has far surpassed the flight of 
birds in the air, but he has yet 
to match the hydrodynamic 

feats of a fish in the water. The swim­
ming of fishes and whales shows an ef­
ficiency of propulsion, in terms of the 
energy expended, that is much beyond 
anything human designers have been 
able to create. Indeed, the efficiency of 
the aquatic vertebrates is so remarkable 
that it has been called "Gray's paradox," 
after the British zoologist who has stim-

MIGRATION of sockeye salmon up the 

Fraser River from the Pacific to the spawn­

ing stream above Stuart Lake covers some 

700 miles. It is one of the longer migrations. 
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by 1. R. Brett 

ulated an intensive study of it [see 
"How Fishes Swim," by Sir James Gray; 
SCIENTIFIC AMERICAN, August, 1957]. 

Among the most spectacular fish per­
formances are those of the homing 
salmon of the Pacific Ocean. These re­
nowned swimmers are born in the head­
waters of rivers flowing into the Pacific, 
migrate down to the ocean to spend 
the major portion of their lives and 
eventually swim back to their birth­
place to spawn. They frequently make 
their way upriver on journeys of 500 
to 1,000 miles, against strong currents, 
over rapids and waterfalls and past arti­
ficial obstacles, such as dams and locks, 
that man has erected in these rivers. 
Except when they are blocked by a dif­
ficult passage the salmon swim steadily 
day and night without rest and without 
food. With their magnificent sense for 
hydrodynamic advantage, they com­
plete the journey by the thousands with 
dramatic success. 

Part of the story of how the salmon 
accomplish this can now be told. Be­
cause industrial development along the 
rivers threatens extermination of the 
salmon, a food resource. that man can­
not afford to sacrifice, systematic studies 
have been undertaken to determine 
what conditions are necessary to ensure 
the animal's survival. Exactly how much 
energy does the migrating salmon ex­
pend? What is the metabolic basis of its 
extraordinary performance and endur­
ance? How is its ability to complete its 
marathon affected by temperature, its 
size and othex factors? How fast can it 
swim? What is the secret of its hydro­
dynamic efficiency? Some of these ques­
tions, incidentally, are exactly those a 
naval architect must consider in de­
signing a ship: the cruising range, the 
top speed, the most economical speed, 
maintenance problems, the nature of 
the waters to be traversed and so on. 

In pursuit of answers to the questions 
about the salmon my colleagues and 
I made field studies of the fish in riv­
ers and also measurements of its per­
fOl"mance under strictly controlled con­
ditions in the laboratory. The laboratory 
experiments were conducted at the Bio­
logical Station of the Fisheries Research 
Board of Canada at Nanaimo in British 
Columbia. For the experiments we de­
veloped two special kinds of apparatus. 
One is a respirometer: a water tunnel 
in which the fish's consumption of oxy­
gen, indicating its rate of metabolism, 
can be measured while it is forced to 
swim at a given speed and at a given 
temperature of the water [see top illus­
tration on pages 82 and 83]. The swim­
ming speed is controlled by the water 
flow through the tube, against which 
the fish has to swim upstream; if it fails 
to match the velocity of the flow, it is 
forced back against a charged screen 
and receives a slight electric shock. The 
salmon quickly learned to avoid the 
shock and would swim at the enforced 
speed until they were exhausted. Mea­
surements of a fish's rate of consump­
tion of oxygen during a test can be ob­
tained at intervals by shutting off new 
water temporarily and recirculating the 
enclosed water so that the depletion of 
its oxygen can be ascertained. 

The second apparatus is an exercise 
cage, placed in a funnel-shaped 

structure, in which the fish can be made 
to swim at speeds up to 5.4 feet per 

. second, or 3.7 miles per hour [see lower 
illustration on opposite page]. This de­
vice was employed mainly to observe 
the effects on the fish of sustained swim­
ming for long periods under various 
conditions. 

The experiments gave two indepen­
dent measurements of the energy ex­
pended by salmon in swimming. One 
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ADULT MALE SOCKEYE is portrayed as it looks at about the 

time it begins its upriver migration. Such a fish may be about 

two feet long and weigh about five pounds. In its almost ceaseless 

effort to migrate from the ocean to its birthplace to spawn an adult 

bound for Stuart Lake progresses upstream at an average rate of 

about 1.33 miles per hour; its sustained speed must be about 2.65 
m.p.h. because of the current. Sockeye salmon were the principal 

subjects of experiments conducted by author and his colleagues. 

�=��===��=i-- PHOTOGRAPHIC HATCH 
VIEWING PORT 

T K 

EXERCISE CAGE was devised by the author and his colleagues to 

observe the effect of long periods of swimming, comparable to the 

upriver migration for spawning. The fish's effective speed is deter· 

mined by the velocity of the water, which can be controlled by mov· 

ing the entire apparatus forward or backward on the ramp. As 

depicted here the cage is in the position for maximum veloc· 

ity. Salmon are induced to swim by the electrically charged screen 

behind them; they receive a mild shock if they touch it. 

measure was oxygen consumption, 
showing the rate at which the fish gen­
erated energy through its metabolism. 
The other measure was the fish's con­
sumption of stored body fuels; this was 
determined by measuring the depletion 
of its body fat and protein at the end of 
a prolonged period of swimming during 
which it ate no food. The program of 
studies was designed to obtain quanti­
tative information in four specific areas: 
(1) how the salmon's metabolic rate 
varies with its swimming speed, its 
size and the water temperature; (2) 
how much stored energy, in the form 
of fat and protein, a fish burns up in a 
long session of swimming at a given 
speed and temperature; (3) what speeds 
can be sustained by young and adult 
salmon over a long period, and (4) the 
total amount of energy, in terms of de-

pletion of body fuels, that is actually 
expended by salmon. of various sizes in 
their long homing journey up a river, 
the object in this case being to learn 
also ho\v the river's characteristics in­
fluence the energy requirement. In ad­
dition to these four points, our program 
sought to learn something about the 
hydrodynamic propel'ties that make the 
salmon's swimming feats possible. 

To investigate the first point, we 
began by testing young sockeye salmon 
of a certain size (about 20 centimeters, 
or eight inches) in the respirometer. 
The fish were not fed for 36 hours be­
forehand so that none of their energy 
would be spent in digesting or absorb­
ing food. At rest and in an unexcited 
state the young salmon had a certain 
basal metabolic rate. vVhen the fish was 
forced to swim in the respirometer, the 

metabolic rate rose; with further in­
crease in the swimming speed the meta­
bolic rate mounted like a compound­
interest curve, each gain in speed calling 
for a greater proportional increase in 
output of energy [see illttstmtion at left 
at bottom of next page]. Ultimately the 
curve peaked where the fish reached its 
maximum rate of oxygen consumption. 
This peak, called the active metabolic 
rate, represents the top speed the fish 
can sustain. It can swim faster by going 
into oxygen debt, but any such higher 
speed is limited to short bursts. The 
experiments showed that at low swim­
ming speeds an excited or overactive 
fish uses more oxygen than a fish not 
under stress, but at high speeds the en­
ergy output of the excited fish is about 
the same as that of the unexcited one. 

In these first tests the temperature of 
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RESPIROMETER APPARATUS is used to determine the meta· 

bolic rate of a salmon by measuring its oxygen consumption. The 

amount of energy required by the fish depends on the velocity of 

the water through the fish chamber. Water temperature, which 

the water was set at 15 degrees centi· 
grade (59 degrees Fahrenheit), which 
is about the average summer tempera· 
ture of many of the rivers the salm· 
on ascend. To what extent is the fish's 
expenditure of energy affected by 
temperature? Clearly there must be an 

1,000 

i2 
:J 

effect. Rising temperature causes the 
chemical machinery of a cold-blooded 
vertebrate to tum faster, either at rest 
or under a work load. Moreover, a fish 
is compelled to put forth more effort to 
obtain oxygen at elevated temperatures, 
because water then holds less dissolved 
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oxygen. To obtain enough oxygen the 
fish must flush more water through its 
gills, just as a mountain climber must 
breathe harder to obtain sufficient oxy­
gen from the rarefied air at high 
altitudes. 

Our young sockeye salmon were sub-
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SPEED of fish affects metabolic rate. Curves represent yearling 
salmon in normal (color) and excited (gray) conditions. Lower dot 
shows basal metabolism of resting salmon; upper dot, maximum rate. 
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TEMPERATURE of water affects metabolism. Curves represent 

conditions from rest (bottom) to top sustained speeds (A-E). Peak 

performance at upper temperatures is limited by oxygen availability. 
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affects metabolism, can be controlled. Part 

of apparatus appears on cover of this issue. 

jected in the respirometer to various 
temperatures from near zero degrees C. 
to 24 degrees (75 degrees F.), the high­
est the salmon can tolerate. Their basal 
metabolic rate was six times higher at 
24 degrees C. than at five degrees. To 
put it another way, at 24 degrees a 

---' 
---' 

young salmon at rest burned as much 
oxygen as it did while swimming at 
about a mile an hour at five degrees. 
The effort required for swimming at the 
salmon's top sustained speed was a great 
deal higher at 15 degrees than at five 
degrees [see illustration at right at bot­
tom of opposite page]. It is apparent 
on the basis of temperature alone that 
the salmon's migration from the ocean 
up comparatively warm rivers must be 
a costly business. 

When one considers the combined ef­
fect of temperature and the speed re­
quired to swim up these rivers, the 
salmon's accomplishment becomes im­
pressive indeed. The young salmon 
proved to be capable of increasing their 
energy output more than twentyfold 
in attaining their top sustained speed 
at optimum temperatures. This perform­
ance is comparable to that of some 
mammals; it had not been realized that 
a fish is capable of such metabolic in­
crease. The salmon can truly be placed 
in a class with the racehorse. 

In order to determine the relation 
of the metabolic cost to the size of the 
salmon, sockeye salmon of a wide range 
of sizes, from five-gram smolts to 1,500-
gram (three-pound) adults, were tested 
in the respirometer with the tempera­
ture held constant at 15 degrees C. 
These measurements showed that with 
increasing size the salmon's metabolic 
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FISH WEIGHT is related to metabolic rates. Bottom curve represents resting fish; top, 

peak sustained speed; gray, intermediate speeds (alI at 15 degrees C.). A and B represent 

yearlings migrating downstream; C, adults migrating upstream; D, adults in exercise cage. 

rate slows down. This comparative 
metabolic economy becomes less and 
less, however, as the fish swims at high­
er speeds; at the top sustained speed the 
metabolic rate of the adult salmon is 
almost as high (per unit of weight) as 
that of the tiny smolt. 

To relate the laboratory findings to 
the performance of salmon of various 
sizes in their actual upriver migrations 
it was necessary to determine how the 
top sustained speed varies with size. 
This matter was examined by means of 
endurance tests in the laboratory, the 
small fish being tested in the respirom­
eter and the larger ones in the exercise 
cage, where they had more room for 
swimming. A large fish can of course 
swim faster than a small one. The tests 
showed, however, that the performance 
does not increase in proportion to the 
increase in size [see illustration at left 
below]. An eight-inch sockeye salmon, 
for example, can maintain a speed of 
4.1 times its length per second, but 
a 24-inch salmon has a maximum sus­
tained speed of only 2.5 times its length 
per second. The adult fish's relative 
performance is not as good as that of 
the smaller fish, although its absolute 
speed is considerably higher. 

What is a salmon's total energy ex-
penditure in its journey from the 

ocean upriver to its spawning ground? 
For an accurate answer to this question 
the most reasonable direct approach 
was to measure the fish's consumption 
of its store of body fuels. Two methods 
of measurement were pursued, one in 
the laboratory, the other in the field. 

For the laboratory study adult sock­
eye salmon beginning their upriver mi­
gration were trapped in the river and 
taken to our laboratory. They were 
divided into an experimental group, 
which was to be put through a long 
swim in the exercise cage, and a con­
trol group, which was killed and quick­
frozen immediately so that its content 
of stored fuel (fat and protein) could 
later be compared with that of the salm­
on depleted by swimming. The living 
salmon were made to swim in the cage 
at 1.83 miles per hour for 12.7 days, the 
equivalent of covering a distance of 
560 miles. At the end of this "journey" 
their remaining content of fat and pro­
tein was measured; the difference be­
tween this and the original amount, as 
indicated by the control group, gave a 
measure of the metabolic price the 
swimmers had paid for their swim. 
How much energy did this consumption 
of fuel represent? Calculations were 
made on the basis of the known en-
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ENERGY·EFFICIENCY CURVE for salmon shows ratio between 

energy expended and speed attained. Arrow indicates optimum effi· 

ciency, nearly achieved (A) by ocean migrant; river migrant is indio 

cated at B. Dark color shows burst speeds, producing oxygen debt. 

POWER REQUIREMENT to overcome frictional drag of dead fish 

(light curve) is compared with that of a swimming fish. Basal me· 

tabolism is deducted in latter case because test concerns propulsion 

energy. This chart uses gram calories; others, kilogram calories. 

ergy yields from oxidation of fats and 
proteins by mammals. Although differ­
ences occur in the fish's metabolic prod­
ucts, the use of these assumptions proved 
to be valid when the results were com­
pared with the rates of energy expendi­
ture by salmon in the respirometer. 

The field data on the same question 
came from intensive studies of the mi­
gration of sockeye salmon up the Fraser 
River in British Columbia, made by the 
Fisheries Research Board of Canada and 
the International Pacific Salmon Fish­
eries Commission. In 1959 D. R. Idler 
and ,V. A. Clemens followed a "wave" 
of sockeye salmon that journeyed up the 
river to Stuart Lake, about 640 miles 
from the ocean. These fish, most of 
them four years old, make the 640-
mile trip in approximately 20 days. 
Their average rate of progress for the 
total journey therefore amounts to 1.33 
miles per hour. To achieve that up­
river movement they obviously must 
swim a great deal faster than 1.33 
m.p.h. By conservative estimates the 
mean velocity of the Fraser River is 
about three miles an hour. If the salm­
on breasted this river velocity, to cover 
the 640 miles to Stuart Lake in 20 days 
they would have to swim at an average 
speed of 4.4 m.p.h.! A sustained speed 
of that order is impossible for the salm-
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on. It must seek out paths in the tur­
bulent river where the downstream flow 
offers less resistance. Considering the 
devious route the salmon must follow, 
there is no way to estimate its true 
speed or swimming effort from the 
physical statistics of its journey. The 
biological data collected by Idler and 
Clemens, however, make it possible to 
do so. 

By the end of its journey, after it has 
laid its eggs in a stream above Stuart 

Lake, the female sockeye salmon has 
consumed 96 percent of its body fat and 
53 percent of its protein reserves. Part 
of the female's energy has been spent 
in development of its large ovary. Idler 
and Clemens were able to establish, 
however, that the average daily output 
of energy by male and female salmon in 
swimming up the Fraser was 43 calories 
per kilogram of body weight. When we 
plot this output on the chart showing 
the results of tests of a full-grown salm­
on's capabilities, it becomes apparent 
that the Fraser River migrants were 
spending energy at nearly 80 percent 
of the maximum rate they could main­
tain, leaving little margin for any emer­
gency demands on them. Their rate 
of energy expenditure corresponds to 
swimming at an average speed of 2.65 

m.p.h. Since swimming straight against 
the current in the Fraser would call 
for a speed of 4.4 m.p.h., this means 
that by skillful maneuvering the salmon 
reduced the requirement by about 1.7 
m.p.h. 

According to computations based on 
the performance of salmon in the res­
pirometer, the most efficient swimming 
speed for a typical adult sockeye salm­
on is 1.1 m.p.h.; at this velocity the 
ratio of the speed obtained to the en­
ergy spent is optimal. At sea tagged 
salmon migrating toward shore have 
been found to travel an average of 30 
miles per day. Assuming that they swim 
in the same general direction for most 
of the 24 hours, this indicates that 
in the ocean they would be swimming 
at somewhere near the most efficient 
speed. To make their way upriver 
against the river currents, however, the 
salmon must swim at higher, less ef­
ficient speeds. At an average of 2.65 
m.p.h.-the speed maintained by the 
migrants up the Fraser River-the adult 
salmon must sacrifice nearly half of the 
possible efficiency in use of energy [see 
illustration at left above J. 

Having explored the metabolic as­
pects, we went on to look into the 
hydrodynamic attributes that help to 
account for the salmon's remarkable 
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swimming feats and endurance. The 
first step was to measure the drag 
force on the streamlined shape of the 
fish in the water. For this measure­
ment the model was a freshly killed 
salmon that was held at the end of 
a thin rod in the flowing water in 
the respirometer, like a model in a 
wind tunnel. The drag force, measured 
by a spring connected to the rod, was 
found to vary with velocity according 
to standard hydrodynamic relations. 
This procedure made it possible to 
express the drag in terms of the power 
required to overcome it at a given ve­
locity, and therefore the drag on the 
dead model could be compared with 
that on a live fish swimming at the same 
speed. 

A swimming fish, propelling itself by 
undulating movements of its body, 

of course is a different object from a 
fixed, motionless model as far as drag 
is concerned. The swimmer leaves re­
markably little turbulence in its wake, 
which indicates that the flow around 
its body is more laminar, or smoother, 
than that around a nonoscillating body 
of the same streamlined shape. Our 
measurements showed that the drag on 
the swimming salmon was indeed con­
Siderably less than that on the dead 
model, except at low velocities. The dif­
ference increased right up to the maxi­
mum sustained speed, where the power 
required for a swimming fish to over­
come drag was less than half that for 
the dead model [see illustration at right 
on opposite page]. At speeds beyond 
the maximum that the fish could sustain 
-that is, at speeds attainable only in 
short bursts-the swimming fish lost its 
hydrodynamic advantage. 

