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Sometimes a broadcaster 
needs a bank 

that'll throwaway the script. 
Jack Armstrong, the all-American 

boy, is a middle-aged man today. 
He's probably a company president 

somewhere. 
And if he is-we'll bet he's not think

ing about the good old days at Hudson 
High. 

He's thinking of the future. Thinking 
of new things his company can do to 
keep a jump ahead of the competition . 

That's the way it is in almost every 

company today. You can't look back
someone may be gaining on you. You 
can't copy the competition- it won't 
stay still long enough. 

You just have to take a deep breath 
and plunge ahead. 

Some companies have found that 
it's a good idea to plunge into First 
National City Bank. Because we've 
been known to plunge into things, too. 

Especially if we find that old ground 

rules are ruling out progress and old 
guidelines are ty ing us down. 

Coming up with new kinds of financ
ing, developing new services, throwing 
away the sc ript and ad-libbing when 
the occasion demands. These are some 
of the things we do best. 

If your company has a need to inno
vate-to try something new-we think 
you'll find that the people at Citibank 
are on the same wavelength. 

First National City has been known to 
throw away the script. 

FIRST NATIONAL CITY BANK 
399 PARK AVENUE, NEW YORK. N.Y. 10022 • MEMBER FEDERAL D,EPOSIT INSURA...�CE CORPORATION 
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The world's lowest cost, full scale, 
general purpose omputer. 

PDP-8/l 
Complete. With teletype. With software 
4096 12-bit words. 1.6 usec cycle time. 
All integrated circuit. On-line, real
time. Expandable. 

PDP-8/l is the latest achievement in 
the history of a company that intro
duced the first under-$100,OOO com
puter, the first under-$50,OOO computer, 
'the first under-$20,OOO computer, the 
first under-$10,OOO computer. 

PDP-8/l is based on the family of 
PDP-8 machines, thousands of which 
have been sold and delivered - to 
scientists in laboratories, instrument 

00 complete. 
builders, manufacturers of process 
control equ ipment, industrial users 
who have automated their machinery. 
The PDp·8 family is, without question, 
'the most successful set of small 
computers ever built. Bar none. 

To those of you who have never used 
computers before, because of price, 
write to us. A large part of ou r back-. 
ground is in introducing people to 
their first computers. We can be 
extraordinarily helpful. 

To those of you thinking of incorpo
rating a computer in another system, 
or another instrument, write to us. 
Quantity discounts are available. And 
our experience includes selling more 

computers as built-ins than any other 
company in the world. 

mamaomo 
COMPUTERS · MOOULES 

DIGITAL EQUIPMENT CORPORATION. Maynard, 
Massachusetts 01754. Telephone: (617) 
897-5111 • Cambridge. Mass . •  New Haven 
• Washington, D.C . •  Parsippany, Palisades 
Park, N.J . •  Princeton. N.J . •  Rochester, N.Y . •  

Long Island, N. Y . •  Philadelphia' Pittsburgh' 
Cleveland' Dayton' Huntsville' Cocoa, Fla. 
• Chicago' Denver' Ann Arbor' Salt Lake 
City' Houston' Albuquerque' Los Angeles' 
Palo Alto' Seattle. INTERNATIONAL, Carleton 
Place and Toronto, Ont. • Montreal, Quebec · 
Edmonton, Alberta, Canada· Reading and Man-' 
chester, England· Paris, France. Munich and 
Cologne, Germany· Oslo, Norway' Stockholm,. 
Sweden' Sydney and West Perth, Australia' 
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<§> YAWATA STEEL 

Stretching for the sun 

2 

No matter how much you sun it, feed it, and water it, a tree can grow just so far. 

Not so the buildings that sprout and climb above our modern cities. Their size and 

shape are limited only by the imagination of their architects ... and the performance of 

the new high strength steels. 

WEL-TEN (weldable high tensile strength steel) and YAW-TEN (high tensile weathering 

steel) are Yawata's super steels. And you'll find these, along with Yawata's jumbo-size 

"H" shapes, at the heart of some of the world's finest buildings. 
. 

For stout-hearted steel, buy Yawata-and save. 
YAWATA IRON & STEEL CO., LTD. Head OHlc81 Morunouchi. Chiyodo.ku. Tokyo 100, Jopan American Gene'rol Oflleet Room 3508. 375 POI\. Ave., New York. N.Y. 10022, U.S.A. 

10. Angelet Office: Room 1605, 615 South flower SI .. Los An�eles. California 90017. U.S.A. European OHlc., " DucHcldo'r, Immermann Sttosse 15, West Germany 
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THE COVER 

The photograph on the cover symbolizes the theme of this issue of SCIEN
TIFIC AMERICAN: light. The rings in the photograph were formed by the 
beam of a krypton-ion laser directed into the camera through an interferom
eter of the Fabry-Perot type. The krypton-ion laser generates light of sev
eral different colors, and constructive and destructive interference between 
these wavelengths in the interferometer created the ring pattern. The pho
tograph was made at the firm of Spectra-Physics in Mountain View, Calif. 
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SCIBNCE/SCOPB 

The giant-pulse laser principle was developed by Hughes scientists and first demon
strated in a ruby laser because of the promise it held for range finders. Its very 
short (50 nanoseconds) pulses of very high power provide an excellent measure of 
distance. It was subsequently discovered that the giant-pulse laser interacts with 
matter in a different manner from low-power light. For example, part of the output 
shifts to infrared when passed through nitrobenzene. This research laid the founda
tion for the field of non-linear optics. 

Another use of the giant-pulse laser is high-speed holography in reflected light, 
first demonstrated at Hughes Research Laboratories in 1965. Hughes scientists are 
now making 3-D reflection holograms of objects in action (such as a light bulb being 
smashed) at exposures of about 40 nanoseconds. Definition and resolution are of 
photographic quality. Work is also proceeding on a system for making high-speed 
holograms in rapid sequence, using transmitted instead of reflected light. 

A spatial-frequency analyzer developed recently at Hughes identifies patterns by ex
tracting their spatial-frequency content. Using a wide-angle de focused lens and dif
fuse white light, it examines the entire image in parallel. Uses include recognition 
of textures, sea states, and patterns with strong periodicity, such as orchards or 
grids of city streets. 

Most powerful of the gaseous ion lasers, the argon laser, oscillates on blue, green 
and ultraviolet wavelengths with tens of watts of coherent light output power. Its 
visible blue-green wavelengths have been used in holography, laser color TV displays, 
integrated circuit machining and repair, and even one-way communication with the moon 
via the Hughes Surveyor VII spacecraft. The noble-gas ion laser was invented by 
Hughes Research Laboratories in early 1964. 

Two easy-to-operate argon lasers now being offered by Hughes include a 22-lb., 30-
inch, "get your feet wet" pulsed model (3042H) and a three-watt continuous-wave model 
with Hughes' Select-A-Wavelength as standard equipment (3055H). Its fiberglass laser 
head weighs only 70 pounds and its compact power supply is on wheels. Model 3042H 
costs only $1945.95, Model 3055H less than $22,000. 

Communications capacity of a new satellite proposed to the Communications Satellite 
Corporation for the International Communications Satellite Consortium would be 25 
times that of the Early Bird and Intelsat II satellites. It could relay 6,000 two
way phone calls or 12 color TV programs, is designed for an orbit life of 10 years. 

Giant satellite can concentrate its power into two "spotlight beams" and point them 
at heavily populated areas. It was designed by Hughes scientists, who have developed 
all the commercial satellites now in service. 

Creating a new world with electronics 
r------------------, 
, , 
: H-UGHES : I I 
L __________________ J 
HUGHES AIRCRAFT COMPANY 
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In this age of skepticism, when you 
say to people, "We do more," they 
tend to put their tongues in their 
cheeks and roll their eyes skyward; 

Perhaps this is because people 
have come to suspect that saying 
you do more in ads and actually do
ing more can be horses of different 
colors. 

At the risk of provoking fur
ther skepticism, we'd like to say 
here and now we do do more. 

We don't ask your undying 
gratitude for this. After all, since 
we got to be the biggest on your 
money it's only right that we should 
give some of it back in good service. 

In that light, we've listed here 
some of the things we do more of. 

Our car's better than your car. 
It would be foolhardy to try your 
patience with the nuts and bolts of 
our car maintenance. 

(How we keep our cars in 
good running order is our problem 
and we intend to keep it that way.) 

There are, however, two short 
nuts and bolts we think you might 
find interesting. 

One, on the average, a Hertz 
car is rented just 71 times before 
we get rid of it. And between those 
71 rentals our mechanics have or
ders to give it more babying than 
even the factory warranty calls for. 

And two, if there is a question 
about how a car is running we tell 
our people not to give you the car. 
We think if you have to be disap
pointed you should be disappointed 
at the counter, not on the road. 

There's a Hertz office in the 
vicinity of this ad. 

It's hard to go anywhere in this 
world without being near a Coke® 
machine or a Hertz counter. 

A fact which cannot be fully 
appreciated until such time as you 
want to pick up or drop off a car in 
some town where the major indus
try is the Hertz office. 

A fact, which you can start ap
preciating right now, is that you 
can rent a Hertz car in one city and 
drop it off in virtually any other 
city in the United States. And be
tween over 50 major cities, you can 
rent a Ford sedan in one and drop 
it off in another and you won't get 

o more. 

hit with a drop-off charge. (If you 
want to know what we call (l major 
city, call any Hertz office.) 

If you're ever not in the 
neighborhood, give us a call. 

If you're in Des Moines and you 
want to reserve a car in, say, San 
Francisco or New York, you don't 
have to call San Francisco or New 
York. All you have to do is call your 
local Hertz office and we'll reserve 
a car for you at any one of our 
offices anywhere in the world. 

If you're in a hotel lobby, you 
can get a car by picking up one of 
those little yellow phones we've 
placed in the lobbies of hundreds of 
hotels and motels. 

If you're in an airport about 
to fly someplace and you forgot to 
reserve a car, it's not too late. On 
your way to the plane stop at the 
Hertz counter and by the time you 
land we'll have a car for you. 

Or if you're talking to an air
line or a travel agent, you don't 
have to talk to us at all. Have them 
call us. 

Behind every smile, a brain. 

Good Hertz girls are made not born. 
They're also good for more than 
handing out keys. 

We put them through a most 
exhaustive (they claim the most ex
hausting) training program in the 
business. 

And when they're through, 
our girls can help you with every
thing from figuring out the lowest 
possible rate for the time you're go
ing to be using the car-to the fast
est way back to the airport during 
rush hours. ' 

Man cannot live by four-door 
Fords alone. 

There's nothing wrong with four
door sedans per se. Unless, of 
course, the car you left at home 

happens to be a four-door sedan. 
In which case we think you de

serve a change. So we've put to
gether the widest variety of Fords 
and other new cars in the business 
for you to change to. 

Hard-tops, convertibles and 
station wagons. Mustangs, Mer
curys, Thunderbirds, Continentals 
and even some $8,000 Mark Ill's. 

And if you're in the mood to 
rent something your wife may 
never let you own, you may want to 
try a Shelby Cobra or a Mercury 
Cougar XR7-G. 

The A. S. P. C. C. R. 
(American Society for the 

Prevention of Cruelty 
to Car Renters). 

We've said it before: traveling for 
a living is no way to live. 

Since more than half of our 
business comes from men who trav
el on business, we don't think it's 
going to kill us to help' out where 
and when we can. 

If, for example, you know 
where you're going but aren't too 
sure how to get there, tell the Hertz 
girl. She'll give you specially made 
maps on how to get around the city. 
And if you're no Daniel Boone at 
reading maps she'll even diagram 
them for you. 

If you're a stranger in one of 
America's 28 largest cities we'll 
give you the world's most complete 
guide on how to survive in that city. 
The Hertz Survival Manual. 

If you're running to catch a 
plane, we won't make you stand in 
line behind people who aren't. If 
you're a charge customer (we ac-

cept most major credit cards) 
all you have to do is stuff your 

keys inside your rental enve
lope, write your mileage on the 
back, drop it on the counter 
and take off. 

And if you're temporarily 
embarrassed for cash-and have a 
Hertz credit card-we'll even lend 
you $10 on your IOU. 

After all, we couldn't in all 
conscience claim to do � 
more if we only paid 
attention to the car Wertz) 
the man re nts and � y 
ignored the man who '" 
rents the car.@HERTZSYSTEM, INC., 19611 
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• •• a report from General Electric 
Since the wedding of silicon and 
carbide produced our first solid state 
lamp a year and a half ago, our SSL 
family's grown fast. 

Today, GE solid state offspring total 
eight. More are in the embryonic stage. 
All have an exceptionally long life 
expectancy. An outstanding feature is 
their reliability of performance under 
shocJc and vibration. 

SSL's permit fast switching, from 
10,000 to 1,000,000 cycles per second. 
They are tiny, no taller than \4 inch. 
And operate at a low 6 volts or 
less. 

There the family resemblance ends. 
Three SSL's combine silicon and car-

bide, and emit a visible yellow light. 
Four are gallium arsenide infrared 
sources. Another converts invisible 
infrared radiation into visible green 
light, thanks to a newly developed GE 
phosphor powder. 

Their jobs differ, too. 
The visible sources have hundreds of 
applications, as indicators and photo
cell drivers, in computers, missiles, 
telephone equipment and aircraft. 
Infrared SSL's operate in counting 
devices, machine controls, card and 
tape readers, and photo-electric ap
plications. Meanwhile, hundreds of 
users are busily experimenting with 
new innovations. 

Here's a technical profile of the family. 
GE Lamp No. SSL·I SSL·3 SSL-4 

Color Yellow Green Infrared 

Output 25-65 Ft. L. 100 Ft. L. .3 mw 

Operating Voltage 2.5-5.lv 1.1-1.7v 1.1-1.5v 

Operating Current SOma 100ma 100ma 

General Electric SSL lamps save space 
and improve performance. Their re
liability and long life (no theoretical 
failure if operated within ratings) prom
ise much lower maintenance costs. All 
this from a nickel lamp? Of course 

SSL-5A SSL-5B SSL-5C SSL-6 SSL-ll 

Infrared Infrared Infrared Yellow Yellow 

.6 mw 1.5 mw 2.3 mw 25-65 Ft. L. 75-100 Ft. L. 

1.1-1.7v 1.1-1.7v 1.1-1.7v 2.5-5.1v 2.5-6.0v 

100m a 100ma 100ma SOma 100ma 

not. GE SSL's are priced between $4 
and $32 apiece. 

For a detailed technical album on 
the entire SSL family, write: General 
Electric Co., Miniature Lamp Dept. 
SA-8, Nela Park, Cleveland, Ohio 44112. 

Miniature Lamp Department 

GENERAL . ELECTRIC 

LETTERS 
Sirs: 

The late Professor H. E. \Vulff's "The 
Qanats of Iran" [SCIENTIFIC AMERICAN, 
April) is a clear and valuable exposition 
of an ancient technology dealing with 
the location, development and transport 
of ground waters. However, I find it 
difficult to agree that the technological 
principle of the qanat was first devel
oped in ancient Iran (Persia). The Se
mitic character of the word and the ar
chaeological evidence appears to be at 
least as convincing that this technology 
evolved in the land of Canaan during 
the third and second millenniums B.C. 

Much ancient evidence in the Ca
naanite areas of Palestine, Arabia and 
Phoenicia supports the view that control 
of ground water by tunneling was ap
plied first in rock and later to borin g in 
alluviums. This evidence supports an 
evolution of the technology that seems to 
have been roughly the following. The 
ability to harden copper (bronze) was 
perfected early in the third millennium 
B.C. and led to the art of quarrying and 
shaping stone. This art was concurrently 
applied to the development of dispersed 
and weeping springs. Nearly all the 
springs in the area were excavated dur
ing early antiquity sufficiently to isolate 
and control each rock fissure supplying 
stable Bow. This kind of activity provid
ed third-millennium man with a valu
able opportunity to observe and study 
the nature of ground waters. By the 
advent of the second millennium this 
knowledge was applied to the sinking of 
open wells, generally with spiral stairs, 
through the rock to sufficient depth to 
intercept predetermined wat�r-bearing 
strata. Similarly, horizontal shafts were 
driven into water-bearing strata to in
tercept the Bow and to lead it by tun
nel to underground reservoirs centrally 
located for public use. The pressure of 
population growth dictated the constant 
expansion of such works. Finally, the 
exigencies of recurrent wars fostered the 
ultimate development of this technology. 
It was perceived that walled towns lo
cated on hills (steep spurs abutting a 
mountain mass), or otherwise located for 
defensive purposes, were the only safe 
havens during attack. In order to supply 
such sites with water a qanat system was 
located outside the fortification and the 

. water was brought in by tunnel. 
Many of the old towns of Palestine 

were dependent on such water systems 
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This is the most powerful, yet 
easiest to use, calculating/com
puting system available. It's also 
the most versatile . You can create 
your own individualized system 
by selecting true building block 
modules from a family of peri
pheral devices larger than all 
competitive calculating products 
combined. Start with a basic 300 
Series calculator if you like; add 
accessories as needs grow without 
worrying about compatibility, ob
solescence, retraining or special 
program languages. The 370 will 
loop, branch, perform subroutines 
and manipulate arrays. You can 
have up to 480 steps of program 
storage and up to 64 separate data 
storage registers, also automatic 
typewriter or teletypewriter out
put, CRT graphic display and 
time-sharing basic keyboards for 
your associates. 

The 370 solves these problems • • •  

for Engineers and Scientists: 
Inversion of 6 x 6 Matrices, 
Roots of Equations, 
Up to 7 Simultaneous Equations, 
Fourier Analysis. 

for Statisticians: 
Mean, Variance and Standard 
Deviation, 
2nd-order Regression Analysis, 
Distributions such as: 
Binomial, Normal Probability, etc. 

And also: 
General Nth-order Regression, 
Multiple Regression, 
Analysis of Variance, 
Factorial Design. 

These and many other highly-use
ful programs are furnished free in 
a 250 page program library. Three 
volumes of basic calculator pro
grams and a two-volume 370 ref
erence manual are also offered. 
Call now for complete details. 

Solves problems 
ordinary calculators can't, 

full- scale computers 
shouldn't. 

Wang 370 

Dept. 9AO, 836 North St., Tewksbury, Massachusetts 01876 • Tel. 617 851-7311 

Call today for immediate trial: (412) 366·1906 (601) 982-1721 (714) 234-5651 
(415) 454-4140 (602) 265-8747 (716) 381-5440 

(201) 241-0250 (215) 642-4321 (309) 674-8931 (415) 692-0584 (608) 244-9261 (717) 397-3212 (203) 223-7588 (216) 333-6611 (312) 889-2254 (504) 729-6858 (612) 881-5324 (805) 962-6112 (203) 288-8481 (301) 588-3711 (313) 278-4744 (505) 255-9042 (615) 588-5731 (816) 421-0890 (205) 595-0694 (301) 821·8212 (314) 727-0256 (512) 454-4324 (616) 454-4212 (817) 834-1433 (206) 622-2466 (303) 364-7361 (317) 631-0909 (513) 531-2729 (617) 851-7311 (901) 272-7488 (212) 682-5921 (304) 344-9431 (402) 341-6042 (517) 835-7300 (702) 322-4692 
(213) 278-3232 (305) 564-3785 (404) 457-6441 (518) 463-8877 (703) 877 -5535 (916) 489-7326 
(214) 361-4351 (305) 841-3691 (405) 842-7882 (601) 234-7631 (713) 668-0275 (919) 288-1695 
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dating back to the second or first millen� 
nium B.C. The Biblical story of David's 
capture of Jerusalem recites that David's, 
men crept up the gutter to capture the 
citadel. Here the word "gutter" is better 
translated as "the way to water"-a tun
nel leading from the hilltop citadel to 
a hidden chamber excavated under the 
hill to trap the flow ft-om the "Spring of 
Virgins." It was most likely constructed 
between 1600 and 1200 B.C. as part of 
the defenses against Egyptian armies, or 
to defend against the continuous raids 
of Joshua in this area. This ancient work 
can be seen in Jerusalem today. Old She
chern (modern Nablus) possesses a qanat 
that follows a water-bearing stratum 
deep under Mount Gerizim. This was 
probably a very ancient work, but the 
Romans rebuilt and improved the sys
tem in A.D. 100-200. It is still in use to
day. 

Bethlehem's old qanat appears to 
have been in use for perhaps 3,000 
years. Some miles to the south of the 
hilltop town of Bethlehem is an exten
sive qanat that now discharges into a 
reservoir built, or rebuilt, by Herod the 
Great, thence the water passes to Beth
lehem by tunnel. The old qanat shows 
signs of several styles of workmanship, 
some of which may go back to the Ca
naanites. The stonework in the oldest 
reservoir matches that of Herod, who 
appears to have been the last ancient to 
expand the qanat. Later Pontius Pilate 
had much of the water brought all the 
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BELL JAR SYSTEM IS THE 
FIRST MODERATELY PRICED, FLEXIBLE, HIGH 

PERFORMANCE VACUUM SYSTEM DESIGNED FOR R&D AND PRO· 
DUCTION PROCESSES IN OPTICAL, ELECTRONIC AND OTHER THIN FILM 

APPLICATIONS. IT IS AVAILABLE WITH A NUMBER OF MODULAR OPTIONS 
PROVIDING FLEXIBILITY OF PERFORMANCE 
OPTIONS INCLUDE: PUMPING SYSTEMS UP TO 
PLATE (HIGHEST SPEED OF ANY 6" SYSTEM AVAIL

ANCE OR ELECTRON BEAM EVAPORATION, DC OR RF 

VACUUM SYSTEM CONTROLS; 7POWER SUPPLY OPTIONS; 

A WHOLE ARRAY OF FEEDTHROUGHS AND FEEDTHROUGH 

AGING OF OPTIONS. ALL ACCESSORIES ARE 

GRATED INTO THE BASIC SYSTEM. THE CAB

TATION EXTREMELY READABLE AND OFFERS 
FRONT AND BACK. SHIPMENT OF BASIC NRC 3117 

FOR COMPLETE QUOTATION SPECIFICATIONS 

NORTON COMPANY, VACUUM EOUIPMENT DIVISION, 

AND TAILORABILITY TO PROCESS. 
800 LITERS PER SEC. AT THE BASE 
ABLE);OPTIONS TO PERFORM RESIST
SPUTTERING; MANUAL OR AUTOMATIC 

1 3 HOIST OPTIONS; THIN FILM MONITORING; 

COLLARS;MECHANICAl PUMP OPTlONS;NRC 

AUXILIARY CABINETS FOR COMPATIBLE PACK

MODULAR DESIGN ED AND EASILY INTE' 

INET DESIGN MAKES THE INSTRUMEN

COMPLETE ACCESS FOR MAINTENANCE 
SYSTEM CAN BE MADE IN 2 TO 3 WEEKS. 

CALL YOUR LOCAL REPRESENTATIVE OR WRITE 

160 CHARLEMONT STREET, NEWTON, MASS. 02161. 

424-44' VACUUM EQUIPMENT DIVISION 
FORMERlY NRC EQUIPMENT CORP. 

100 CHARLEMONT Sf NEWTON MASS. O?lol 
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Seeing around corners. A typical example of our 
optics capabilities are glass fibers that literally "pipe" 
light around corners. Capabilities include illuminating 
a car's instrument panel with the light from a single 
bulb. Fiber optics can be made to transport useful 
images, too. 

"Counting" light photon by photon. 
Bendix is putting its Channeltron® electron 
multiplier to work in new photomultiplier 
tubes. This one, the Photon Counter, is so 
sensitive it can "see" a 50-watt light bulb 
in Washington, D.C., through a one-inch 
telescope from Los Angeles, California. 

Spotting minute temperature differences. 
Unlike conventional aerial photography, Bendix 
thermal mapping captures infrared wavelengths to 
record even the most minute ground temperature 
differences (white areas above). As the first com
mercially available system, it can spot temperature 
differences as small as .25'C. from high and low 
aircraft altitudes. 

Take the problem of designing a highly sophisti
cated lens system by computer, for example. Bendix 
engineers did just that for the business end of 
our new night vision device. First, they came up 
with a host of design possibilities. Then fed them 
to the computer, where thousands of rays were 
traced through hypothetical lens systems. Finally, 
the computer drew its conclusions in the form of 
lens shapes on graph paper, like those shown here. 
The results were then turned over to our engineers 

versed in the mechanical and electrical aspects 
of optical systems, who polished off the final de
signs. It's all part of a service that can design and 
manufacture custom lenses to meet your require
ments, too. Handling a tough technological task like 
this is nothing new with us. It's what we're all about 
-creating new ideas and developing them to 
maximum usefulness-in electronics, automation, 
aerospace, automotive and oceanics. The Bendix 
Corporation/Fisher Bldg./Detroit, Michigan 48202. 

Giving pilots infor mation. Bendix 
"Head-Up" display device utilizes optics 
and microelectronics to display all necessary 
flight and landing information in real world 
symbology, directly in the pilot's line of 
vision. 

Where ideas unlock the future 

13 
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The 
Nevv 
Emancipator 
63 KEYS TO COMPUTING FREEDOM ARE NOW WITHIN YOUR REACH! 

Freedom from waiting to get on the BIG computer; 

Freedom from translating your problems into 
foreign computer languages; 

Freedom from starvation-level computing with 
under-developed calculators; 

Freedom from the drudgery of manual computation. 