In short, the salmon's hydrodynamic 
efficiency is greatest at its top sustain­
able speed. This helps to counteract the 
high metabolic cost of swimming at that 
speed. Evidently the evolution of the 
salmon has endowed it with a hydro­
dynamic perfection that tends to mini­
mize the energy it must spend for its 
extraordinary swimming performance. 
It appears that the best prospects for 
further improvement of the performance 
lie in the evolution of increased efficien­
cy in the salmon's metabolic yield of 
energy. 

Evolution has carried the salmon very 
far. It remains for man to take pains to 
avoid destroying the fish's chances of 
surviving and flourishing. By unraveling 
the secrets of the salmon's hydrody­
namic efficiency man may also learn 
some lessons of benefit to his marine 
technology. 
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IBM's remote time-sharing 
computing service 
now helping customers 
solve scientific problems 

Big scientific computing power at low cost 

Busy, talented technical people no 
longer need wait to get time on a 
computer. 

They no longer need wait to get an­
swers back from a computer center. 

IBM'S time-sharing computing serv­
ice lets customers dial the IBM Data­
center in New York City or Los Angeles 
and be connected immediately with 

More time to be creative 

With this new IBM service, you gain 
productive time. 

You have more time to spend on de­
sign ... more time to work out solutions 
to problems ... more time to innovate. 

Most important, you can solve prob­
lems more easily and quickly ... and 
solve problems you haven't had time to 
solve till now. 

In using this remote computing serv­
ice, you communicate in QUIKTRAN, a 
new computer language we announced 
last August. QUIKTRAN is a variation 
of FORTRAN IV. It lets technical people 
instruct a computer in the language 
of mathematics - the language they 
use every day in their work. If you 
understand math, you can understand 
and use QUIKTRAN in two or three 
hours. 

And QUIKTRAN, unlike FORTRAN, lets 
the computer answer you back at each 
step of your problem's solution. You 
debug a program, statement by state­
ment, as you write it on the 1050 type­
writer, instead of waiting till it's done, 
then hunting for an error. 

What kinds of problems? 

Any problem you can solve with 
FORTRAN (or mathematics) you can 
solve with QUIKTRAN. 

You can develop your data process­
ing program, debug it and solve your 
problem with it-all in one quick con-

one of our powerful time-sharing com­
puters. 

minals at one time, time-sharing com­
puting power among them all. 

Solve your problem and get answers 
back immediately. 

The time on the computer costs $325 
for 25 hours a month ... or $760 for 75 
hours. All you need to use this service is an 

IBM typewriter terminal and a com­
munications link to the computer. 
Computers at the two Datacenters can 
handle input from as many as 40 ter-

The terminal rents for $125. 
Communications line costs between 

terminals and the computer vary with 
distance. 
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NUMBER · 2+2 
NUMBER-

NUMBER - 12/2 
NUMBER· 

N - SQRT(6'.1 
N- 8 

PROGRAM ( SAMPLE) 
DIMENSION lPLOT(12', TABlf(ID01 . 
x-o 
y.1. 

I-I 
READ 101, DHX,CHAR,ZPlOT 

101 FORMAT (Fl.", 534ll 

PRINT 102 

102 FORM,H (SX,lHX,7X.IHY) 

2 TAB L [ (I) - x 
TABLE (I+U ... y 

1 PRINT IOLX,Y 
101 fORMAT(2X,F7.',F8.ll 

I F (X-I.) 5,3,3 
1-1+2 

X"X+DElx.. 
DElY "X*Y*OElX 

Y ,.Y.OE LV 
GOAT 2 

STATEMENT NOT IN LANGUAGE 
GO TO 2 

I DO. J- I, 1,2 
x .. T ABL ( J) 
'-1. - ( ( TABLE (J-I)-TABL f( 2ll! (TABLE (I -1)-T ABLE (2)) -10. , 
ZPlOT( K) E CHAR 

PRINT 101, X, lPLOT 
" ZPLOT (K)"ZPlOT (K+l) 

STOP77 
ENO 

Portion of a typical mathematical problem solved with QUIKTRAN. 

tinuous flow. Answers come back in 
seconds instead of weeks. 

You need this new service if you 
can't always get time on a computer 
when you need it. You can get to our 
computer every working day, 

This new service is just a first step. 
Installation of IBM SYSTEM/360 at 

Datacenters throughout the United 
States will further expand the scope and 
versatility of the time-sharing and re­
mote computing service. 

DATA PROCESSING 
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THE ROYAL HEMOPHILIA 

A disease caused by the inheritance of a defective X chromosome, it 

has plagued European royalty for three generations. Queen Victoria 

was the first carrier of the mutation, 'which may not yet be extinct 

O n April 7, 1853, Queen Victoria 
of England gave birth to the 
eighth of her nine childl'en. From 

the beginning the infant Leopold was 
sickly; his baptism was postponed for 
almost three months. It may be that the 
trauma of birth had resulted in hemor­
rhages. In any event it soon became 
evident that he had an unusual tendency 
to bleed even from trivial injuries; 
Prince Leopold suffered from hemophil­
ia. His birth made medical history for 
quite a different reason: at the confine­
ment Victoria received chloroform, the 
anesthetic introduced by James Young 
Simpson of Edinburgh only six years 
earlier. Many were quick to see a con­
nection between hemophilia in the new­
born prince and the use of an anesthet­
ic; a bitter controversy occupied the 
press and the church of Victorian En­
gland. Painless childbirth was viewed by 
some as a defiance of the Scriptural 
admonition that "in sorrow thou shalt 
bring forth children." 

Hemophilia is a disease caused by a 
genetic defect; an individual who suf­
fers from it bleeds too freely because 
he cannot produce a factor in the blood 
that causes the plasma to coagulate. It 
is a sex-linked, recessive defect orig­
inally resulting from the mutation of a 
gene in the X chromosome of a germ 
cell-either the sperm of the father or 
the egg of the mother [see illustration 
on page 92]. If the child is a male, he 
will be hemophilic; if a female, she will 
be a carrier of the disease (although she 
will rarely suffer from it), and the 
chances are one out of two that her 
sons will be hemophilic and her daugh­
ters carriers. The sons of a hemophilic 
father will carry no trace of the heredi­
tary defect, since they receive his Y 
(and not his X) chromosome. All his 
daughters, however, will be carriers. 

88 

by Victor A. McKusick 

The pattern in which hemophilia is 
inherited was understood more than 30 
years before the birth of Prince Leopold. 
It had been described in 1803 by John 
Conrad Otto, a young Philadelphia phy­
sician; his observations were confirmed 
in 1813 by John Hay, a physician of 
Reading, Mass. In 1820 Christian Fried­
rich Nasse, professor of medicine in 
Bonn, described the same pattern of in­
heritance, and it became known as Nas­
se's law. The historical record does not 
tell us whether or not Queen Victoria 

ever understood the hereditary pattern 
of the disease she carried. When one of 
her grandchildren died in childhood, 
however, she did write in her journal: 
"Our poor family seems persecuted by 
this awful disease, the worst I know." 
Even with the benefit of modern knowl­
edge one of Victoria's living grand­
children-Victoria Eugenie, the former 
queen of Spain-is evidently convinced 
that the hemophilia that beset her 
own sons and her cousin's son stemmed 
from their common Gelman great-grand-

ASSEMBLED ROYALTY, including four of Queen Victoria's nine children and six of her 

34 grandchildren, posed for a group portrait surrounding the Queen on the occasion of 
a family wedding in 1894. Three of the female carriers of the Queen's hemophilia-produc­

ing mutant gene are present: her youngest daughter, Beatrice (No. 14 in key above); and 

two granddaughters (children of Alice), Princess Alix (No.9), who stands to the left of her 

future husband (No.8), then Czarevitch but soon to be Czar Nicholas II of Russia, and 

Princess Irene (No. 11), the bride of Prince Henry of Prussia (No. 28). Other children of 

Queen Victoria present are Edward, Prince of Wales (No. 13), Arthur, Duke of Connaught 
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father, thus ignoring the fact that her 
grandmother, her mother and her aunt 
were the carriers. The hemophilia of 
Queen Victoria's family is a classic case; 
of her nine children two daughters were 
carriers, one son was a victim and a 
third daughter was a possible carrier. 
Three (or possibly four) out of nine is 
not exactly one out of two, but it is a 

reasonable approximation. 

Throughout his lifetime Prince Leo­
pold suffered from repeated episodes 
of bleeding. The British Medical Journal 
took note of two of the episodes; the 
reports provide some clinical details. 
In 1868, when Leopold was 15, the fol­
lowing was recorded: "His Royal High­
ness .. . , who has previously been in 
full health and activity, has been suf­
fering during the last week from severe 

accidental haemorrhage. The Prince was 
reduced to a state of extreme and dan­
gerous exhaustion by the loss of blood, 
but has since greatly recovered, and 
has regained strength so that Dr. Jenner 
[Sir William, who was not closely re­
lated to Edward, the originator of vac­
cination] and Mr. Paget, who were sum­
moned to Osborne and remained for 
some days in permanent attendance, 

(No. 25), and Victoria, Empress of Germany (No.5). The four 

other grandchildren are Kaiser Wilhelm II of Germany (No.3), 

Marie, the future Queen of Romania (No. 27), Elizabeth, bride 

of Grand Duke Serge of Russia (No. 29), and Victoria, bride of 

Prince Louis of Battenberg (No. 10). None of them inherited the 

mutation. Others in the royal party are (from the bottom) Princess 

Beatrice of Saxe-Coburg-Gotha (No. 1), Princess Feodore of Saxe­

Meiningen (No. 2), Queen Victoria (No.4), Prince Alfred of Saxe-

Coburg-Gotha (No. 7), the Duchess of Saxe-Coburg-Gotha (No.6), 

Princess Philip (No. 15) and Princess Alexandra (No. 16), both of 

Saxe-Coburg-Gotha, the Princess of Saxe-Meiningen (No. 17), the 

Duchess of Conn aught (No. 18), Prince Louis (No. 19) and Prince 

Henry (No. 20), both of Bauenberg, Prince Ferdinand of Romania 

(No. 21), Count Mensdorff (No. 22), Grand Duke Serge (No. 23), 

Grand Duke Vladimir (No. 24) and Grand Duke Paul (No. 

26), all of Russia, and the Duke of Saxe-Coburg-Gotha (No. 30)_ 
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have returned to town." In 1875 the 
same journal noted: "Haemorrhage after 
typhoid fever is always one of the most 
serious complications. In this case, the 
attack of fever was slight, but the pe­
culiar liability of the Prince to severe 
haemorrhage, from which he has al­
ways been a sufferer, gives a special 
aspect of gravity to his condition. It is 
essentially a case for vigilant medical 
attendance and most careful nursing, 
and as these have before now saved 
Prince Leopold from urgent conditions 
of peril, so we may now hope that they 
will triumph over the present difficul­
ties. He is in the hands of those who 
have watched him from the cradle, and 
who are armed by the special experience 
of his constitution, as well as the most 
ample command of professional re­
sources." 

In 1879 Victoria wrote her prime 
minister Benjamin Disraeli (using the 

DUKE OF ALBANY 
(1853-1684) (1861-1922) 

regal third person) that she could not 
send Leopold to Sydney to represent 
her at the first Australian international 
exposition: "She cannot bring herself 
to consent to send her very delicate 
son, who has been four or five times 
at death's door, who is never hardly a 
few months without being laid up, to 
a great distance, to a climate to which 
he is a stranger and to expose him to 
dangers which he may not be able to 
avert. Even if he did not suffer, the 
terrible anxiety which the Queen would 
undergo would unfit her for her duties 
at home and might undermine her 
health." 

In 1882 Leopold, then 29 years old, 
married the German princess Helen of 
Waldeck. His mother noted that at the 
wedding he was "lame and shaky." The 
shakiness may not have been attributa­
ble to his hemophilia, but the lameness 
is another matter: rheumatism from 

bleeding into the joints is often a crip­
pling feature of the disease. In 1883 

Leopold's bride bore him a daughter, 
Alice; as the daughter of a hemophilic 
father she was inescapably a carrier of 
the mutated X-chromosome gene. Helen 
was pregnant a second time when, in 
March of 1884, Leopold visited Cannes 
for his health. He fell; a minor blow 
on the head resulted in a brain hem­
orrhage and convulsions. He died on 
March 28 at the age of 31; his second 
child, born a few months after his death, 
was a son and therefore exempt from 
the hereditary defect [see illustration 
below]. 

I f the X chromosome of the fertilized 
egg that was destined to become 

Prince Leopold had been the site of the 
gene mutation that caused his hemo­
philia, then among all Queen Victoria's 
children and grandchildren Leopold and 
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[IJ CD POSSIBILITY OF AFFLICTION 

PRESENT BRITISH L FAMILY 

SIX·GENERATION RECORD of known and possible hemophilia 

among the descendants of Queen Victoria shows how the genetic 

defect was inherited by various children and grandchildren of her 

afflicted son, Prince Leopold, and her daughters Alice (the Grand 

Duchess of Hesse) and Beatrice (Princess Henry of Battenberg). 

The untimely death of two sons of Victoria (Empress Frederick III 
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his descendants alone would have been 
subject to the disease. Actually it is 
clear that the mutation had taken place 
in the preceding generation and that 
all Victoria's germ cells contained a 
defective X chromosome. Victoria her­
self was almost certainly the first to 
carry the new mutation; that is, the 
mutation had occurred in an X chromo­
some of one of the germ cells that made 
her. Victoria was an only child. Late in 
life her father, Edward, Duke of Kent 
(together with his brothers, the Duke 
of Clarence and the Duke of Cam­
bridge) married in order to ensure a 
succession to the throne after the prin­
cipal heir, Princess Charlotte, had died 
in childbirth. Edward was 52 when 
Victoria was born in 1819; he died the 
following year. It has been shown that 
mutations are more likely to occur in 
the germ cells of older fathers; it can 
therefore be conjectured that Edward's 

+-1-0 w V : 
� VICTORI A I FREDERICK III 

X chromosome was the site of the 
mutation. 

Of Queen Victoria's four sons, only 
Leopold was hemophilic; of her five 
daughters, four had children and two 
of them definitely proved to be car­
riers. All of this is clear enough in 
retrospect, but proof that Queen Vic­
toria had passed the mutation to at 
least one of her daughters, and was thus 
herself a carrier, was actually avail­
able a full 10 years before her son Leo­
pold died of the disease. 

This proof was provided by Victoria's 
third child, Alice, who was born in 
1843. In 1862 Alice married Louis IV, 
Grand Duke of Hesse. Of her seven 
children, three-two daughters and a son 
-received the mutant gene [see illus­
tration below J. The son's early death 
from hemophilic hemorrhage demon­
strated that another of Queen Victoria's 
children carried the defect. The boy 

was named Frederick William; "Frittie, " 
as he was called, was delicate from 
birth and his hemophilia soon became 
evident. At the age of two, for example, 
he bled for several days from a small 
cut on the ear. At three Frittie and his 
older brother Ernst came romping into 
their mother's room one morning while 
she was still in bed. The windows, 
which reached nearly to the floor, were 
open; in the course of playing Frittie 
fell out of a window onto a stone ter­
race 20 feet below. None of his bones 
were broken, and at first it was hoped 
that all would be well, but bleeding in 
the brain had been initiated. By eve­
ning the child was dead. 

Irene, the elder of Alice's two daugh­
ters who were carriers, married her 
cousin, Prince Henry of Prussia. As in 
her mother's case, the chance was one 
in two that her children would inherit 
the mutant gene; in fact, she bore three 
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of Germany) led to the popular belief that she too was a carrier, 

but this is contrary to available medical evidence. In the Hesse line, 

the execution of the Russian Imperial family and the death of the 

two affiicted Prussian princes has evidently brought about extinc­

tion of the disease. Females of the English (left) and the Spanish 

(right) lines, however, may still be carriers of the mutant gene. 
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INHERITANCE PATTERN of hemophilia depends on whether 

the father's or the mother's germ cell contains the defective X 
chromosome that is the cause of the disease, In the case of a father 

(left column),  all sons escape the disease because only the normal 

Y chromosomes of the father ("a" an d "b") are involved in the 
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conception of male children. All daughters, however, inevitably re­

ceive a defective X chromosome ("c" and "d") and thus become 

carriers of the disease. Such carrier mothers (right colll",n) run a 

SO percent chance ("e" versus "/") that any son they bear will be 

hemophilic and any daughter will carry the defect ("g" versus "It" ) , 
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sons and two of them were hemophilic. 
Prince Waldemar of Prussia (1889-

1945) survived for 56 years, setting 
a record for longevity among the hemo­
philic descendants of Queen Victoria; 
he left no children. Prince Henry of 
Prussia died at the age of four in 1904; 

his short, unhappy life was carefully 
concealed, apparently for political rea­
sons. He is not listed, for example, in 
such genealogical works as Burke's 
Peerage or the Almanach de Gotha. 
The third son, Sigismund, escaped the 
fatal heritage; he now lives in Costa 
Rica and his children and grandchildren 
are normal. 

Alice's sixth child, the other car­
rier, was born in 1872 and was named 
Alix; Alice explained to Queen Victoria, 
"Alice they pronounce too dreadfully in 
German." Of all Victoria's granddaugh­
ters Alix had the most melodramatic 
life. She was courted by Nicholas II of 
Russia, then the Czarevitch [see illus­
tration on page 89], and married him at 
the age of 22 in 1894, thus bringing the 
mutant gene into the Romanov line. On 
her marriage she assumed· the Russian 
name Alexandra and embraced the 
Russian Orthodox faith. Alexandra bore 
Czar Nicholas four daughters in succes­
sion; the fifth child, a son, was born in 
1904 and was christened Alexis. The 
Czarevitch proved to be hemophilic. 

The failure of conventional medicine 
to turn the sickly Alexis into a ro­
bust infant made the Czar and Czarina 
seek help from the lunatic fringe. One 
M. Philippe, a spiritualist from Lyons, 
was the first healer in whom the impe­
rial parents put their confidence. The 
fanatic monk Rasputin was the last. The 
story is a familiar one: During one of the 
Czarevitch's bleeding episodes, in 1907, 

Rasputin was summoned at the urging 
of one of Alexandra's ladies-in-waiting. 
After three days and nights, during 
which the monk maintained a prayerful 
vigil, the bleeding stopped. Asked if he 
could continue to keep the child from 
danger, Rasputin replied: "He will live 
as long as I am there to watch him." 

The prediction was partly correct; 
Alexis outlived Rasputin by more than 
two years. A group of noblemen mur­
dered the monk in the winter of 1916; 

Alexis and the rest of his family were 
shot in a cellar in Ekaterinburg in July, 
1918. This bloody end, together with 
the Prussian Prince Waldemar's more 
placid death in 1945, apparently com­
pleted the extinction of Victoria's mu­
tant gene in the line of her daughter 
Alice, Grand Duchess of Hesse. 

As has become widely known in re-

�-- ��.J----II __ --

Whether you make a computer 
or a coffee pot, a G-E indicator lamp 

can brighten up your product 
A General Electric indicator lamp won't 
solve all your marketing problems, but 
it will go a long way toward adding value 
that sells merchandise. For example: 

G-E Indicator Lamps Add Sales 
Appeal. They're visible evidence of 
superior design. They say "quality" at 
a glance-in an appliance, a hand tool 
or a million dollar computer. They're 
often the "something" extra that gives 
you an edge over a competitor. 

G-E Indicator Lamps Add Profit. You 
can ask more, when you offer more. 
Indicator lamps help you sell perform­
ance instead of merely selling price. 
They're out where customers can see 
them, not buried inside your product. 

G-E Indicator Lamps Are Flexible. 
You can choose an indicator tailor­
made for your design among scores of 
incandescent lamps, glow lamps or 
versatile electroluminescence. 

Bulb sizes, for example, run from a 
bean-sized T-! just Va" in width up to 
filament lamps 2" long. Voltages range 
from 1.5 through 48 volts. Glow lamps, 
both circuit and indicating, come in 58 
variations. Candle power comes in nearly 
endless varieties. Bases can be midget 
screw, flanged, grooved or wire terminals, 
cleaned and solderable at no extra cost. 

Like to know more details? Our 28-
page Miniature Lamp Catalog lists com­
plete specs on over 200 indicator sizes. 
A new Sub-Miniature Catalog includes 
detail drawings and all technical data 
on an additional 200 variations of six 
popular bulb sizes. Glow lamps are fully 
covered in two recent bulletins. And a 
brand new 12-page folder tells all about 
the challenging possibilities of electro­
luminescence. Clip the coupon and send 
for one, several or all. 

r-----------------------------------l 

To: General Electric Co., Miniature Lamp Dept. MS-6, Nela Park, Cleveland, Ohio 44112 

Send me: 

o Miniature Lamp Catalog #3-247 
o Glow Lamp Bulletins #3-4335 

#3-4336 

o Sub-Miniature Lamp Catalog #3-4274 
o Electroluminescent Catalog #3-4375-R 

Name-----------------------------ll�'�-----------------
Company ____________________________________________________ ___ 

Address ______________________________________________________ __ 

City _____________________________ State ______________ Zip, ______ __ 
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cent years, in 1928 a certain Anastasia 
Tschaikovsky advanced the claim that 
she was actually the youngest Romanov 
princess, Anastasia. She said that she 
had been rescued from the Ekaterinburg 
executions by one of the soldiers, who 
had smuggled her away; together they 
had made a long journey, largely by 
sled, from Siberia to Romania. This 
claim has been the subject of prolonged 
controversy. The alleged Princess Anas­
tasia still lives in a village in southern 
Germany; her only child, a son sired by 
her presumed rescuer, was supposedly 
left in a convent in Romania years ago 
and has since vanished from sight. 
There is a one-in-two chance that any of 
Alexandra's four daughters was herself 
a carrier of hemophilia; if the alleged 
son of the alleged Princess Anastasia 
were hemophilic, the case for the moth­
er's royal identity would be strength­
ened. At present it remains an open 
question. 

Beatrice, Queen Victoria's ninth and 
youngest child, was born in 1857; 

she too proved to be a carrier. In 1885 

she married Prince Henry of Ratten­
berg, a first cousin of her sister Alice's 
husband, the Grand Duke of Hesse. 
Prince Henry moved to England and 
became a British subject. During World 
War I, at the urging of King George V, 
the family translated its name from the 
German Battenberg to the English 
Mountbatten. Beatrice bore her hus-

PRINCESS ALICE was Queen Victoria's 

third child. Alice bore seven children' a 

SOn was hemophilic and two daught�rs 

were carriers of defective X chromosomes .. 
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band four children; two of her three 
sons were hemophilic and her daughter 
\vas a carrier. 

Both of Beatrice's hemophilic sons 
served in vVorld \;Var I in spite of their 
disability. The elder-Leopold, Earl 
lI10untbatten-was too frail to do more 
than fill a staff position; he died at the 
age of 33 following surgery in 1922. 

His brother Maurice served in the King's 
Royal Fusiliers; he was killed in action 
near Ypres in October, 1914. Neither 
left any children. 

Beatrice's daughter, Victoria Eugenie, 
was born in 1887; she married Alfonso 
XIII, King of Spain, at the age of 19 

and bore him five sons and two daugh­
ters. One of the sons died at birth; it 
is quite likely that he was hemophilic. 
Of the other four, the eldest (Alfonso) 
and the youngest (Gonzalo) were both 
hemophilic. There is no evidence that 
either of Victoria Eugenie's daughters­
Beatriz (who has a son and a grandson) 
or lIlaria (who has four daughters)-is 
a carrier of the defect. 

In 1934, three years after his father 
had abdicated the throne, Gonzalo was 

. motoring with his sister Beatriz in 
Austria. Beatriz swerved to avoid a 
bicyclist and hit a wall; her brother re­
ceived an insignificant injury but died 
a few days later, aged 20. His elder 
brother Alfonso survived him by four 
years. Estranged from his family-par­
ticularly from his mother, whom he 
castigated for having given him hemo-

PRINCE LEOPOLD was Queen Victoria's 

eighth child and a hemophile. The father 

of two children, he passed his genetic defect 

on to his daughter but sired a norma) son. 

philia-Alfonso went to the Americas 
in 1935 and spent the remaining years 
of his life in Cuba and the U.S. For 
several months he suffered from an ab­
scess in the muscle of the right buttock 
that had developed from an intramuscu­
lar injection. In Cuba the' abscess was 
opened and packed. When blood con­
tinued to ooze from the wound, a treat­
ment then considered helpful in hemo­
philia was instituted, Alfonso received 
a series of blood transfusions from in­
dividuals whose spleen had been re­
moved. (The rationale is based on the 
observation that the blood of such 
splenectomized patients coagulates rap­
idly.) In spite of the treatment, or per­
haps bccause of the normal antihemo­
philic component of the transfused 
blood, he did stop bleeding. 

In the early hours of September 5, 

1938, Alfonso was motoring with a 
night club entertainer in Miami; the 
young woman swerved to avoid a truck 
and crashed into a telephone pole. She 
suffered minor bruises; Alfonso received 
several cuts and bruises and broke a 
leg. He died of hemorrhage within a 
few hours, aged 31 and childless. His 
death, as far as positive evidence is con­
cerned, may well have completed the 
extinction of the mutant gene in the line 
of Victoria's daughter Beatrice. 

The question remains of whether or 
not Queen Victoria's namesake daugh­
ter, later the wife of Frederick III, Em­
peror of Germany, was also a carrier. 

PRINCESS BEATRICE was the last of 

Queen Victoria's nine children. Her only 

daughter was a carrier of the mutant gene 

and two of her three sons were hemophilic. 

© 1965 SCIENTIFIC AMERICAN, INC



She bore her husband four sons: \,yil­
helm (the Kaiser of World War I), Hen­
ry (the Prince of Prussia who married 
his cousin, Irene of Hesse), Sigismund 
(who died at two) and Waldemar (who 
died at 11). Neither Wilhelm nor Henry 
was hemophilic. The late J. B. S. 
Haldane reported a Dutch physician's 
conclusion that Sigismund and Walde­
mar were almost certainly not hemo­
philic. 

I I as Queen Victoria's mutant gene 
therefore finally become extinct? 

The question cannot yet be answered 
with certainty. In addition to the two 
daughters of Victoria Eugenie-the 
Spanish princesses Beatriz and Maria­
there survives a descendant of Prince 
Leopold: Lady Mary Abel Smith, the 
daughter of his daughter Princess Alice, 
who had married Alexander, Earl of 
Athlone. Princess Alice, the daughter 
of a hemophilic father, was inescapably 
a carrier. Of her two sons, one died 
in infancy, apparently not as a result 
of hemophilia. The other-Rupert, Vis­
COlmt Trematon-was hemophilic and 
met the same kind of unhappy end as 
his cousins Gonzalo and Alfonso did; he 
died at the age of 20 of a brain hemor­
rhage following an automobile accident. 

Hence there remain among the many 
living descendants of Queen Victoria 
three-the two princesses of the Span­
ish branch and Lady Mary-who have 
a 50 percent chance of being hemo­
philia carriers like their mothers. I have 
mentioned that the son and grandson of 
Princess Beatriz are apparently not af­
flicted; this is also true of Lady Mary's 
only son and of her daughter's sons as 
well. The possibility nonetheless re­
mains that the gene may have gone 
underground; it may still exist in the 
heterozygous carrier state in the female 
descendants of both lines. 

Just as half of the sons born to a 
hemophilia carrier can be expected to 
be hemophilic, so a quarter of the 
grandsons produced by the carrier's 
daughters can be expected to inherit 
the mutant gene. Among Queen Vic­
toria's descendants, eight of the 25 

male issue who were sons of daughters 
of carriers were afflicted-somewhat more 
than one in four. In turn, the chance 
that Lady Mary and the Spanish prin­
cesses are not carriers of hemophilia is 
(l/2)H, or one in eight. It appears 
possible, therefore, that at least one of 
the three is a carrier. The prospect 
that hemophilia will reappear among 
some of Queen Victoria's distant male 
descendants remains a real one. 

THE QUESTAR TELESCOPE IS A USEFUL TOOL OF SCIENCE 

1 know that your file 01 pictllres taken with Questars is bulging with all sorts of items, but I am 
sending you one more to add to your collection. The enclosed print is of a picture oj a solar corona 
taken b)1 myself in Lae, New Guinea, on Feb. 5, 1962. The very bright coronal region on the west 
limb (the top in this parlicu/ar print) was quite unusual and has been the object of much study since 
the 1962 eclipse. 

Sincerely yOllrs, Johll W. Firor, Director 

High Altitude Obsen'atory, BOlilder, Colorado 

The beautiful photograph above was made with 
a 7-pound portable Questar. Since we make each 
aspheric set of Questar optics at least three 
times, their resolving powers are astonishing, and 
each wiB support images of some 800 diameters 
without breaking down. This unusual ability to 
resolve, coupled with small aperture, allows these 
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slender rapier when larger apertures are more 
severely damaged by heat waves, especially in 
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able, no single fastening or setscrew of a Questar 
could rust in the tropical rains of New Guinea. 
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halfway around the world. We build Questars to 
withstand severe climates of all kinds. 

Questar is the finest and most versatile small 
telescope in the world. Prices begin at $795. 
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with 8 pages of color and much general infor­
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The exciting 
new game 

of simple math 

can stump an 

expert. 
People at all educational levels get a 

kick out of playing the unique new game 
of Krypto. 

. 

Although it's a game of simple math, 
puzzle experts know that you can com­
bine simple elements in a pretty tricky 
way. And Krypto is a perfect example. 

It can be played several ways, with 
almost any number of people. Even play 
it alone, like solitaire. When played com­
petitively, individually or in teams, it's 
much more than just an intellectual chal­
lenge, it's a barrel of fun for the whole 
family. 

Here's how Krypto works: employing 
any combination of addition, subtraction, 
multiplication or division, use all of the 
lower Krypto cards (but not more than 
once) to reach the number shown on the 
top card. For example, one of the several 
solutions would be: 23+21+22x20-
24=16. 

Now, for a chal­
lenge, change the top 
card to one. Can you 
solve it? It's tougher 
than it looks! 

Send for the most 
fascinating game on. 
the m a r k e t. Do it 
today. Just for the 
fun of it. 

If within 10 days you're 
not delighted, we'll gladly 
refund your money. 
KRYPTO CORPORATION, 2 Pine Street 
San Francisco, Calif. 94111 
Send me games of Krypto (and the 
answer to the above problem). 

At $3.95 a set, 
·
here's my check for ___ _ 

Calif. residents add 4% sales tax. 
Please rush to: 

Name' __________________________ __ 

Address ________________________ _ 

City ____________________________ _ 

State· __________________ ..2Zip, ____ -:-
A 
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MATHEMATICAL GAMES 
Thoughts on the task of communication 
with intelligent organisms on other worlds 

by Martin Gardner 

Across the gulf of space, minds that 
are to our minds as ours are to those 
of the beasts that perish, intellects vast 
and cool and unsympathetic, TegaTded 
this eaTth with envious eyes, and slowly 
and surely drew theiT plans against us. 
-H. G. WELLS, The War of the Worlds 

I
n 1898, when Wells's novel was first 
published, a number of distinguished 
astronomers seriously believed Mars 

was inhabited by creatures with "intel­
lects vast and cool" and superior to our 
own. The Italian astronomer Giovanni 
Schiaparelli (the uncle of the dress de­
signer Elsa Schiaparelli) had reported 
in 1877 that he saw fine lines crisscross­
ing the red planet. A wealthy Bostonian, 
Percival Lowell, became so excited by 
Schiaparelli's continued disclosures that 
he decided to abandon Oriental studies 
and become an astronomer. In 1894, 
when Mars was unusually close to the 
earth, Lowell established his own ob­
servatory on "Mars Hill" in Flagstaff, 
Ariz. 

Lowell too saw the lines Schiaparelli 
had called "canali." (The word, which 
means "channels," had been subtly mis-

1O.by·l0 scanning matrix 

translated "canals.") Indeed, he saw 
them in fantastic profusion; eventually 
he mapped more than 500. In three 
books-MaTs (1895), Mars and Its Ca­
nals (1906) and Mars as the Abode of 
Life (1908)-Lowell argued that the 
lines he saw were wide bands of vege­
tation bordering enormous irrigation 
ditches constructed to bring water from 
melting polar caps to the dry Martian 
deserts. "That Mars is inhabited by be­
ings of some sort or other," he wrote, 
"we may consider as certain as it is 
uncertain what those forms may be." 
Lowell's Mars books had an enormous 
influence on early science fiction; the 
canals turned up everywhere, from 
Wells's 1897 short story "The Crystal 
Egg" to the later Martian romances of 
Edgar Rice Burroughs. 

There is no doubt about Lowell's 
competence as an astronomer. Calcula­
tions he made in 1915 led to the dis­
covery of Pluto by Clyde W. Tombaugh 
in 1930-at the Lowell Observatory. 
("Pluto" was chosen as the planet's name 
because its first two letters are Lowell's 
initials and its last two the beginning 
letters of Tombaugh; Pluto's symbol, E, 
combines P and L.) But as Jonathan 
Norton Leonard observes in his book 
Flight into Space, Lowell's tempera­
ment was closer to that of his sister 
Amy, the cigar-smoking poet, than to 
that of his cautious, conservative broth­
er Abbott Lawrence, who became presi­
dent of Harvard. Although some as­
tronomers enthusiastically confirmed 
Lowell's observations of Martian canals, 
others with better telescopes and bet­
ter eyes could see no canals at all. Even 
in today's best telescopes Mars is a tiny, 
jiggling spot of light, and in those rare, 
fleeting moments when the image holds 
still, one's mind can play strange tricks. 
Photographs are no help because the 
earth's turbulent atmosphere blurs the 
image. 

The consensus among astronomers 
today is that Schiaparelli, Lowell and 
their followers were the victims of op­
tical illusions induced by irregular 
splotches on the red planet and elabo-
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rated by astigmatism and psychological 
self-deception. 

Among the few living scientists who 
continue to take Lowell's speculations 
seriously the most vocal is 'Veils Alan 
Webb, a California chemist. In his book 
Mars, the New Frontier: Lowell's Hy­
pothesis (1956) and in many magazine 
articles and lectures he has reported on 
an interesting topological analysis of ca­
nal drawings made by Lowell and by 
one of his leading supporters, Robert 
J. Trumpler. Considering the maps of 
these two astronomers as geometrical 
networks, 'Webb determined the percent­
age of vertices at which three, four, five, 
six, seven and eight rays came together. 
On the maps drawn by both men ver­
tices of order 4 (four lines meeting at 
a point) predominate: they constitute 
about 43 percent of the vertices on 
Trumpler's maps and about 55 percent 
on Lowell's. A similar analysis of net­
works found in nature-mud cracks, 
shrinkage cracks of glazed chinaware, 
cracks in ancient lava beds, rivers and 
so on-showed order-3 vertices leading 
their percentage list. Only in networks 
constructed by living things, such as 
spider webs and animal trails, did vVebb 
find the order-4 points predominating. 
The networks that are topologically 
most like the Lowell-Trumpler maps are 
such man-made ones as railroad lines 
and air travel routes. Thus does topolo­
gy, Webb argues, back up Lowell's in­
tuitive conviction that the canals must 
have been the work of high-order in­
tellects. 