The new hp 9100A puts heroic computing power 
responsively at your fingertips ... 

for the unheroic, one-time-cost of $4900. 
Fast core memory delivers answers 
to log, trig and other keystroke functions in milliseconds. 
And ... in seconds you get answers to more complex computations 
such as roots of a fifth degree polynomial ... 
Fourier analysis ... elliptic integrals ... Fresnel integrals . 
real and complex polynomial evaluation ... 
coordinate geometry ... regression analysis ... 
three dimensional vectors ... numerical integration 
and many, many, more' 

This major computing capability is compressed into 

one 40 pound package. 
Its only moving parts are the keys, the switches 
and one decimal wheel. 
No noise! 

The 9100A is being delivered now 
along with an extensive-and growing- program library 
that puts you in control. 

Examine the keyboard. Question every key and switch. 
Then join the participators! 
A telephone call or purchase order directed to any 
Hewlett-Packard sales and service office 
(located in principal cities throughout the world) 
will start your liberation from the tyranny and 
tradition of too BIG, too slow and too weak. 
If you are still skeptical or of faint heart, 
ask for a demonstration. 
It will affirm, assure 
and delay- but only slightly 
-your entry into the solid-state 
of personal computing freedom. Hurry. 
Being a leader has its advantages. 
Hewlett-Packard, P.O. Box 301, 
Loveland, Colorado 80537. 
Europe: 54 Route des Acacias, 
Geneva. 

9100A puts answers just a touch away' 

HEWLETT PACKARD 

r--�"----, '-,m -oo-"'Y ' Dynamic range 10-98 to 
s.1J6:;�:'S os � ::�����[e 1099, nearly 200 dec

ades. Observation of 
math operations on 3 displayed registers. 
Up to 16 more registers for data storage. 

O Complex and vector arithmetic 
,cJC'.. simplified with coordinate trans

formation keys, rectangular·to
polar and vice-versa, in milliseconds. 

8 
Trig functions covering all quad
rants and any size angle in 
degrees or radians. 

098/20 
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@ Up to 196 program steps, eacp 
x �r a simple key stroke. "IF" keys 

permit looping and branching 
flexibility found only on large computers. 

� Edit programs easily. Single,'step � through programs to check and 
de-bug. Ad9ress an indlvld4?1 

step and make corrections without re
entering the entire program. 

Program from the keyboaili. 
Record and store program� on 
credit-card-size magnetic cards 
for repeated use. 

1 .. Designed for ex .. panSion. Printer, .} 
plotter, electrical data input/ 

. output will become available. 
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_A Precise and 
Versatile Light Measuring System 
The Brower Lock-in Photometer consists of a modulator, 
detector and a lock-in voltmeter. This offers many impor
tant advantages in light detection and comparison. Not 
only does it discriminate low-level energy from strong 
background radiation, but also recovers weak signals when 
virtually buried in noise. 

This new system accommodates any type of energy sensor 
including "Black Body Detectors" with constant sensitivity 
at all wavelengths. For the first time, radiant energy can be 
directly measured in absolute units of lumens or micro
watts regardless of wavelength - eliminating the need for 
calibration charts or conversion factors. 

Additional Brower modules expand on this technique to 
give unexcelled performance in the following single and 
double channel applications: 

o Atomic Absorption 
o Light Scattering Dual Wavelength and Process Monitor-

ing Photometry 
o Flame and Luminescence Spectrophotometry 
o Absorption and Reflectance Measurements 
o Detector Studies 
o Source Comparisons 
o Ratiometry 

rJ Write for "Guidelines to Mea
sureme nt of We ak Signals 

� BROWER 

Buried in Noise". 

LABORATORIES, INC. 
237 Riverview Avenue, Newton, Mass. 02154 Tel. (617) B99-6515 

way to JerusalEm. The qanat is tech
nically interesting. The ancients here 
perceived that a fractured limestone for
mation overlaid a massive bed of un-' 
fractured rock. They drove the qanat 
tunnels just on top of the massive for
mation and thus intercepted just about 
all of the infiltration passing the frac
tured zones. 

Perhaps the mast striking qanat in 
the region is the one that supplied Bib
lical Gadara. Gadara is situated on a 
high spur that projects out into the Jor
dan River valley. Here the ancients 
bored a horizontal well, with the usual 
manholes, through the rock to the east 
for a distance of more than 30 miles. 
This was probably a very ancient sys
tem, but the present structure is Raman 
in character and was most likely built by 
Pompey the Great when he had Gadara 
rebuilt in 63 B.C. The history of Gadara 
goes back to the time of the Biblical 
King Og, when, after its capture by 
Moses, it was fortified by Joshua. Sev
eral ancient writers note that Greek Gad
ara was the strongest city of the area 
from about 330 B. C. to 101 B_C., when it 
was destroyed by the Jewish king Alex
ander Jannaeus after a 10-month Siege. 
This old qanat functions and supplies 
pure water to some of the hilltop inhabi
tants today. 

Modern engineers who have had the 
opportunity to examine and study these 
ancient applications of the qanat prin
ciple are amazed to observe the techni
cal proficiency in ground-water geology 
and the precision of the surveying meth
ods that made possible the construction 
of these extensive works more than 2,000 
years ago. 

JA�1ES H. RIVES 

Formerly Chief Engineering Adviser, 
U.S. Mission to Jordan 1954-1956 

Chattanooga, Tenn. 

Sirs: 
Edmund L. Epstein ["Letters," SCI

ENTIFIC AMERICAN, July 1 left a false im
pression about the passage in Faust he 
quoted referring to quark. The reference 
(In ieden Quark begriibt er seine Nase) 
is about man, the grasshopper, "the lit
tle god of earth," who sticks his nose 
into every mess, and not about God. 

The line occurs at the end of Mephis
topheles' opening speech in "Prologue 
in Heaven." Before Mephistopheles 
speaks the archangels sing a hymn of 
praise that equates God and nature as 
mysteries no one can understand by 
physical causality. The song establishes 

© 1968 SCIENTIFIC AMERICAN, INC



The one in the dark suit is J. C. Hodges, forty-seven 
years a railroader. 

The one J. C. Hodges is holding in his left hand, he 
and his co-workers couldn't do without. 

It's a carbon brush from the generator of a diesel 
locomotive. Without it, the train would never even get 
out of the yard. 

Carbon brushes are one of those things you don't 

see but would miss a lot if they weren't around. 
There's hardly a watt of electric power produced 

without them. They also show up in automobiles, power 
tools, appliances, steel mills or most anything else that 
depends on electricity to keep going. 

So, Union Carbide makes carbon brushes in nearly 
30,000 sizes, styles and grades. In fact, we probably 
make more of them than anyone else in the world. 

Two of the best conductors 
on the Norfolk& Western. 

© 1968 SCIENTIFIC AMERICAN, INC



© 1968 SCIENTIFIC AMERICAN, INC



This is the computer 
that can foul up 
your computer. 

The human mind is more complex than any 
computer. But less reliable. 

And that's why any business with EDP 
needs Addressograph's data collection and 
automated input systems. (To put that in 
plain English, we make data recorders for 
100% accurate input, and scanners to process 

input information at the lowest possible 
rejection rates.) 

Our systems are compatible with both kinds 
of computers: human and electronic. And 
they take into accounting the fallibility of 
the human kind. 

They handle all kinds of information. Make 
it computer readable. And get it to the 

computer quicker, with 100% accuracy. 

Clerical or non-clerical people have been 
taught to operate our systems in a matter 
of minutes. 

And once they've .learned how, the problems 
of computer input virtually disappear. 

To learn more, write Addressograph 
Multigraph Corporation, Department 6808, 
1200 Babbitt Road, Cleveland, Ohio 4411 7. 
Or call your nearest branch office (we're in 
the Yellow Pages). 

We'd love to have you run the facts and 
figures on our systems through your 
computer. 

Either one of them. 
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Gentlemen: 
If you can make scientific photography easier, I'm inter
ested. Please send me your free booklet, "Simplified 
Photomacrography/Photomicrography." 

Name & Title _______________ _ 

Firm or Company ______________ _ 

Address _________________ ___ 

City _______ State ______ Zip __ _ 

Bell & Howell Company 
Department S9 
7100 McCormick Rd. 
Chicago, 111.60645 

o professional use 

o personal use 

D both (check one) 

sun and light as the supreme symbols, of 
an ordered cosmos. 

But Mephistopheles cannot see the , 
cosmic order of which the angels sing. 
He holds up man as the supreme exam
ple of irrationality in the material world. 
He contends that man's every misery, 
even his bestiality, are results of the 
"gleam of heavenly light" man calls rea
son. "Opp, I never open mamouth but I 
pack mafood in it." (James Joyce, Finne
gam Wake.) 

Physicists and cosmologists occasion
ally spring above the undergrowth of ig
norance on the frontiers of the very 
small and the very large, but, like Goe
the's grasshoppers, they fall again into 
the grass to continue gnawing away at 
the undergrowth and to sing their same 
old songs. 

The enigmatic quark, adduced as the 
key to the microcosmic world of elemen
tary particles, has led its hunters on a 
merry chase down quarkways to obliv
ion, from outer space (grinding up me
teorites to find quarks) to the bottom of 
the ocean (grinding up oysters to find 
quarks). The quark, if found, could clear 
up the mess in elementary-particle phys
ics, whose study has shown us 'that the 
fundamental quality of nature has be
come its dynamic complexity, rather 
than the simple order philosophers have 
hoped for. Physicists seem bound to live 
by another quotation from Faust: "\iVe'll 
see the small world, then the great." 

FRED LEE ,,yILSON 

Houston, Tex. 

Sirs: 
In his recent letter to the editor Ed

mund L. Epstein traces the origin of the 
now popular word "quark" to Goethe's 
Faust. Epstein's interpretation of 
"quark" as a German slang expression is 
not entirely correct. Quark is the basis 
for cheese, essentially cottage cheese, 
and only as such may sometimes be 
messy. Not too long ago it was a staple 
food in some parts of Germany (Kartof
feln mit quark macht stark: Potatoes 
with quark makes strong) and hence 
omnipresent. Epstein should therefore 
translate "God sticks his nose into every 
mess" as "God sticks his nose into every 
triviality," not necessarily messy. 

D. H. WEICHERT 

Division of Seismology 
Department of Energy, Mines and 

Resources 
Ottawa 
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Standing out with photographic clarity ... such details as the kelp beds off 
Point Lorna (upper left) ... piers and ships at Coronado and Mission Bay . • .  

On this page and 
the following seven 
Westinghouse brings you 
a remarkable 
radar image of 
the coast of California 
from San Diego to 
los Angeles ... 

© 1968 SCIENTIFIC AMERICAN, INC



· . . breakers off La Jolla (upper left) and Solana Beach (upper right). 
The jutting Scripps Institute Pier (upper left) ... 

It was taken in minutes 
from a jet aircraft 
making one 
continuous pass . . . 
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· .. near-street-map representation of towns like Encinitas (upper left) ... Oceanside 
(upper middle) ... the distinctive delta of the Santa Margarita River (upper right) ... 

It is reproduced here 
(at 4/5 scale) just as 
it came from the 
flight film ... 
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· . .  the deep, sheer walls of Las Plugas Canyon (lower left) ... the temporary 
construction pier used to install water intake and discharge for the San Onofre 
Nuclear Generating Sta

'
tion, built by Westinghouse for Southern California Edison 

Company and San Diego Gas & Electric Company (upper middle) ... 

It is an example of the 
high resolution you get 
with Westinghouse 
Side Look Radar. .. 
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... the peninsular jut of Dana Point (upper left) 

... the sandy expanses of Laguna Beach (upper right) ... 

. . .  day or night, 
good weather or bad .. .  
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• .. Newport Beach (upper left) ... Huntington Beach (upper right) . . •  

Westinghouse Side Look 
Radar will soon be 
available to industry 
for mapping, prospecting 
and geodetic surveys. 
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Native Angelenos can quickly pick out such familiar landmarks as Seal Beach .. . Long Beach Municipal Airport ... (more --+ ) 

Side Look Radar is just one example 

of the leadership in sensor systems 

you can expect from Westinghouse. 

Here are other Westinghouse devel

opments in handling light-and dark: 

A 12-lb. TV camera sees in the dark. 

It operates down to 10.5 ft.-candles of 

light. Secondary electrons inside the 

tube multiply available light up to 100 

times to produce a video image. As

tronomers and commercial telecasters 

are using this tube right now. 

Another version of this camera will 

relay live pictures from the moon 

as part of the Apollo space program. 

Two Westinghouse sonar systems 

map or photograph the dark ocean 

floor. A linear-scan system, towed by 

a ship, picks up reflections of acous

tical impulses recorded as real-time 

images on electrosensitive paper. An

gular-scan sonar, used on deep-sub

mergence vehicles, produces a TV

type picture on a cathode-ray tube. 

A new spherical laser configuration 

makes it possible to generate greater 

power output from smaller power in

put. This makes it possible to build 

smaller, more easily portable laser 

systems. A new crystalline laser mate

rial (FAP) increases efficiency and, 

in the process, reduces heat caused 

by wasted energy. 

A fluorescent tube-called "Living 

Whiten-is revolutionizing fluorescent 

lighting. It uses rare earths-yttrium 

oxide and europium-to increase light 

output and improve the color spec

trum, particularly in the orange-red 

end. Skin tones are more natural. 
Tell us your light, or dark, problems. 

We may already have solved them. 
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· . . Compton Airport, the Hollywood Race Track - even their own home blocks, 
in the clear radar image of the Los Angeles area, shown above. 

The continuous image on this and 

the preceding seven pages was ob

tained with equipment developed by 

Westinghouse for the U.S. Army Elec

tronics Command. The San Diego-Los 

Angeles flight was an integral part of 

the NASA Natural Resources Program. 

You can be sure ... if it's 

Westinghouse 
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50 AND 100 
YEARS AGO 

SEPTEMBER, 1918: "No period of 
the great world war, since its opening 
horrors in France and Belgium, has been 
marked by such dramatic results as the 
past spring and summer campaign on the 
vVestern front. From the 21st of March, 
when the German hosts, swollen with 
contingents from Russia, burst through 
the British lines, to the 18th of July, 
when for the second time they swept be
yond the Marne River, each month of 
the year had brought its record of suc
cessive defeat and disaster to the Allied 
armies. Germany was jubilant, as well 
she might be, and her last great attack, 
hurled against a 50-mile front, was an
nounced by the enemy as being his final 
peace offensive. The Germans struck 
with a confidence born of four successful 
drives into enemy territory, and, so far 
as an onlooking world might judge of it, 
she seemed to be in a fair way to blast a 
road into Paris itself. But over night, be
tween Chilteau-Thierry and Soissons, 
General Foch with a French-American 
army struck a blow which turned appar
ent defeat into indubitable victory, and 
from that momentous date, July 18th, on 
which the great counter-offensive was 
launched, down to the present hour, the 
German army has suffered an unbroken 
succession of defeats." 

"Distinguishing the meteorites, the 
cosmic wanderers which are drawn 
down upon our earth, as siderites when 
they consist essen tially of iron and nick
el, and as aerolites when they are essen
tially silicates of the olivine type inter
spersed with nickeliferous iron, Sir vVil
]jam Crookes recently submitted some 
aerolites to spectroscopic examination. 
His paper, which he presented to the 
Royal Society, deals only with the spec
troscopic analysis of 30 aerolites, mostly 
samples of two or three grammes' weight 
obtained from the Natural History Mu
seum. The spectroscopic examination 
shows that only 10 elements occurred in 
the aerolites: iron, chromium, nickel, 
magnesium, Silicon, sodium, manganese, 
potassium, aluminum and calcium. The 
first four were alone present in quantity 

The coherent 
lightbulb 

A new concept in He-Ne continuous gas 
lasers for systems and OEM users. 
The Lasertron,m He-Ne plasma tube is 
a lightbulb. A coherent one. Operate it 
without a housing. Even under water. 
And it is available as an individual com
ponent or as a complete laser instrument 
with a separate, detachable, low-ripple 
solid-state power supply. 

The Lasertron tube needs no adjust
ment, alignment, or maintenance. Sim
ply switch it on and off. Nothing more. 
Its resonator mirrors are permanently 
aligned inside a rigid coaxial pyrex enve
lope. Collimation is built in; alignment 
stability is guaranteed. Dust, humidity, 
vibration, temperature extremes, and 
ageing will not affect it. 

Lasertron tubes are available in a vari
ety of geometries for systems and OEM 
users. Power outputs range from 10 m W 
to 0.6 mW in TEMoo mode, at a wave
length of 6328 Angstroms. 

Lasertron tubes and complete instru
ments are guaranteed for one full year, 
with no restriction on operating hours. 

For applications assistance and prod
uct literature, please return coupon or 
contact University Laboratories, 733 
Allston Way, Berkeley, California 94710 
(415) 848-0491. 

i University Laboratories 
733 ALLSTON WAY. BERKELEY. CALIF. 94710 

o Please send new brochure with complete specifications 
on He-Ne laser instruments and accessories. 

o Please send information on Lasertrontm Plasma Tubes. 

My interest is 0 current 0 for future reference. 

Name ____________________________ ___ 

Organization ________________________ ___ 

Dept., Mail Station ______________________ _ 

Address __________________________ __ _ 

City. Stale, Zip ________________________ _ 
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The friend of the woman in 17C. 
As the big jetliner approaches the 

airport at London, the young woman in 
seat 17C grows nervous. It's her first 
flight and as she looks out the window, 
she sees nothing but fog. 

She reaches out to touch her sleep
ing three-year-old daughter. How can 
the pilot possibly see the airport? 

When the jetliner's wheels touch 
down gently on the runway, the woman 
smiles and turns to her daughter. But 
her daughter sleeps on. 

One reason the landing was easy 
and gentle is because the pilot used an 
electronic guidance system called ILS
for Instrument Landing System. It was 
developed by International Telephone 
and Telegraph Corporation, or ITT. 
Every 30 seconds somewhere in the 
world an ai rcraft lands safely usi ng an 
application of ILS. 

In fact , without ILS and other of 
our developments, air travel as we 
know it today would be impossible. 

The woman in seat 17C didn't 
know it, but the day she boarded her 
jet, ITT had already played a part in 
her life. 

How many ITT's? 
When she cabled her husband in 

london to confirm the date and time 
of her arrival, the message was sent 
via ITT. 

The car she drove to New York's 
Kennedy International Airport from her 
parents' home in New Jersey was rented 
from one of our companies. 

Yet the woman possibly had never 
even heard of ITT. 

The "International" in our name 
is well deserved. We do business in 
123 countries around the world and 
.employ more than 241,000 people. 

Telephone and Telegraph? 
But what about the "Telephone 

and Telegraph"? What's a communica
tions company doing in so many other 
areas of business? 

Originally, we were a telephone 
and telegraph company. Even after we 

became one of the largest diversified 
manufacturing and service organiza
tions in the world, the name stayed. 

As ITT has grown since those early 
days, it has made history. 

During World War II, for example, 

an ITT-developed radio direction finder 
was credited with bringing the Nazi 
submarine wolfpacks to a standstill, 
shortening the war by at least two years. 

In 1963, using earth terminals de
signed by us for communicating via 
satellite, we helped open up the first 
experimental satellite link between 
North and South America. 

In 1965, one of our satellite-com
munication earth terminals, aboard a 
Navy aircraft carrier, helped make it 
possible for millions in the u.s. and 
Europe to see on TV the recovery of 
Gemini astronauts at sea, live, as it 
happened. 

. 

Five times more during 1 966 a ter
minal was installed aboard a carrier and 
five times more millions saw actual 
splashdown and recovery operations. 

Last year during the Arab-Israeli 
war, the White House used the Wash
ington-Moscow Hot Line-for the first 
time in a crisis. One of our companies 
keeps the Hot Line ready. 

Another of our companies runs 
the Kilmer Job Corps Center in New 
Jersey for the Office of Economic Op
portunity. This same company oper-· 
ates and maintains the strategic Distant 
Early Warning (DEW) Line which 
stretches from Alaska to Greenland. 

ITT today 
ITT today is composed of more 

than 200 associated companies around 
the world. 

By bringing to bear our total ex
pertise, these companies have gener
ated increased competition within 
industries and, consequently, have 
generated more efficient use of man
power and material resources. 

The fields in which we operate 
'were selected for growth potential as 

well as present needs. And last year� 
more than 50 percent of our earnings 
were derived from domestic sources. 

Much of this u.S. growth can be 
traced to our interest in the service 
industries. 

People's desire for service keeps 
growing. So we've put increasing em
phasis on it. Our u.S. sales and re
venues are now split about 50-50 be� 
tween manufacturing and service 
activities. 

In addition to renting cars (Avis, to 
be exact), educational training ser
vices, and airport and hotel parking, 
ITT offers consumer loan services, 
mutual fund management, and data 
processing-just to name a few. 

Sheraton, a system of hotels and 
franchised motor inns, in the U.s. and 
abroad, is now part of ITT. So is Levitt 
.& Sons, world's largest international 
home and community builder. 

We also operate a communica
tions network made up of thousands of 
cable, radio and satellite circuits, and 
can transmit a message to almost any 
point on the globe. 

Recently, we entered the field of 
natural-resource conversion with ITT 
Rayonier .Inc. and Pennsylvania Glass 
Sand Corporation. These two opera
tions take raw material from the earth 
and its forests and make them useful 
to manufacturers of cellophane, tex
tile fibers, tire cord, photographic film, 
paper, glass, chemicals, and other re
lated products. 

ITT and you 
With all these services-plus thou

sands of consumer, industrial and mili
tary products and services-ITT is  
helping you and people all  over the 
world to enjoy a better, safer, more 
comfortable life. 

Just as it helped the woman in 
seat 17C. 

International Telephone and Tele
graph Corporation, 320 Park Ave., 
New York, N. Y. 10022. 

ITT 
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skill scarcities? 
plant growth problems? 
production problems? 

expandin 
Milwaukee 
where 
the skills are. 

Milwaukee's skilled labor force makes expansion easier. Over 

205,000 production workers turn out an incredible range of 

products. From sophisticated electrical control gear 

to women's fashions. 

You won't be hampered by lack of labor skills in Milwaukee. 

Milwaukee does the training for you. Recognized as "the largest 

and best school of its kind", tax supported Milwaukee Technical 

College augments our labor force by 40,000 skilled workers 

annually. It trains young people ... and up-dates the skills of 

older workers. An amazing 85% of the graduates stay in Mil

waukee. And, because they've been raised in a tradition of 

industry, Milwaukeeans are honest, responsible workers. 

No skill-drain worries, either . . .  Milwaukee's labor force 

doesn't want to leave home. They like it here. 

Over 2000 companies like it here, too. Here they have the 

richest resource of all: dependable, skilled workers with know

how, whatever the job. 

Whatever your product, we've got the skills. We're worth 

checking into. 

Send in strictest confidence for 
our "More" booklet with many 
facts about Milwaukee. Division 
of Economic Development. 
Dept. SA-9, Office of the 
Mayor, City Hall, Milwaukee, 
Wisconsin 53202 

and with three exceptions always in 
nearly the same proportions. That; Sir 
William writes, seems to suggest that the, 
different aerolites had a common origin 
in the disruption of some stellar body 
which had completed its cosmical evo
lution, in other words, that the aero
lites were fragments of a finished, cooled 
planet." 

"According to Sir Bernard Mallet, the 
registrar-general of England, the loss of 

. potential lives in England and Wales 
since the beginning of the war due to the 
diminished birth rate amounts to 650,-
000. The proportional loss in the other 
belligerent European countries has prob
ably been even greater. Sir Bernard es
timates that the war has cost all of these 
countries no less than 12J� million po
tential lives; in other words, the number 
of births has been smaller, by this num
ber, than it would have been if the war 
had not occurred." 

SEPTEMBER, 1868: "Few phenom
ena are more remarkable, yet few have 
been less remarked, than the degree in 
which material civilization-the progress 
of mankind in all those contrivances 
which oil the wheels and promote the 
comfort of daily life-has been concen
trated in the last half century. It is not 
too much to say that in these respects 
more has been done, richer and more 
prolific discoveries have been made, 
grander achievements have been real
ized, in the course of the 50 years of our 
own lifetime than in all the previous life
time of the race. It is in the three mo
mentous matters of light, locomotion and 
communication that the progress effect
ed in this generation contrasts most 
surprisingly with the aggregate of the 
progress effected in all generations put 
together since the earliest dawn of au
thentic history." 

"M. Becquerel finds that chloride and 
bromide of silver deposited on plates of 
platinum, when acted upon by light, 
give rise to a strong current of positive 
electricity, which is just the reverse of 
the kind of current which would be af
forded by the platinum plate alone un
der the same circumstances. Now, the 
chloride and bromide of silver are ac
tually decomposed by light-the former 
obViously so, the latter less viSibly-yet 
the bromide indicates a current of even 
higher intensity than the former does. 
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Report from 
"Self-portrait" BELL 

LABORATORIES of a Laser Signal 

., ... ., 
� ... -,. 
�:z: 1\ ..... 
"iiC .. 

The photograph above, like the first 
of its kind, was taken by scientists at 
Bell Telephone Laboratories. The three 
bright spots along the horizontal line 
are images produced by a train of laser 
pulses, each about 2 picoseconds 
(2 x 10-12 sec.) long, caught in transit 
through a fluorescent liquid. This 
technique allowed us to display and 
measure these light pulses, the brief
est optical phenomena ever observed. 
In this liquid, light travels 0.4 mm in 
2 picoseconds. 

The curve, a densitometer tracing of 
the photograph, is the pulse-brightness 
profile. From it, we have been able to 
study the pulse width, the approximate 
number of pulses in the train, and the 
peak pulse power, none of which could 
previously be examined from measure
ments on a single train. The laser used 
here, for instance, has an instantaneous 
peak power of about 1 x 108 watts. 

This is not high-speed photography. 