Webb's arguments assume, of course, 
a correspondence between the Martian 
surface and the Lowell-Trumpler maps. 
But if these maps are no more than 
doodles of what Lowell and Trumpler 
imagined they saw, their topological 
similarity to railroad lines is easily un­
derstood. At this writing the first tele­
vision pictures of 1\,lars are being re­
ceived from Mariner IV, but they have 
not yet established whether or not 
there are lines on the planet. Certainly 
few astronomers expect the pictures to 
show anything like Lowell's cobwebs; 
if they do, the great canal controversy 
will surely break out again. 

From 1880 to 1925, when interest in 
Martian canals was high, all sorts of 
proposals were put forward for estab­
lishing contact with Martians. Two fre­
quent suggestions were that a powerful 
searchlight be built that would blink a 
code message, or that a chain of bright 
lights be stretched across a vast area 
to make a diagram, visible in Martian 
telescopes, of the Pythagorean theo-
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Ivan Bell's interplanetary message 

rem. There was much discussion about 
radio contacts: sending a series of beeps 
to represent the counting numbers 
(beep; beep, beep; beep, beep, 
beep; . . .  ) or such arithmetical trivia as 
two plus two equals four. In 1900 Niko­
la Tesla declared that he had received 
radio signals from intelligent beings on 
Mars. Twenty-one years later Guglielmo 
Marconi made a similar announcement. 
Spiritualists too were in frequent con-
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tact with minds on the red planet. The 
most remarkable was Helene Smith, a 
Swiss medium, whose strange story is 
told in the book From India to the 
Planet Mars: A Study of a Case of Som­
nambulism with Glossolalia (1900) by 
the Swiss psychologist Theodore Flour­
noy. In her trances Helene seemed to 
be under Martian control, speaking and 
writing a complex Martian language, 
complete with its own alphabet. 

Answer to last month's topology problem 

Now that we are close to landing 
exploratory robots on Mars and are ex­
pecting to find, at the most, only a low­
grade vegetation, interest in extrater­
restrial communication has shifted to 
planets in other solar systems. In 1960 
Project Ozma failed to detect any radio 
messages from outer space after several 
months of listening near the frequency 
at which free hydrogen radiates. (For 
various reasons this frequency, with its 
wavelength of 21 centimeters, seems to 
be the ideal frequency for interstellar 
communication. ) Nevertheless, interest 
both in sending and in searching for 
such messages continues, and much 
abstruse work is being done on the 
best methods of exchanging information 
with an alien culture once contact is 
established. It is a fascinating problem, 
almost the exact opposite of devising 
wartime codes. The purpose of a code 
is to transmit information in such a way 
as to make it as difficult as possible for 
anyone not knowing the key to under­
stand the message. The purpose of an 
interstellar code is to communicate with 
minds that know nothing of our lan­
guage, and in such a way as to make it 
as easy as possible for them to under­
stand. 

Many of the papers in Interstellar 
Communication, edited by A. G. W. 
Cameron (1963), are concerned with 
this task. All experts agree that mes­
sages had best start with simple arith­
metic. One assumes that units can be 
counted by any type of intelligent crea­
ture, and that arithmetical laws are uni­
form throughout the galaxy. Of course 
one cannot assume that any given meth­
od of symbolizing numbers-such as our 
positional notation based on 10-would 
be universal. It would be foolish, for 
example, to try to get extraterrestrial 
attention by transmitting a decimal ex-
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pansion of pi; the aliens might use a 
different base system and our pi would 
seem at first to be no more than a series 
of random symbols. Hans Freudenthal, 
a Dutch mathematician, has invented 
an elaborate artificial language he calls 
Lincos (for "lingua cosmica") that starts 
out with arithmetic and simple logic, 
proceeds to more advanced mathemat­
ics and ultimately is capable of com­
municating all human knowledge. The 
first volume of his work, Lincos: Design 
of a Language for Cosmic Intercourse, 
was published in the Netherlands in 
1960. 

Most of Freudenthal's efforts may 
prove to be irrelevant because of the 
great ease with which pictures can be 
sent by a simple code of two symbols. 
This does not require that beings re­
ceiving such a code have eyes sensitive 
to light but only that they have some 
means of mapping the shape of things; 
our visual pictures could be translated 
by them into whatever sensory tech­
nique provides their best way of ob­
serving the world. Perhaps the simplest 
way to transmit a shape is by a two­
symbol message giving directions for 
scanning a rectangular matrix of cells, 
one symbol indicating that a cell is 
filled and the other that it is empty. 
Indeed, this is the technique by which 
pictures are now transmitted by radio 
as well as the basis of television-screen 
scanning. Consider the following 100-
symbol message: 

0000000111 
1111111101 
1110000111 
1010000000 
0000000000 
1010110101 
1010100101 
1100110111 
1010100010 
1010110010 

The 100 symbols suggest the 1O-by-10 
matrix shown on page 96. If the reader 
will scan the cells from left to right, 
top to bottom, darkening every cell in­
dicated by 1, he will produce a picture 
of a familiar object and the English 
word for it. It is easy to see that once 
the principle of picture scanning is 
grasped, ease in communication ad­
vances by leaps and bounds. 

Since it might take hundreds or thou­
sands of years for a message to travel 
from the earth to a planet in another 
solar family, it obviously is impossible 
to chat back and forth the way one 
does on a telephone. Messages would 

Proof that the V-heptiamond will not tile the plane 

have to open with something designed 
to catch attention-the counting num­
bers or a series of primes-followed by 
simple arithmetic leading quickly to pic­
ture scanning, then on to encyclopedic 
transfers of information. But what sort 
of information should be sent first? Here 
we come up against a curious situation. 
One might suppose that the simplest 
knowledge to send would be about 
things physicists call "observables"-in­
formation derived from our senses, often 
aided by relatively simple observational 
devices such as telescopes and micro­
scopes. But suppose the minds on Plan­
et X have as their most highly devel­
oped sense some method of mapping 
the world that evolution here has failed 
to exploit, say by magnetic forces or 
some type of radiation not yet known 
to us. Our pictures of the world, 
derived from our observables, might 
have less meaning on Planet X than in­
formation about such "unobservables" 
as electrons, protons and neutrons. If 
so, the inhabitants of Planet X might 
understand a description of the periodic 
table of elements more readily than a 
description of a house or tree. From one 
point of view the colors, shapes and 
sounds of our world are the bedrock 
facts and the electron a shadowy ab­
straction. The problems arising here 
suggest the opposite. The mathematical 
structure of a helium atom may be more 
universally understood than the color, 
smell, taste and shape of an apple, not 
just because apples are unlikely to grow 

on other planets but because other 
minds may map their worlds with senses 
that have little in common with sight, 
smell, taste and touch. Inferred entities 
such as particles and electromagnetic 
fields might be easier for extraterres­
trials to understand than the familiar 
sights and sounds of our world. 

In 1960 Ivan Bell, an Englishman 
teaching English in Tokyo, read about 
the plans for Project Ozma. To amuse 
his friends he devised a simple inter­
planetary message of 24 symbols. It was 
printed in The Japan Times of January 
22, 1960, and readers were asked if 
they could decipher it. Four complete 
solutions were received. One was from 
Mrs. Richard T. Field, now living in 
Bridgeton, N.J., who last year sent me 
a photocopy of Bell's article. 

Bell's message is reproduced at the 
top of the opposite page. It is much eas­
ier to decipher than it looks, and readers 
are urged to try it. Letters from A 
through Z (omitting 0 and X) provide 
the 24 symbols. (Each symbol is pre­
sumably radioed by a combination of 
beeps, but we need not be concerned 
with those details.) The punctuation 
marks are not part of the message but 
indications of time lapses. Adjacent let­
ters are sent with short pauses between 
them. A space between letters means a 
longer pause. Commas, semicolons and 
periods represent progressively longer 
pauses. The longest time lapses come be­
tween paragraphs, which are numbered 
for the reader's convenience; the num-
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bers are not part of the message. To 
minds in any solar system the message 
should be crystal clear except for the last 
paragraph, which is somewhat ambigu­
ous; even if properly deciphered, it could 
be understood fully only by inhabitants 
of one of our solar system's planets. (Mrs. 
Field wrote her answer in the same code 
and signed off by saying-in the code­
that she lived on Jupiter.) The key to 
Bell's message and a complete transla­
tion will be given next month. 

Readers were asked last month to 
make one straight cut across a cir­

cular Op pattern [see fig lire at left in 
bottom illllstmtion on page 98] so as to 
divide the pattern into two parts, each 
topologically equivalent to a square 
checkerboard. That the pattern itself 
cannot be continuously distorted to pro­
duce a checkerboard is evident from the 
fact that the number of its cells, 392, is 
not a square. Note also that the two 
cells inside the bull's-eye are each three­
sided; any distortion that turns one of 
these cells into a square would turn the 
other into a nonconvex figure. It is there­
fore necessary that the cut separate 
these two cells. The only straight cut 
that does this is one along the horizon­
tal diameter of the large circle. The fig­
ure in the middle is topologically the 
same as the one at the left. It is easy to 
see that a single cut along AB produces 
two halves, each of which is topological­
ly the same as a square checkerboard 14 
cells on a side [figure at right in bottom 
illllstmtion on page 98]. 

The only heptiamond that will not 
tile the plane is the V-shaped figure 
shown at a in the illustration on the pre­
ceding page. The proof, by Gregory J. 
Bishop, an electrical engineering student 
at Northeastern University, is simple. A 
second piece can fill the colored triangu­
lar concavity of the first one only as 
shown at b. (\Ve ignore a mirror rever­
sal of the second piece.) The colored 
triangle of the second piece can now be 
filled only by placing a third piece as 
shown at c. The colored triangle of this 
figure must in turn be filled by placing 
a fourth piece as shown [dl, and there 
is a similar lack of choice in positioning 
pieces 5 and 6. Now we are stuck. 
There is no way to fill the colored tri­
angle associated with piece 6. 

Space does not allow showing sample 
tessellations for the other 23 heptia­
monds depicted last month. The reader 
may have discovered the useful trick of 
pairing two pieces to form a pattern 
that periodically tiles the plane. For 
example, four different heptiamonds [at 

top of illllstmtion below] can be paired 
to fit the same periodic tessellation 
[bottom]. It is conjectured that any 
geometrical shape, if it can tile the 
plane, wiII also form a finite pattern 
(of two or more replicas ) that will repeat 
periodically to cover the plane. Bishop 
has also established that each of the 
66 octiamonds will tile the plane, and 
that all but four of the 108 heptominoes 
will do so. 

The paradox of the heptagon tessella­
tion was taken from Hugo Steinhaus' 
One Hlindred Problems in Elementary 
Mathematics (Basic Books, 1964). The 
paradox arises from the fact that a re­
arrangement of terms in an infinite se­
ries can lead to a different calculation 
of the average term. Steinhaus gives as 
an example the series 1, 0, 1, 0, 1, 0 ... 
for which 1/2 is the average. But the 
two infinite sets of ones and zeroes can 
also be arranged 1, 0, 1, 0, 0, 0, 0, 1, 0, 
0, 0, 0, 0, 0, 0, 0, 0, 1 ... (where succes­
sive sets of zeroes have cardinal num­
bers that are squares of 1, 2, 3 . . . ) , in 
which case the average is O. It is easy 
to form other arrangements to make the 
average any desired integral value be­
tween 0 and 1. In the heptagon pattern 
two different arrangements of two infi­
nite sets of angles are considered, and 
there is no reason why the calculation 
of an average angle should be the same 
in each. 

Tessellation for four heptiamond pairs 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

A 
full explanation of why rain falls 
would obviously be of considera­
ble interest. Such an explanation 

would in turn require two kinds of in­
fOlmation not now available: informa­
tion on a satisfactory way to measure 
the diameter of a raindrop and on a 

meterstick 

smoked 
glass 

Apparatus for creating splash pclller"s 
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How to measure raindrops, make snowflakes 

and sin1ulate subatolnic particle scattering 

satisfactory way to grow a snowflake. It 
is known that water vapor in the air 
condenses on suspended particles to 
form clouds and that certain droplets 
grow at the expense of others until they 
become heavy enough to fall. Under 
certain circumstances the water vapor 
precipitates as ice crystals that may 
grow into snowflakes, melt and continue 
to grow as drops of water that merge 
with smaller drops on the way down. 
What mechanism triggers the initial 
precipitation and what conditions favor 
the growth of certain drops? 

The investigation of these questions 
requires the statistical analysis of drop 
sizes as a rainstonl1 develops. It also 
requires an intimate knowledge of the 
mechanisms responsible for the growth 
of snowflakes. Recently Norman J. Wil­
der of Corvallis, Ore., and Richard W. 
Wahl of Golden, Colo., respectively 
chose the problems of gauging raindrops 
and growing snowflakes as projects for 
their Junior Research Fellowship in 
the Atmospheric Physics Program at 
the University of Nevada. They worked 
under the supervision of Vincent J. 
Schaefer. 

The program provided only limited 
time for experimentation. For this rea­
son the procedures devised by Wilder 
and \Vahl require additional work be­
fore they can be evaluated. Even so, 
the experiments demonstrate that some 
of the more fascinating aspects of weath­
er can be studied indoors and with 
modest facilities. 

Several techniques have been used 
for measuring the diameter of drops. 
In one a flat plate coated with oil or 
a similar substance that resists water 
is exposed to the drops as an airplane 
flies through a cloud. Some of the drops 
stick to the plate and are promptly pho­
tographed. The resulting images are 
later measured. The procedure is not 
altogether satisfactory. Large drops tend 
to break up on impact with the plate. 
Moreover, the airstream separates at 
obstructions such as flat plates. The 
smallest drops are therefore diverted, 
and many do not come in contact with 

the oil. Hence the collection efficiency 
of the plate declines in proportion to 
the diameter of the drops. Finally, the 
smallest drops evaporate quickly and 
may disappear before they can be pho­
tographed. For these reasons the ob­
servations are biased in favor of the 
larger drops. 

An indirect technique has been used 
to measure drop sizes in supercooled 
clouds when icing conditions exist. It 
is based on the fact that the thickness 
of the ice that forms on a cylinder ex­
posed for a certain time to freezing 
drops of a certain size varies with the 
diameter of the cylinder. When cylin­
ders of assorted diameters are exposed 
to freezing drops, the ice collected by 
each cylinder varies with the distribu­
tion of drop sizes in the cloud. The 
distribution is calculated by melting 
the ice and weighing the water that is 
recovered from each cylinder. Still other 
methods, such as direct photography, 
have been tried, but none is entirely 
sa tisfactory. 

In the method devised by Wilder 
drop diameter is indicated by the size 
and character of splash patterns made 
when drops strike a sheet of smoked 
glass. His experiments were done in­
doors; the method has not yet been 
tested in a natural rain cloud. The 
equipment consists of an apparatus 
stand with a scale for determining the 
height from which a drop of water of 
predetermined size falls on a sheet of 
smoked glass below [see illustration 011 

this page J. The drops are released by 
a pipette attached to the vertical rod 
of the' apparatus stand. The resulting 
splash patterns are examined with a 
microscope and measured by a cali­
brated reticle in the eyepiece. 

Pipettes of polyethylene are avail­
able in a range of nozzle diameters 
for releasing drops of a desired size. 
Droppers can also be made easily by 
heating a narrow section of glass tubing 
approximately eight millimeters in di­
ameter until the glass softens; one then 
pulls the ends apart quickly and breaks 
the tube at its thinnest point to form 
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two pipettes of identical nozzle diam­
eter. When the glass is pulled to about 
the diameter of a human hair, drops 
less than a millimeter in diameter are 
released if the pipette is filled with 
distilled water. Drops of maximum uni­
fOlmity are released if the nozzle is 
coated with a film of silicone grease. 
Tubes for releasing proportionately larg­
er drops can be made by breaking off 
the capillary at points of larger diam­
eter. To make a pipette for releasing 
drops of maximum diameter hold the 
end of a length of six-millimeter tubing 
in a gas flame until it softens and al­
most closes. Attach to the opposite end 
of the tubing a rubber squeeze bulb for 
releasing the drops. 

Wilder found that the most distinc­
tive splash patterns are fOlmed on glass 
that has been treated with a nonwet­
ting agent such as ferric stearate prior 
to the application of soot. The ferric 
radical clings to the surface and causes 
the stearate to clump as a water­
resistant film. Wilder places three or 
four small grains of the compound on a 
microscope slide and heats the glass 
until the grains melt. The resulting film 
is spread evenly with a piece of paper 
toweling folded into a small square. 
When the slide has cooled, the glass is 
buffed with a soft cloth until the waxy 
streaks made by the stearate disappear. 
The prepared face of the slide is then 
smoked by passing the glass back and 
forth through a yellow gas flame. 

During the operation the glass can 
be held by a pair of tweezers or by a 
fixture improvised from wire. Reason­
ably uniform coats of soot can be ap­
plied by passing the slide back and 
forth completely through the flame at 
the rate of about two strokes a second. 
This motion, which should be continu­
ous, will also cause the slide to heat 
uniformly and so prevent the glass 
from cracking. 

A thickness gauge is automatically 
built into the carbon layer. Any thinly 
coated slide, when held almost parallel 
to the rays of a light, reflects one or 
more bands of iridescent color, depend­
ing on the uniformity of the film. The 
appearance of many bands indicates 
either that the slide is not being moved 
through the flame quickly enough or 
that the flame is too luminous. To cor­
rect the latter condition open the air 
adjustment of the burner. The colors 
will begin to fade as the thickness of 
the film increases. The best thickness 
for making splash patterns is reached 
when the color just disappears. 

Both the height from which the drop Photomicrographs of splash patterns 
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is released and the diameter of the 
drop influence the size of splash pat­
terns. "One day," Wilder writes, "I 
noticed that the clear inner ring of a 
pattern made by a drop that fell from 
a height of 1.5 meters was larger than 
one made by a drop that fell only 25 
centimeters, indicating that the size of 
the center ring varies with the terminal 
velocity of the drop. Twenty runs were 
then made from various heights but the 
results were meaningless. The outer di­
ameter of the patterns also appeared to 
increase uniformly with height. A series 
of runs was then made to check the 
relation. This dimension, when plotted 
against the height from which the drops 
fell, resulted in a straight graph for 
falls between 10 and 25 centimeters 
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[see top illustration above]. Below five 
centimeters the diameter decreased dis­
proportionately. There was not enough 
time to investigate the effect at heights 
greater than 25 centimeters. 

"Similarly, both the diameter of 
splash patterns and their overall con­
figuration vary with the diameter of 
drops released from a predetermined 
height. In other words, the size and 
configuration of splash patterns bear 
a direct relation to drop diameter. A 
test made by releasing from a height 
of one meter drops that ranged in di­
ameter from two to four millimeters 
resulted in a linear graph that included 
the diameter of substantially every 
drop. Drops of a given size always made 
similar patterns. I have had no op-

portunity to check the procedure with 
cloud droplets." 

While Wilder was investigating splash 
patterns, Wahl developed a miniature 
wind tunnel for the production of snow­
flakes. Essentially his device consists of 
an open-end cylinder lined with cellu­
lose tubes containing water. The as­
sembly is suspended vertically in a 
chamber maintained at freezing tem­
perature. The temperature difference 
between the water and the air generates 
an updraft through the cylinder. Evapo­
ration from the permeable cellulose 
tubes causes a supercooled cloud to form 
in the cylinder. 

This cloud can be "seeded" with par­
ticles of dry ice, just as natural clouds 
are seeded to trigger the precipitation 
of rain. The resulting crystals of ice 
are carried upward by the convection 
current and grow into snowflakes. 
Heavy flakes fall to the bottom of the 
cold chamber, where they can be col­
lected in a shallow dish that contains a 
film of Formvar solution diluted with 
chloroform. When the film solidifies, 
impressions of the snowflakes remain. 
They can be examined at room tempera­
ture. 

The cylinder consists of a tin can 
at least 10 centimeters in diameter and 
as tall as it is wide. The inner wall of 
the can is lined with closely spaced 
casings of the kind used by meat pack­
ers for making sausages [see lower illus­
tration at left]. If sausage casings are 
not available, similar tubes can be made 
of sheet cellulose by joining the side 
edges of a sheet to form a tube; the 
edges are held together with plastic ad­
hesive tape that resists water. 

Wahl designed the assembly so that 
the cellulose tubes could be easily dis­
mantled for replacing water lost by 
evaporation. He tied the bottom of each 
tube shut with a rubber band to which 
was attached a wire hook. When the 
tube is filled, the top is folded over and 
clamped shut with a bobby pin. After 
the filled casing has been placed in the 
assembly the rubber band is stretched 
around the outside of the can and at­
tached by the wire hook to the loop of 
cellulose made by the top fold. The 
completed tunnel is suspended in the 
cold chamber by a sling of three wires 
attached to the upper rim of the can. 

A cold chamber can be made of a pair 
of boxes-an outer one that is well in­
sulated and an inner one, preferably 
of metal, that transmits heat readily. 
The chamber can be refrigerated by 
filling the space between the boxes 
with dry ice. The temperature need not 
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be lower than 10 degrees Fahrenheit. 
The outer box can be inexpensively in­
sulated with rock wool or with foam 
plastic of the kind used as packing 
material. 

At subzero temperature on the Fahr­
enheit scale the apparatus operates for 
only short periods. At 10 degrees below 
zero ice forms on the casings in 15 
minutes, and the water freezes solid 
within 25 minutes. The freezing could 
be prevented by inserting a short length 
of nickel-alloy resistance wire in each 
casing and applying enough electric 
current to maintain the water above 
32 degrees F. This would allow longer 
cycles of operation and the production 
of larger snowflakes. 

None of the snowflakes grown by 
Wahl were larger than one millimeter 
in diameter. "In repeated cold-chamber 
experiments," he writes, "many different 
shapes and sizes of crystals were ob­
served. Most were typically hexagonal, 
some were nearly triangular and on sev­
eral occasions nearly all were rectangu­
lar. Although the temperature of the 
chamber could not be regulated, excep­
tionally large crystals appeared when 
the temperature of the air was just 
below the freezing point. 

"I observed that the convection cur­
rent tended to blow the crystals up out 
of the cloud and over the sides of the 
chamber. Some crystals were swept 
back into the updraft at the bottom 
of the tunnel and made a second trip 
through the cloud, growing larger en 
route. This recirculation was obviously 
desirable in such an experiment. Several 
schemes were tried in an effort to estab­
lish continuous recirculation, but with­
out much success. First a small polyeth­
ylene bag with a little hole in the top 
for seeding was tied over the top of 
the apparatus. Vapor condensed on the 
plastic, heat accumulated and the air 
became stagnant. A second tunnel was 
then fitted with a cylindrical extension 
at its upper end. I had hoped that the 
convection current would lose enough 
velocity in the extension to prevent the 
escape of crystals. This arrangement did 
not work either. Next a funnel extension 
was tried with substantially the same 
result. 

"Because of limited time I did not 
have an opportunity to try another 
idea-the use of an electric field to con­
trol the movement of the flakes. Most 
crystals of ice carry an electric charge 
that might possibly be used to control 
their movement. A boxlike arrangement 
could be improvised with electrodes in 
the form of wire screening at the top 
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and bottom. This apparatus would be 
placed in the cloud. A potential differ­
ence applied across the screens could 
be adjusted experimentally to balance 
the force of gravity as the ice crystals 
gain weight. With this arrangement it 
should be possible to grow snowflakes of 
any desired size." 

Roger Hayward, whose illustrations 
regularly appear in this depart­

ment, has devised a unique model that 
simulates the scattering of subatomic par­
ticles by a nucleus. "About nine months 
ago," he writes, "I bought a number of 
magnetic blocks that appear to be made 
of Rnely divided iron particles em­
bedded in plastic. The larger units mea­
sure 1 YIG inches long and 1/2 inch 
wide; the smaller ones are 1/4 inch 
square. All are about 3/32 inch thick. 
I understand that the units are common­
ly used for clamping papers to bulletin 
boards made of sheet iron. My objective 
was to construct a dynamic model for 
demonstrating some of the properties of 
a single atom of gas by setting up a 
rotating multipole magnetic ReId that 
would act on a set of steel balls 3/16 
inch in diameter. The balls are sup­
ported just above the magnets by a 
level sheet of glass. 

"My Rrst model consisted of 14 pairs 
of 1/4-inch magnets, cemented in an 
annular groove machined in a disk of 
clear plastic [see top illustration on pre­
ceding page]. The stacks were arranged 
so that the magnetic poles faced alter­
nately up and down. A hole was drilled 

in the center of the disk to Rt a vertical 
spindle on which the assembly could be 
rotated. The speed of rotation could 
be varied continuously from about 10 to 
100 revolutions per minute. The steel 
balls rolled on a thin sheet of plastic, 
and the plastic was in turn held in 
place by the ring support of an ap­
paratus stand. 

"The arrangement works quite well 
when the magnets are rotating in the 
range from 20 to 40 r.p.m. Balls 
launched squarely across the magnetic 
ReId are either captured or deflected 
in random directions. Balls can be 
launched in a desired direction at con­
stant and reproducible speeds by means 
of a small inclined track. 

"I next constructed a similar model 
equipped with the larger magnets, 
which were rotated by means of a non­
magnetic phonograph turntable [see 
bottom illustration on preceding page]. 
The disk that supported the magnets 
was cut from 1/2-inch plywood and 
was slotted radially to take 24 magnets. 
The poles of these magnets appear on 
the large faces of the rubber strips. 
Eight radial grooves, which terminate 
near the center of the disk, each hold 
an array of magnets assembled so that 
the north pole of each magnet faces the 
south pole of its neighbor. 

"A second set of radial grooves was 
cut midway between the Rrst set and 
spaced about half an inch farther hom 
the center than the Rrst set. Each of 
these grooves holds two magnets with 
opposite poles in contact. The combined 
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field of these magnets points in the 
same direction as that of the inner set 
of magnets. 

"The center of the disk was drilled to 
make a snug fit with the spindle of the 
phonograph. I think that the spindle is 
steel and that there may be a friction 
clutch of steel under the aluminum turn­
table. If so, these parts do not appear to 
distort the magnetic field significantly. 
I blocked a 12-inch square of window 
glass over the turntable so that it cleared 
the top of the magnets by about 1/32 
inch. Incidentally, most window glass is 
slightly concave on one side and slightly 
convex on the other. The manufacturer's 
label is usually fixed to the convex side. 
The glass should be placed over the 
magnets with the concave side upward. 
Both the turntable and the glass were 
leveled to within about .005 inch by 
means of jacks improvised by threading 
a set of small blocks to accommodate 
cap screws. When the balls are placed 
on the leveled glass, they do not roll un­
less started, and once they are started 
they seem to roll equally well in all 
directions. 

"In one sense this model is more lim­
ited than the first one because the 
speed of rotation is restricted to 33)�, 45 
and 78 r.p.m. On the other hand, the 
larger size presents a more attractive 
display. The accompanying illustration 
[opposite pagel depicts the typical de­
flection path of a 'particle' that pene­
trates the 'nucleus,' the capture and 
subsequent emission of a particle and 
the trajectOlY of a sharply deflected 
particle. When the field is rotated at 78 
r.p.m., a large number of balls are cap­
tured. The balls seem to become suffi­
ciently magnetized to attract each other. 
At 45 r.p.m. the mass b.:;comes unstable 
and a few balls escape. When the speed 
is reduced to 33)� revolutions, the mass 
becomes very unstable, and within sec­
onds balls are scattering in all direc­
tions. 

"Balls occasionally enter the capture 
zone and are immediately ejected. One 
would be hard put to show a statistical 
relation between the trajectory of the 
balls and the nature and size of the 
magnetic array. I suppose it would be 
possible to demonstrate some effective 
diameter of the nucleus by a statistical 
analysis of the trajectories. The stack of 
three magnets that appears in the illus­
tration at the half-radius point merely 
creates activity when there are a num­
ber of balls on the glass. These magnets 
might represent another near atom that 
would be expected to deflect free par­
ticles." 

There's 
a beautiful 

problem 
out 

tonight 

You might like our way of looking at the moon. 

It's a different way, because our assignment is to do 
systems engineering for the National Aeronautics and 

Space Administration's manned space flight effort. 

Getting to the moon and back is a series of problems 

which not only have to be solved-first of all, they have 
to be identified, defined, understood. 

Bellcomm has rewarding openings right now for ad­

vanced thinkers in such fields as physics, mathematics, 
engineering, chemistry, propulsion, flight mechanics, 
computing and programming, guidance and trajectory 
analysis. 

If you are highly qualified and experienced, your 

resume will be welcomed by Mr. N. W. Smusyn, Person­

nel Director, Bellcomm, Inc., Room 1307-M, 1100 17th St., 

N. W., Washington, D. C. 20036. We are an equal oppor­
tunity employer. 

@.lt9Belicomm,lnc. 
A Bell System Company 
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by Max Black 

BEYOND THE EDGE OF CERTAINTY: Es­
SAYS IN CONTEMPORARY SCIENCE AND 

PHILOSOPHY, edited by Robert c. 
Colodny. Prentice-Hall, Inc. ($8.75). 

Not to understand modern science 
is to be in a certain sense illiter­
ate, excluded like the tone-deaf 

from a whole realm of intellectual and 
imaginative insight. But to say this is 
merely to raise some perplexing ques­
tions. What is it to understand modern 
physics, for instance, short of being a 
qualified physicist? What kind of grasp 
of fundamental theory is feasible for a 
nonspecialist? How does understanding 
differ, if at all, from the power to handle 
mathematical algorithms? 

Some light might be thrown on these 
important and nagging questions by ex­
amining this collection of essays on 
physics and its philosophy (originally 
composed as lectures for delivery at 
the University of Pittsburgh) . All the 
distinguished authors are engaged, with 
varying degrees of success, in trying to 
make sense of physics, not only for non­
specialists but also for the high prac­
titioners themselves. 

Only an alliance between history and 
logical analysis can be of much help. 
The antiseptic presentation of funda­
mental theory in contemporary text­
books, where all the rough edges have 
been trimmed away, too often yields a 
specious and deadening pseudo-clarity. 
It is often highly instructive, even for 
specialists who want chiefly to use the 
theory, to return to the gropings of the 
first discoverers. In one way or another 
many of the present authors follow the 
path of what might be called idealized 
history; they seek, more or less con­
sciously, to reconstruct what the history 
of an idea would have been had its evo­
lution been unimpeded by confusion 
and false starts. 

The obvious risks in amalgamating 
historical narrative with logical criti-

BOOKS 
Is it possible for anyone 
to "understand" physics? 

cism are well illustrated in Norwood 
Russell Hanson's provocative essay 
"Newton's First Law: A Philosopher's 
Door into Natural Philosophy." I was 
taken aback at the outset by Hanson's 
Bat statement that "Newton's first law 
of motion reads: EVERY BODY FREE 
OF IMPRESSED FORCES EITHER 
PERSEVERES IN A STATE OF REST 
OR IN UNIFORM RECTILINEAR 
MOTION AD INFINITUM." (The 
capitals and italics are Hanson's.) The 
generally accepted rendering of New­
ton's Latin text runs as follows: "Every 
body continues in its state of rest, or 
of uniform motion in a right [that is, 
straight] line, unless it is compelled to 
change that state by forces impressed 
upon it." 

Why does Hanson, with the Latin 
text before him (it is reproduced in his 
first footnote), gratuitously import the 
reference to infinity, with all its notori­
ous philosophical difficulties? The an­
swer may be that Hanson has a precon­
ceived idea that the first law cannot be 
construed as a straightforward general­
ization from accessible experience. No 
doubt Hanson is right, but it is another 
matter to saddle Newton with the in­
sight of Ernst Mach or some other late 
commentator. Newton's own comment 
on the first law-with its reference to 
the observable motions of projectiles, 
tops, planets and comets-suggests that 
he himself thought of the law as arising 
from observation more directly than 
Hanson and others would accept. (That 
scientific theory involves some measure 
of idealization can surely be taken for 
granted.) Newton's philosophy of sci­
ence may have been inadequate, but it 
is a violation of elementary historical 
method to think of him as an early 
Ludwig Wittgenstein. 

Hanson wants to argue that Newton's 
first law does not refer to "certain de­
monstrable facts," that it ought, indeed, 
to be construed as a "counterfactual 
conditional," asserting what would hap­
pen if-as is never the case-a body 
were found free of any impressed forces. 
Unlike Hanson, I do not think that this 
is the "logically most transparent fOlm" 

of the law, if only because similar log­
ical transformations would allow too 
many generalizations that are soundly 
supported by observations to appear to 
be just as dubiously "counterfactual." 
For instance, the generalization "All hot 
bodies attract one another" can be trans­
formed by contra position into the coun­
terfactual form "Bodies that did not 
attract one another would not be hot," 
which is hardly an improvement. I 
would suppose that Hanson's counter­
factual rendering is a consequence of the 
law rather than an accurate analysis. 

Hanson's main conclusion about the 
first law is that it is "really a family 
of schemata" (his italics). He means, 
in part, that we are largely free to 
adopt some of the law's constituent 
terms as being primary and then to de­
fine the others by means of them; we 
can choose "different seman tical plat­
forms" to which we can attach the 
fundamental laws, and their logical 
status will vary correspondingly. 

I wonder about that "really" in Han­
son's verdict. That we have a consider­
able degree of freedom in the choice 
of the primitive terms of an axiomatized 
theOlY has been well known ever since 
alternative axiom systems of Euclidean 
geometry were first constructed. But 
that the logical character of the re­
sulting propositions is altered by such 
choices needs more argument than Han­
son provides. I think Hanson exag­
gerates the difficulties in attaching a 
clear meaning to Newton's principles. It 
is surely an overstatement to maintain 
that "every law within physics is a 
cornucopia of philosophical perplexities 
and conceptual excitement." I cannot 
get very excited about Boyle's law. 

Brian Ellis' analysis of Newton's 
principles, in which he pays special 
attention to N ewton's second law ( con­
cerning the measurement of the "im­
pressed forces" in terms of communi­
cated changes in momentum) , is a good 
deal cooler and more lucid than Han­
son's. Ellis' conclusion that the second 
law "has a variety of different roles" is 
close to Hanson's own position. The im­
plied relativity of the fundamental con-
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cepts comes out clearly in Ellis' judg­
ment that "forces exist only because 
we choose to regard certain changes 
or states as natural and others as un­
natural." 

This sounds illuminating until one 
perceives it to be as good as platitudi­
nous. A "natural" motion, by definition, 
is one that a body performs "on its 
own," that is, without the participation 
or interference of other bodies or media. 
If so, external forces must, of course, 
be invoked to explain any deviation 
from such free or natural motions. But 
it is going pretty far to suggest that 
we can "choose" to consider any mo­
tions we please as being "natural." For 
one thing, the notion of a force is close­
ly linked, at any rate in prescientific 
thought, with the concept of a material 
source, whether a body or a field-com­
mon sense cannot tolerate the notion of 
free-floating forces exerted by nothing 
substantial. Some invocations of forces 
to explain "unnatural" motions will vio­
late this condition; others will violate 
essential features of causal concepts. 
(Consider Newton's own qualms about 
"action at a distance.") It is a weakness 
of Ellis' often imaginative discussion 
that he does not pursue such topics. 