/\ 
-./\/ IV / ../'A.. I) \ .",/\. N 0v 

APPR liMA e DIS ANCe (/1/1) 

Rather, a stationary image is formed in 
the cell holding the fluorescent liquid. 
This fluorescent image can be easily 
seen by an observer. In the photograph 
above, the pulse train enters from the 
right and strikes the mirror (left) sub
merged in the liquid. Each pulse, 
returning after reflection, collides with 
every following pulse in turn. 

This interaction of pulses produces 
bright spots because the liquid's fluo
rescence is excited by the combined 
energy of the colliding photons. So, 
because more energy is concentrated 
at the collision points, bright spots 
appear ... with a weaker background 
track marking the remainder of the 
pulses' path. The laser pulse, in effect, 
takes its own portrait. The camera 
shutter is held open throughout. 

This research was performed at Bell 
Laboratories by J. A. Giordmaine, P. M. 
Rentzepis, S. L. Shapiro, and K. W. 
Wecht. In a group of related experiments 

I 

f 

"\. / 1\ 
It'-' '--/ � h;1 

I 

by Rentzepis and M. A. Duguay, using 
a second train of pulses moving at 
slightly different speed, a display of the 
pulses expanded by a factor of 50 has 
been produced. Or, by controlling the 
energies and wavelengths of two suc
cessive pulses-so that neither alone 
can excite the medium-they have been 
able to eliminate the background track 
in the photo. This makes the spots 
stand out more brightly. 

These new techniques for the direct 
measurement of ultra-short light pulses 
will allow us to observe laser light on 
a picosecond time scale and obtain 
a better understanding of the mech
anism of laser action. Ultimately, this 
knowledge may contribute to improved 
communications technology for use by 
the Bell System. 

@ Bell Telephone Laboratories 
� Research and Development Unit of the Ben System 
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Bausc Lomb 
microscope?, 

Helps throw 
a little light on the 

problem. 
The circular device you see 

above is part of the Bausch & 
Lomb Optilume Illuminator. It's 
molded, we're pleased to say, of 
our Plenco 789 Grey Melamine 
Phenolic Molding Compound. 

In use the molding cradles a 
special lamp whose lens focuses 
a beam of light up to the under
side o f  the glass s lide b e i n g  
viewed w ith the microscope. 

The microscope is the 233 
Academic produced by Bausch 
& Lomb's Scientific Instrument 
Division, Rochester, N. Y., for 
the often heavy-handed, per
haps over-enthusiastic use by 
A merica's school children. 
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Qualities assuring dimensional 
stability and punishment-proof 
ruggedness were prime factors, 
reports B&l, in the selection of 
Plenco. Others included color, 
good looks and amenable mold
ing characteristics. The molder: 
Diemolding Corp., Canastota, 
New York. 

Can we throw a little light on 
your problem? 

PLENCO 
PHENOLIC MOLDING COMPOUNDS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wisconsin 53081 

Through Plenco research • . .  a wide range . 
of ready·m ade or custom·form ulated 
phenolic. melamine and epoxy thermoset 
molding compounds. and industrial resins. 

The conclusion is that a precisely similar 
action takes place when the light 'acts 
on the chloride and on the bromide of 
silver, viz., reduction to a subchloride � 
and subbromide respectively. In follow
ing the various stages of the discussion 
of this vexed question, it is singular to 
notice the changes in the bearings of the 
numbers of facts presented from time to 
time. Until recently all the evidence 
seemed to be tending to support the 
purely mechanical theory of the forma
tion of the latent image; latterly the 
complexion of affairs has quite altered, 
and the evidence all tends in the direc
tion of a distant chemical change as be
ing the result of the action of light, the 
experiments of M. Becquerel forming a 
strong link in the chain." 

"Ruskin, the eminent art autllor of 
England, who has lately turned his at
tention to political economy, in a recent 
letter urges the purchase of all the rail
roads in England by the government. 
He argues that private persons should 
not be permitted to own the railroads 
of a nation; that all means of public 
transit should be provided at public ex
pense; that neither railroads nor canals 
should ever pay dividends to anybody, 
but should pay their working expenses 
and no more, and that the whole work 
of carrying persons or goods should be 
done as the carriage of letters is now 
done." 

"It is a commonly received notion that 
hard study is the unhealthy element of 
college life. But from tables of mortality . 
of Harvard University, collected by Pro
fessor Pierce from the last triennial cata
logue, it is clearly demonstrated that the 
excess of deaths for the first 10 years 
after graduation is found in that portion 
of each class inferior in scholarship. Ev
ery one who has seen the curriculum 
knows that where lEschylus and politi
cal economy injures one, late hours and 
rum punches use up a dozen, and that 
the two little fingers are heavier than 
the loins of Euclid. Dissipation is a swift 
and sure destroyer, and every young 
man who follows it is, as the early flow
er, exposed to untimely frost. A few 
hours of sleep each night, high living 
and plen�y of 'smashes' make war upon 
every function of the human body. The 
brain, the heart, the lungs, the liver, the 
spine, the limbs, the bones, the flesh, 
every part and faculty are overtasked, 
worn and weakened by the terrific en-. 
ergy of passion loosed from restraint 
until, like a dilapidated mansion, the 
'earthly house of this tabernacle' falls 
into ruinous decay." 

© 1968 SCIENTIFIC AMERICAN, INC



Someday it may be possible to 
store the medical records of every 
American in the space of a cold capsule. 

Or the tax records of the nation 
may fit in one file cabinet. 

All this, and even more extraor
dinary things may become possible, 

because Univac is experimenting with 
a process called photochromism, 
a molecular phenomenon involving 
color changes with light. 

Univac has developed a non
fatiguing photochromic material (so 
unique we've applied for patents on it) 
that can be used as a reservoir for 

computer information. Exposure of this 
material to ultraviolet light records 
the information. 

The information can then be 
read with a low-intensity light beam 
and, when desired, erased with a high
intensity beam. 

The advantages of photochromism 
for computer systems are multiple. 
Theoretically. present computer 
information storage space can be reduced 
enormously. 

Some of Univac's plans for the 
application of photochromism may lead to 
color information displays that will 

retain images for hours, and inter
changeable information cartridges that 
could give one computer the information 
diversity of fifty. 

Photochromism is just one of many 
advanced ideas in Univac research and 
development laboratories. 

Other advanced ideas can be found 
in today's UNIVAC@ computer systems. 

UNIVAC 
Univac is saving a lot of people a lot of time. 

��st=E�Y �I\D 

The white ones are the men 
and the yellow ones are the women. 
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For vehicles that move in hostile environmental 
worlds, Lockheed has devised some unique features 
and systems to help support human life over ex
tended missions-like long-sustained flight at a 
searing Mach 3+, or days in the ocean deeps, or 
an entire year in outer space. 

Guarding the Deep Divers. To work at great depths, 
new special undersea craft must contain life-support sys
tems no less critical than those used in outer space. Such 

systems must be self
contained, since these 
deep-diving vessels can 
neither snorkel nor carry 
bulky equipment loads. 

For Deep Quest, the 
Lockheed-funded sub
mersible designed for 
missions down to 8,000 

feet, a system was de
vised to sustain 4 men 

-for a normal 12-hour Deep Quest tife·support system func
tions as specified in dive to 8,310 feet. cruise and to deliver an 
added 36 hours of emergency support if needed. 

Deep Quest's complex has 9 subsystems. Simpler func
tions include fire protection, waste management, removal 
of C02 and trace contaminants, and control of 
carry-on food, water and first-aid supplies. Three 
features, however, are notably sophisticated: 

(1) Fully automatic control of total cabin 
pressure and 02 partial pressure cu ts operator 
involvement to a minimum. A differential 
regulator works with a temperature
compensation reference chamber to 
maintain this control, but crewmen can 
manually override the system if mal
function occurs. 

(2) Since existing open and semi
closed emergency breathing 
systems would excessively 
increase pressure in the 
smal l  c a b i n ,  Lockheed 
developed a closed-loop 
system that works up 
to 3 hours without 
noticeably affect
ing pressure. Full 
face-masks and 
breathing bags as
sure complete per
sonnel protection, 
easy gas circuiation, 
and minimum breath-
ing resistance. Acti-
vated charcoal and LiOH 
remove C02 and contaminants, 
and a differential pressure regulator 
automatically admits a fresh 02 supply. 

(3) A third subsystem exercises discriminating control 

Protecting 
life in hostile 

environments. 

LOCKHEED 
LOCKHEED AIRCRAFT CORPORATION 
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over temperature and humidity. By design, critical elec
tronic gear is separated from the crew compartment. 
Since the equipment operates best at temperatures higher 
than comfortable for human beings, cooling is directed 
mainly to the "people space." This saves power, lessens 
atmosphere contamination, and improves effectiveness 
of fire prevention and extinguishing systems. 

Following successful check-outs and manned tests, Deep 
Quest recently dived to an 8,31O-foot depth. In all respects, 
the life-support system performed within tolerances. 

Block diagram of TGRLSS, designed /0 help support 4 crewmen for liP 
to year's duration in outer space. 

Two - Gas Re�enerative Life Support System 
(TGRLSS). Complications of sustaini_ng human 

life grow by orders-of-magnitude as outer-
space missions are planned to stretch over 

many weeks or months. Each facet of en
vironment must be calculated and con

trolled to a point of fail-safe precision 
that has no precedent. 

Anticipating long stays in space, 
Lockhe ed has developed the 
TGRLSS to help support a 4-man 
crew for up to a year. Embody
ing several unique Lockheed sub

systems, the TGRLS S controls 
pressure, temperature, humidity, 

and 02 partial pressure; removes 
C02 and toxic trace contaminants; 

processes C02 and H2 to regenerate 
fresh 02 stores; and, by filtering at
mospheric condensate and vacuum
distilling urine, it supplies the crew 
with pure drinking water. 

That last function involves a unique 
method for separating liquid from 

gas and reclaiming moisture under 
zero-gravity conditions. 

Initially, atmosphere is fan-drawn 
from both the cabin and the crewmen's 

suits and is circulated into a humidity con
trol system. A condensing heat exchanger, gov

erned by preset limiting devices, extracts excess 
moisture from the gas stream and passes both gas and 

water downstream to a water separator. There the con
densed moisture is formed into droplets, and these, along 

with the "dried" atmosphere, are passed to a final sep
aration stage: a system of 2 screens and sumps, one hydro
phobic and the other hydrophilic, that perform an effective 
"go and no-go" function. Cabin atmosphere is blocked by 
the hydrophilic system but allowed to flow freely through 
the hydrophobic screen and be routed back to the cabin. 
Water, restricted by the hydrophobic screen, passes 
through the hydrophilic screen and is withdrawn for 
filtration and "storage_ 

During a recent 5-day manned test, the full TGRLSS 
functioned exactly as designed, keeping a constant pres
sure of 7.5 psi a in a cabin atmosphere of 42% oxygen 
and 58% nitrogen. 
Coolin� Off Fiery Fli�ht. Hurtling through the atmos
phere 8.0,000 feet up at Mach 3 + , the SR-71 must-endure 
extreme heat. To protect this U.S. Air Force special
purpose plane, which maintains its speed for long periods 
of flight producing stabilized high-temperature oven-like 
conditions, Lockheed had to evolve new thermodynamic 
approaches. 

The airframe itself and every internal component were 
vulnerable to heat. (Pumps, valves, switches, wires; 
sealants and others were designed to tolerate more than 
600°F.) Of chief concern, however, was the assurance of 
a tenable cockpit environment just inches away from 
lethal heat. 

New criteria were set for all materials and functions. 
A high-grade titanium formed both structure and skin, 
and a high-emissivity external black paint increased ex
ternal radiative heat losses and reduced the skin temper
ature. New techniques were developed to block or limit 
each heat leak path. But the major problem was finding 
a downstream heat sink for the super hot engine bleed air 

-primary cooling alone 
by ram air at over 700°F 
was far from adequate. 

Expandable eva po
rants were out; theSR-71 
could not take their extra 
volume and weight and 
still perform at top capa
bility. The solution was 
a bold step taken for the 
first known time in air
craft: a direct air-to-fuel 
heat exchange through 
a specially designed fail
safe system. Graphic 

Schematic environme11tal diagram of proof of its success is  . SR-7 J cockpit i n  flight conditions of 
Mach 3 speed at 80,OOO-foo/ altitude. t hat t h e  S R - 7 1  c r e w  
operates i n  a 60°F environment despite the searing, 
oven-like external conditions. 

The activities described here are only a few of 
Lockheed's R&D projects in environmental controls. If 
you are an engineer or scientist interested in this field of 
work, Lockheed invites your inquiry. Write K. R. Kiddoo, 
Lockheed Aircraft Corporation, Burbank, California 
91503. An equal opportunity employer. 
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How The Bank of New York 
is a special 
New York bank 

In a city of banking giants, 
The Bank of New York is the 
major commercial bank 
that is investment-oriented. 
When you think what this can 
mean to you, it may give you 
some new ideas about 
where you bank. 

At The Bank of New York, investment 
orientation means this: 

Our approach to financial problems is 

based on a complete and in-depth eval

uation of the total financial picture of 

each company both from the treasurer's 

point of view and that of the potential in
vestor. Accordingly, we make a careful 
study of the current and foreseeable fi
nancial requirements of the company in 
terms of economic trends, specific 
changes in product lines, technology and, 
competitive conditions. We explore move
ments in the money and securities mar
kets and consider government policies 
and practices. In short, no factor that 
could affect the particular management's 
financial decisions is overlooked. 

Then, when all the facts are in and 
carefully examined, we form judgments 
which reflect not only near, but long
range possibilities, and we counsel cus
tomers accordingly. 

The Bank of New York has been a pio
neer in the investment field, and, today, 
no other major New York bank brings to 
its customers so well balanced a mix of 
commercial banking know-how and in
vestment skills and experience. The ben
efits of this investment orientation can 
be felt both in the commercial and trust 
investment areas of the Bank's services. . To put your financial problems under 
investment-oriented care, call The Bank 
of New York. 

The Bank of New York 
New York's First Bank · Founded 1784 
by Alexander Hamilton 

Main Office: 48 Wall Street 
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THE AUTHORS 
GERALD FEINBERG ("Light") is 

professor of physics at Columbia Uni
versity. He was graduated from Colum
bia College in 1953 and remained at the 
university from 1953 to 1956 as a Na
tional Science Foundation fellow. Ob
taining his Ph.D. at Columbia in 1957, 
he spent a year as a member of the 
School of Mathematics of the Institute 
for Advanced Study in Princeton and 
two years as a research associate at the 
Brookhaven National Laboratory before 
returning to Columbia as a member of 
the faculty. During the academic year 
1966-1967 Feinberg was at Rockefeller 
University. His major field of research is 
elementary particle physics. Another of 
his interests is treated in his forthcom
ing book, The Prometheus Proiect, which 
deals with ethical problems associated 
with technological advances. 

VICTOR F. WEISSKOPF ("How 
Light Interacts with Matter") is profes
sor of physics at the Massachusetts In
stitute of Technology. Born in Vienna, 
he received a Ph.D. in physics from the 
University of Gottingen in 1931. He 
worked in Europe until 1937, when he 
moved to the U.S. and jOined the faculty 
of the University of Rochester. During 
World War II he was a group leader in 
the Manhattan project. He has been at 
M.LT. since 1945, except for the period 
from 1961 to 1965, when he was director 
general of CERN, the European Organi
zation for Nuclear Research. Weisskopf's 
research work deals with many aspects 
of theoretical physics, such as the quan
tum theory of interaction of light and 
atoms, the theory of the structure of the 
atomic nucleus and theoretical prob
lems of elementary particles. With John 
M. Blatt he is the author of a textbook, 
Theoretical Nuclear Physics. He writes 
that his hobby is "finding clear and 
simple ways to explain modern physical 
theory." 

PIERRE CONNES ("How Light Is 
Analyzed") is a spectroscopist at the 
Bellevue Laboratories of the French 
National Center for Scientific Research. 
After studying physics at the University 
of Dijon and teaching secondary school 
for two years he joined the Aime Cotton 
Laboratory at the center. He designed 
and built several in terferometric devices 
for high-resolution spectral analysis. His 
main field now is Fourier spectroscopy; 
his wife, Janine, specializes in the com-
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"We must be able to .tell our integrated' 
circuit customers not only where we . 
are, but where we're going. That's why 
our researchers keep one foot in toda/s 
problems and the other in tomorrow's 
key technologies�' 

SIGNETICS INTEGRATED CIRCUITS 
SIGNETICS CORPORATION 

THE RESPONSE/ABILITY COMPANY 

SIGNETICS CORPORATION, 811 EAST ARQUES AVENUE, SUNNYVALE, CALIFORNIA 94806. A SUBSIDIARY OF CORNING GLASS WORKS 
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putation of the spectra. The Conneses 
first applied the Fourier technique to as
tronomy at the Mount 'Wilson and Kitt 
Peak observatories, while they were 
spending a year in the U.S. at the Jet Pro
pulsion Laboratory of the California In
stitute of Technology. Connes writes that 
he is "currently engaged in the building 
of a large (but minimum-budget) infra
red spectroscope for the Fourier spec
troscopy of stars and planets." 

F. DOW SMITH ("How Images Are 
Formed") is vice-president of the Itek 
Corporation, where he directs research 
programs and also does research in op
tics-particularly in interferometry, op
tical testing and the theory of image for
mation. Born in Canada, Smith took 
bachelor's and master's degrees at 
Queens University and a Ph.D. in optics 
at the University of Rochester in 1951. 
From 1951 until he jOined Itek in 1958 
he was at Boston University, beginning 
as instructor in physics and research as
sistant in the Physical Research Labora
tories and ending as associate professor 
of physics, chairman of the department 
of physics and director of the Physical 
Research Laboratories. 

R. CLARK JONES ("How Images 
Are Detected") is with the research lab
oratories of the Polaroid Corporation, 
which he joined in 1944 after three years 
at the Bell Telephone Laboratories. He 
writes: "Born 1916 in Ohio. Won a full
expense scholarship at Harvard. Covered 
all my expenses and I was not permitted 
to work. Held it seven years: A.B. in 
1938, A.M. in 1939 and Ph.D. in 1941." 
Jones has a number of avocations, in
cluding riding in railroad locomotives 
("I have traveled with the engineer on 
the locomotive a total of about 30,000 
miles") and collecting cubic-inch samples 
of metals. He was in Europe when he 
prepared the material for his biographi
cal note, and the only typewriter avail
able to him had the y and z transposed 
from the order that is customary in the 
U.S. An example of the results is: "Mz 
wife and I celebrated our 25th wedding 
anniversarz in 1963 bz a 10-week visit 
in March through Maz to Egzpt, Israel, 
Jordan, Turkez, Greece and Italz." 

ARTHUR L. SCHA WLOW ("Laser 
Light") is professor of physics in the 
School of Humanities and Sciences at 
Stanford University and executive head 
of the physics department. He was grad
uated from the University of Toronto 
in 1941 and received his Ph.D. there in 
1949. After two years as a postdoctoral 
fellow and research associate at Colum-
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a measure 
of progress 

1 Solid-state 
• light bulbs 

If you want a light that won't blow out 
or a display that won't fail, you start 
thinking about devices with no parts to 
rattle. That immediately eliminates in
candescent bulbs with filaments and 
even glass glow lamps filled with gas. 
Next, you consider solids or electro
luminescent powders that glow when 
electric current is applied. 

One such device Hewlett-Packard has 
some experience with is the gallium 
arsenide diode. But it glows in the in
frared range, invisible to the eye. Used 
with a silicon detec
tor it works very well 
in tape readers or 
encoders. Still, we 
wanted a visible light 
source - so our en
gineers developed a 
diode using gallium 
arsenide phosphide. 
A small chip 21 mils 
by 21 mils glows brightly with a soft 
red light visible for several yards. And 
it's almost indestructible. Put a diode 
beside each circuit on a plug-in card, 
and years from now if the circuit goes 
bad, the diode will glow to indicate 
the failure. 

Better yet, line some chips up in a 
matrix five by seven on a side, add a 
tiny integrated circuit driver for logic 
control, and you have a device that will 
flash numbers (shown above, enlarged) 
from 0 to 9. A somewhat more sophis
ticated integrated logic circuit could 
handle letters of the alphabet, as well. 
The whole assembly mounted on a sub
strate measures only a half-inch wide, 
one inch high and less than two tenths 
of an inch thick. And an entire display 
needs only five volts to drive it. 

This Hewlett-Packard solid-state read
out device is ideal for counters, volt
meters or any display that must have 
high reliability and be insensitive to 
shock and vibration. But considering 
its small size, low voltage drive and in
herent long life, it may become the 
economical choice for any small indi
cator. If you would like more informa
tion for your own applications, write 
for our Solid-State Display pamphlet. 
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1. Light-emitting diodes 
2. Of calculators, computers 

and time-sharing 

3. Atomic absorption photometer 
4. Diagnosis by ultrasound 
5. Frequency & time standards 

2 How to bridge the whole 
• computational gap 

Depending on the volume and com
plexity of your mathematical problems, 
you might need 'machine help that runs 
the gamut from a small desk calcu
lator to a time-shared computer with 
16 terminals running simultaneously. 
Hewlett-Packard feels fortunate that 
now we can offer you just such a range 
of computing power. 

Our 9100A Computing Calculator, at 
$4900, is a desk model designed for 
ease and simplicity of operation, start
ing with the keyboard. Yet you can 
perform all the common math, algebra 
and trig functions on it without learn
ing a�y special computer language. 
You Simply press the log key, the sin 
key, the v- key and so on to call these 
functions out of memory. Using differ
ent levels of memory, you can build 
routines to solve rather sophisticated 
proble!11s, such as computing the at
tenuatIOn characteristics of electronic 
filters with hyperbolic functions. And 
on one wallet-size memory card, you 
can store two 196-step routines for 
future use. 

For applications requiring greater 
power and flexibility, HP offers a fam
ily of three computers so you can buy 
the computer most suited to your 
needs. All of them can handle three 
high-level computer languages-FOR
TRAN, ALGOL and Conversational 
BASIC. The latter is so close to English 
you can learn it in three to four hours. 
The smallest computer, the HP 2114A, 
costs $9950. You can get it with 8000 
words of memory and a teleprinter for 

$15,950. You also get 16-bit words, 2.0 
microsecond memory speed, and 8 
channels of input/ output capability. 

But if you have a number of people 
who need to use a computer at the 
same time, then for $89,500 you can 
get the HP 2000A Time-Shared BASIC 
System. It can handle up to 16 Teletype 
terminals at once, with each user think
ing he has the computer to himself. In 
this system we use our largest com
puter, the HP 2116B, with 16,000 
words of core memory and a disc mem
ory with 348,000 words of storage. The 
same simple Conversational BASIC 
language is used, but here we have in
cluded additional safeguards. The sys
tem checks each input statement for 
format and syntax as it is entered. Ad
ditionally, the computer echoes the in
struction back to the originator. If 
there's a transmission error, the origi
nator knows immediately. With these 
features, 16 persons can have simulta
neous error-safe computer power to 
solve 16 problems at once. 

For additional information on any one 
or all of the Hewlett-Packard solutions 
to computing problems, write for the 
9100A Calculator brochure, a more 
complete discussion of Hewlett-Pack
ard small computers, or a brochure on 
HP time-shared computer systems. 

2114A 
Computer 

9100A 
Calculator 
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3 Measuring the shadow 
• of an atom 

More and more people today are track
ing down very small amounts of metals 
dissolved in liquids. Doctors routinely 
test biological samples. Public health 
officials keep tabs on water pollution. 
Agronomists check traces of metals in 
soils, fertilizers and crops. Engine de
signers look for evidence of motor wear 
in oils. And industrial chemists scruti-

nize impurities in plastics and plating 
solutions. 

There are a number of techniques and 
most are difficult and time-consuming. 
But one method-Atomic Absorption 
- is gaining vogue because it is fast, 
simple, specific and sensitive. You 
spray a sample solution into a very hot 
flame to release the metal as free atoms. 
You direct a beam of light through the 
flame into a very sophisticated light 
meter. The particular light source used 
emits a wavelength that is resonant 
with the natural frequency of the 
vaporized metallic atoms-and, hence, 
readily absorbed. The more atoms 
present, the more light is absorbed and 
the less gets through. The amount ab
sorbed is read out on a meter already 
calibrated to tell the concentration of 
metal in solution. 

Hewlett-Packard has developed a push
button atomic absorption instrument 
that is easier, faster, safer, more re
liable and more economical. We in
stalled six light sources for six different 
metals on one turret. The sources not 
in use at the moment are always at 
operating current. We designed a wide 
burner to spread the flame for quieter 
operation and greater sensitivity. 

We developed a novel optical system 
which cancels out variations in flame 
intensity and electronic circuits. Filters 
in the optical system are changed by 
pushbutton to match each light source. 
And the electronic circuits provide both 
direct meter readout of concentration 
and a recorder presentation for a per
manent record. 

The advantages of the HP 5960A Pho
tometer cost you $4400. If you'd like 
to make more measurements with less 
effort, write for Bulletin 5960. 

4 Sounding out problems 
• in the body 

Bats, porpoises, sailors and engineers 
are old hands at using sound to search 
for objects the eye can't see. Bouncing 
echoes off things - in the depths of 
oceans, far underground, or inside 
metal castings - is often the simplest, 
easiest or safest way to detect and 
measure the unknown. Now doctors 
have joined these specialists in ultra
sonics by applying echoes to problems 
of the human body. 

Low-powered, high-frequency sounds 
bounced off the brain's midline can 
suggest to the doctor that a tumor or 
concussion has shifted the brain out of 
position. These sounds are painless and 
harmless. They bounce off plastic ob
jects and soft tissues that X-rays can't 
detect. The echoes are viewed on the 
face of an oscilloscope immediately as 
the search is in progress. And distance 
to the object"is measured directly. The 
instrument can be used for looking at 
both fixed and moving body structures 
by observing their echoes. __ --� 

T h e  D i a g n o s t i c  
Sounder presents a 
trace on a scope 
that indicates depth 
of an echo from 5 
millimeters to 50 
centimeters, with 
resolution up to 1 
millimeter. A scope marker and coun
ter dial make distance readings easy to 
record. An audible signal helps the op
erator discriminate between one target 
and another. Records may be made 
either by scope camera or by strip
ch art recorder. 

If you'd like more information about 
how the Diagnostic Sounder may be 
applied in cardiology, neurology, in
ternal medicine, obstetrics, gynecology 
or surgery, write for the HP Diagnostic 
Sounder Brochure. 

HEWLETT 

5 Can you spare a 
• second in 3000 years? 

If you want to keep time to the nth 
degree, you might come to Hewlett
Packard for orie of our Frequency & 
Time Standards. We make four types: 
cesium beam atomic, rubidium atomic, 
quartz crystal- and for the most par
ticular applications, research hydrogen 
masers. All generate frequencies so pre
cisely known and controlled that they 
are used throughout the world as stan
dards for frequency and its counter
part, time. 

Take quartz oscillators. If you keep 
them turned on continually and protect 
them from shocks, the best of them 
make excellent frequency standards. 
The HP 106A, for example, is accurate 
to better than 5 parts in 10" per day 
and costs $3750. 

For people who need a primary stan
dard with no known drift, we make the 
5061A Cesium Beam Frequency Stan
dard-one of the world's international 
standards for time. It has an absolute 
accuracy of ± 1 part in 10" for the life 
of its cesium beam tube. That's equiva
lent to an error of 1 second in over 
3000 years. We've flown this one 
around the world several times to co
ordinate primary timekeeping centers 
in as many as 18 countries. The cesium 
frequency standard costs $14,800. 

In between is our newest atomic stand
ard-the rugged, lightweight 5065A 
Rubidium Frequency Standard at 
$7500. The singular advantage of the 
rubidium standard is its superior elec
trical quietness over short periods. 

There are technical data sheets for each 
of these standards, plus an article about 
the Flying Clock Experiment in the HP 
JOURNAL, Vol. 19, No. 4. 

Hewlett-Packard, 1503 Page Mill Rd., 
Palo Alto, California 94304; Europe: 
54 Route des Acacias, Geneva. 

PACKARD 
Measurement, Analysis 
and CO'mputation 00807 

45 
© 1968 SCIENTIFIC AMERICAN, INC



46 

bia University he became a research 
physicist at the Bell Telephone Labora
tories. He went to Stanford in 1961. 
Schawlow's research has 'been in the� 

fields of optical and microwave spectros
copy, nuclear quadrupole resonance, su
perconductivity and optical masers, He 
is coauthor with Charles H. Townes, 
now professor-at-large at the University 
of California, of the book Microwave 
Spectroscopy and of the first paper de
scribing optical masers. 

DONALD R. HERRIOTT ("Applica
tions of Laser Light") is with the Bell 
Telephone Laboratories. Having stud
ied physics at Duke University, optics at 
the University of Rochester and electri
cal engineering at the Polytechnic Insti
tute of Brooklyn, he joined the Bausch & 
Lomb Optical Company in 1949 to work 
in research on thin films, interferometry 
and the measurement of the modulation 
transfer function of lenses. Hc contin
ued this work after joinil�g Bell Labora
tories in 1956 and also participated in 
the development of optical systems for 
flying-spot storage of information and 
for picturephones. In 1960 he built the 
first gas laser in collaboration with Ali 
Javan and W. R. Bennett, Jr. He col
laborated in the development of the 
spherical-mirror cavity, the folded opti
cal delay line, the scanning spherical
mirror interferometer and a number 
of other interferometers using the laser 
source. 

GERALD OSTER ("The Chemical 
Effects of Light") is professor of bio
physics at the recently established 
Mount Sinai School of Medicine. Pre
viously he spent 17 years at the Poly
technic Institute of Brooklyn, where he 
often collaborated with his wife, Gisela 
Oster, on work in photochemistry. He 
writes: "My current interests center 
around the application of physical chem
istry to biology and medicine. In par
ticular I am studying the role of trace 
metals in biological oxidation and the 
formation of free radicals. I am con
cerned with molecular changes in mu
coid substances as they relate to disease 
and to sexual reproduction. I also toy 
with visual psychology and its related 
field, art. Exhibitions of my construc
tions were shown this summer in an 
art museum in Milwaukee and will be 
shown this fall in Chicago." 

STERLING B. HENDRICKS ("How' 
Light Interacts with Living Matter") is 
chief scientist in the Mineral Nutrition 
Laboratory of the Agricultural Hesearch 
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Canon invents the 
first electronic calculator 

for people scared of 
electronic calculators. 

We call it the Canon 163. It's our 
answer to people who thought they 
couldn't use one. 

This is the first true Integrated-Circuit 
(IC) calculator; the first to use more IC's' 
(170 of them) than transistors and diodes 
combined. 

We did it for reliability. By using IC's, 
we were able to keep the number of 
components in the Canon 163 to a mini
mum (it has thousands fewer than any 
other electronic calculator-including 
those that use IC's). 

Fewer components mean fewer 
sources of heat, fewer solder connec
tions, fewer things that can go wrong
and a smaller and lighter calculator 
(the Canon 163 is about the size and 
weight of a small portable typewriter). 

We added more capability. Simple 
and compact as it is, the Canon 163 
incorporates several exclusive capa
bilites, such as: switch-selected round 
off, drop-off and round-up of digits 

following the last decimal place; and a 
memory with item count and sum-of
multiplicand features as well as ordi
nary storage. The other memory 
automatically accumulates subtotals 
without re-entry, and an additional 
register allows multiplication and 
division by constants. 

The Canon 163 divides, multiplies, 
adds and subtracts any 16-digit numbers 
of up to 10 decimal places, raises them 
to any integral power, and automatically 
finds square roots. Instantly, accurately, 
silently. 

And it has a host of safeguards to 
prevent, catch and correct human 
mistakes. These include an exclusive 
illuminated, automatic comma indicator 
every three places before and after the 
decimal point, automatic credit balance 
indication and an exclusive glare
preventing polarized display panel. 

If you can write it, you can do it. 
Despite all its capabilities, the Canon 
163 is a breeze to use. You "key" most 
problems just the way you'd write them. 

To multiply 2 x 5 x 7, is as simple as 

The answer shows up in lights almost 
before the last key is released. 

More complicated problems are just 
as easy, just as fast; some take even less 
time to calculate than you'd take to 
write them down. 

Another new Canon IC calculator. 
The Canon 163 sells for $1,395. For 
those who don't need so much calcu
lator, we offer the new Canon 161 S, for 
only $1,195. It has a single memory, and 
offers all the other features of the Canon 
163 except square root, automatic 
comma indication, item count and 
sum of multiplicand. 

We'll be happy to arrange a demon
stration of either Canon. Just mail in 
the coupon. There's 
nothing to be scared of. ����� .... 

'IC's manufactured for Canon by Texas Instrument. 
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At Arthur D. Little, 
hardly anything is 

none of our business. 
Arthur D. Little, Inc. is one of the world's oldest and largest 
industrial research consulting organizations. 

Our professional staff of scientific, engineering, operations 
research and management specialists have an unusually 
wide breadth of experience, gained from work on diversi
fied projects and problems requiring broad, state-of-the-art 
capabilities. 

Motivated by a need to know and a curiosity-inspired out
look toward the unknown, we recently have been engaged 
in work in the following areas. 

Light Developed a device for producing a light source in 
the range of 17000K to 2300oK, with a stability of ±l°K for 
extended periods. When operated at or below 20000K it has 
a virtually unlimited life: 

Water Assisted in designing, developing and implementing 
the Processing Computer Display Center and Weapons 
Tracking Range of AUTEC, part of the Navy's underwater 
test facility supporting its research, development, training 
and engineering efforts. 

Sound Produc;;ed a working prototype of a low-cost, transis
torized depth sounder for pleasure craft. The new instru
ment is now in production. 

Levitation We are investigating use of the phenomenon of 
magnetic levitation for the measurement of very small de
formations of the earth and man-made structures under the 
influence of natural and mall-made forces. 

For more detailed information concerning our work on these 
projects and in related areas, please contact Mr. John S. 
Crider, Jr., 15 Acorn Park, Cambridge, Massachusetts 02140. 

@ 
,arthur 1ll.1Littb�t1Jnt. 

RESEARCH • ENGINEERING . MANAGEMENT CONSULTING 

Research • Engineering • Management Consulting 

"Available for license. 

Service of the U.S. Department of Ag
riculture. He obtained a Ph.n. in physi
cal chemistry at the California Institute 
of Technology in 1926 and joined the� 
Department of Agriculture in 1927 as a 
research scientist. In 1952 he was one 
of the discoverers of phytochrome, the 
pigment of photoperiodism that he de
scribes in his article. He writes that he is 
"concerned with .. mEmbrane function in 
all aspects of life but particularly with 
salt (nutrient) uptake by roots." Hen
dricks has been deeply involved in the 
development of knowledge about clays 
through his work on crystal structure 
with the techniques of X-ray and elec
tron diffraction and about hydrogen 
bonding, which he has investigated 
through infrared spectroscopy. He has 
applied this knowledge to the properties 
of water in soils and to the isomerization 
of organic compounds. 

JAMES MARSTON FITCH ("The 
Control of the Luminous Environment") 
is professor of architecture at Columbia 
University. He studied architecture at 
Tulane University and at Columbia. For 
several years he worked as a designer 
and a housing analyst, and then he 
turned to architectural journalism. From 
1936 to 1941 he was associate editor of 
Architectural Record. After a period of 
military service he became technical edi
tor of Architectural Forum, where he 
worked from 1945 to 1949. He was ar
chitectural editor of House Beautiful 
from 1949 until he began teaching at Co
lumbia in 1954. Fitch is the author of 
several books in his field, including a 
biography of Walter Gropius and a two
volume work entitled American Build
ing: The Forces That Shape It. Another 
of his books is Architecture and the 
Esthetics of Plenty. 

ULRIC NEISSER ("The Processes of 
Vision") is professor of psychology at 
Cornell University. He received his 
bachelor's degree from Harvard College 
in 1950, his master's degree from 
Swarthmore College in 1952 and his 
Ph.D. from Harvard University in 1956. 
From 1957 to 1965 he taught psycholo
gy at Brandeis University; during much 
of that time he was also associated with 
the Lincoln Laboratory of the Massa
chusetts Institute of Technology as a 
summer staff member and as a consul-

. tant. From 1965 to 1967, when he went 
to Cornell, he was with the Unit for 
Experimental Psychiatry, which is affili
ated with Pennsylvania Hospital and 
the University of Pennsylvania. He is 
the author of a book, Cognitive Psychol
ogy, which was published last year. 
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\ Pr-.:fsion Metal-Grid resistor neflvork 
approximately llh times actual size 

The advanced 
developed from years of 
facturing Allen-Bradley n�''' l<ll- �n 

resistors-are now applied to a 
line of resistor networks. This technology 
enables the production of complex resistive 
networks on a single substrate. 

Allen-Bradley's exclusive simultaneous deposition 
method is used to obtain the best resistance tolerance 
and temperature coefficient matching. The reliability of 
interconnections on the common resistance plane is incom
parable. Uniformity and quality are inherent in A-B networks. 
To illustrate, 2 PPM temperature tracking is normal. 

A-B Metal-Grid networks offer a wide range of values-with 
individual resistances as low as 25 ohms and as high as 2.0 
megohms. Both the inductance and capacitance are low, per
mitting efficient operation at high frequencies. 

A-B engineers will be pleased to cooperate in developing 
works for your specific need. For additional details, please write 
Henry G. Rosenkranz, Allen-Bradley Co., 1315 S. First Street, 
waukee, Wisconsin 53204. In Canada: Allen-Bradley Canada Ltd. 
Export Office: 630 Third Avenue, New York, N. Y., U . S .A. 10017. 

BRIEF SPECIFICATIONS 
Resistor Networks 

Tolerances: ± l.0% to ±0.01% 

Resistance Matching: to 0.005% 

Temperature Range: -65°C to 
+175°C 

Temp. Coef.: to ± 5 ppmrC 

Load Life (Full load for 1000 hr 
@ 125°C): 0.2% maximum change 

Ladder Networks 
Full Scale Accuracy: 10 bits or less, 
better than ± % least significant bit. More 
than 10 bits, better than ± ljz least 
significant bit. 

Frequency Response: Less than 
100 nanosecond rise time or settling 

Temp. Coef.: Less than 10 ppmrC 

Temperature Range: -65°C to +1 

T v 

QUALITY ELECTRONIC COMPONENTS 
£C 682 
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Light 

Presenting an issue about light: how modern developments such as 

lasers and the elucidation of the wave-particle nature of light 

flow from the great tradition of optics that began with Newton 

T
he prevailing view of the nature of 
light has changed several times 
in the past three centuries. Each 

time the answer to the question "What 
is light?" has assumed more fundamen
tal importance in the physicist's picture 
of the universe. 

Isaac Newton (in his Opticks, printed 
in 1704) described light as a stream of 
particles, partly because it "travels in a 
straight line." Out of his experiments 
with color phenomena in glass plates 
("Newton's rings") he also recognized the 
necessity for associating certain wavelike 
properties with light beams. These prop
erties he called "fits of easy reflection and 
easy transmission." Careful not to make 
hypotheses, he let the matter rest. His au
thority was so compelling, however, that 
the corpuscular theory of light held sway 
for a century, his successors being more 
persuaded to this view than Newton 
himself. 

Early in the 19th century the notion 
that light consists of waves, a view al
ready expressed by Christiaan Huygens 
in the 17th century, came into ascen
dance. A decisive experiment performed 
in 1803 by Thomas Young, a London 
physician, demonstrated that a mono
chromatic beam of light passed through 
two pinholes would set up an interfer
ence pattern resembling those observed 
"in the case of the waves of water and 
the pulses of sound." At about this

'
time 

Augustin Jean Fresnel and Dominique 
Fran<;:ois Arago came forward with the 
correct interpretation of an experiment 

50 

by Gerald Feinberg 

performed by Huygens. They showed 
that the light transmitted by Huygens' 
blocks of calcite crystal is polarized and 
that light waves therefore cannot be 
longitudinal compression waves as Huy
gens had thought but must be transverse 
waves oscillating at right angles to their 
direction of propagation [see bottom il
lustration on page 53]. 

This elucidation of the wave nature 
of light fit nicely into the electromag
netic theory of light propounded later in 
the century by James Clerk Maxwell. In 
Maxwell's equations light is described 
as a rapid variation in the electromag
netic field surrounding a charged parti
cle, the variations in the field being gen
erated by the oscillation of the particle. 
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As such a varying field, light takes its 
place beside a number of other forms of 
radiant energy that were discovered in 
the 19th century. The different kinds of 
electromagnetic radiation-radio waves 
on one side of the spectrum of visible 
light and X rays on the other-corre
spond to different rates of variation of 
the field. Thus in Maxwell's theory light 
appears not as an independent element 
in nature but rather as an aspect of the 
fundamental phenomenon: electromag
netism. 

The momentous developments in 
physics in this century have reopened 

and then resolved the old wave-particle 
controversy. Whereas the association of 
light with electromagnetism remains 
valid, the interpretation of this connec
tion has changed. It has been shown 
that such wave properties as interfer
ence and polarization, so well demon
strated by light, are also exhibited under 
suitable circumstances by the subatomic 
constituents of matter, such as electrons. 
Conversely, it has been shown that light, 
in its interaction with matter, behaves 
as though it is composed of many in
dividual bodies called photons, which 
carry such particle-like properties as en
ergy and momentum. 

As a result of these developments 
most physicists today would answer the 
question "What is light?" as Newton 
would have: "Light is a particular kind 
of matter." The differences between 

light and bulk matter are now thought 
to flow from relatively inessential differ
ences between their constituent parti
cles. Particles of both kinds-of all kinds 
-exhibit wave properties. 

Much of this understanding has been 
acquired, of course, by means of light. 
In this issue of Scientific American 
Pierre Connes observes that the analysis 
of light "provides the best evidence for 
our belief in the homogeneity of the uni
verse." In a wider context Victor F. 
Weisskopf shows that sight is our most 
important link to the world around us. 

Indeed, life itself is a manifestation of 
radiant energy in the visible spectrum; 
Sterling B. Hendricks describes how 
light starts up life, governs growth and 
stimulates behavior by the excitation of 
specialized light-absorbing molecules. 
The occasion for these observations and 
for the dedication of this issue to the 
topic of light is provided by an unexpect
ed departure in the classic discipline of 
optics. That is the discovery of ways to 
synchronize the oscillation of electrons 
and thus produce coherent light, waves 
of the same length propagating in step. 

SPECTRUM OF LIGHT encompasses the narrow band of radiant energy to which the hu· 

man eye is sensitive, a portion of the electromagnetic spectrum from about 400 to abont 

700 nanometers in wavelength that is reproduced on these two pages. (A nanometer is 10.9 
meter, or a billionth of a meter.) The upper of the two curves, with its peak at 483 nanome· 

ters, gives the energy distribution in sunlight at the earth's surface. The lower curve is the 

double.peaked absorption spectrum of chlorophyll, the green pigment of plants. The Fraun· 

hofer lines (gray) mark the chief wavelengths at which solar radiation is absorbed by 

elements in the cooler atmosphere of the sun: oxygen (B), hydrogen (C, F), sodium 

(Dl, D2), iron (E, G) and calcium (G, H, K). At 530 is the green emission line of heavily 

ionized iron in the sun's corona that was once attributed to the hypothetical element 

"coronium." A helium emission line is at 422, the principal emission line of a mercury arc 

at 546. The three cone·cell pigments of human color vision absorb most strongly at 447, 540 
and 577, setting the peak of daylight vision at 555; the rod cells of night vision have their 

absorption peak at 507. The "red shift" of the astronomer is represented here by the line at 

564, to which the Fraunhofer F line is shifted in the emission spectrum of the quasar 3C 
273. The world's standard of length, the emission line of krypton 86, is at 606; the standard 
was formerly a cadmium line at 644. The helium·neon and ruby laser emit their mono· 

chromatic, coherent light at 633 and 694 respectively. This printed spectrum is not a repro· 

duction, as is usually the case, of an actual spectrum captured photographically. Instead the 

color separations were prepared at the Eastman Kodak Research Laboratories by calibrat· 

ing color patches prepared with cyan (blue), magenta (red), yellow and black inks and then 

making four negatives, each with a calculated density for each wavelength of the spectrum. 
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GAMMA RAYS X RAYS ULTRAVIOLET 
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PHOTON ENERGY (ELECTRON VOLTS) 

ELECTROMAGNETIC SPECTRUM, of which the visible spec

trum on the preceding two pages is only a small part, is a contin

uum of electromagnetic radiation, the energy of which is carried in 

the quanta called photons_ This diagram extends from gamma rays 

to high-frequency radio waves. The upper scales give the radia

tion's frequency (in hertz, or cycles per second) and wavelength; 

The laser has given physics a powerful 
instrument for study of the interaction 
of light and matter [see "Laser Light," 
by Arthur L. Schawlow, page 120]. In 
technology laser light is finding uses 
in surveying and metrology, in cut
ting and welding, in communication and 
information storage [see "Applications 
of Laser Light," by Donald R. Herriott, 
page 140]. 

The operation of the laser exploits 
one of those inessential differences be
tween photons and other particles. Let 
us now examine more closely the simi
larities and differences between the par
ticles of light and ordinary matter and 
see how what is known about light can 
be understood in such terms. 

One phenomenon that serves this 
purpose well is diffraction. It plainly 
demonstrates the wave properties of 
light and matter. If a beam of monochro
matic light from a small source, or a 
stream of particles such as electrons, is 
directed at a screen with a small hole in 
it, the light or the particles that get 
through the hole will produce a charac
teristic pattern on a second screen placed 
beyond the first. The pattern is easy to 
understand in the case of light regarded 
as a wave, and it was cited in the 19th 
century as evidence in favor of the wave 
theory of light. Diffraction shows that 
light waves do not exactly travel in 
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straight lines but diffract, or spread, as 
other waves do, and so find different 
pathways to the collecting screen. The 
interference of wavelets that in conse
quence arrive out of phase with one an
other at the collecting screen sets up the 
diffraction pattern. 

In order to demonstrate the simple 
form of interference described above, a 
source of monochromatic light is re
quired. Ordinary light sources are not 
monochromatic. Light from a luminous 
gas, for example, is emitted indepen
dently by many atoms in the gas. Fur
thermore, because collisions between 
the atoms excite and de-excite them, the 
light is emitted in pulses that have a 
finite length in time rather than an in
finite length as is suggested by the text
book sine wave. Such a pulse can be 
resolved into a sum of pure sine waves 
of different wavelengths. The range of 
wavelengths in the pulse is inversely pro
portional to its duration; therefore the 
shorter the pulse in time, the greater the 
spread in wavelengths. Interference pat
terns are not usually detected in light 
from such a source. The reason is that 
the different wavelengths will interfere 
constructively in different places and the 
overall pattern will approximate con
stant illumination. Light of this kind is 
said to be incoherent. Conversely, light 
that yields interference patterns is said 

to be coherent. To obtain coherent light 
from natural sources one must narrow 
the range of wavelengths by means of 
a monochromatic filter and reduce the 
size of the source to a small area, as with 
a pinhole. With the advent of the laser 
we can now obtain highly coherent light 
without the loss of intensity involved in 
these procedures. 

The exact shape of the diffraction pat-
tern obtained from a given light 

source depends on the color of the light, 
objectively measured as wavelength. In 
the case of electrons the wavelength, 
and therefore the pattern, depends on 
the electrons' energy. In either case if 
diffraction is to be observed, the hole 
must be small with respect to the wave
length. For visible light, with wave
lengths from 400 to 700 nanometers 
(4 X 10-7 to 7 X 10-7 meter), deviations 
from straight-line propagation are small 
unless the hole is very small. A barely 
visible pinhole will just produce a per
ceptible diffraction pattern. Electron 
and other subatomic particles usually 
have wavelengths of 10-9 meter or less, 
so that diffraction of these particles can 
be demonstrated only with crystals in 
which the "holes" are spaces between 
atoms about 10-10 meter apart. 

It is this difference in the character
istic wavelength that explains why wave 
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their product at any wavelength is the speed of light. The lower scales give the energy of 

the corresponding photons first in joules, or watt·seconds, and then in terms of the electron 

volt, the energy imparted to an electron falling through a potential difference of one volt. 

properties were so easy to demonstrate 
for light beams and so much harder to 
discover for matter beams. Diffraction 
was first shown in electrons in 1927. All 
the wave properties characteristic of 
light, however, have now been demon
strated in electron and neutron beams, 
and there is little doubt that they hold 
also for other particle beams. 

An important step in establishing the 
underlying resemblance of the particles 
of matter to the particles of light was 
the recognition that for both kinds of 
particle wavelength is related to the mo
mentum, and hence to the energy, of 
the particles constituting the beam. The 
same equations show for all cases that 
wavelength is inversely proportional to 
momentum [see top illustration on page 
56]. The equations also bring out the 

difference between photons and the par
ticles of ordinary matter. In the case of 
the electron, for example, the energy 
must include the rest mass of the parti
cle. Photons, on the other hand, have 
zero rest mass, and so the term for rest 
mass drops out of the equations. 

It is the rest-mass energy (E = mc2) 
of the elech'on and other matter parti
cles that gives them wavelengths so 
much shorter than light beams. A pho
ton of blue light has an energy of about 
3 X 10-19 joule, which corresponds to a 
wavelength of 4 X 10-7 meter. If this 
photon energy is transferred as kinetic 
energy to an electron, which starts with 
a rest-mass energy of 8 X 10-14 joule, 
the total energy is changed very little 
(by less than 10 parts in a million) and 
the wavelength is about 10-9 meter. The 

wavelength is still shorter, of course, 
for particles that have larger rest-mass 
energies. 

The inverse proportionality of wave
length to momentum is governed in 
these equations by the constant ", 
known as Planck's constant. It may be 
helpful to recall how this constant en
tered physics; the story is a significan t 
chapter in the recognition of the particle 
nature of light. In 1900 Max Planck was 
concerned to explain the relation be
tween wavelength and intensity in the 
radiant energy from a hot body. Accord
ing to classical electromagnetic theory, 
the intensity was supposed to increase 
as the square of the frequency; by this 
reckoning an infinite amount of energy 
should be radiated at the higher fre
quencies or shorter wavelengths. Actual 
measurement had shown a quite differ
ent distribution of intensity with respect 
to wavelength for any given temperature 
[see bottom illustration on page 56]. 
Planck found an empirical formula that 
described this distribution. It contained 
a constant, the value of which Planck 
chose in order to produce the best agree
ment with the observations. To explain 
why this formula should work he had 
to assert that light must exchange its 
energy with the matter of the hot body 
in quanta, or packets. His equation 
showed that the amount of energy in 
each quantum would be equal to the fre
quency multiplied by the constant 11 = 

6.63 X 10-34 joule-second. (The frequen
cy is equal to the speed of light divided 
by the wavelength.) The constant 11 has 
since proved to be a fundamental con
stant of nature. 