Altogether I think that Hanson and 
Ellis overemphasize the degree to which 
Newton's laws and Galileo's imperfect 
anticipation of them express conceptual 
connections rather than generalizations 
from observations. Hanson makes much 
of Galileo's use of the Gedankenexperi­
ment, or thought experiment. But the 
very term Gedankenexperiment, which 
Mach managed to establish as part of 
the working vocabulary of the philoso­
phy of science, invites romantic con­
fusion. 

Take one famous example. According 
to the Aristotelian law of free fall, heavi­
er bodies should descend faster than 
lighter ones. Galileo, by a brilliant 
stroke, imagines a heavier stone bound 
to a lighter one, so that the two fall 
together as one. He then argues that 
the heavier body, which according to 
the Aristotelian view would move fast­
er if it could, must drag the lighter 
stone forward; the lighter stone must 
Similarly hold its partner back. There­
fore the resultant velocity must be 
intermediate between those that the 
two bodies would have if they fell sep­
arately. This means that the combined 
body, which is heavier than either of 
the parts, must in fact fall with a 
velocity less than that of one of its 
parts! 

At first one might easily gain the 
illusory impression that Galileo has here 
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established, by reasoning and imagina­
tion alone, a result that must necessarily 
be con filmed by experience. (There is 
evidence that Galileo sometimes thought 
this way himself.) But the label 
"thought experiment" is misleading if 
it suggests that imagination alone can 
inform us as to what must as a mat­
ter of fact happen in the real world. 
Mach has illuminating things to say on 
this point in a neglected paper on the 
Gedankenexperiment (in his Erkkentnis 
und Irrtum, second edition, 1906). A 
thought experiment, he points out, is 
basically a redeployment of concepts 
themselves based on correct or partly 
erroneous previous experience; it is 
a telescoped and vivid equivalent, we 
might say, of a piece of formal reason­
ing. Thus Galileo's tour de force of the 
combined falling stones could easily 
enough-and to some advantage-be rep­
resented as a strict argument. There 
is evidence in Galileo's Dialogues con­
cerning Two New Sciences that he con­
ducted fairly elaborate experiments on 
inclined planes and pendulums. Gali­
leo's genius shows in his ability to 
wed experiment and theoretical con­
struction; it does him less than justice 
to stress one of these at the expense of 
the other. 

The difficulties of making sense out of 
classical physics, formidable as they can 
be made to seem, are dwarfed by those 
of understanding quantum physics. The 
acceptance of discontinuous transitions 
("quantum jumps") in interactions of 
matter and radiation, initiated by Al­
bert Einstein and Max Planck and 
necessitated by the occurrence of phe­
nomena that classical physics was help­
less to explain, might have been as­
similated readily enough were it not 
for the simultaneous need to use mathe­
matical formalisms and physical models 
based on the acceptance of continuous 
interaction and transmission of energy 
("waves"). These two radically opposed 
types of explanation, each powerfully 
supported by success in predicting ex­
perimental results, have never been 
successfully reconciled. In the effort 
to make the particle and the wave lie 
down together, philosophically minded 
physicists have sometimes resorted to 
extraordinary expedients, involving the 
drastic rejection of accepted ideas about 
causation, spatiotemporal location, ma­
terial identity and much more. (An on­
looker might be forgiven for thinking 
that no price in philosophical absurdity 
has seemed too high to pay for the 
elimination of apparent contradiction.) 
Many of these interpretations of the 
mathematical symbolism were too fan-

tastic to satisfy even their own inven­
tors for long; it is therefore not sur­
prising that many physicists have seized 
with relief on the "Copenhagen inter­
pretation" advocated by, among others, 
Niels Bohr. This can be described very 
roughly as a program for treating the 
basic terms of quantum physics as "the­
oretical fictions," symbols that lend de­
ductive power within the mathematical 
framework of the theory but that stand 
for no entities or processes with inde­
pendent reality. On this view, talking 
about the "position" or "momentum" 
of an elementary particle or a photon is 
no more than a reference to an auxiliary 
symbol that facilitates prediction, in 
favorable cases, of information wholly 
describable in classical terms (tracks 
in a bubble chamber, specks in a pho­
tographic emulsion and so on). 

In practice this radically instrumental 
view of the situation has rarely been 
advocated. Writers such as Bohr and 
Werner Heisenberg are more likely 
to waver between a positivistic and a 
sporadically realistic attitude; this shows 
up, for example, in confusing but all too 
popular talk about "measurement creat­
ing position." The advantages of posi­
tivism are obvious: it seems to bypass 
the baffling ontological questions and 
allows the theorist the peace of mind 
that comes from accepting the formula 
that whatever works is conceptually 
respectable. Rigidly adhered to, this 
kind of approach would leave the 
impressive structure of post-Newtonian 
physics looking like a series of mysteri­
ous mathematical dodges, whose suc­
cess in predicting phenomena-often 
startlingly novel ones-has to be regard­
ed as an ultimate datum for which no 
further explanation is possible. Although 
few of the great physical innovators of 
our century have been content to take 
this extreme position, their attempts to 
gloss mathematical physics, to explain 
how the "theoretical fictions" or "auxil­
iary symbols" might fit into a rational 
conception of the universe, have re­
mained extremely confusing. 

Hilary Putnam's lecture on this thick­
et of unresolved problems ("A Philoso­
pher Looks at Quantum Mechanics") 
seems to me-in originality, clarity and 
insight-one of the best things I have 
read on the subject during the past 
decade. For one thing, I find helpful 
his strategy of distinguishing among 
three distinct ways, all historically in­
fluential, of interpreting the mathemati­
cal symbolism of quantum physics. 
First we have what Putnam calls "the 
De Broglie interpretation of quantum 
mechanics," the view, in brief, that 
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Statue of Benjamin Franklin by James Earle Fraser in The Franklin Institute, Philadelphia 

Great Ideas Make Great Men 
The founders of America were fired by great 

ideas. And the ideas made them great. 

But today, America needs new ideas to en­
hance its place among nations. Ideas in science, 

in business and trade, in living and culture, in 
the moral influence America exerts on world 
affairs. 

Where will the ideas come from? Normally 

from higher education. But colleges are facing 

shortages. Even now some are overcrowded and 

in ten years there'll be twice as many applicants. 

Certainly, with increasingly urgent responsi-

KEE .. IT BRIGHT 

bilities to our country and to the world, we can­

not tolerate shortages in ideas and leaders. Col­
leges need classrooms, modern libraries, up-to­
date laboratory equipment and, not the least, 
top-notch teachers and professors. 

Higher education is everybody's business. Col­
lege is America's best friend-give to the college 

of your choice. 

If you want to know what the college crisis means to you, write 

for a free booklet to: HIGHER EDUCATION, Box 36, Times 

Square Station, New York 36, N. Y. 

© 1965 SCIENTIFIC AMERICAN, INC



"physical systems are sets of waves." 
Somewhat later in the history of the 
modern philosophy of physics we get 
the early form of the Copenhagen inter­
pretation (Putnam calls it the "Born 
interpretation"), the view that elementa­
ry particles are point masses in the clas­
sical sense, having determinate positions 
and velocities, whereas the correspond­
ing "waves" represent not some inde­
terminate condition of the physical 
world itself but rather our necessarily 
incomplete knowledge of the states of 
the particles. Finally, we have the full­
fledged Copenhagen interpretation that 
"says, in a nutshell, . . .  that 'observ­
ables,' such as position, exist only when 
a suitable measurement is actually be­
ing made." 

To me Putnam's argument that none 
of these popular approaches will ulti­
mately work is convincing. The De 
Broglie view comes to grief in trying to 
cope with what happens when a mea­
surement is made. Anybody who insists 
that the quantum "waves" have objec­
tive reality will have to swallow the idea 
that observation is always accompanied 
by the sudden concentration of the 
"wave" at the place of observation, as 
if it obligingly collapsed almost every­
where else in order to make precise and 
localized measurement possible (the "re­
duction of the wave packet"). Putnam 
shows restraint when he says that this 
would have to count as "very strange 
behavior." It would not be unfair to 
say that such behavior, if we still want­
ed to call it such, would be unintelligible 
in the absence of further explanation. 

The Born interpretation takes this 
kind of difficulty in stride. What "col­
lapses" or "contracts" at the moment 
of observation is a certain distribution 
of knowledge, indeed, a knowledge of 
probabilities; before the measurement 
only probabilities can be assigned to 
the particle's possible positions, whereas 
afterward its location can be determined 
with relative precision. This is, on the 
face of it, no more surprising than the 
transition from probability to certainty 
after a die has been cast. Unfortunately 
this attractive way out goes too far in 
denying the reality of waves; the fa­
mous "two-slit experiment," much dis­
cussed in the literature, seems to show 
that the interference patterns produced 
can be reasonably explained only if we 
attribute some kind of causal influence 
to the waves. In general it is discourag­
ingly hard to understand how "proba­
bility waves" could be considered to 
have genuine physical effects. 

Putnam's objections to the full Copen­
hagen position are too detailed to be 

summarized adequately. He makes 
much of the point that the Copenhagen 
view is committed to holding that 
"macro-observables," which can be di­
rectly measured by classical instruments 
in the laboratory, have to be assumed to 
be "sharp," or precise, at all times, and 
that the "micro-observables" alone (the 
individual properties of elementary par­
ticles, for instance) have sharp values 
only when measured. An obvious objec­
tion is that it is often possible to trig­
ger macroscopic events by microscopic 
ones, as in the familiar case of the 
click of a Geiger counter, or the more 
picturesque example of "Schrodinger's 
cat," which is electrocuted when a pho­
ton manages to pass through a haIf­
silvered mirror. On the Copenhagen 
view it is hard to avoid the absurdity of 
saying that the cat is neither dead nor 
alive until it is observed. 

The resourceful defenders of the Co­
penhagen view may be able to find con­
vincing answers to the difficulties Put­
nam has sharply raised against them. 
One unusual merit of his discussion is 
the pains he has taken to bring into the 
open the assumptions he is making or 
those he attributes to the targets of his 
criticism. This is a promising path to 
further clarity. It is much to be hoped, 
for example, that some pro-Copenhagian 
will someday take the time to explain 
in detail precisely to what theory of 
measurement that approach is com­
mitted. 

Of the remaining articles, the most 
remarkable is a jumbo-sized essay by 
Paul K. Feyerabend ("Problems of Em­
piricism"), the 73 pages of which are 
supplemented by notes occupying an 
additional 42 pages. If this piece does 
not contain the proverbial kitchen sink 
(as I am reasonably sure), it com­
pensates by reproducing three large 
pictures of rhinoceroses (with a long 
quotation from Ernst Gombrich's well­
known Art and Illusion). Feyerabend, in 
this as in other of his copious writings, 
has interesting and suggestive criticisms 
to make against certain simplified but 
still influential forms of empiricism. 
But he spoils a good case, for one 
reader at least, by a certain stridency. 

Philip Morrison's essay "The Physics 
of the Large" oscillates between a re­
hearsal of what might by now be taken 
to be familiar (photographs of galaxies, 
for instance) and all too brief references 
to such sophisticated matters as "Hub­
ble times" and the Robertson-Walker 
form for local interval in relativity. It 
is hard to imagine the reader for whom 
this is intended. David Hawkins ("The 
Thellliodynamics of Purpose") engages 

in speculation about what he calls "nat­
ural teleologies" that roves across al­
most every branch of science, and Nich­
olas Rescher's discussion "The Ethical 
Dimension of Scientific Research" ends 
with hardly more than is obvious (sci­
entists must choose research goals, de­
cide how much credit to claim in co­
operative enterprises and so on). One 
obligation Rescher does not discuss is 
that of trying to make the great con­
ceptual advances of science more in­
telligible to the common reader. 

Short Reviews 

JANE'S ALL THE WORLD'S AIRCRAFT, 

1964-65, compiled and edited by 
John W. R. Taylor; JANE'S FIGHTING 

SHIPS, 1964-65, edited by Raymond 
V. B. Blackman. The McGraw-Hill Book 
Company ($42.50 each). During the 
past several years Jane's annuals have 
had an increasingly lugubrious tone as 
they reviewed the trials and tribulations 
of the world's fleets of aircraft and fight­
ing ships. No matter what portions of 
various national treasuries are lavished 
on these fauna, Jane's always seems to 
feel the amounts are inadequate. Jane's 
Aircraft this year observes that never 
in its 55 years of publication has the 
future looked "more full of foreboding" 
for large sections of the aircraft indus­
try. The gloom is supported by such 
circumstances as the uncertain fate 
of the Anglo-Concorde supersonic air­
liner, the "tragic and confused life story" 
of the XB-70A ("a bomber that will 
never carry a bomb," on which the U.S. 
has spent $1.5 billion), the resistance of 
commercial airlines to buying the Super 
VC-lO, and so on. Still, there are many 
new developments the editor feels are 
worth celebrating. Among interesting 
possibilities for the future he suggests 
the use of monorail coaches to trans­
port passengers from large cities to 
airports; on arrival the coaches would 
be attached to the bellies of flying 
cranes for quick flights to other cities. 

Jane's Fighting Ships is, for a change, 
reasonably cheerful as evidence accu­
mulates that not only the Royal Navy, 
which had suffered a "massive run 
down" from its wartime strength, but 
also several other nations are deter­
mined "to use the sea as never before" 
in deterring miscreants and maintain­
ing blissful peace in the world. In­
cluded in the foreword is a quotation 
from the U.S. Chief of Naval Opera­
tions, who suggests that in order to meet 
"the whole spectrum of possible aggres­
sion" the U.S. Navy, in spite of the 
"limited" funds available to it, will have 
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to continue to build new ships, engender 
new concepts, develop nuclear propul­
sion and at the same time maintain ev­
ery war canoe now in being-suitably 
modernized. Both annuals add hundreds 
of new illustrations. 

M ENTAL HEALTH FOR TI-IE POOR: NEW 

TREATMENT ApPROACHES FOR Low 
INCOME PEOPLE, edited by Frank Riess­
man, Jerome Cohen and Arthur Pearl. 
The Free Press of Glencoe ($ 9. 95). The 
lives of the poor reBect a special sub­
culture; this subculture renders its mem­
bers unable to use the modern indi­
vidual psychotherapy, which takes time 
and money and is adapted to the in­
tellectual mind. The poor are not easily 
persuaded to seek psychotherapy; when 
they do, they are often rejected as un­
suitable subjects or drop out before the 
therapy is well advanced. The poor, say 
the editors of this book, differ from the 
better-to-do in that their primary mo­
tivation is to seek security rather than 
status. They are practical and anti­
intellectual. They regard the world as 
unpredictable; they believe in luck. 
They are easily angry on behalf of the 
underdog, ready for excitement and ac­
tion, centered on persons and objects, 
not on ideas and abstractions. Thera­
peutic self-analysis lies outside their 
thing-centered natures, yet they need 
help with their mental difficulties and 
illnesses. How are they to get it? 

Society has now become deeply in­
terested in the problem, and this book, 
which reprints 5 7  excerpts from articles 
by 6 7  authors, undertakes to clarify the 
problem and describe the proposals for 
making mental therapy available to the 
poor with respect to time, money and 
motivation. First, psychotherapy for the 
poor needs to be shortened and ren­
dered more accessible by giving it over 
to brief sessions with the general prac­
titioner in his ordinary practice. For 
this the general practitioner needs to 
have had special psychotherapeutic 
training. He must learn to offer in his 
practice total help-physical and mental. 
In this process psychotherapy must 
be deintellectualized; a common man's 
practical total therapy must be formu­
lated. Since the common man is thing­
oriented, the general practitioner will 
meet his faith in pills and needles by 
supportive use of tranquilizers, seda­
tives, stimulants, hormones and vita­
mins, which may function well in 
actuality or as placebos. Such therapy 
inevitably becomes "directive"; the in­
secure, practical anti-intellectual wants 
to be cured, not merely led to under­
stand how to cure himself. 
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There is also a sOciotherapy for the 
poor. Let the patient identify himself 
with a movement, so adding faith to 
medicine. Let him join neighborhood 
committees, the Negro movement, the 
youth movement. Negro crime dimin­
ished in Montgomery when the boycott 
was on. Joining the Black Muslims may 
reduce drug addiction. The new general 
practitioner who treats the whole person 
of the poor will not be able to shrug off 
delinquency as beyond his province. 
The delinquent is not well; he too needs 
help. 

This is a big book-full of facts, 
opinions, experiments and people, but 
it has no index of topics or names. This 
omission sharply curtails its usefulness. 

A DICTIONARY OF MODERN ENGLISH 

USAGE, by H. W. Fowler, revised 
and edited by Sir Ernest Gowers. Ox­
ford University Press ($ 5). For anyone 
who loves the English language there 
has never been a better companion and 
a more delightful guide than Fowler's 
elegant, fastidious and idiosyncratic 
handbook. It is a work of character, a 
mirror of the moral and intellectual ex­
cellence of its creator. It is the happiest 
of circumstances that Sir Ernest Gowers 
was available and was selected by the 
Oxford University Press to revise the 
book. This he has done with fine feeling, 
leaving all the Fowleresque Bavor. He 
has trimmed-as Fowler himself wist­
fully remarked in his dedication he 
might himself have done-some of the 
"prolixities," pruned some of the illustra­
tive quotations, omitted a few superBu­
ous entries, rearranged for convenience, 
added items here and there and care­
fully modified judgments that have suf­
fered with time and usage. No one will 
want to get rid of his old Fowler and 
no one will want to do without the new; 
they belong together on the literate 
person's bookshelf. 

KEPLER
'S DREAM, with an introduc-

tion by John Lear. University of 
California Press ($ 5). A first translation 
into English (by Patricia Frueh Kirk­
wood ) of Kepler's Somnium, Sive As­
tronomia Lunmis, a fanciful moon jour­
ney and a guide to lunar geography. 
The text is prefaced by Lear's 80-page 
introduction and interpretation (gar­
landed by 183 footnotes), which at­
tempts to show that Kepler's dream is a 
"serious scientific work" and is some­
how related to the ordeal of Kepler's 
mother when she was accused of witch­
craft. Except for parts of the introduc­
tion, which are of antiquarian interest, 
the book is something of a bore. Kep-

ler's dream could safely have been al­
lowed to remain in the dustbin of 
oblivion. 