In 1905 Albert Einstein was prompt
ed by another failure of classical elec
tromagnetic theory to extend Planck's 
quantum concept further. Einstein as
serted that not only is the energy of the 
light exchanged in quanta; the energy of 
the light beam is itself always divided 
into discrete quanta. His argument was 
based on his analysis of the photoelectric 
effect. It had been observed that nega
tively charged plates of certain metals 

ELECTRIC FIELD 

DISTANCE 

MAGNETIC FIELD 

ELECTROMAGNETIC WAVES, including light waves, are trans· 

verse: the electric and the magnetic fields are each at right angles 

to the direction of propagation. This illustration is a perspective 

view of a graph of the two fields at a given instant (electric field is 

vertical, magnetic field horizontal). The intensity of the radiation 

(light, for example) varies with the square of the peak amplitude 

of the electric field and is proportional to the number of photons 

in the field. The color of the light is governed by the wavelength. 
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lose their charge when they are exposed 
to ultraviolet radiation; in other metals 
the reaction could be triggered by visible 
light. It is now known that every metal 
has a critical wavelength for the effect. 
The emission of electrons will occur only 
on exposure of the metal to light of this 
wavelength or a shorter one. The effect 
depends entirely on wavelength and is 
independent of the intensity of the light. 
Furthermore, even for very weak light 
sources, the ejected electrons may come 
out simultaneously with the incidence 
of the light, without any time being re
quired for the accumulation of energy. 

I t was impossible to understand these 
aspects of the photoelectric effect on 

the basis of a model in which the energy 
of light is uniformly distributed over the 
whole of an incident w"ve. In light of 
low intensity there would be insufficient 
energy at any one place in the beam to 
eject an electron. On the other hand, the 
observed results follow directly from 
Einstein's description of the photoelec
tric effect, according to which each 
quantum of light, or photon, carries an 
energy inversely proportional to the 
wavelength of the light, the proportion
ality being governed by Planck's con
stant. In this model a light beam con
tains a large number of photons (about 
1018 per second in the beam of a flash
light), and the photoelectric effect occurs 

when a given photon is absorbed by a 
particular electron, with the total energy 
of the photon being transferred to the 
electron. The relation between the ener
gy transferred to the electron and the 
wavelength of the light has been precise
ly measmed and found to be in accord 
with the prediction from Einstein's hy
pothesis. 

The Compton effect provides further 
evidence that electrons interact with 
light through encounters with discrete 
bodies in the light beam that carry mo
mentum and energy. Here it had been 
observed that X rays passing through 
matter often increase in wavelength. 
This was interpreted by Arthur Holly 
Compton as a loss of energy due to colli
sions between the highly energetic X-ray 
photons and the electrons. From the 
equation showing the relation of wave
length to energy Compton argued that 
the wavelength shift in the X rays would 
have a simple dependence on scattering 
angle, and this was in fact observed. It 
was shown soon afterward by the use of 
coincidence counting techniques that an 
electron recoils from each scattered pho
ton and carries off the energy and mo
mentum given up by the photon. These 
billiard-ball collisions plainly show that 
an X-ray beam behaves like a stream 
of particles. Similar behavior has been 
demonsh'ated for electromagnetic radia
tion of other wavelengths. 

Although photons obey the same 
equations governing the relation of mo
mentum and energy as other particles 
do, the relation is a special one in the 
case of the photon, owing to its vanish
ing rest mass [see top illustration on page 
56]. The relative prominence of the 
wave properties of photons is therefore 
a consequence of the vanishing of the 
rest mass, rather than a qualitative dif
ference between photons and other par
ticles. The same characteristic accounts 
for the fact that the speed of light is in
dependent of its energy. The velocity of 
particles with nonzero rest mass increas
es as their energy increases. For the 
photon velocity does not change with 
energy at all. 

The discovery that both light and mat-
ter have wave and particle properties 

has made it easier to understand how 
these properties can exist together in ei
ther light or matter. This understanding 
is set out in the new description of na
ture, perfected in the 1920's, known as 
quantum mechanics. The basic objects 
described by the quantum mechanics of 
either light or matter are particles that 
are at least somewhat localized in space. 
The wave aspects of light and matter 
express the fact that these particles do 
not obey deterministic laws of motion, 
as they would in classical mechanics. In
stead the laws they obey govern only 

WAVE NATURE of light and of electrons is demonstrated by dif

fraction effects. The diffraction image (le/t) of light from a point 

source was caused by interference among waves from different 

parts of a .2-millimeter aperture. The photograph was made with 

coherent light by Brian J. Thompson of Technical Operations, Inc. 

An electron diffraction pattern (right) is created when a beam of 

electrons passed through a crystal lattice, in this case beryllium, 

forms an image. The photograph is from the RCA Laboratories. 
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the. relative probabilities of motion at 
different speeds in different directions, 
even for a single particle in a known 
field of force. The waves associated with 
light and matter are a way of describing 
these probabilities. Hence when a light 
beam passes through a hole, there is 
some probability, related to the wave
length of the light, that the photons in 
the beam will not go straight through, 
giving a geometrical image of the hole, 
but instead will be deflected, ending up 
in the geometrical shadow region. The 
intensity of the waves in the diffraction 
pattern is a measure of this probability. 

Let us see how the probabilities that 
quantum mechanics associates with par
ticles (of light or other matter) explain 
the Young experiment that historically 
"proved" the wave nature of light. The 
experiment is usually performed with 
parallel narrow slits, to yield an interfer
ence pattern of alternating bright and 
shadowed lines. If the photons followed 
classical trajectories, the total probabil
ity of a photon's hitting a given point on 
the collecting screen would be the sum of 
the probabilities of this happening for 
each path; in other words, the light pat
tern would be a simple sum of the inde
pendent intensities of the two parts of 
the divided beam. Instead the collecting 
screen displays an interference pattern. 
The pattern is perfectly intelligible ac
cording to laws governing wave motion, 
in which the intensity at any given point 
is the sum of the amplitudes of the 
waves (whose squares are the intensities) 
reaching that point along paths of di·ffer
ent length and thus in different phase. In 
quantum theory this experiment is inter
preted as indicating that the motion of 
the photons depends on the complete 
physical system. If we allow the photon 
to go through either slit without deter
mining which, the experiment will yield 
the in terference pattern that reflects the 
probabilities-or rather the interference 
of probabilities-that a photon will find 
this or that path to the collecting screen. 
If we could instead monitor the photons 
to find out which slit they passed 
through on their way to the screen, the 
interference pattern would disappear 
and we would see the sum of the inde
pendent intensities [see illustrations on 
page 59]. 

The development of the pattern does 
not depend at all on the intensity of the 
beam, that is, on the number of photons 
going through the slits. As long as 50 
years ago C. 1. Taylor of the University 
of Cambridge performed an experiment 
with a light source so attenuated that 
most of the time there was no more than 

NEWTON described light as corpuscular but noted wavelike properties in color phenomena 

such as the rings formed when glass plates are placed in contact. Lines AB and CD are glass 

surfaces in this diagram from the Opticks. The light, he suggested, undergoes "fits" of re

flection and transmission as it passes through varying distances of air between the two plates. 

YOUNG explained interference among light waves by analogy with water waves, as in 
this illustration from a book of his lectures published in 1807. Where the two sets of waves 

from two apertures are in phase (where the curves intersect), they reinforce each other. 

one photon on its way to the collecting 
screen. Yet after an exposure time of 
several months the photographic plate 
showed the interference pattern! 

A similar experiment, employing laser 
light, has recently been performed by 
Robert L. Pfleegor and Leonard Mandel 
of the University of Rochester. Monitor
ing the arrival of each photon as they 
came through one by one, the counters 
showed that each photon found a ran
dom location at the detector. Yet when 
a sufficient number of photons had come 
through, they formed the expected in
terference pattern. Thus the number of 
photons arriving at a given position on 
the screen is proportional to the inten
sity of the interference pattern at that 
point, calculated according to the wave 
theory for the wavelength of the light in 
question. This shows that tlle wave 

properties must be associated with each 
photon rather than with the entire 
beam. 

The wave properties of light are ex
amples of a universal behavior of ob
jects, contained in the quantum-me
chanical description of nature. From this 
standpoint contemporary phYSicists in
terpret experiments such as Young's in
terference experiment as shOWing not 
that light is a moving wave but rather 
that the probabilities of various photon 
motions are described by a wave equa
tion. We might say that photons are the 
components of a light beam whereas the 
wave is a description of it. The waves are 
not vibrations of a new substance dis
tinct from matter, as in the old ether the
ories. Rather they are a means of math
ematically describing the probabilities 
that particles wiII do various things. No 
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GENERAL CASE PHOTONS (m = 0) 
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LIGHT differs from other forms of matter primarily in that photons have zero rest mass. 

The relation between momentum (p) and energy (E) takes on a special form for photons 

(top row). Wavelength (A) depends on momentum and Planck's constant (h); when this 

universal relation is reexpressed as a dependence on energy, two forms result (middle). 

Similarly, particle velocity (v) depends on energy except in the case of photons (bottom). 

ether-like carrier is needed for them. 
Nor is there any paradox involved in the 
occurrence of both wave and particle 
phenomena in light. The particles com
posing light and matter do not follow 
classical laws. If anything is surprising, 
it is that the behavior of the particles 
can be described by a concept that is as 

familiar as a wave satisfying a simple 
equation. 

It is natural to ask how this picture of 
light as a stream of photons can be 

made to conform with the relation be
tween light and electromagnetism, the 
discovery of which was a high point of 

1,500 3,000 
WAVELENGTH (NANOMETERS) 

6,000 

QUANTUM NATURE of light was recognized as a result of Max Planck's explanation of 

the spectral distribution of electromagnetic radiation from a hot, black (fully absorbing) 

body. The classical theory predicted infinite radiation at short wavelengths (blllck curve). 

The observed distribution (color) was explained by introduction of quantum constant h. 
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19th-century physics. Perhaps the most 
instructive way to view the relation is 
to say that, rather than considering light � 
as an aspect of electromagnetism, we 
now think of electromagnetic phenom
ena as one manifestation of photons. It 
is easy enough, in accordance with this 
policy, to think of the transmission of 
radiant energy from place to place as 
being due to photons traveling across 
the gap. With a little more difficulty we 
can visualize the static electric and mag
netic forces that occur between charges 
and currents as being due to an ex
change of photons between them. In this 
latter case the photons are called vir
tual photons because the relation be
tween their energy and their momentum 
is different. Quantum physics invokes 
this notion of virtual-particle exchange 
to accoun t for forces between particles 
in cases other than electromagnetic 
forces. Nuclear forces, for example, are 
described as being due to the exchange 
of virtual mesons. Here again we are 
dealing with a special case of a general 
phenomenon. 

Carrying the generalization further, 
we can say that all electromagnetic 
fields are to be thought of as being com
posed of photons. One result is that elec
tromagnetic fields cannot always be 
taken as having determined values in 
space and time. Instead their values 
generally have associated indetermina
cies; it is impossible to measure exactly 
the value of both the electric and the 
magnetic fields at the same point in 
space and time. The exact knowledge 
of one generates a necessary uncertainty 
in the value of the other. 

Although this reduction of electro
magnetism to optics can be carried 
through generally, it must be recognized 
that in many circumstances there is jus
tification for thinking of the electromag
netic field as a special entity, as Faraday 
and Maxwell did. Again this is a result 
of specific properties of photons. Be
cause the photon has zero rest mass it 
is possible for a physical system to con
tain many low-energy photons without 
its total energy becoming very great. 
That is the situation, for example, with 
the electric field between macroscopic 
charges. If we analyze such a field into 
photons, there will be a high probability 
of finding many photons of low energy, 
and also varying probabilities that dif
ferent large numbers of photons of other 
energies are present. In these cases it is 
more useful to use the older field descrip
tion, sinee the addition or subtraction of 
a single photon makes little difference in 
a state containing many photons. To put 
the statement another way, the fluctua-
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tions in the field strength arising from the 
quantum properties of the photons that 
compose it are small compared with the 
average value at the field. In short, 
the particle aspects of electromagnet
ism and light are unimportant in many 
cases. 

There is another property of photons 
that is important in situations involv
ing many similar photons. It is termed 
Bose statistics. Most other stable sub
atomic particles, such as electrons, fol
low Fermi statistics. As a consequence 
electrons must satisfy the Pauli exclu
sion principle, which forbids the exis
tence of more than one electron with any 
given value of momentum and angular 
momentum at any given time. For pho
tons, on the other hand, not only is it al
lowed but also there is a tendency for 
photons to be produced in this way-in 
large numbers of the same momentum. 
Of all the stable elementary particles 
(except for the hypothetical graviton, 
or quantum of gravity), photons alone 
can occur in the combinations necessary 
to produce classical fields that have well
defined values over large regions. It is 
therefore not surprising that electromag
netism is the only case where the field 
aspects were recognized first. 

This is the property, incidentally, that 
is exploited in the laser. 'What the laser 
does is to produce vast numbers of par
ticles of exactly the sarrie energy and 
wavelength. With no other stable parti
cle but the photon is such a feat possi
ble. The laser beam's remarkable macro-

at rest can be taken as a point charge, 
and its fundamental interaction with 
light is the emission and absorption of 
photons, one at a time, from this pOint. 
If there is a photon at the point where 
the electron sits, there is some probabil
ity that the photon will be absorbed by 
the electron and so will disappear. Sim
ilarly, an electron can spontaneously 
emit a photon even if no photon was 
present. The probability of these events 
is proportional to the square of the 
charge of the electron. 

It should be noted that in the funda
mental interaction process the number 
of photons changes while the number of 
electrons remains the same. There is no 
conservation law for photons as there is 

ELECTRON 

for charged particles. As a consequence 
of this fact, and of the fact that photons 
can have arbitrarily low energy because 
of their vanishing rest mass, it is easy to 
produce them in very large numbers, as 
in a flashlight beam. All of the many 
photons in such a beam, however, are 
produced one at a time by individual 
electrons in the atoms of the flashlight's 
incandescent-lamp filament. 

Starting with Ampere's assumption that 
photons interact only with charges, 

and applying the principles of special 
relatiVity and quantum mechanics, a 
mathematical theory known as quantum 
electrodynamics has been developed 
that provides detailed and accurate pre-

PHOTON 

V\J'\r7 

LIGHT IS EMITTED when an electron drops from a higher energy state to a lower state 

in an atom or a molecule. This process is reversed in most cases in which light is absorbed. 

scopic properties arise from the fact that V\J'\r7 its constituent photons are precisely .� 
identical. Whether the laser could have 
been invented without quantum me-
chanics is an interesting question! 

In order to fully understand the prop
erties of light it is important to know 
about the fundamental interaction proc
ess through which light and matter par
ticles influence each other. Although 
photons do interact with most other sub-
atomic particles, whether charged or 
neutral, it is believed (it is not complete-
ly proved) that the basic interaction is 
between photons and charges. Accord-
ing to this model, sometimes called Am
pere's assumption, the fact that photons 
can be emitted and absorbed by electri
cally neutral objects such as neutrons is 
a consequence of the fact that these ob-
jects, although neutral as a whole, have 
a structure of opposite charges distrib-
uted throughout their volume. Supposed-
ly it is these internal charges that do the 
emitting and absorbing of photons. 

The simplest charged particle to con
sider is the electron, which does not 
have any known structure. An electron 

PHOTOELECTRIC EFFECT is an alternate means of light absorption, in wbich an electron 

is knocked out of an atom or a molecule by a photon. It was Einstein's explanation of the 

photoelectric effect as the absorption of a quantum of energy and the emission of an elec· 

tron carrying the same amount of energy that established the quantum nature of light. 
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COMPTON EFFECT explained how X rays passing through matter may increase in wave· 

length. An X-ray photon that strikes an electron is deflected and loses energy; the wave· 

length shift and scattering angle are related by the dependence of wavelength on energy. 
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INTERFERENCE FRINGES from an experiment like Young's 

were photographed by Brian Thompson. Two apertures 1.4 milli· 

FORMATION OF FRINGES is evident in this diagram, in which 

slits are used instead of holes. Light from a source is passed 

WAVE EXPLANATION OF FRINGES is evident in a plan view of 

the two sets of wave fronts that emerge from the slits. As the wave 

fronts move outward, "beams" of high intensity (solid color) de· 
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meters in diameter, 22 millimeters apart, were set in front of a lens 

(focal length 1.52 meters) and illuminated with mercury·arc light. 

through a single slit to attain some coherence and then diffracted 

into fans by two slits. The fans interfere to form fringes (ri.ght). 

o INTENSITY � 

velop where wave crests from both slits travel together and are 

therefore in phase (as are the troughs also along the same direc. 

tions). At right is a plot of the resulting wave intensity: the fringes. 
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dictions for the entire range of phenom
ena involving light and electrons. Some 
of these predictions (for example the re
sponse of hydrogen atoms to micro
wav,es) have been verified to one part in 
a billion. Indeed, of all the theories 
physicists have constructed, the quan
tum electrodynamics of electrons is ri
valed only by the gravitational theory of 
planetary motion in its agreement with 
observation. Since a large fraction of the 
phenomena involving ordinary matter 
occur through the interaction of light 
with matter, or through the play of the 
electromagnetic forces between charges 
that this interaction produces, we can 
agree with P. A. M. Dirac in his state
ment that this theory "explains all of 
chemistry and most of physics." As the 
present discussion has emphasized, the 
theory uses the same criteria to describe 
and distinguish photons as it does to 
specify the other particles. The success 
of the quantum etectrodynamics of elec
trons can therefore be taken as testi
mony to the idea that all matter is sim
ilar, insofar as it is described by the same 
general principles. 

The interaction of light with other 
charged particles, such as protons, is less 
well understood theoretically. These par
ticles have a spatial structure arising 
from their rapid conversion in to one an
other through the strong interaction that 
generates the force holding the atomic 
nucleus together. The details of the scat
tering of light by protons have not been 
adequately derived from any theory. 
Most physicists, however, consider this 
a result of our inability to deal with 
strong interactions rather than of a fail
ure in our understanding of the proper
ties of light. It is believed the interaction 
of light with charges is basically simple 
and universal, even when these charges 
have strong interactions as well. Tech
niques have been devised in the past 
few years to circumvent in part our in
ability to deal with the strong interac
tions, and some progress has been made 
in calculating the interaction of light 
with all the other charged particles. 
Whether or not our understanding of 
this interaction will approach our under
standing of the interaction of light with 
electrons remains to be seen. 

At several times in the past physicists 
have thought they understood the fun
damental nature of light, and they were 
mistaken. Is it possible that our present 
view is also mistaken, that it will be radi
cally modified in the future? Predicting 
the future of physics is a hazardous task; 
the most likely outcome of such predic
tions is that they will provide a source of 
amusement for future physicists. The 

question nevertheless must be faced. 
Since our present description holds light 
to be similar to other forms of matter, it 
seems likely that any fundamental modi
fication in the description would include 
all kinds of matter, not just light. The 
need for such a new description is per
haps indicated by the bewildering num
ber of types of matter and of laws gov
erning their behavior that the study of 
"elementary" particles has revealed. It 
could be that particles are not the ulti-

A 

I 
B 

mate constituents of light and matter 
after all but rather manifestations of 
something deeper. 

At present the photon theory gives an 
accurate description of all we know 
about light. The notion that light is fun
damentally just another kind of matter 
is likely to persist in any future theory. 
That idea is the distinctive contribution 
of 20th-century physicists to the under
standing of light, and it is one of which 
we can well be proud. 

o NUMBER � 

CLASSICAL PARTICLE DESCRIPTION of the two·slit experiment would say that the 

distribution of all particles that arrive at the screen is the sum (black curve) of the dis· 

tribution curves for particles from the upper slit (solid color) and lower slit (broken color). 

I 

o NUMBER � 

QUANTUM PARTICLE DESCRIPTION says the distribution of particles will show a dis· 

tribution pattern typical of wave phenomena, but only if each particle can go through both 

slits. Observation shows clearly that this description, and not the classical one, is correct. 
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How Light Interacts with Matter 

The everyday objects around us are white, colored or black, opaque 

or transparent, depending on how the electrons in their at0711s or 

molecules respond to the driving force of electromagnetic radiation 

T
he overwhelming majority of 
things we see when we look 
around our environment do not 

emit light of their own. They are visible 
only because they reemit part of the 
light that falls on them from some pri
mary source, such as the sun or an elec
tric lamp. vVhat is the nature of the 
light that reaches our eyes from objects 
that are inherently nonluminous? 

In everyday language we say that 
such light is reflected or, in some cases, 
transmitted. As we shall see, however, 
the terms reflection and transmission 
give little hint of the subtle atomic and 
molecular mechanisms that come into 
play when materials are irradiated by a 
light source. These mechanisms deter
mine whether an object looks white, col
ored or black, opaque or transparent. 
Most objects also have a texture of some 
kind, but texture arises largely from the 
interplay of light and shadow and need 
not concern us here. I shall restrict my 
discussion mainly to the effect of white 
light on materials of all kinds: solids, 
liquids and gases. 

White light, as it comes from the sun 
or from an artificial source, is a mixture 
of electromagnetic radiation, with wave
lengths roughly between 400 and 700 
nanometers (billionths of a meter) and 
an intensity distribution characteristic of 
the radiation from a body that has a tem
perature of about 6,000 degrees Celsius. 
When such light impinges on the sur
face of some material, it is either reemit
ted without change of frequency or it is 
absorbed and its energy is transformed 
into heat motion. In rare instances the 
incident light is reemitted in the form 
of visible light of lower frequency; this 
phenomenon is termed fluorescence. In 
what follows I shall take up the com
monest forms of secondary light emis
sion. I shall undertake to answer such fa
miliar questions as: Why is the sky blue? 
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\Vhy is paper white? Why is water tra)1s
parent? \Vhat causes objects to appear 
colored? Why are metals shiny? 

The answers are all based on the fact 
that the electrons of atoms are made 
to perform tiny vibrations when they 
are exposed to light. The amplitudes 
of these vibrations are extremely small: 
even in bright sunlight they are not more 
than 10.17 meter, or less than 1 percent 
of the radius of an atomic nucleus. Nev
ertheless, all we see around us, all light 
and color we collect with our eyes when 
we look at objects in our environment, 
is produced by these small vibrations 
of electrons under the influence of sun
light or of artificial light. 

\Vhat happens when matter is ex-
posed to light? Let us go back to 

the simplest unit of matter and ask what 
happens when an isolated atom or mole
cule is exposed to light. Quantum theory 
tells us that light comes in packets called 
photons; the higher the frequency of the 
light (and the shorter the wavelength), 
the more energy per packet. Quantum 
theory also tells us that the energy of 
an atom (or a system of atoms such as a 
molecule) can assume only certain defi
nite values that are characteristic for 
each species of atom. These values rep
resent the energy spectrum of the atom. 
Ordinarily the atom finds itself in the 
ground state, the state of lowest energy. 
When the atom is exposed to light of a 
frequency such that the photon energy 
is equal to one of the energy differences 

between an excited state and the ground 
state, the atom absorbs a photon and 
changes into the corresponding excited 
state. It falls back to a lower state after 
a short time and emits the energy differ
ence in the form of a photon [see illus
tration on page 63). 

According to this simple picture the 
atom reacts to light only when the fre
quency is such that the photon energy 
is equal to the difference between two 
energy levels of the atom. The light is 
then "in resonance" with the atom. Ac
tually the atom also reacts to light of any 
frequency, but this nonresonant reac
tion is more subtle and cannot be de
scribed in terms of quantum jumps from 
one energy level to the other. It is none
theless important, because most of the 
processes responsible for the visual ap
pearance of objects are based on re
sponses to nonresonant light. 

Fortunately the interaction of light 
with atoms can be described rather sim
ply. One obtains the essential features 
of that interaction-in particular the re
emission without change of frequency
by replacing the atom with electron os
cillators. An electron oscillator is a sys
tem in which an electron vibrates with 
a certain frequency deSignated woo One 
can imagine the electron bound to a cen
ter with a spring adjusted so that there 
is a resonance at the frequency woo The 
electron oscillators we are using to rep
resent an atom are designed so that their 
frequencies Wo correspond to transitions 
from the ground state to higher states. 

LIGHT AND COLOR were brilliantly manipulated by the medieval artisans who created 
the stained.glass windows of the G othic cathedrals. The photograph on the opposite page 
shows a detail of the Passion Window, in the west fa�ade of the Cathedral of Notre Dame 
at Chartres. The window was made in the 12th century. Stained glass is given its color 
by adding metal oxides directly to molten glass or by hurning pigments into the surface 
of clear glass. B oth coloring methods are' evident in the example on the opposite page. 
The details in the faces and in the folds of the garments were produced by painting 
the glass with an opaque brown pigment, which was then permanently fused to the glass .  
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COLOR.QUALITY MAP, technically known as a chromaticity dia· 
gram, indicates how closely the colors of printing inks, color film 
and color television can approach the fully saturated colors of the 
visible spectrum, represented by the boundaries of the white 
horseshoe·shaped curve. The numbers around the curve indicate 
wavelength in nanometers. The s traight line at the bottom of the 
horseshoe marks the boundary of the nonspectral colors from 
bluish purple to purplish red. When mixed with the spectral color at 
the opposite end of the axis, these "c" (for "complementary"} colors 
form white. Inward from the horseshoe colors decrease in satura· 
tion, meaning that they contain more than one wavelength. The area 
printed in color shows the range of hues and saturations attain· 
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able with inks of three colors: magenta ("red"), yellow and cyan 
("blue"). The open circles at the perimeter indicate the pure inks at 
full density. The open circle in the center is the white of average 
daylight. The colored area is actually a continuum; the steplike 
structure simplified the specification of ink combinations. An opti· 

mum set of dyes for color film ( white triangles) can reproduce all 
the printing.ink colors plus all the more saturated tones that lie be· 
tween the colored area and the broken white outline. The red, green 
and blue phosphors ( black dots) used in color television picture 
tubes can re·creare all the colors inside the black triangle. The x 
axis specifies the proportion of red in a particular color, the y axis 
the proportion of green. The rest is blue and need not be s pecified. 
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They represent the resonance frequen
cies of the atom in the ground state. 
Each of these oscillators has a certain 
"strength," a measure of the probability 
of the transition it represents. Usually 
the first transition from the ground state 
has the largest strength; that being so, 
we can replace the atom with a single 
oscillator. 