�TEN TO LEADERS IN SCIENCE, edited 
by Albert Love and James Saxon 

Childers. David McKay Company 
($ 5.50). This is a curious volume devoid 
of any distinct character. It presents a 
series of essays-obviously tape-recorded 
and edited-by a number of leading sci­
entists, who attempt to explain their 
own specialties, why they got into them 
and where future opportunities for re­
search lie. One supposes the book is 
addressed either to older teen-agers or 
to their parents or both. The end prod­
uct, in spite of the high competence of 
the contributors-including George Gay­
lord Simpson, George Wald, George 
W. Beadle, J. Robert Oppenheimer and 
George A. Miller-is vague, aimless, 
chummy and altogether unsatisfactory. 

THE FUSION OF PSYCHIATRY AND SO-
CIAL SCIENCE, by Harry Stack Sul­

livan. Introduction and commentaries 
by Helen Swick Perry. W. W. Norton 
& Company, Inc. ($ 7. 50). This is a 
collection of papers by Harry Stack Sul­
livan, the inBuential psychiatrist who 
died in 1 94 9. Together with Schizo­
phrenia as a Human Process, published 
in 1962, these essays and lectures form 
a fairly complete record of Sullivan's 
professional career. Particularly note­
worthy are the two lectures "The Illu­
sion of Personal Individuality" and "The 
Meaning of Anxiety in Psychiatry and 
in Life." In them Sullivan sets forth 
more persuasively, eloquently and clear­
ly than in his other writings his notion 
of interpersonal relations: how the indi­
vidual sees others, how he makes them 
into the image of his desire, what he 
seeks to find in them and how by this 
process he both helps and deprives 
himself, shapes his life and person­
ality and theirs. Like Freud, Sullivan 
is much more effective in his own 
words-although they are often groping 
and involved-than in the words of his 
disciples. 

THE EXPULSION OF THE TRIUMPHANT 

BEAST, translated and edited by 
Arthur D. Imerti. Rutgers University 
Press ($ 7.50). An English translation of 
Giordano Bruno's celebrated allegorical 
and polemical work that attacked the 
social evils of his day and sniped at pre­
vailing religious orthodoxies. It was per­
haps the single most inBuential factor in 
bringing about Bruno's condemnation 
for heresy by the Inquisition and his con­
signment to the Bames. A long introduc-
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tion contributed by the editor discusses 
Bruno's life and ideas and vividly de­
scribes his trial. 

f-I ANDBOOK OF CHEMISTRY AND PHYS­
- ICS, edited by Robert C. Weast and 
others. The Chemical Rubber Publish­
ing Company ( $1 5) .  The 4 5th edition 
of this well-known reference embodies 
one radical change and a number of re­
visions and enlargements. In place of 
the squat, corpulent volume so familiar 
to more than a generation of technical 
workers the handbook has now acquired 
a much larger format. Only in this 
way has it been possible to keep the 
work within a single volume and allow 
for future growth. New data have been 
added to many tables; some of the older 
tables have been eliminated. 

THE DEVELOPMENT OF MODERN 

CHEMISTRY, by Aaron J. Ihde. Har­
per & Row ($13.50). A scholarly and 
well-written history of chemistry from 
the time of Lavoisier that deals both 
with experimental and theoretical ad­
vances and with their impact on in­
dustry, military affairs, biology, agri­
culture and medicine. Some attention is 
also given to the relation between chem­
istry and social, political and economic 
circumstances. There are valuable an­
notated bibliographies for each period 
and topic and abundant illustrations. 

MATHEMATICS: ITs CONTENT, METH-

ODS AND MEANING, edited by A. D. 
Aleksandrov, A. N. Kolmogorov and 
M. A. Lavrent'ev. The M.LT. Press 
($30). The first volume of this work was 
published by the American Mathe­
matical Society and was reviewed in 
these columns early last year. The set 
is now complete and includes sections 
on such topics as partial differential 
equations, the calculus of variations, 
prime numbers, probability theory, ap­
proximation methods, computers, topol­
ogy, non-Euclidean geometry and group 
theory. As the earlier notice stated, the 
survey is well suited to the needs of 
advanced students and teachers. 

TERRITORY IN BIRD LIFE, by Eliot 
Howard. Atheneum ($1.75 ). A re­

issue in soft covers of a literate and sci­
entifically valuable monograph on the 
territorial factor in the life of birds,. 
first published in 192 0  by the late Hen­
ry Eliot Howard. Sir Julian Huxley and 
James Fisher contribute to this edition 
a foreword that summarizes the past 
40 years of work on the subject of bird 
territoriality. The foreword character­
izes Howard's book, which stimulated 

In 1945, a group of 
American scientists 
took off their lab 
coats and entered 
politics. 
Earlier generations did not 
find it strange that Isaac Newton 
should direct the Mint or that 
Benjamin Franklin represent his 
country in France. 

But in more recent times, it has been 
generally assumed that one of the 
marks of a first-class scientist was 
exclusive pre-occupation with research. 

Until ... atomic energy. The death 
and suffering that attended its 
introduction acted upon some 
members of the scientific community 
with the force of spiritual 
revelation. They were jolted, in 
Robert Oppenheimer's phrase, into 
seeing "not only a great peril but 
a great hope" in their pursuits. 

A PERIL AND A HOPE is the record 
of the two crucial years when 
the scientists and technicians who 
had worked on the Manhattan Project 
formed the Federation of 
American Scientists, turning 
themselves into lobbyists and 
pUblicists to fight for civilian control 
of atomic energy. Through their 
efforts the present Atomic Energy 
Commission came into being, and 
the significant role that scientists 
were to play in modern political 
society was firmly established. 

The Scientists' 
Movement 
in America, 
1945-1947 
by Alice Kimball Smith 
$10.00 

.i2J; THE UNIVERSITY 
� OF CHICAGO PRESS � Chicago and London 
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further researches as well as healthy 
disputes, as a milestone in the history 
of ornithology. 

SELECTED PAPERS OF NORBERT "VIE-

: 0 NER, with contributions by Y. "V. 

:.:.: 

first time, is one 
of the most exciting 
detective stories 

in the history 
of medicine I I I 

DURING the past two dec-
ades, hormone therapy 

has become one of the bright­
est hopes of medical science. 
It has already given us the 
famous birth-control "pill"­
and made possible a score of 
weapons against heart disease, 
arthritis, and cancer. Tomor­
row may bring a treatment for 
mental illness . . .  ways to con­
trol human growth and aging 
. . .  and the end of famines, 
plagues, poverty, and the wars 
that population pressures ig­
nite. 

In this book, one of Amer­
ica's foremost medical report­
ers records this whole inspiring 
chapter in man's attempt to 
control his destiny. It is a 
story filled with creative, dar­
ing personalities, and with the 
excitement of pioneering re­
search going back nearly a 
century. It has never been told 
before. 

THE 
HORMONE 

QUEST 

Lee, N. Levinson and "V. T. Martin. < The M. LT. Press ($12.50). This volume 1:::. was originally intended to honor Nor-
bert Wiener's 70th birthday, which fell 
some seven months after his death last 
year. It brings together several of his 
major mathematical and technical writ­
ings that had previously appeared only 
in journals, including two very long 
works: Generalized Harmonic Analysis 
and Tauberian Theorems. Included is a �? fine portrait of Wiener. 

BROOKLYN BRIDGE, by Alan Trach-

.: .. :.:.:.:.:.:.:. 
ten berg. Oxford University Press 

($ 5.75). The Brooklyn Bridge is more 
than a great and beautiful piece of 
engineering; it was in its time a symbol 
of national destiny and culture, an ex­
pression of ambition and optimism. It 
was also, in some respects, a betrayal of 
Utopian visions, in the sense that it 
contributed, as would other bridges, '% tunnels and roads yet to come, to 
the growth of multitudinous evils that 
emerged from the expansion of cities ::: and industries. This is the theme Trach­:�i ; 

.:::: ten berg takes up in an essay that, al-

. . though it occasionally gets lost in poetic 
::, : labyrinths, is sensitive, intelligent and i::: firmly shaped. 

PREHISTORIC TECHNOLOGY, by S. A. 
Semenov. Translated by M. "V. 

Thompson. Barnes and Noble ($12.50). 
A translation from the Russian of a 

monograph that first appeared in 1 95 7  
in a Soviet series on researches in ar-:: .. 

. :::.: .... :::... 
ch

f 
aeology. The most interesting aspect 

o Semenov's book is a careful analysis 

�::::�:�:: by microscopic and other techniques of 
the uses of stone and bonl) tools, a re-

/: construction made possible by a study 
of the abrasions and other markings on 
the tools themselves. The book is il­
lustrated with many photographs and 
diagrams that show specifically how the 
tools were held and applied. 

:> By ALBERT Q. MAISEL � � 

QUASI-STELLAR SOURCES AND GHAVI­

TATIONAL COLLAPSE, edited by 
Ivor Robinson, Alfred Schild and E. L. 
Schucking. The University of Chicago 
Press ($10). GRAVITATION THEORY AND 

GRAVITATIONAL COLLAPSE, by B. Kent 
Harrison, Kip S. Thorne, Masami \Va­
kano and John Archibald Wheeler. The 
University of Chicago Press ($6.50). 
These two volumes include the pro­
ceedings of a symposium on relativistic 

::::. $5.00, now at your bookstore : ., 
L· RANDOMHOU�E �. 

457 Madison Ave.: _ $ 
N.Y.C. 10022 � 

.
:
......

. .. 
".":": 
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astrophysics held in Dallas in 195 3. 
The main addresses on the important 
subject of the quasi-stellar radio sources 
are contained in the first volume. An 
expanded version of the paper by 
Wheeler and others suggesting that a 
portion of the collapsing matter of a 
neutron star disappears from existence 
is contained in the second. 

Notes 

SICK CITIES, PSYCHOLOGY AND PA­

THOLOGY OF AMERICAN URBAN LIFE, 

by Mitchell Gordon. Penguin Books 
($2.2 5). An effective survey of the ills 
of American urban life: the stinking air 
the inhabitants have to breathe, the 
traffic constipation, the rat-infested, fire­
trap schools and the wretched buildings 
in which men have to live. Paperback 
reissue. 

HISTORY OF THE EXPEDITION UNDER 

THE COMMAND OF LEWIS AND CLARK, 

edited by Elliott Coues. Dover Publi­
cations, Inc. ( $6.75) .  An attractive, 
unabridged three-volume paperback re­
print of the four-volume Coues edition 
(18 9 3) of the superb and fascinating 
journals of Lewis and Clark. Engrav­
ings, facsimile letters and maps. 

THE MOSSES OF MICHIGAN, by Henry 
T. Darlington. Cranbrook Institute of 
Science ($12). A delicately illustrated 
treatise on the 43 families, 12 5 gen­
era and 377 species of the mosses of 
Michigan. 

POPULATION PROBLEMS, by Warren 
Thompson and David T. Lewis. 
McGraw-Hill Book Company ($8.95). 
This fifth edition of a study of essential 
facts relating to population has been 
almost entirely rewritten. 

THEORIES OF THE UNIVERSE, edited 
by Milton K. Munitz. The Free Press 
($2.4 5). Munitz' collection of cosmo­
logical speculations from Babylonian 
myth to modern science is here reis­
sued in soft covers. 

ADVANCES IN GERONTOLOGICAL RE­
SEARCH, edited by Bernard Strehler. 
Academic Press ($1 3.50). The first vol­
ume of a series intended to provide 
coverage of various specialized areas of 
research on aging. 

STRUCTURE OF MATTER, by Wolfgang 
Finkelnburg. Academic Press ($14.50). 
An English translation of the 10th 
edition of a German monograph, pri­
marily addressed to students, dealing 
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with our present knowledge of the 
structure of matter from elementary 
particles to solids. 

PHOGHESS IN OCEANOGHAPHY: VOL­

UME II, edited by M ary Sears. The M ac­
millan Company ($12). The second vol­
ume in this series includes articles on 
the major deep-sea expeditions between 
18 7 3  and 1 960, the distribution of zoo­
plankton in the sea, the distribution of 
phosphorus and oxygen in the Atlantic 
Ocean. Illustrations. 

TEXTBOOK OF ALGEBHA, by George 
Chrystal. Chelsea Publishing Company 
($4.70). Chrystal's text, first published 
in the 1880's and many times revised, 
is here issued in a two-volume soft­
cover edition. 

ATMOSPHEHIC RADIATION, by R. M .  
Goody. Oxford University Press ($8). 
The first of two volumes concerned with 
the interaction of solar electromagnetic 
energy and the earth's atmosphere, the 
subsequent redistribution of this energy 
and its ultimate return to space in the 
form of low-energy radiation. 

BIOGHAPHICAL MEMOIHS OF FELLOWS 

OF THE ROYAL SOCIETY : VOLUME X. The 
Royal Society ($6). These memoirs in­
clude obituaries of Gerhard Domagk, 
Herbert S. Gasser, David M acDonald, 
Otto Struve, E. C. Titchmarsh, 0jvind 
Winge and Sidney Wooldridge. Por­
traits and bibliographies. 

KIHK-OTHMEH ENCYCLOPEDIA OF 

CHEMICAL TECHNOLOGY: SECOND EDI­

TION, VOLUME V, edited by Anthony 
Standen and others. John Wiley & Sons, 
I nc. ($45). The articles in this volume 
run from chlorine through colors for 
foods, drugs and cosmetics. 

WEATHEH EYES IN THE SKY, by 
J. Gordon Vaeth. The Ronald Press 
Company ($ 5). The story of weather 
satellites told for the general reader. 
Numerous illustrations. 

THE CLIMATE NEAH THE GHOUND, 

by Rudolf Geiger. Harvard University 
Press ($11. 50). A revised version, trans­
lated from the fourth Gelman edition, 
of an authoritative text on micrometeo­
rology. 

THE AHCHAEOLOGY AND GEOMOH­

PHOLOGY OF NOHTHEHN ASIA: SELECTED 

WOHKS, edited by Henry N. M ichael. 
University of Toronto Press ($6. 50). 
This volume consists of 18 articles trans­
lated from Soviet sources. 
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Photo of a "Dead" Scientist 
Accepting the Nobel Prize in Physics 
Eleven months before the above photo was 
made in 1962, a Volga sedan and a truck col­
lided on one of Moscow's icy streets. Two 
friends and a basket of eggs emerged un­
marked-but noted theoretical physicist Lev 
Landau was fatally injured. In the long drama 
that followed, a new chapter in the science of 
life and death was begun. Landau was, in fact, 
pronounced clinically dead-not once, but four 
times-and four times the doctors brought him 
back to life. He is still alive today and increas­
ingly active. 

Now the minute-by-minute story of how this 
incredible medical and scientific victory over 
death was won by an international group of 
medical scientists, who fought with every 
weapon known to science to save the life and 
brain of a beloved colleague, is told in 

ThuMan 
Thuy WouIlfot 

1utDiu 
.. ___ by Alexander Dorozynski 

This extraordinary book marks the opening 
of one of the most dramatic chapters in the 
history of medicine. But in addition, here is the 
story of Landau's early years and a vivid picture 
of what life for a scientist (and a Jew) was like 
in the Russia of the 30's, 40's and 50's. In telling 
this story, Mr. Dorozynski sheds much fresh 
light on the Soviet scientist. 

A Special Invitation to 
Scientific American Readers 

You are invited to send to­
day for a copy of The Man 
They Wouldn't Let Die 
and read it yourself, 
with the privilege of 
returning it for full re­
fund if you don't find it 
completely enthralling. 

IJThis book deserves a 
prize itself for wit, intelli­
gence and humanity." 
-Virginia Kirkus Service 
Illustrated, only $4.95. 
At your bookstore or 
mail coupon below to THE MACMILLAN COMPANY. 

r-------___________________ , 
The Macmillan Company SA.14 
Riverside, N. J. 08075 
Send me ___ copies of The Man They WOUldn't 
let Die. I enclose $4.95 a copy and am free to 
return the book within two weeks for full refund. 

NAME _____________ ___ 

ADDRESS, ____________ ___ 

CITY STATE-------ZIP __ _ 
o Send bill (for Libraries, Institutions, Companies). 
7191 53224 

--------- - - - ----- - - - - - ----
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The Celestron 10 
The superior optical qualities 01 the 
Schmidt lype telescope, which combine 
the benelits 01 both lens and mirror 
'ystems, are presented in the Celestron 
10, a compound catadioptric system 01 
ISO" e.f.l. This is an observatory quality 
telescope in large aperture, but its com· 
pact construction make it equally con· 
yenient for your mountain·top- excursions 
or permanent installation. Objects 
viewed through the Celestron 10 appear 
1000 times brighter than to the unaided 
eye, and it will resolve down .to 0.4 sec· 
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Complete IVith pier, clock drive and set· 
ting circles $1870.00. Write for details. 

Celestron Pacific 
13214 Crenshaw Boulevard, 

Gardena, California 
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In more and more schools ... 

PARTNERS IN THE CLASSROOM 

" 

A GOOD TEXTBOOK AND OFFPRINTS 

In more and more classrooms SCIENTIFIC AMERICAN Off­

prints are being adopted side by side with the textbook. 

(Presently in use in more than 900 college and university 

courses - 80% increase over the number at this time 

last year!) 

The textbook supplies the foundation of the course. The 

Offprints provide the latest bulletins from the frontiers of 

research, complementing and reinforcing the basic ma­

terial contained in the textbook. 