Another quantity that characterizes 
these oscillators is their resistance coeffi
cient, or friction. Friction causes a loss 
of energy in the oscillating motion. It 
describes a flow of energy away from 
the vibration into some other form of 
energy. It indicates that energy is being 
transferred from the excited state by 
some route other than the direct transi
tion back to the ground state. Thus 
whenever the excited state can get rid of 
its energy by means other than reemis
sion of the absorbed quantum, the cor
responding oscillator must be assumed 
to suffer some friction. This is an impor
tant point in our discussion, because ex
cited atoms in solids or liquids transmit 
their excitation energy mostly into heat 
motion of the material. Unlike the iso
lated atoms found in rarefied gases, they 
have only a small chance of returning 
directly to the ground state by emission 
of a light quantum. 

Henceforward I shall discuss the ef
fect of light on atoms in terms of this 
oscillator model. vVe can now forget 
about photons and excited quantum 
states because one obtains correct results 
by considering the incoming light as a 
classical electromagnetic wave acting on 
classical electron oscilla tors. The effects 
of quantum theory are taken care of by 
the appropriate choice of oscillators to 
replace the atom. One can interpret the 
results of the oscillator model in such a 
way that under the influence of light the 
motion of the oscillators is superposed 
on the ordinary state of motion of the 
electron in the ground state. Whenever 
a light wave passes over the atom, a gen
eral vibration is set up in the ground 
state of the atom, a vibration of a kind 
and strength equal to the vibrations the 
oscillators of our model would perform 
if they were exposed to the light wave. 
The electron cloud of each atom vibrates 
under the influence of light. The cloud 
vibrates with the same frequency as the 
incoming light and with an amplitude 
corresponding to that of one of the model 
oscillators. It is this vibration, amounting 
to less than 10.17 meter in amplitude, 
that reemits the light by which we see 
the objects around us. 

The light from the sun or from artifi
cial sources is a mixture of light of many 
frequencies. The motion of an oscilla-
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INTERACTION OF LIGHT WITH MATTER involves the absorption of a photon, or 
quantum of light, by an atom or a molecule. If the photon has the required energy, the 
atom or molecule will be raised from a low energy state to one of higher energy. After a 
short time the atom or molecule falls back to a lower state and the energy difference is 
emitted as a photon. Two simple pictures of the interaction are presented here. At the left 
a photon (wavy arrow) interacts with a B ohr model of an atom with five electrons (top). 

Th e photon raises an ·electron from the second, or 28, orbit to the third, or 2p, orbit ( m id· 

clle). When the excited electron drops back to its former orbit, a photon is emitted (bot· 

tom). At the right the sequence is depicted in terms of energy.level diagrams. The photon 
supplies exactly the energy (f).E) required to raise an electron from the 28 to the 2p level. 
These simple pictures are inadequate, however, for describing the typical interaction of vis· 
ible light with matter, dealt with in this article. First, photon energy usually does not corre· 
spond to the energy difference between orbits. Second, when atoms in bulk matter are ex· 
cited, they normally get rid of their energy by means other than the emission of a photon. 

tor exposed to such a mixture is simply 
a superposition of all the motions it 
would perform if exposed separately to 
light of each frequency contained in the 
mixture. Hence all one needs to know 
for the study of atoms under the influ
ence of light is the motion of oscillators 
driven by an electric wave of a specific 
frequency. 

If an electromagnetic wave of fre
quency w passes over an electron oscilla
tor, the electric field exerts a periodic 
force and leads to certain characteristic 
responses [see illustration on next page J. 
First of all the periodic electric field in
duces a vibration of the oscillator so 
that it oscillates with the frequency w 
of the field, not with its own resonance 
frequency woo The amplitude and the 
phase of this motion depend on the rel
ative values of w and woo If w is much 

smaller than wo, the oscillation is weak 
and in phase with the driving electric 
force of the light. If w is much larger 
than wo, it is also weak but opposite in 
phase to the driving force. If w is in res
onance (in which case w equals wo) , the 
oscillation is strong and out of phase. 
That is, when the driving force is at its 
crest, the oscillation goes through the 
zero point. The amplitude of the oscilla
tion follows a fairly simple mathematical 
formula that need not concern us here. 
The formula shows that if w is much 
smaller than wo, the amplitude is small 
but is almost independent of the driving 
frequency w. If w is much larger than wo, 
the amplitude decreases with increasing 
w at a rate proportional to 1/ w2. Only the 
resonance case (w = wo) corresponds to 
the simple picture of a transition to an
other quantum state. 
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What are the resonance frequencies 
in different atoms and molecules? Most 
of the simple atoms such as hydrogen, 
carbon, oxygen and nitrogen have res
onances with frequencies higher than 
visible light; they lie in the ultraviolet. 
Molecules, however, can perform vibra
tions in which the atoms move with re
spect to one another within the mole
cule. Because of the large mass of the 
nuclei, such vibrations have very low 
frequencies; the frequencies are lower 
than those of visible light, in the infrared 
region. Hence most simple molecules 
such as 02, N1, H10 and CO:! have res
onances in the infrared and ultraviolet 
and no resonances in the visible region. 
They are transparent to visible light. 
Nevertheless, visible light has an influ
ence on them, which can be described 
by our oscillator picture. We replace the 
molecules by two kinds of oscillator, one 
representing the ultraviolet resonances, 
the other the infrared resonances. The 
latter are not really electron oscillators; 
they are "heavy" oscillators in which 
the mass of the oscillating charge is as 
large as the mass of the vibrating atoms, 
since they are supposed to represent the 

motions of atoms within the molecule. 
We are now ready to understand one 

of the most beautiful colors in nature: 
the blue of the sky. The action of sun
light on the molecules of oxygen and ni
trogen in air is the same as the action on 
the two kinds of oscillator. Both oscilla
tors will vibrate under the influence of 
visible sunlight. The amplitude of the 
infrared oscillators, however, will be 
much smaller than the amplitude of the 
ultraviolet oscillators because of their 
higher vibrating mass. Accordingly we 
need to consider only the oscillators with 
ultraviolet resonance. When the oscilla
tors are under the influence of visible 
sunlight, the force that drives them is 
below the resonance frequency. There
fore they vibrate with an amplitude that 
is roughly equal for all visible frequen
cies [see illustration on opposite page J. 

We must now take into account the 
fact that a vibrating charge is an emit
ter of light. According to a principle of 
electrodynamics an electron oscillating 
with an amplitude A emits light in all 
directions with an intensity given by a 
formula in which the intensity of the 
radiation is proportional to the fourth 
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RESPONSE OF OSCILLATOR TO PERIODIC DRIVING FORCE serves as a model of 
how the electrons of an atom respond to the driving force of light. The response of each 
oscillator (b, c, d, e) depends on its particular resonance frequency, woo The driving force 
(a) has a frequency of w. When Wo is much greater than w, the oscillator responds in pha�e 
hut only weakly (b). When Wo equals w, the response reaches a maximum and is 90 degrees 
out of phase (c ) . When Wo is much less than w, the response is again weak and 180 degrees 
out of phase ( d) .  This weak response closely resembles the response of a free electron (e). 
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power of the frequency. (The formula 
is 1/3(e1/c�)w4A2, where e is the charge 
of the electron, c the velocity of light 
and w the frequency of oscillation.) 
Hence the molecules of air emit radia
tion when they are exposed to sunlight. 
This phenomenon is known as Rayleigh 
scattering. It is called scattering because 
part of the incident light appears to be 
diverted into another direction. vVhen
ever we look at the sky but not directly 
at the sun, we see the light radiated by 
the air molecules that are exposed to 
sunlight. The scattered light is predomi
nantly blue because the reradiation var
ies with the fourth power of the fre
quency; therefore higher frequencies are 
reemitted much more strongly than the 
lower ones. 

The complementary phenomenon is 
the color of the setting sun. Here we see 
solar rays that have traveled through 
the air a great distance. The higher-ft'e
quency light is attenuated more than 
light of lower frequency; therefore the 
reds and yellows come through more 
strongly than the blues and violets. The 
yellowish tint of snowy mountains seen 
at a distance is a similar phenomenon. 
The sh'onger attenuation of higher fre
quencies is a consequence of the con
servation of energy: the energy for the 
reradiation must come from the incident 
sunlight, and because there is stronger 
reradiation at the higher frequencies 
more energy is taken from the sunlight 
at higher frequencies. 

In actuality Rayleigh scattering is a 
very weak phenomenon. Each molecule 
scatters extremely little light. A beam of 
greerllight, for example, goes about 150 
kilometers through the atmosphere be
fore it is reduced to half its intensity. 
That is why we can see mountains at dis
tances of hundreds of miles. Lord Ray
leigh exploited the phenomenon of light 
scattering to determine the number of 
molecules in a unit of volume in air. In 
1899 he was admiring the sight of 
Mount Everest from the terrace of his 
hotel in Darjeeling, about 100 miles 
away, and he concluded from the dim
ness of the mountain's outline that a 
good part of its light was scattered away. 
He determined the scattering power of 
each molecule from the index of refrac
tion of air, and he found the number of 
air molecules per cubic centimeter at sea 
level to be 3 X 1019, which is very close 
to the correct value. 

N ow we know why the sky is blue. 
Why, then, are clouds so white? 

Clouds are small droplets of water sus
pended in air. Why do they react differ
ently to sunlight? The water molecule 
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also has resonances in the infrared and 1 .2 

in the ultraviolet, resonances not much 
different from those of oxygen and 
nitrogen molecules. Water molecules 
sh�JUld react to sunlight in a similar way. 
There is, however, an essential differ-
ence. We determined the scattering of 
sunlight in air by assuming that each 
molecule reradiates independently of 
the others, so that the total scattered in
tensity is the sum of the individual mo
lecular intensities. That is correct for a 
gas such as air because gas molecules are 
located at random in space, and thus 
there is no particular interference among 
the individual radiations of the mole
cules in any direction other than the 
direction of the incident sunlight. 

That is no longer the case when the 
molecules or atoms take on a more order
ly arrangement, as they do in solids and 
liquids and even in the droplets of a 
cloud. In order to understand the effect 
of light on matter in bulk, we must study 
how electromagnetic waves react to a 
large number of more or less regularly 
arranged oscillators, when the average 
distance between the oscillators is small 
compared with the wavelength of vis
ible light. As we have seen, under the 
influence of incident light every oscilla
tor emits a light wave. Because the os
cillators are no longer randomly spaced, 
however, these waves tend to interfere 
with one another in a definite way: there 
is constructive interference in the for
ward direction (the direction of the light 
path) and desb'uctive interference in all 
other directions. The individual waves 
build up to a strong wave called the 
refracted wave; in any other direction 
the waves tend to cancel one another. If 
the oscillators are in a regular array, the 
cancellation is complete [see illustration 
on next page]. 

The refracted waV6 travels with a 
velocity v that differs from the ordinary 
light velocity c. The ratio c/v is called 
the refractive index n of the medium. 
There is a simple relation connecting the 
value of n with the amplitude A of the 
oscillator vibrations. The greater this 
amplitude is under the influence of a 
given and fixed driving force, the more 
n departs from unity. Knowing the re
fractive index of air, Lord Rayleigh used 
this relation to find the amplitude in sun
light of the oscillators representing the 
air molecules. 

In a regular and uniform arrange
ment of atoms the reemitted waves 
build up to a single refracted wave. 
There is no individual, or incoherent, 
scattering by each oscillator, as occurs 
in a gas such as air. As long as a crystal 
or a liquid contains heat it cannot be 
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OSCILLATOR AMPLITUDE is a function of the ratio between the frequency of the driv· 

ing force, w, and the oscillator's resonance frequency, woo This ratio, wi wo, is expressed 
in the horizontal scale, which is logarithmic. The amplitude approaches a constant value 
(left) when the driving frequency is much below resonance. This is the situation when 

molecules of nitrogen and oxygen in the atmosphere are exposed to visible light. When the 
driving frequency is much above resonance, the amplitude decreases as the square of wi woo 

completely regular. The atoms or mole
cules are constantly vibrating, and in 
addition there are always some irregu
larities and imperfections in the crys
tal structure. These irregularities scatter 
some of the light away from the direc
tion of the refracted wave. This scatter-
ing, however, is much weaker than the 
scattering in air, assuming equivalent 
numbers of atoms. For example, water is 
1,000 times denser than air, but its in
coherent molecular scattering is only five 
times greater per unit volume than the 
scattering in air that makes the sky blue. 

Now let us see what happens when 
light impinges on the surface of a 

liquid or a solid or a cloud droplet. Again 
we replace each atom by an oscillator. 
These oscillators vibrate under the influ
ence of the incident light and emit light 
waves. In the bulk of the material all 
these light waves, apart from the weak 
incoherent scattering, add up to one 
strong refracted wave. This is not so, 
however, near the surface of the materi
al. There is a thin layer of oscillators at 
the surface (about as deep as half a 
wavelength) for which the back radia
tion is not completely canceled by inter
ference. The radiations backward of 

these oscillators add up to a "reflected" 
wave [see illustration on page 67]. 

vVhat is the color of this reflected 
light if the incident light is white? One 
might perhaps conclude that it should 
be as blue as the sky, since it too comes 
from the reradiation of oscillators and 
we have learned that the intensity of this 
reradiation is proportional to the fourth 
power of the frequency. Actually it is as 
white as the incident light. The inten
sity of the reflected light with respect 
to the incident light in water, glass or 
crystals is practically independent of 
the frequency. 

The explanation is that the reflected 
wave is a coherent composite of many 
individual reradiations. The oscillators, 
since they are not randomly distributed, 
reradiate in unison. That by itself would 
not yet explain the difference; it would 
only tell us that the reradiated intensity 
is high. In a coherent radiation it is the 
amplitudes that add up and not the in
tensities. Hence N coherent oscillators 
give N" times the intensity of one indi
vidual radiation. It still would seem that 
the reradiation should be blue, inasmuch 
as the radiation intensity of each oscilla
tor increases strongly with frequency. 
''''hat happens, however, 'is that the 
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REFRACTED W AVE IN CRYSTAL consists of a parallel series of 
plane waves (dark color) formed by the crests of many spherical 
waves (black circles). The spherical waves depicted here represent 
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light reemitted hy the atoms (black dots) in a crystal that is ex· 
posed to a light beam entering from the left. The refracted wave is 
traveling to the right. The situation in glass and water is similar. 
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number of oscillators acting in unison 
also' depends on the frequency: the layer 
that gives rise to reHection is half a 
wavelength deep, and the area of the 
layer whose reHected light arrives in 
step, or with the same phase, at a given 
point in space is also proportional to the 
wavelength. (This area is known as the 
first Fresnel zone. The radiations from 
all other parts of the surface in terfere 
with one another, so that they give no 
light at that point.) Hence the number 
N of oscillators producing light in uni
son is proportional to the square of the 
wavelength. The intensity of this light 
is proportional to N''.. The net effect 
is to cancel the fourth power of the 
frequency, because higher frequency 
means smaller wavelength and a smaller 
value of N. As a consequence the re
Hected-light intensity is independent of 
frequency. Therefore clouds are white: 
the incident sunlight is reHected at the 
surface of the water droplets without 
change in spectral composition. 

On the same basis we can understand 
the transparency of water, of glass and 
of crystals such as salt, sugar and quartz. 
If light impinges on these substances, it 
is partially reHected at the surface but 
without preference for any color. The 
rest of the light enters the substance and 
propagates as a refracted wave within it. 
Therefore these objects look colorless. 
Their outlines are nonetheless visible 
because of the reHection of the light at 
the surfaces. 

Sometimes such objects may exhibit 
color under special circumstances. Re
Hection and refraction are only approxi
mately independent of frequency. Both 
increase slightly at higher frequencies 
because such frequencies are a little 
closer to the natural resonance of the 
atom. Although these differences amount 
to only a few percent, they can become 
important if the details of refraction and 
reHection are critically involved in the 
way the light returns to the observer. 
Then, as in the case of a rainbow, these 
�mall differences may spread white light 
into its constituent colors. 

Transparent substances with a large 
smooth surface reHect part of the in

cident light in a fixed direction accord
ing to the familiar laws of reHection. 
Therefore extended plane surfaces of 
colorless substances (windowpanes, wa
ter surfaces) can produce mirror images. 
If such colorless substances are in the 
form of small grains, each grain being 
larger than the wavelength of light, the 
substances appear white, like clouds. 
The incident white light is partially re
Hected in many directions, depending 011 

the orientation of the grain surfaces. The 
light that penetrates the grains is again 
partially reHected at the inside surfaces, 
and after several reHections and refrac
tions it comes back to the eye of the 
observer from various directions. Since 
none of these processes discriminates 
against any color, the returning light will 
be white and diffuse. This explains the 
color of snow, of salt and sugar in small 
grains and of white pills and powders: 
all consist of small crystals of molecules 
with resonances only in the infrared and 
in the ultraviolet. The whiteness of paper 
has the same origin. Paper consists of 
an irregular weave of transparent fi
bers [see illustrations on next page J. The 
molecules of the fibers also have no reso
nances in the visible region. The fibers 
reHect and refract light in the same way 
as fine grains of salt or snow. 

If the grains are smaller than the 

p 

wavelength of light, there are not 
enough oscillators in the grain to estab
lish ordinary reHection and refraction. 
The situation is then more as it is in a 
gas of independent molecules, and the 
substance looks bluish. One can see this 
on a dry day when a cloud disappears. 
What often happens is simply that the 
droplets become smaller and smaller by 
evaporation until the cloud appears blue. 
The blue color of cigarette smoke is also 
evidence that the particles are smaller 
than the wavelength of visible light. The 
color of the sky above our cities is largely 
determined by the way sunlight is scat
tered by particles of smoke or dust, some 
larger than the wavelength of light, some 
smaller. That is why the city sky is a 
pale mixture of white and blue-far from 
the deep, rich blue that prevails where 
the air is clear. 

Although water is transparent because 

REFLECTION OF LIGHT [rom the surface of a solid or liquid involves only the oscillators 
(electrons) located in a small, pillbox.shaped volume at the surface of the material. When 

light (I) impinges on a smooth surface, part of the light proceeds into the material as a 
refracted wave (R) and part is reflected toward the observer (P). The radiation that makes 
up the reflected wave originates in a thin layer whose thickness is about half the wave· 
length of the incident light. The oscillators whose rad iation adds np coherently at Pare 
contained in a flat cylinder whose top surface is about Ad in area, where A is the wave· 
length of the light and d is the distance from the surface to the observer. This area is called 
the first Fresnel zone. For a spherical surface of radius R the area of the first Fresnel zone 
is equal to "AR, provided that the distance to the observer is large compared with R. 
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it has strong resonances only in the in
frared and the ultraviolet, it does have 
a slight color of its own. This is not the 
wonderful deep blue one often sees on 
the surface of a lake or an ocean. That 
blue is the reBected color of the sky. The 
intrinsic color of water is a pale greenish 
blue that results from a weak absorption 
of red light. Because of its strong electric 
polarity the water molecule vibrates 
readily when it is exposed to infrared 
radiation. Indeed, its infrared resonances 
are so strong that they reach even into 
the visible red [see top illustration on 
page 70]. 

These resonances represent true ab-

sorptions of light because the energy of 
the light quantum absorbed is trans
formed into heat motion. The weak res
onances in the visible red therefore cause 
a slight absorption of red light in water. 
Fifteen meters of water reduces red light 
to a quarter of its original intensity. Prac
tically no red sunlight reaches a depth 
below 30 meters in the sea. At such 
depths everything looks green. Many 
deep-sea crustaceans are found to be 
red when they are raised to the surface. 
In their normal environment they appear 
black. The selection mechanisms of evo
lution could not distinguish between 
black and red under such conditions. 

ORDINARY PAPER consists of a random mesh of translucent cellulose fibers. This 125· 
diameter magnification was made with a scanning electron microscope by Consolidated 
Papers, Inc. In such a micrograph the object appears to be tilted at an angle of 45 degrees. 

REFLECTION OF LIGHT FROM PAPER SURFACE involves many refractions and re· 
flections as the rays of incident light perform a random walk through a mesh of translucent 
fibers, represented here in cross section. The multiple refractions of a single entering beam 
are traced in dark color; beams reRected from various surfaces are shown in light color. 
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The greenish-blue color of water is 
different in kind from the blue color of 
the sky. It is a color produced by the 
preferential absorption of the red add 
not by the preferential reemission of the 
blue, as it is in the sky. One way to be 
convinced of this difference between air 
and water is to look at a white object 
under the surface of water: it looks blu
ish green. On the other hand, a snowy 
slope seen through many miles of air 
looks yellowish. In the Rrst instance the 
red light was absorbed; in the second 
the blue light was scattered away. 

Most of the colors we see around us 
are due to preferential absorption: 

the colors of leaves, Bowers, birds, but
terflies, rubies, emeralds and the whole 
gamut of paints and dyes. What ac
counts for the preferential absorption in 
such a diverse range of things and sub
stances? Most atoms and molecules have 
resonances only in the infrared and the 
ultraviolet. In order to produce a reso
nance in the visible region the excitation 
energy must be between l.5 and three 
electron volts. These are rather small 
values for electron excitations and large 
values for molecular vibrations. There 
are, however, atoms and molecules that 
do have excited states in that region. 
They are atoms with several electrons in 
incomplete shells and certain organic 
compounds: the dyestuffs. Such atoms 
can be excited by rearranging the elec
trons in the incomplete shell, which re
quires less energy than excitation to a 

higher shell. The dyestuffs are chain or 
ring molecules in which the electrons 
move freely along the chain or the ring. 
They are spread out, so to speak, over 
larger distances than electrons in ordi
nary atoms and molecules. The excited 
states in such a system are of lower en
ergy than they are in atoms, because 
larger size gives rise to Ion ger electron 
wavelengths, and this in turn is associat
ed with lower frequency and thus lower 
excitation energy. Thousands of chem
ists have devoted their professional lives 
to the synthesis of organic molecules that 
have resonances in one part or another of 
the visible spectrum [see illustration on 
opposite page]. 

Although low-lying excited states give 
rise to resonance frequencies in the vis
ible region, other conditions must be ful
Riled before a molecule will serve as a 
dye. First, one must be sure that the light 
quantum is not simply reemitted after its 
absorption has lifted the molecule into 
the excited state. One wants the energy 
of the exci ted sta te to be transformed 
preferentially into heat motion. This will 
be the case if we deal with matter in 
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bulk, l iquid or solid. Under such circum
stances reemission of light is very im
probable. Second, the resonance fre
quencies must be spread over a broad 
interval. A dye with a narrow absorption 
band would reRect most wavelengths 
and thus look practically white. Here 
again matter in bulk contributes to the 
desired effect. III liquids and solids the 
energy levels of atoms or molecules are 
expanded into broad energy bands, with 
the result that resonances are spread 
over broad ranges of frequency. For ex
ample, a red dye absorbs light of all vis
ible frequencies except the red. A green 
paint absorbs red and yellow as well as 
blue and violet. The absorption of a dye 
covers the visible spectrum with the ex
ception of the actual color of the materi
al. Some people may have wondered 
why a mixture of paint of alI colors gives 
rise to a dirty black, although we are told 
that white is the sum of all colors. Col
ored paints function not by adding parts 
of the spectrum but by subtracting them. 
Hence a mixture of red, green and blue 
paints will absorb all wavelengths and 
look virtually black. 

A simple and striking color effect is 
the one produced by a stained-glass 

window. The dyestuff is contained in the 
glass. When light falls on stained glass, 
it is partially reRected at the surface, just 
as it is by ordinary glass. Indeed, the 
reRection is a little stronger for those fre
quencies that are absorbed, because, as 
we saw earlier, the amplitude of vibra
tion is larger when the frequency is in 
resonance with the system. This effect, 
however, is usually not very pronounced, 
since the main reRection comes from the 
oscillators with resonances in the ultra
violet, as it does in ordinary glass. The 
part of the light that penetrates the body 
of the glass-the refracted wave-is sub
jected to the absorbing effect of the dye. 
Accordingly only light of the frequency 
that is not absorbed will pass through 
the glass. That is why one obtains such 
impressive color effects when white light 
penetrates stained glass. The color of the 
glass is less strong when one looks at the 
side that is illuminated. The reRection 
from the surface is practically colorless; 
the principal color one sees is from light 
that has penetrated the glass and is re
Rected again by the second surface [ see 
bottom illustration on 11ext page J. 

A painted sheet of paper will serve as 
an example of ordinary painted objects. 
The paint causes the fibers of the paper 
to become impregnated with dye. \Vhen 
white light falls on paper, it is reRect
ed and refracted many times before it 
comes back to our eyes. \ Vhenever the 
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SPECTRAL CHARACTERISTICS of colored inks ( solid ClIrves ) and of an optimum set of 
dyes for color film ( broken curves ) are plotted in these three panels. The inks and dyes 
are those represented in the illustration on pa ge 62.  There it can be seen that the dyes of 
color film ca n produce colors that are more highly saturated than those attainable w ith 
printing inks. The reason becomes clear in these curves : each of the color film dyes trans· 
mits more of the desired wavelengths than the correspondi n g  printing ink is able to reflect. 

light penetrates a fiber, the dye absorbs 
part of it : the fibers act as small pieces of 
stained glass. The best color effect is 
achieved when the reRecting power of 
the fiber is not too strong, so that most of 
the light enters the fiber. One remembers 
childhood experience with watercolors, 
which are most intense while the paper 
is still wet. The water reduces the dif
ference in refraction between the fibers 

and the interstices, thereby reducing the 
reRection of the fiber surfaces. 

Clossy colored paper has a smooth 
surface. I ts irregularities are small com
pared with the wavelength of light. The 
incident light is partially reRected with
out much preference for one color over 
another, but it is reRected by the smooth 
surface at a fixed angle according to the 
familiar laws of reRection. At any other 
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LIGHT ABSORPTION BY WATER is negligible between 400 and 580 nanometers in t he 
visible part of the spectrum. Th e absorption increases in the orange and red region and rises 
steeply in the near infrared. Absorption is also strong in the ultraviolet. The absorp. 
tion is caused by resonances of the water molecule in response to various wavelengths. 

COLOR OF STAINED GLASS depends on which wavelengths the glass absorbs. Here it 
is assumed that the glass absorbs the shorter wavelengths so that primarily red light is trans
mitted. Thus blue light, represented here by black, enters the glass and is absorbed; it is 
also partially reflected. Red light is reflected from tbe rear surface as well as from the 
front, so that the total reflected light is predominantly red. Thus red stained glass l�oks 
red by reflected as well as by transmitted light; the transmitted color is purer, however. 
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angle most of the light that reaches the 
eye will have made several passages 
through the fibers before leaving" the pa
per. That is why the color of the light is 
clear and deep: it is free of any 'uncol
ored direct reRection. Sometimes glossy 
paper demonstrates the fact that being 
in resonance implies larger amplitudes 
and therefore stronger reRection. One 
often notices an increased reRection of 
the deeply colored parts of a glossy pic
ture, but only when the dye is deposited 
in the uppermost layer. Examine the col
ored illustrations in this article. 

Objects are black when there is ab
sorption for all visible frequencies. \Vell
known examples are graphite and tar. 
Black objects do not absorb all light that 
falls on them. There is always some re
Rection at the surface. Think of the re
Rection of the polished surface of a black 
shoe. A dull black surface reRects as 
strongly as a polished one but the re
Rected rays are distributed in all di
rections. A black surface with very low 
reRectivity can be produced by plac
ing a few hundred razor blades in a 
stack. When the edges of the blades are 
viewed end on, they appear to be nearly 
dead black even though they are highly 
polished [ see illustmtions on oppo
site page l .  The explanation is that light 
is trapped between the closely spaced 
edges and is absorbed after being re
Rected many times. 

The most beautiful colors of all-the 
colors of plants, trees and Rowers-are 
based on the same principle of preferen
tial absorption. The cells of plan ts are 
filled with dyes: chlorophyll in green 
leaves and blades of grass, other dye
stuffs in the petals of Rowers. White light 
that falls on plants is reRected and re
fracted by the cells; a large part of the 
light enters the cells, in the same way it 
does the fibers of paper. vVhen it returns 
to the eye, all the colors but one or two 
are strongly reduced by absorption. Only 
green light escapes from chlorophyll
containing cells, only red light from the 
petals of red Rowers. 

We now turn to the visual appearance 
of metals. A metal is characterized 

by the fact that within the confines of 
the material there are many electrons 
-the conduction electrons-extending 
over many atomic diameters. These elec
trons are most important for the optical 
properties of metals. There is one, two 
or sometimes three electrons per atom 
among the conduction electrons. The 
rest of the atomic electrons remain 
bound to the atoms. The conduction 
electrons can be regarded as an electron 
gas that penetrates the crystal lattice 
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REFLECTIVITY OF "BLACK" OBJECTS can vary considerably. The light.absorption 
capability of three black surfaces is demonstrated above by allowing a bright, uniform 
band of light to fall on a piece of paper coated with black ink ( left ) ,  a piece of black velvet 
( middle ) and the ends of a tightly bolted stack of razor blades ( right ).  Even though the 
edges of the razor blades are highly polished, they tend to absorb light rather than reflect it. 

without much hindrance. The reason for 
this quasi-free motion lies in the wave 
nature of the electron. Although it is 
true that an electron wave is scattered 
by each of the metal atoms, the regular 
arrangement of atoms in the lattice 
makes the scattered waves interfere in a 
definite way: the waves all add up to one 
undisturbed wave in the forward direc
tion. The corresponding electron motion 
is therefore the motion of a free particle. 
This is a phenomenon closely related to 
the formation of a refracted wave when 
light penetrates a crystal. 

The motion of the conduction elec
trons is not completely free, however. 
Thermal agitation of the crystal lattice 
and other lattice imperfections produce 
some scattering away from the main 
electron wave. This is closely analogous 
to the weak scattering of the refracted 
light wave in a crystal. The effect can 
be expressed as a kind of friction of the 
conduction electrons. It is the cause of 
the electrical resistance in metals. In 
the reaction of electrons to visible light, 
however, friction does not play an im
portant role; we are allowed to consider 
the electrons as freely moving. 

What is the behavior of a free elec
tron under the influence of light? It per
forms vibrations of the same frequency 
as the frequency of the driving force but 
of opposite phase. When the force is 
moving in one direction, the electron 
moves in the other one. It is the same 
kind of movement an oscillator performs 
when the driving frequency is much 
higher than its resonance frequency. A 
free electron in plain sunlight performs 
vibrations with an amplitude about 10 

times larger than the amplitude of elec
trons in water and in crystals, or several 
times 10.17  meter. 

What happens when light impinges 
on a metallic surface? The answer is, 
very much the same as happens when 
light strikes the surface of a liquid or a 
crystal, but there is one important differ
ence. Since the resonance frequencies of 
a liquid or a crystal are higher than the 
frequency of light, they vibrate in phase 
with the light. In a metal, however, the 
electrons vibrate in opposite phase. Un
der these conditions a refracted light 
wave cannot be propagated if the den
sity of electrons and the amplitude of 
their vibration is above a certain limit. 
The limit can be expressed in terms of 
the "plasma frequency" Wp, which is 
given by the equation wp = ( Ne2/m ) t, 
where N is the number of electrons per 
cubic centimeter and m is the electron 
mass. This frequency usually is in the 
ultraviolet. Whenever the light frequen
cy is less than WP' as it always is for vis
ible light, no refracted wave can develop 
in the medium; there are too many elec
trons inside moving in phase opposite to 
the light. 

Since no light energy can propagate 
into the material, all energy of the in
coming light must go into the reflected 
wave. Just as with water or glass, the re
flected light wave is produced in a thin 
layer at the surface of the metal, a layer 
no thicker than the wavelength of the 
light. A more exact calculation shows 
that in a metal this thickness is equal to 
the wavelength corresponding to the 
plasma frequency divided by 2". This 
value is less than 10.7 meter. Unlike the 

RAZOR·BLADE LIGHT TRAP consists of 
some two hundred blades bolted together. 
Light that enters the wedges between ad· 
jacent blades is reflected so many times that 
most of it is absorbed before it can escape. 

wave reflected from water and glass, 
however, the wave reflected from a met
al surface has almost the full intensity 
of the incoming wave, apart from small 
energy losses due to the friction of the 
vibrating electrons in the surface. This 
is why "white" metals such as silver and 
aluminum are so shiny: they reflect al
most all visible light regardless of its fre
quency. Smooth surfaces of these metals 
therefore are ideal mirrors. 

In colored metals such as copper or 
gold there are additional losses apart 
from the electron friction. These losses 
come from absorption by electrons oth
er than the conduction electrons. Each 
atom in a metal is surrounded by shells 
of those electrons that remain with the 
atoms after the conduction electrons 
have detached themselves and formed 
the gas of free electrons. The resonance 
frequencies of the remaining electrons 
are usually in the ultraviolet and thus 
do not contribute to any color. In copper 
and gold, however, the bound electrons 
are part of an incomplete shell and do 
have resonances in the blue-violet that 
lead to absorption. As a result copper 
and gold have a reddish-yellow appear
ance. 

Many color phenomena have not been 
treated here: the color of thin films, of 
fluorescent materials, of light emitted by 
flames, of electric discharges as pro
duced in neon tubes and many others. 
'vVe have taken up only the most com
mon features of colored objects in order 
to provide some insight into the opti
cal processes that occur on the surface 
of things when they are illuminated by 
light and seen by our eyes. 

7 1  
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How Light Is Analyzed 

By separating light into its constituents the spectroscopist learns 

what kinds of matter are in the source. With modern techniques such 

as Fourier spectroscopy highly informative spectra can be obtained 

T
he efforts of ancient philosophers 
to analyze matter began with an 
intuitive but basically sound con

cept: Matter can be separated into its 
elementary constituents. The concept 
that light might be analyzed was much 
less obvious. Men looked at rainbows for 
millenniums without devising any kind 
of rational explanation for them. -Even 
when Rene Descartes noted that the col
ors of a rainbow were like those pro
duced by a prism, he was giving an 
analogy and not an explanation. 

It was Isaac Newton who formulated 
the basic concept: Light from ordinary 
sources is complex. By "complex" he 
meant that such light can be analyzed 
into colors and that conversely the col
ors can be used to synthesize light. An 
optician should be allowed to rank this 
concept with Newton's discovery of 
gravitation. 

Here I shall describe the rise of instru
mental spectroscopy, which is the tech
nique of analyzing light. From other ar
ticles in this issue it will be evident to 
the reader that much of the information 
we get about the physical world is car
ried by light and that analyzing light is 
highly rewarding. Spectroscopy is the 
first tool of astrophysics; the analysis of 
the light from planets, stars and galaxies 
is the means of -determining what -they 
are made of. Spectroscopy thus provides 
the best evidence for our belief in the 
homogeneity of the universe. At the 
same time spectroscopic analysis is used 
in every chemical pla·nt to follow the 
progress of reactions. 

In short, the complexity of light is to
day an exceptionally valuable source of 
information. To Newton and his con tem
pOl'aries, however, the complexity of 
-light was only a nuisance. Newton had 
been led to study the subject of light by 
the need to improve optical instruments, 
The images produced by lenses were 
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by Pierre Cannes 

then extremely poor. The worst defect 
was the persistence of strange colored 
edges that nobody was able to explain. 
It was clear that the colored edges arose 
within the instruments; indeed, the col
ors were to some extent responsible for 
the skepticism that greeted many of the 
early discoveries made with telescopes 
and microscopes. Newton provided the 
explanation and, believing (wrongly) the 
defect could not be cured, he invented 
the reflecting telescope, which was ach
romatic, or free of color. 

By the 18th century the technique of 
building optical instruments had been 
greatly improved. Achromatic lenses 
were developed for telescopes. The tech
nique of photometry, by which the in
tensity of light is measured, had grown 
out of the work of the French physicist 
and mathematician Pierre Bouguer, who 
measured and compared the intensity of 
the light from the sun and the moon. As 
a result of these developments all the 
tools needed for the evolution of spec
troscopy were in hand. Strangely 
enough, however, no progress was made 
beyond Newton's crude division of vis
ible light into seven colors. Apparently 
nobody conceived of a need to improve 
the analysis of light. 

The change in outlook eame in the first 
year of the 19th century, when the 

English astronomer Sir William Herschel 
became interested in the distribution of 
.radiant heat according to color in light 
from the sun. In 1800 he investigated 
the matter by placing several thermome
ters across a solar spectrum that had 
been dispersed by a prism in the same 

way that Newton had dispersed sun
light. In modern terms Herschel built 
the first spectrometer equipped with a 
thermal receiver. (It is noteworthy that 
thermometers, which were crude but 
adequate for the experiment, had been 
available for more than a century.) 

With this experiment Herschel made 
the unexpected discovery of invisible 
but heat-carrying radiation beyond the 
red end of the visible spectrum-in the 
region that has since been named the in
frared. Obviously it was worth looking 
at the region beyond the other end of the 
visible spectrum, but the amount of heat 
carried by solar ultraviolet radiation 
happened to be too weak for Herschel's 
thermometer. He had nonetheless shown 
the way, and only a year later Johann 
Wilhelm Ritter of Germany and William 
Hyde Wollaston of England did detect 
ultraviolet rays by virtue of the fact that 
they blackened crystals of silver chloride 
just as well as visible light did. Eventu
ally experiments showed that both infra
red and ultraviolet rays could also be re
fracted, reflected and polarized. 

What was then clearly needed was a 
finer analysis; today it would be called 
an increase in resolving power. From 
the early 19th century to the present the 
improvement of resolving power has 
been the first aim of spectroscopists. As 
we shall see, each large advance has in
variably paid off in new discoveries. 

The first step was taken by Joseph 
Fraunhofer, a highly skilled Bavarian 
optician, between 1815 and 1825. By a 
simple but adept use of lenses and slits 
he was able to produce a "pure" solar 
spectrum in which light from a given col-

GIRARD GRID on the opposite page was. devised recently by Andre Girard of the French 

Office of Aeronautical Research to analyze light by a technique that is explained in the bot
tom illustration on page 81. A pair of- grids replace the -input and output slits of a grating 
spectrometer and create a high.luminosity means of directly scanning a spectrum of light. 
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or did not fade gradually into other col
ors. The spectrum showed many sharp 
dark lines that ever since have been 
called Fraunhofer lines. 

Fraunhofer also took the second step 
toward finer resolving power. He built a 
new tool, the diffraction grating, which 
far exceeded prisms in its ability to dis
perse light [see top illustmtion on page 
77]. The invention of the grating was 
made possible only by the upheaval that 
had taken place in optics. Mostly as a 
consequence of the work of Augustin 
Jean Fresnel of France, the Newton 
emission theory of light was being re
placed by the wave theory originally put 
forward by Newton's contemporary 
Christiaan Huygens. 

This is not the place to discuss light 
theories; indeed, so far we have seen the 
analysis of ligh t progressing quite inde
pendently of theory. The working of a 
diffraction grating, however, can only 
be understood in the context of wave 
theory. Moreover, Fresnel, in bringing 
about the acceptance of wave theory, 
had substituted for the subjective con
cept of color a precisely measurable 
quantity: wavelength. (His own mea
surements of wavelength were not accu
rate because he worked only with ordi
nary white light that had been more or 
less crudely filtered.) 

Fraunhofer accomplished two impor
tant things with his diffraction grating. 
First, he was able to isolate within the 

light emitted by a sodium flame � pair 
of lines that appeared to be monochro
matic, meaning that they represe,ntep 
light that could not be decomposed fui'
ther by increasing the dispersion. (This 
result was only apparent; the resolv
ing power was still insufficient to break 
the sodium line down further.) Second, 
Fraunhofer made the first [,lccurate mea
surements of wavelength, obtaining fig
ures that do not differ from modern ones 
by more than a tenth of 1 percent. 

It took until the middle of the 19th 
century to achieve a complete explana
tion of the dark lines in the spectra ob
tained by Fraunhofer. The significance 
of the achievement was that it demon
strated that the lines corresponded to def-

INTERFERENCE FRINGES were photographed as they appeared 
in an interferometer of the Michelson type illuminated by light 
from a helium-neon laser at a wavelength of 6,328 angstroms, 

equivalent to the color in which the photograph is printed. The 
small ring patterns are attributable to the laser_ Fringes yield in

formation about wavelength of the light and thus about the source_ 
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inite elements in the source of light. Each 
element gave rise to a characteristic pat
tern of lines-a fingerprint, as it were. 

When this relation became clear, the 
missing incentive to develop spectros
copy was at last found. Now in the lab
oratory the spectroscope could be used 
instead of tedious chemical analysis to 
detect elements in trace amounts and to 
provide a quantitative estimate of abun
dance. In astronomy the spectroscope 
could be applied to solve t�e problem 
that had been declared unsolvable only 
a few years earlier by the philosopher 
Auguste Comte: the identification of the 
matter in stars. 

It is possible to mention only a few of 
the workers who contributed thereafter 

to instrumental spectroscopy. In Ger
many, Robert Bunsen and Gustav Kirch
hoff brought the prism spectroscope to a 
high degree of perfection. As methods of 
casting and polishing glass improved, 
however, it became clear that resolving 
power could not be increased indefinite
ly by merely improving existing tech
niques. Lord Rayleigh showed that the 
limitation was a fundamental one: Be
cause of diffraction-the spreading of a 
beam that takes place when light goes 
through a finite aperture-even a perfect 
prism cannot resolve two lines whose dif
ference in wavelength is less than a cer
tain amount. (This difference is now 
known as the Rayleigh limit.) 

The resolving power-defined as the 

ratio of the mean wavelength of two 
lines to the minimum resolvable dif
ference-is proportional to the total 
thickness of the glass. One cannot in
crease resolving power indefinitely by 
using thicker glass, however, because 
any substance that disperses light also 
absorbs it. Beyond a certain thickness 
nothing is to be gained. 

The resolving power of gratings is 
also related to their size, which in princi
ple can be increased without limit. Rul
ing a large grating is the most difficult 
mechanical operation known, however, 
and progress has been very slow. One 
of the most notable contributors was 
Anders Angstrom, a Swedish physicist 
who made such remarkably accurate 

FIRST STEP in analyzing light was made by Isaac Newton in 1666. 

Tbrough a small hole iu a window shutter he admitted a beam of 
sunlight to a darkened room and directed the beam through a 
prism. Because light of different colors is refracted, or bent, at di£· 

ferent angles in passing through a prism, the constituent colors of 
the sunlight appeared like a rainbow on the wall opposite the win
dow. Newton then used another prism to reunite the colors. With 
these experiments he demonstrated the composition of white light. 

SHARPER SEPARATION of the components of white light was 
achieved early in the 19th century by the Bavarian optician Joseph 
Fraunhofer. He passed light through a slit. A collimating lens 

IMAGING 

LENS 

made the light parallel and directed it into a prism. Each color 
emerged from the prism in a different direction. A second lens 
converted the pattern into distinctly separated lines on the screen. 
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MICHELSON INTERFEROMETER, devised by A. A. Michelson of the U.S., split a beam of 

light into two beams with a half.reflecting glass plate (center). One beam went on to a mov· 
able mirror and the other one was deflected 90 degrees to a fixed mirror. The two beams 
were reconverged on the glass plate, producing constructive or destructive interference, 
visible as bright or dark fringes, as the movable mirror was adjusted. When white light is 
used, a compensator plate equalizes the lengths of the paths in glass of the two light beams. 

measurements of wavelength that his 
name was given to a unit of length used 
for evaluating wavelengths. (One ang
strom is a ten-millionth of a millimeter.) 
Toward the end of the century Henry 
Howland of Johns Hopkins University 
produced gratings, and with them spec
tra, that nobody was able to duplicate 
during his lifetime-an achievement that 
is rare in the experimental sciences. 

The beginning of the modern period 
is clearly marked by the work of 

A. A. Michelson of the U.S. Michels,on 
was dissatisfied with the limitations of 
gratings and devised a radically dif
ferent method of spectroscopy. His ve
hicle was an optical instrument that he 
invented in 1880 and named the inter
ferometer. For this instrument he re
ceived the seventh Nobel prize in phys
ics and the first Nobel prize to be 
awarded to an American. (Among the 
many uses Michelson found for his ver
satile tool was the ether-drift experi-
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ment that established his reputation with 
the general public. The experiment was 
designed to determine the velocity of 
the earth through the "ether" that many 
scholars, believing electromagnetic ra
diation could not be transmitted through 
a vacuum, thought filled the voids in 
the universe. The experiment, which 
involved measuring the speed of light, 
ultimately showed that there is no ether.) 

A Michelson interferometer works 
quite differently from a prism or a grat
ing. The role of a prism or a grating is to 
disperse light, that is, to separate the dif
ferent spectral elements into different 
directions so that they can be individual
ly measured, Michelson reasoned that 
such spatial separation is not basic to 
spectroscopy and can be dispensed with. 
The interferometer makes no use of dis
persion. In Michelson's interferometer 
light is split into two beams by a half
reflecting glass plate, follows two paths 
of unequal length and is recombined on 
the beam-splitting plate [see illustration 

at left]. The light waves of the. two 
beams interfere with each other. If the 
two component beams are in phase" or. 
in step, the recombined beam is bright;

' 

if they are out of phase, the 'recombined 
beam is dark. The two situations are 
respectively termed constructive and de
structive interference. If the difference in 
the length of the two paths varies from 
one part of the beam to another, there 
will be constructive interference in some 
places and destructive interference in 
others. To the observer the result ap
pears as the series of bright and dark 
lines called interference fringes. The 
spacing between fringes is proportional 
to the wavelength of light. 

A recording of the intensity output of 
the interferometer while the path differ
ence is varied in a uniform manner is 
called an interferogram. It is utterly un
like a direct recording of the source 
spectrum. The spectrum can be recon
structed from the interferogram, how
ever, by applying the mathematical op
eration known as the Fourier transform. 
(Baron Jean Baptiste Joseph Fourier, a 
French mathematician of the early 19th 
century, applied his findings to several 
physical problems but never dreamed 
about their possible bearing on spectros
copy.) The interferogram can be said to 
contain all the needed information about 
the spectrum in a coded form. 

The extreme elegance of Michelson's 
method arises from the fact that re

solving power is no longer related to the 
path length within an absorbing medium 
or to the width of the ruled surface of a 
grating. It is purely a function of the 
path difference between the two beams. 
The path difference can be increased 
almost without limit, not only in theory 
but also in practice. 

Today we can record interference 
fringes. Michelson, however, had to rely 
on his eyes. Moreover, performing a 
Fourier transform is easier said than 
done: the interferogram is an experimen
tally determined curve and does not fit 
any simple analytical formula. The de
coding can be done by numerical com
putation. The basic rules are simple and 
the whole process can be broken down 
into elementary arithmetic operations, 
but their number can be enormous if 
the resolving power is high and the spec
tral range is an extended one. 

Because of these difficulties Michel
son did not attempt to use his method in 
the general case, that is, for extended, 
complex and unknown spectra. He re
stricted himself to the study of just one 
apparently monochromatic line. The 
curve he plotted was not the interfero-
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DIFFRACTION GRATING devised by Frawlhofer consisted of 

many fine, parallel wires. Four wires are shown here in cross sec· 

tion. Part of the light travels straight through (light color). For 

each wavelength, some light will be deflected in each of several 

other directions. The angle through which it is deflected is deter· 

�----) 
ETALON 

FABRY·PEROT INTERFEROMETER was invented in 1897 by the 

French opticians Charles Fabry and Alfred Perot. It consists of two 

highly reflecting parallel plates called an etalon. When light waves 

reflected between the plates interfere destructively (top), canceling 

each other out, darkness appears on the screen. When the waves 

mined by the requirement that the light through each opening 

should travel an integral number of wavelengths farther than light 

through an adjacent opening. Here a first·order beam (gray) and a 

second·order beam (dark color) are shown. Since the angle de. 

pends on the wavelength, the colors of the light are separated. 

l� _____________________ ) 
CAMERA FOCUSED AT INFINITY 

interfere constructively (bottom), reinforcing each other, the point 

of focus is bright. The result is a ring pattern such as the one on 

the covel' of this issue. Unlike the Michelson interferometer, in 

which two beams interfere, the Fabry·Perot interferometer com· 

bines a large number of parallel beams of decreasing intensity. 
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.5 1.5 
PATH DIFFERENCE BETWEEN BEAMS (WAVELENGTH) 

APPEARANCE OF FRINGES is compared for three devices. If in a two·beam interferom
eter two beams of equal amplitude are combined after paths differing in length by a tenth 
of the wavelength (top), the resulting amplitude (color) is nearly the same as if the two 
paths had been the same length. If in a multiple.beam device 10 equal.amplitude waves are 

each delayed a tenth of a wavelength from the preceding one (middle), the resulting waye 
(color) has zero amplitude. At bottom is the intensity resulting when two beams (black) or 
10 beams (color) are interfered as a function of the path difference between successive beams. 
Multiple.beam devices, such as a Fabry-Perot interferometer, produce the sharpest fringes. 
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gram itself but the fringe-visibility curve, 
which is a smoothed-out version of the 
interferogram. The curve enabled him 
to discriminate among certain assumed 
�pectra, but he could not unambiguously 
define the true spectral distributions. As 
a result his computed spectra show errors 
when they are checked with modern re
sults. 

Michelson's errors, however, are triv
ial compared with the importance of the 
discoveries he made. One was that lines 
believed to be monochromatic in actu
ality had several different components. 
This splitting is called the hyperfine 
structure of optical lines, and it yields 
information about the structure of atom
ic nuclei. Second, Michelson showed 
that a line that has been split as much 
as possible exhibits a continuous distri
bution of frequency, or energy. A "mono
chromatic" line thus has to be regarded 
as a theoretical concept with no physical 
existence, although today lasers come 
closer than any other source of light to 
generating such lines. 

The interferometer could also be used 
to measure the wavelength of sharp 
spectral lines. This part of Michelson's 
work ultimately led to the adoption (in 
1960) of an optical line as the primary 
standard of length. The reason is sim
ply that wavelengths can now be mea
sured more accurately than the length of 
any material body . 