Teachers who have used them find that their students 

respond with a better grasp of the whole subject and 

with more enthusiasm for the assigned readings. 

The more than 500 articles that are presently available 

cover a broad spectrum of current thought and research 

in the life sciences, the physical sciences. and the social 

sciences. Each Offprint, still only 20c. 

Send for a free descriptive brochure to: 

w. H. Freeman and Company 
660 Market Street, San Francisco 4, California 

Warner House, 48, Upper Thames Street, London, E.C.4 
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LEARN'TO USE THE AMAZING TOOL OF TOMOR 
Measure ... Check ... Solve ... Study ... Create 

with Experimenter 
/ 

MOIRE PATTERNS KIT· 
BASIS FOR 'OP ART' SWEEPING THE NATION 

Get the jump on competition. Here's a break-through in 
a new technology, Completely simplified. 1,000's of uses 
tor researchers. product designers, developers. Fantastic 
visual effects. Basis tor "OP ART". Already used 
commercially in packaging, textile. graphic arts in­
dustries. Problem solving ranges [rom simple arithmetic 
to calculus of vectors. Inexpensively measures one part 
in billion. Measure dlfTractlon pattern movement 
produced by lasers; diffusion ot molecules in solution or 
beat waves. Study liQuid flow. stress Jines. distortion 
or metals. Obtain elastic modulI. Basically a Moire 
pattern is the graphic solution of an erjuatlon. Patterns 
appear when two or more repetitive figures at about tbe 
same spacing overlap at a small angle. USing elements 
which include eQui-spaced linear. logarithmic and 
circular rulings. Dr. Gerald Oster. Brooklyn Poly. Inst .. 
bas developed a complete new basic scientific tool. 

Detect Sound, Vibration, Magnetic Fields, 
Modulated Light 

EXTRA-SENSITIVE TRANSDUCER SET 

Battery operated-Completely 
portable-Amplifies J 000 times 

Slightly larger than a fountain pen. this compllct. versatile �ignal detection and teat system is invaluable ror lab or workshop. Powered by �ingle 1.5v l)enliJ/J,t battery with life of 250 hours. Output fed to ear· piece, or to oscilloscope or voltmcter for eXllct measurement down to microwutt region. 4 point-probes screw into amplifier: O-db. 20-db. flnd 40-db ATTE:-l"UATOR PROBES; CRYSTAL DIODE PHOBE to detect or demoduh,te any low level audio or modulated radio rre{jllency sign:d. VIBRATION PICKUP to dctect very weak motion; i\L\GNE'l'JC TAPE HEAD (monaural. 93-mil track) reads recorded sil(n!ll: PHOTOVOLTAIC PICKUP mellsures weak illumination: INDUCTIVE PICKUP detech 
:��;;��p��n�dul�t�r:::afT�;:.�d�i���t�;!dd;��:�i� �i���;h�:;� BNCrr:;�: nector adapter with cuble; outl)lIt adapter and cord; input adapter; hIgh Quality earphones; ground eli,) lead. Amplifier SI)ecs.: (5�" Ig. x �. diam.j. Amplification: 1000x lit 1 kc (600 ohm load). Input imperlance: 3500 ohms at 0 attenuation to 350.000 ohm� .... ith 40 db attenuation. Max. AC signal input: I millivolt pellk-to-peak ror linellr operation into 600 ohm 101ld. Output: 0.5-v peak-to-peak across 600 ohms. Complete 
in 10�" x 7}i." x H�· rigid, leatherette case. 
STOCK N O. 70,748-5.................. . ....... $180.00 Ppd. 

Make Your Own Powerful Astronomical Telescope 
G RIND YO U R  OWN 
A S TRONOM I C A L  MIR­
ROR. Kits contain flne an­
nealed pyrex mirror blank, 
tool, abrasives. diagonal 
mirror and eyepiece lenses. 
You can build Instruments 

to hundreds or dollars. 
Prle. S 7.50 
11.9 5 
19.50 

�g:�� } 
ppd. 
ppd. 
ppd. 

f.o.b. 
Barrin_ton 

WAR SURPLUS! AMERICAN-
MADE 7XSO BINOCULARS 

Big savings I Brand newl Crystal­
clear viewlng-7 power. Every opti­
cal element is coated. An excellent 
night glass-the size recommended 
for sateiJ1te viewing. Individual eye 
focus. Exit pupil 7 mm. Approx. 
field at 1,000 yds. Is 376 ft. Carry­
Ing Gase included. American 7x 50's 
normally cost 5274.50. Our war 

surplus price saves you real money. 
Stock No. 1544�S . . . . . . . . . . . • . . . . . .  only 574.80 ppd. 

7 x 35 AMERICAN MADE BINOCULARS 
Stock No. 964�S ........................ $55.00 ppd. 
6 x 30 Binlcular8-slmllar to above and a terrlftf' bargain. 
Stock No. 963·5 ......................... 540.00 ppd. 

WOODEN SOLID PUZZLES 
12 DltTerent puzzles that will 
stimulate your ability to think 
and reason. Here is a fascinat­
ing assortment or wood puzzles 
that will provide hours or plea­
sure. Twelve dlfTerent puzzles, 
animals and geometric forms 
to take apart and reassemble. 
give a chance ror all the family. 

young and old. to test skill, patience and, best or all, to 
stimulate abtllty to think and reason while having lots 
or fun. Order yours now. 
Stock No. 70,205-5 .................. 53.00 Postpaid 

MAil COUPON FOR FREE CATALOG' 
I Completely New 1965 Edition I 
I 148 Pagel-Nea,ly 4000 Ba'9a;"".-

- _ °h I 
I ��rr;1�:t�nS�le�

NJelr�!� CO. ,,- .. I 
I Please rush hee Giant Catalog S �.. I 
I Name .. . . . .. - ,r. I 
I Address ... . 

' c' I 
I City . . .. Zone .... State ....... I 

Inexpensive kit contains 8 basic patterns on both clear 
acetate In lantern slide size measuring 3U"" x 4"" (.020"" 
thick) and white Kromekote 3%'''" x 4!1· (.012"" thick): 
two pieces :5 U"" x 4"" ISO-dot screen on film; 20-mesh 
woven flberglass screen 8"" x 10 �"": copy at Dr. Oster's 
book, "The Science or Moire Patterns"-an authorita­
tive Introduction to the rascinatlng world o[ Moire. 
Stock No. 70,719-5. .. ... . .... S8.50 Ppd. 
Stock No. 60,464-5 Same as above without 
book. . . . . ....... .. .. $6.50 Ppd. 
MO l Ri: PATTERN ACCESSORY KIT. For addi­
tional experiments. Contains metallic balloon, calcite, 
two kinds or diffraction gratings. one-way mirror [oil. 
polarizing materials, Ronchi rulings, assortment or 
lenses. 
Stock No. 60,487-5. .. . . ... . ..... $8.00 Ppd. 

See the Stars, Moon, Planets Close Upl 

3' ASTRONOMICAL REFLECTING TELESCOPE 
60 10 180 Power-Famous Mt. 

Palomar Type! An Unusual Buy! 

See the Rings of Saturn, the 
fascinating planet l\1ars, 
huge craters on the Moon, 
Phases of Venus. Equa­
torial mount with lock on 
both axes. Aluminized and 
overcoated 3" diameter 
h i gh-speed f/10 mirror. 

Telescope oomes equipped wi th a 60X eyepiece and a 
mounted Barlow Lens. Optical Finder Telescope in­
cluded. Hardwood portable tripod. FREE with 
Scope: Valuable STAR CHART plus 272-page 
"HANDBOOK OF HEAVENS" plus "HOW TO 
USE YOUR TELESCOPE" BOOK. 
Stock No. 85,050-S ............... $29.95 Postpaid 

4v..· Astronomical Reflector Telescopel 
Up To 255 Power. New Vibr�t.ion Free Metal Pedesta\l\Iount. 

Stock No. 85,105-5 ................ 579.50 F.O.B. Barrin_ton, N.J. 

SUPERB 6"" REFLECTOR TELESCOPE! 
Inc. ele(ltric clo(lk drive, �etting circle", eQuatori�1 mount. pedestal base. 4 eyepie(le� for up to 576X_ 
Stock No_ 85,086-5 . . . . . . . • . . . . • . .  519 9 .50 F.O .B . BarrIn,tcn. N.J. 

SOLVE PROBLEMS I TELL FORTUNESI PLAY GAMESI 
NEW WORKING MODEL 

DIGITAL COMPUTER 
ACTUAL MINIATURE VERSION 

OF GIANT ELECTRONIC BRAINS 
Fascinating new see-through model 
computer actually solves problems, 
teaches computer fundamentals. Adds. subtracts, multi­
plies, shifts, complements. carries, memorizes. counts. 
compares, sequences. Attractively colored, rigid plastic 
parts easily assembled. 12" x 3�"" x 4%""". Incl. step-by­
step assembly diagrams. 32-page instruction book cover­
ing operation. computer language (binary system), pro­
gramming, problems and 1 5  experiments. 
Stock No. 70,683-5 ... .... .. .. . . . ......... 55.95 Ppd. " SCIENCE TREASURE CHESTS 

For Boys-Girls-Adults I 
Science Treasure Chest-Extra·powerful 
magnets, polarizing filters. compass. one· 

'- way·mirror film. prism. diffraction grating, 
and lots of other items for hundreds of 
thrilling experiment!'!. plus a. Ten·Lens Kit 

for making telescopes. microscopes, etc. Full instructions. 

Stock No. 70,342-5 ..... ............. $5.00 Postpaid 
Science Treasure Chest DeLuxe-Everything in Chest 
above plus exciting additional items for more advanced 
experiments including crystal-growing kit. electric motor, 
molecular models set, first-surface mirrors, and lots more. 

Stock No. 70,343-5 .................. $10.00 Postpaid 

NEW INSTANT SHADING KIT 
IWrv : � ' ::� Variable Transmission Material W%: · · �, .M •. ,.0 .:::� Activates when Exposed to Bright light � .1:ttt. �. IA1l� ... ' : -'. You've heard of instant sun glass­� W '., es. Now, see for yourself, how ::.;tt:t . , . . : .. . . . :.: : 0'; colorless compounds become in­O«%ny< >.,� ? stantly co�ored by simple . ex­
���, .. !".<;.'· �A posure to light. Can be contmu-

ously cycled, also reverses. Use to 
determine forward and reverse response curves, 
demonstrate photometry (using spectrophotometer), 
etc., in lab. Commercial applications include auto­
matically shading store windows, auto windshields, 
house windows. Kit contains 3 ampules and 2 flat 
circular cells containing colorless phototropic solu­
tions which turn red, green or violet when exposed to 
photoflash unit; 3" x 13-1" sheet of reversible photo­
tropic paper; sample of tenebrescent Hackmanite 
1" x Ys" x Ys"; flash unit, battery, capacitor. bulbs; 
instructions; booklet: "Photochemistry, Phototrophy 
and Tenebrescence." 
Stock No. 70,727-S $29 50 Ppd 

OIDU lilY sroc .. NU#III'U SIND CHfCK O. 1lA0NIY 0101/1 SATI,,"'CflON GU ....... N",D' 
EDMUND SCIENTIFIC CO., BARRINGTON, NEW JERSEY 
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Chemical Reviews, Vol. 63, No. 3, 
pages 257-268; June, 1963. 

TECHNIQUES FOR MASS ISOLATION OF 
CELLULAR COMPONENTS. Norman G. 
Anderson in Physical Techniques in 
Biological Research, Volume III: Cells 
and Tissues, edited by Gerald Oster 
and Arthur W. Pollister. Academic 
Press, 1956. 

THE SWIMMING ENERGETICS 
OF SALMON 

THE ENERGY EXPENDITURES OF FRASER 
RIVER SOCKEYE SALMON DURING THE 
SPAWNING MIGRATION TO CHILKO 
AND STUART LAKES. D. R. Idler and 
W. A. Clemens in Intemational Pa­
cific Salmon Fisheries Commission 
Progress Report, 1959. 

THE HYDRODYNAMICAL PERFORMANCE 
OF MIGRATORY SALMON. M. F. M. 
Osborne in The Journal of Experi­
mental Biology, Vol. 38, No. 2, pages 
365-390; June, 1961. 

THE ROYAL HEMOPHILIA 

HJEMOPHILIA IN THE ROYAL CASTE. 
W. T. J. Gun in The Eugenics Re­
view, Vol. 29, No. 4, pages 245-246; 
January, 1938. 

HEMOPHILIA, "THE ROYAL DISEASE" 
AND THE BRITISH ROYAL FAMILY. 
Hugo Iltis in The Journal of Heredity, 
Vol. 39, No. 4, pages 113-116; April, 
1948. 

HEREDITY AND POLITICS. J. B. S. Hal­
dane. W. W. Norton & Company, 
Inc., 1938. 

PRINCIPLES OF HUMAN GENETICS. Curt 
Stern. W. H. Freeman and Company, 
1960. 

MATHEMATICAL GAMES 

MARS. Gerard de Vaucouleurs in Scien­
tific American, Vol. 188, No. 5, pages 
65-73; May, 1953. 

OF MEN AND GALAXIES. Fred Hoyle. 
University of Washington Press, 1964. 

ON THE REJECTION OF THE MARTIAN 
CANAL HYPOTHESIS. Wells Alan 
Webb in The Scientific Monthly, Vol. 
85, No. 1, pages 23-28; July, 1957. 

VVE ARE NOT ALONE. ',IVa Iter Sullivan. 
McGraw-Hill Book Company, 1964. 

THE AMATEUR SCIENTIST 

PHYSICAL METEOROLOGY. John C. John­
son. John Wiley & Sons, Inc., 1954. 

THE PREPARATION OF SNOW CRYSTAL 
REPLICAS. Vincent J. Schaefer in 
Weathe1"wise, Vol. 9, No. 4, pages 
132-135; June, 1956. 

© 1965 SCIENTIFIC AMERICAN, INC



Good conduct metal 

Powdered metals. In this case, silver 
and cadmium oxide, blended to pro­
duce a surprising combination of 
qualities in an electrical contact. The 
contact will serve beyond the call of 
duty in heavy duty electrical equip­
ment, because it combines high con­
ductivity with exceptional resistance 
to welding and arc erosion. You 

would never find these qualities to­
gether in natural alloys. 

Powder metallurgy techniques 
developed by Mallory for use in 
Elkonite® materials make possible 
the blending of many properties that 
could never before be combined­
high density and high strength, duc­
tility and machinability, for example. 

Powder metallurgy is a Mallory spe­
cialty with rewards for everyone. It 
puts exciting new resources at the 
designer's command. It enables the 
manufacturer to build extra value in­
to his products. And it gives the con­
sumer a better product for his money. 
P. R. Mallory & Co. Inc., Indian­
apolis, Indiana 46206. 

It's good business to do business with Mallory 
MAiIORY 
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Here's·how Tom, Dick and Harriet 
can now"taIk directly"to a 

CONTROL DATX computer ... 

NEW OPTICAL READER Reads printed and 
typewritten material - and inputs data directly, 
without converting it into punchtape. punchcards 
or other intermediate formats. CONTROL DATA 
Model 915 Optical Reader recognizes all letters of 
the alphabet, standard punctuation, 0 through 9, 
and special symbols used in programmed func­
tions. It handles documents and continuous fanfold 
sheets_ This new high-speed Reader can be used 
simply as an input device, or as a complete small 
system for data processing and storage. 

NEW REMOTE CALCULATOR Revolutionary 
desk calculator allows simultaneous on-line com­
puting service for many engineers, SCientists, and 
mathematicians from their home or office. The 
Remote Calculator provides direct, remote access 
in a time-sharing system to any Control Data 6000 
Series computer. Remote connections can be made 
anywhere, via standard telephone channels, 
through the common-user dial network. And for 
the first time, the user's need for programming is 
completely eliminated. Users merely query the 
computer from a keyboard containing all conven­
tional functions and symbols of mathematics . : • 

answers are immediately shown on the remote 
calculator's display panel. All the features of 
the world's most powerful digital computers are 
made instantly available at extremely low cost 

NEW VISUAL DISPLAY UNIT Anyone who 
can use a typewriter can now "talk" to a computer 
and get answers on the spot The operator of a 
CONTROL DATA 210 simply types in the query 
and presses the "transmit" key; the answer ap­
pears immediately on the screen_ Access time to 
central computer: 140 milliseconds ___ virtually 
instantaneous! Screen displays up to 1000 char­
acters_ Central logiC handles in excess of 20,000 
entries an hour. Up to 63 stations can be tied into 
a single computer, with simultaneous access for 
all. Options cover many diverse ap'plications and 
there are input interfaces for digital computers, 
telephone subsets and other digital sources. 

Never before have instant ·answers been 
so available to so many! SimUltaneously! 
Now anyone can communicate directly with a CONTROL DATA Computer - in 
ordinary English and in real time - .and get answers right back. Individuals at hun­
dreds of scattered points can work witlJ the same computer at the same time, as if each 
had it al\ to himself. This is the wave of the future - "man/computer interfacing." 
Here today from CONTROL DATA is the ability to query the computer by remote 
keyboard. Also available is a way for individuals at various remote points to time-share 
large digital computers as a personal tool of work. In addition, CONTROL DATA 
provides systems for optical\y reading ordinary print ... al\owing simplified input 
techniques, and opening up new wells of information to computer compilation. 
CONTROL DATA supplies you today's most advanced systems, software and 
support . . . everything you need for a perfect meeting of minds between man and 
computer. At CONTROL DATA you are the 
difference in computers: the pattern for a 
uniquely customized system delivering more for 
every dol\ar you invest. For more information 
write directly to CONTROL DATA Corp., 

CONTROL DATA 

Minneapolis, Minnesota 55440, Department E-8S. 8100 34th Ave. S., Mpls., Minn. 5S440 
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