.L
�lother form of interferometer was in-

vented in 1897 and applied to spec
troscopy by the French optician Charles 
Fabry and his collaborator Alfred Perot. 
It is extremely simple-just two plane
parallel plates with highly reflecting 
surfaces [see bottom illustmtion on pre
ceding page J. The Michelson type of 
interferometer has two equal beams; the 
Fabry-Perot interferometer has an in
finite number with decreasing intensity. 
The fringe pattern of a Fabry-Perot in
terferometer is quite different from one 
generated by a Michelson interferome
ter, and it makes possible a direct record
ing of the spectrum. A Fourier transform 
of the experimental data is not needed, 
and there is no ambiguity of interpreta-

. tion. 
For these reasons the Fabry-Perot 

interferometer was widely taken up 
for high-resolution spectroscopy. The 
Michelson fringe-visibility method, al
though it still holds a place of honor in 
all textbooks, is used in only a few cases. 
Nonetheless, the Fabry-Perot arrange
ment does have limitations. Its very 
simplicity makes it impossible for it 
to approximate theoretical performance. 
The two surfaces have to be polished 
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LAMELLAR GRATING devised by John D. Strong of the Uni
versity of Massachusetts consists of two sets of strip mirrors that can 
be moved with respect to each other. Here the two sets are shown 

separately. When they are assembled, they create an interferometer 
that is like Michelson's in producing only two beams but differs 
from a Michelson interferometer in requiring no beam splitter. 

glass or quartz, and even when they are 
made with all possible care, they show 
small residual ripples. The reflecting sur
faces are coated with evaporated layers 
of metals or dielectrics that cannot be 
made perfectly uniform. Finally, the 
plates and the spacers that are supposed 
to keep them parallel are subject to flex
ion and thermal expansion. 

The best the present state of the art 
can provide is an accuracy of the order 
of a hundredth of a visible-light wave
length. This means in turn that at best 
the peaks cannot be made sharper than a 
hundredth of their spacing. The spec
trum to be studied cannot then contain 
more than about 50 separate lines, and 
even this is a highly optimistic figure. 
No order-of-magnitude improvements 
are in sight. 

We now have to introduce a few mod-
ern concepts that dominate the re

cent evolution of spectroscopy. Direct 
recording of spectra with photomultipli
ers and photoconductive or thermal re
ceivers has come into play. Spectra on 
photographic plates are scanned by 
densitometers. Electronic amplifiers can 
expand traces from weak lines without 
limit-one just has to turn a knob! It soon 
becomes obvious, however, that mere 
amplification is useless. When the spec
tral curve is sufficiently blown up, it al
ways shows the meaningless fluctuations 

called noise. The important considera
tion thus becomes signal-to-noise ratio; 
it is the one basic limitation to the ac
curacy of photometric measurements. 

Signal-to-noise ratio depends on sever
al factors. The first is the monochromatic 
brightness of the source. Even when the 
source is a terrestrial one, this factor is 
not completely under the spectrosco
pist's control. For instance, putting more 
electric power into the gaseous-dis
charge sources used for studying atomic 
emission spectra broadens their emis
sion lines, which cannot be tolerated. 

The second factor is the '�receiver 
noise equivalent power": the light pow
er that, if it impinged on the receiver, 
would give rise to the same output as 
the output of the receiver operating in 
the dark. From the far ultraviolet to the 
far infrared detectors are now available 
that operate close to the fundamental 
limitations imposed by thermodynamic 
and quantum-mechanical laws. Hence 
large improvements in detectors can no 
longer be expected. 

. 

The third factor is the recording time. 
Unfortunately signal-to-noise ratio in
creases only as the square root of the 
total time during which energy is col
lected. The price for obtaining improved 
signal-to-noise ratios by this means is 
therefore very high. In all practical 
cases the recording time is limited, and 
one can only try not to waste any 01 it. 

The fourth factor is the resolving 
power. When a spectrum is divided into 
more and more separate portions, the 
energy per portion unavoidably goes 
down. For a continuous spectrum-all 
other factors being held constant-the 
energy and the signal-to-noise ratio are 
inversely proportional to the resolving 
power. 

The spectroscopist has a measure of 
control only over the recording time and 
the resolving power. A requirement for 
high resolving power forces him to long
er recording time. The theoretical maxi
mum resolving power of a slit instru
ment, which is limited by diffraction, 
may become irrelevant; with a weak 
light flux the practical resolving power, 
which is limited by the available energy, 
is much lower than the theoretical limit. 
This practical resolving power can be 
improved only by increasing the light
gathering capacity of the instrument, 
that is, the size of the beam that can be 
fed through the spectrometer. Such a 
move means increasing the size of the 
disperser, and practical limits are again 
soon in view. 

The Fabry-Perot interferometer rep
resents a marked improvement over slit 
devices in light-gathering power. The 
reason is that it needs no sharp slits to 
record a spectrum. The interference fil
ters now commonly used to isolate a nar
row band of optical wavelengths are 
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simply thin, low-resolution Fabry-Perot 
interferometers. 

An altogether different way of pro
ducing spectra was proposed in 1950 by 
Peter B. Fellgett, who was then work
ing at the University of Cambridge. He 
reasoned as follows. All spectrometers, 
which scan a spectrum bit by bit, waste 
most of the available light, whereas spec
trographs, which record a spectrum pho
tographically, do not. The reason is that 
the receiver behind the output slit in a 
spectrometer is a single-channel device: 
it can gather information about only one 
spectral element at a time, unlike the 
photographic plate, which contains a 
large number of individual detectors 
(the silver grains in the emulsion). 

l�ellgett concluded that the waste of 
light in a spectrometer could be elimi

nated if information about all spectral 
elements were fed through the receiver 
at the same time. (In the language of 
communications technology the receiver 
would be said to be multiplexed.) He 
looked around for ways to achieve the 
necessary encoding of the spectrum. 

Although several approaches seemed 

MOVABLE 

MIRRORS 

DETECTOR 

to be feasible, the most promising one 
was Fourier spectroscopy, which had to 
be discovered anew because everyone 
had forgotten that Michelson had (in a 
rather obscure paper, to be sure) given 
all the essentials. The method had never 
been made to work; as I said earlier, 
Michelson in his experiments had used 
only the smoothed-out fringe-visibility 
curve and not the complete interfero
gram curve. As a matter of fact he could 
hardly have done more than he did, 
given the state of instrumentation at the 
time and the lack of high-speed auto
matic computers to work out the neces
sary Fourier transforms. 

Multiplexing can be achieved with the 
two-beam interferometer because there 
is no dispersion and all the light is being 
utilized all the time. The gain to be ex
pected, compared with the scanning of 
a spectrum, is greatest for extended 
spectral ranges and is manifest even at 
low resolving power. (These are cir
cumstances Michelson never dreamed 
of; he applied the Fourier technique 
only to high-resolution spectrograms 
covering a narrow range.) Multiplexing 
has proved most useful in the infrared, 

FOCUSING MIRROR 

OPERATION of lamellar grating is indicated. The detector records the zero-order dif· 
fraction beam. If path lengths (colored lines) of light reflected from movable mirrors and 
from fixed mirrors differ by half a wavelength, the beam will be dark at the detector. As 
one set of mirrors is moved at a constant rate with respect to the other one, the light of 
each color will fluctuate at detector with frequency inversely proportional to wavelength. 
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for reasons that have to do with the dif
ferent types of detector. Fellgett's

· 
idea 

received little notice at the time, and 
many technical difficulties had to

· 
b� 

solved before skeptics could be con
vinced by actual results. 

In France, at the Bellevue Laborato
ries of the National Center for Scientific 
Research, Pierre Jacquinot also redis
covered Fourier spectroscopy, but from a 

different viewpoint. He had greatly con
tributed to the improvement of Fabry
Perot interferometer spectroscopy, which 
means that he was well aware of its limi
tations and was looking for ways of over
coming them. He found that the spectral 
range could be increased by using only 
two beams and unscrambling the data 
later by Fourier analysis. Jacquinot set 
his disciples, of whom I am one, to work 
in that direction. 

The first spectra recorded by Fellgett, 
which were spectra of cool stars in the 
near infrared, had very low resolving 
power, but the results were encouraging 
because the objects are so faint. Oth
er early workers in the Fourier field 
(around 1955) were Lawrence Mertz of 
Harvard University, John D. Strong and 
George Vanasse of Johns Hopkins and 
H. A. Gebbie of the British National 
Physical Laboratory. Strong, Vanasse 
and Gebbie initiated the use of the tech
nique in the far infrared. 

During the past 10 years the con
tributors to Fourier spectroscopy have 
become numerous. At an international 
conference on instrumental spectroscopy 
at Bellevue two years ago more than 
half of the papers dealt with Fourier 
spectroscopy. We shall indicate only the 
general trends. Most of the work has 
been done in the far infrared (wave
lengths greater than about 50 microns), 
where the use of the method is now so 
common that commercial Fourier spec
trometers are available. This is no acci
dent; the accuracy required in the con
struction of the interferometer is less 
when the wavelength is greater. More
over, the energy available in that range 
is very low, so that the results given by 
scanning spectrometers are comparative
ly poor and easy to improve on. 

Fourier spectroscopy is also sometimes 
employed because of advantages we 
have said nothing about since they are 
not fundamental-which does not mean 
they are negligible. Two-beam interfer
ometers, in particular those developed 
by Mertz, can be made very small and 
light. They lend themselves well to spec
troscopic observations from aircraft, bal
loons, artificial satellites and deep-space 
probes. 

Much effort is being devoted to the 
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FABRY.PEROT RECORDING was made by a photometer that 
scanned across a Fabry·Perot ring pattern. The four peaks at left 
show four clearly resolved components of one blue line of terbium, 
which is a rare earth. The four lower peaks show four components 

of another line, and then the first pattern is repeated. Separation of 
the first two peaks at left is .0 1 angstrom. The small ripples are 
caused by noise in the detector. Such noise sets an ultimate limit on 
the accuracy of measurements that can be made of light intensity. 

still difficult problems of computing the 
Fourier transform. Several types of spe
cial-purpose computers have been built. 
Some operate in real time: they actually 
plot the spectrum while the interfero
gram is being recorded. The main tool, 
however, is still the general-purpose 
computer. Striking advances have re
cently been made in the art of program
ming Fourier transforms, and optical 
spectroscopy will be the main benefici
ary of these advances. 

The reader may have guessed that 
the author, being a confirmed Fourier 
spectroscopist, is about to discuss his 
own contribution. (To choose to devote 
more space to one's own work than to 
Newton's is disturbing, to say the least, 
but one should understand that this huge 
distortion is a perspective effect and 
make the proper correction.) At Bellevue 
we have been from the start aiming at 
very high resolving power in the vis
ible or the near infrared, because this is 

what the theoreticians in the group were 
asking for. (They deal mostly with 
the hyperfine structure of atomic energy 
levels.) 

Briefly summarized, the difficulties 
were connected with the high accuracy 
required for both intensity and path
difference measurements in the inter
ferogram. Errors in path difference dis
tort the computed spectrum in the same 
way that imperfections in the construc
tion of a slit spectrometer do. For in-

MOIRE PATTERNS are produced with Girard grids such as the 
one shown on page 73. For each frequency of light the spectrome· 
ter will form an image of the input grid on the output grid. If one 
grid is oscillated slightly, the output of light will be modulated by 

the varying �verlap of the image and the output grid. The modula· 

tion is greatest when the output grid exactly lines up with the input 
grid. The overlapping images located a short distance apart, which 
correspond to different colors, can be separately discriminated. 
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stance, a grating ruled with periodic er
rors produces ghosts, or spurious lines. 
Similarly, if the device that measures 
the displacement of the interferometer 
carriage is affiicted with a periodic er
ror, the Fourier-computed spectrum will 
also exhibit ghosts, and of much greater 
intensity. That is why the requirements 
for mechanical accuracy are even more 
stringent in a Fourier interferometer 
than in the ruling engine used to make 
gratings. 

Errors in intensity produce additional 
noise in the spectrum. The difficulty is 
greatest in the very circumstances where 

1.68 1.60 

1.55 1.54 

the largest gain from multiplexing is 
sought. The problem is particularly se
vere when the intensity of the source 
fluctuates rapidly, which is what hap
pens with all astronomical sources be
cause of air turbulence. 

These problems have now been 
solved, but the steps are too technical to 
warrant description here. They involve 
sophisticated electronics and servo-con
trol devices and also the development of 
new computer programs to extend the 
number of interferogram samples that 
can be transformed. This latter part of 
the work is the responsibility of Janine 

1.51 

Connes, the author's wife, at the Nu
merical Computation Center of the 
Meudon Observatory. 

Applications are progressing in two 
directions. Spectra of laboratory sources 
have been recorded (in collaboration 
with Jacques Pinard) that clearly exceed 
those given by the best gratings in re
solving power and those given by Fabry
Perot interferometers in spectral range. 
Greater accuracy in determining wave
lengths is being achieved, together with 
more freedom from ghosts and stray 
light. 

The improvement is perhaps even 
more striking for infrared astronomical 
spectra because the energy from the 
sources is low and the observing time is 
sharply limited. In a program executed 
jOintly with the Jet Propulsion Labora
tory of the California Institute of Tech
nology, where the author spent a year, 
spectra of Venus, Mars, Jupiter and a 
dozen red stars have been recorded. 
They show an improvement in resolving 
power by a factor of 100 or more com
pared with the best spectra previously 
obtained [see illustration at left]. The 
near-infrared spectrum of Mars and 
Venus is now known more accurately 
than the spectrum of the sun was a few 
years ago. Three new trace gases (hy
drochloric acid, hydrofluoric acid and 
carbon monoxide) have been found in 
the atmosphere of Venus. Very large 
infrared telescopes will soon be special
ly built for multiplex spectroscopy. 

Making predictions about the future 
of this both old and young method 

is obviously risky. One cannot be far 
wrong, however, in stressing the im
portance of having nonoptical tech
niques intrude on what has so far been 
the purely optical approach to light 

1.53 1.52 analysis. Opticians have to acknowledge 
that the tools of their trade progress very 
slowly. The methods by which lenses are 
polished today do not differ markedly 
from those of Galileo or Newton. Mir
rors and glass plates used by Michelson 
or Fabry could be incorporated. quite 
satisfactorily in the latest interferome
ters. 

1.540 1.538 1.536 1.534 

On the other hand, the elaborate, fully 
transistorized servo system I built three 
years ago for my astronomical measure
ments has today only one possible fu· 
ture-providing parts for my son to play 
with. The immediate question is whether 
the new all-integra ted-circuited servo 
now being completed will produce any
thing before it becomes obsolete. The 
time is long past when experimenters 
could afford to let technical improve-

WAVELENGTH (MICRONS) 

SPECTRA OF VENUS have improved greatly with improved techniques. At top is a curve 
covering part of the near·infrared spectrum of the planet's atmosphere; it was obtained in 

1962 with a grating spectrometer. The area in darker color is covered in the middle spectro· 
gram, obtained by the author in 1964 with multiplex spectroscopy. It gives more detail of one 
of the four carbon dioxide bands of the top spectrogram. Author's later results (bottom) show 
with even higher resolution the part of the middle spectrogram that is in darker color. Little 
dips between major ones are partly due to less abundant isotopes of carbon and oxygen. 
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ments lie idle for 100 years. 
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I n  hope of do ing each other  some good 

Commerc ia l  note 
It  is our belief that there is money to 
be made in electroplated pl astics. We 
sell polypropylene of electroplating 
grade. Established companies in a posi
tion to evaluate and act on pertinent 
technical information should request 
it from Eastman Chemical Products, 
Inc. ,  Kingsport, Tenn. 37662 ( S ubsidi
ary of Eastman Kodak Company ) .  

Water below 
Three cheers for the U. S. Geological 
Survey and one cheer more for its Wa
ter Resources Division ! 

More acclaim than commonly be
stowed is deserved by those who labor 
under interdisciplinary yoke to strike 
forth restorative waters from beneath 
parched l and.  In hope both of the gen
eral welfare and of a more specific wel
fare for those of us who deal in photo
graphic goods and services do we point 
to the Survey's recent work with aerial 
color photography. The sense of it : 

1 )  High aloft, cameras record the 
patterns in the big picture. 

2) Down on the ground the ele
ments of the patterns that differ in color 
are studied-why they differ, why they 
differ between simulatory color systems 
and systems which purposely distort 
color rendition in a way to extend 
man's color sense into the infrared. 

3 )  Often as not, the differences turn 
out to be botanical . 

4 )  Plant species distribute them
selves to reflect their different adapta
tion to moisture, salinity, and geochem
ical conditions. Even species set out by 
the hand of man can exhibit subtle dif-

Rings of r ings 

On the morning of November 25, 1 93 5 ,  
the New York Times reported some
what belatedly the discovery of the 
first new blue pigment i n  a century. 
Though the report gave it only a com
m e r c i a l  dye stuff  
n a m e ,  t h e  c o m - � 
pound was copper >=< 
phthalocyanine : I=c,�c-rr 

(Xc I c 9' 7 ,  W / ":: 
N -Cu-N JO 

� :::-.. / l' '\ h C I C 

I N II 
N = C / �C - N 

It is now clear b 
that several hundred thousand addi
tional phthalocyanine compounds can 
be synthesized if wanted. A whole book 
could be written on the subject and has 

ferences i n  vigor so caused and percep
tible only from aloft, as patterns. 

5) Hydrologists interpret the pat
terns to advise where and how to strike. 

A hydrologist who has written Oil  this 
work alld might be tempted into corre
spondence is William J. Schlleider, U. S. 
Geo logical Survey, Wash ingtoll ,  D . C .  
20242 . 

Below the water 

The lady in the picture has been mar
ried to one of the two gentlemen for 
the three decades he has been with us. 
He is  a physicist who quantifies re
sponse of photographic materials to 
light. His colleague's  skill  lies in using 
photographic materials as a profession
al i l l ustrator. Both men neglected to 
state years ago on their applications 
for e mployment that they wanted to 
work under water. 

The trio find themselves in a happy 
position .  What they would do anyway 
for enjoyment turns out to be useful to 
customers of Kodak. * They love to be 
under water, and they love trying to 
see how good p ictures they can take 

• Usefulness to customers is  the most reliable 
foute to success in business, we find. 

been . * Study of the same compound 
that the Times announced as a dyestuff 
gives insight into mechanisms common 
to semiconductors and the cytochrome 
respiratory enzymes. Nickel phthalo
cyanine gets into quite a different field 
of inquiry by catalyzing the air oxida
tion of saturated fatty acid esters, which 
are not particularly prone to oxidation .  
Phthalocyanines are semiconductive, 
photoconductive, photosensitizing, flu
orescent, luminescent. They make good 
chemical j igs i n  which to hold metals 
for neutron irradiation. Inks that ush
ered in good full-color printing depend 
on them. 

Phthalocyanines do not occur i n  na
ture, but more complex elaborations 
of its ring-of-rings structure do. The 
hemin that m akes us red-blooded is 

· " Phtha)ocyanine Compounds", by Moser and 
Thomas, Reinhold, New York, 1 963.  

under water. For this pas-
time the fel lows enjoy two special 
a d v a n t a ge s : 1 )  l o n g - t e r m  i n s i d e  
knowledge o f  fi l m s  a n d  their be
havior; 2) intimate daily access to the 
mightiest known aggregation of tech
nical photographic facilities. Too ex
pensive for most customers would be 
the experiments they have done with 
processing variations on color film, 
with underwater grey scales, color 
charts, resolving power arrays. Changes 
in contrast, color balance, density scale, 
graininess, sharpness, and tone rendi
tion have thus been shown-at Kodak's 
expense, not the customer's-to have 
different implications under water not 
j ust for the beauty of the results but 
with respect to the threshold between 
losing useful information or surfacing 
with it. 

One outcome is  the conclusion that 
there is an underwater advantage in the 
increased contrast obtainable in KODAK 
High Speed EKTACHROME Film by 
"pushing" it in Process E-4 to much 
higher than normal speed. ( This can 
be conveniently arranged simply by the 
extra purchase of a KODAK Special 
P ro c e s s i n g  E n v e l o p e  E S P - l  w h e n  
Kodak processing is arranged with the 
dealer. ) 

After delivering this opinion at an 
ocean engineering symposium, our fin
men planned to p roceed to the B aha
mas to get going on an underwater 
Kodak Colorama, such as are displayed 
in gigantic proportions  in New York's 
Grand Central Station and more mod
estly e lsewhere. They just might bring 
it off. 

such a structure, and so is the green 
chlorophyll that lets l ight support life. 
With an earlier view of magic, Merlin 
would have loved to get his hands on 
this blood-related stuff.  With iron 
phthalocyanine he could have catalyzed 
the oxidation of Luminol ( EASTMAN 

3 60 6 )  to give a crimson glow clearly 
visible in broad daylight without hav
ing to withdraw to a cave. 

The lIearly 6,000 EASTMAN Organic 
Chemicals for laboratory use migh t all be 
phthalocyallines and still give no assur
ance of serving all interests. We therefore 
officially list only a modest number of 
Hnon -COl1l1nercial" ones, offer all a lellla
tive basis a dozen or so additional phthalo
cyanilles and the related octaphenylpor
phyrazill es, and in vite expressiolls of n eed 
for allY of the other hundreds of thou
sall ds .  C o m m u n icate with D istillatioll 
Products Industries, R och ester, N.Y.  
1 4603 (Division o f  Eastman Kodak Com
pany) . 

EASTMAN KODAK COMPANY An eQuo l ·oppo,lu n;ly em ploye, 
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TMI Tubing Can 

Help You Make 
a Brighter 

Tomorrow 

-;. j cess. Its customers never stop 
'''''HOO working on the research trail. 

They are never satisfied with today's 
progress. They are always seeking and 
finding new applications for their crea
tive abilities ... exchanging today's 
products for tomorrow's surprises. 
Keep it up ... for every time you make 
some of "today" obsolete you increase 
the need for TMI's kind of specialized 
tubing drawmanship. 

Go right ahead thinking up tougher 
ways to use stainless and special alloy 
tubing in small sizes .050" to 1.250" 
O.D. Remember, if it is hard-to-make 
tubing you need, you've come to the 
right source. Let's work together for 
that bright brand new tomorrow. 

�TMIESF3 

�1iJbi"g 
Phone 215-279-7700, Telex TWX 510-
660-0140 for immediate action. Tube 
Methods Inc., Engineers, Metallurgists, 
Manufacturing. Specialists Since 1941. 
Bridgeport, Pennsylvania 19405. 
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From CERN to Serpukhov 

T
en tons of electronic equipment 
supplied by the European Or
ganization for Nuclear Research 

(CERN) were recently flown from Ge
neva to Moscow for use in conjunction 
with the 70-billion-electron-volt acceler
ator at Serpukhov, 60 miles south of the 
Russian capital. It was the first shipment 
ever made of Western equipment to the 
U.S. S.R. for joint experimental use by 
Western and Russian workers. The ac
celerator at Serpukhov, where the equip
ment will be installed, is now the world's 
largest. It began operating at full beam 
energy 11 months ago. 

Under an agreement Signed in mid-
1967 CERN undertook to supply a fast 
ejection system to guide the accelerated 
protons out of the synchrotron into an 
experimental hall and radio-frequency 
separators to sort out various kinds of 
high-energy particles for use in experi
ments. In return the Soviet Institute of 
High Energy Physics agreed to welcome 
CERN physicists in groups of about six 
at a time to work at Serpukhov for peri
ods of three to six months. 

The first CERN-Serpukhov team will 
soon begin a "yield experiment," which 
will measure the number of subnuclear 
particles of different types that are creat
ed when a target is struck by the 70-BeV 
proton beam. It will provide data essen
tial for planning future experiments. A 
second experiment of the East-"Vest 
team will be the measurement of total 
cross sections in collisions between the 
newly created particles and stationary 
protons. 

Meanwhile CERN's plan to build a 

SCIENCE AND 
300-BeV accelerator at a cost of $350 
million was set back sharply by the 
decision of the British government to 
withdraw its support. The British were 
scheduled to supply about a quarter of 
the construction and future operating 
funds. The government decided that the 
big machine would absorb too much of 
the nation's limited research amI devel
opment budget. The other CERN part
ners hope that it will still be possible to 
build a somewhat smaller and less cost
ly machine. 

Ring around a Proton 

A dream of high-energy physicists is 
to find some way to accelerate pro

tons to enormous energies without hav
ing to build synchrotrons of ever larger 
diameter and cost. In a recent issue of 
Nature J. D. Lawson of the Rutherford 
Laboratory in Chilton, England, de
scribes a Russian proposal for a machine 
that would accelerate ringlike clouds of 
electrons within which a few protons 
would be trapped by electrostatic forces. 
The proposal was intensively discussed 
at a symposium held last winter at the 
Lawrence Radiation Laboratory of the 
University of California at Berkeley. 

The idea of accelerating a compact 
bunch of electrons containing a few em
bedded protons was evidently first pro
posed in 1951 by R. B. R-S-Harvie. He 
pointed out that the energy of the few 
protons would exceed the energy of the 
electrons by a factor of about 1,800, 
which is the amount by which a proton's 
rest mass exceeds the mass of an elec
tron. Thus if the electrons could be ac
celerated to a billion electron volts (1 
BeV), the protons would be given an 
energy of some 1,800 BeV, or some 25 
times the energy now achieved by the 
world's largest proton accelerator (see 
above). Harvie was unable, however, to 
suggest a way of holding the electrons to
gether against the large repulsive forces 
they would exert. 

A Russian group headed by V. P. 
Sarantsev conceived a way around this 
problem. It proposes using a ring of 
electrons within which the elec.trons 
would travel at velocities near the speed 
of light. The mutual repulsion of elec
trons would be much reduced by the 
magnetic field produced by the current 
in the ring. The magnetic field would 
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THE CITIZEN 
form "hoops" around the ring and tend to 
confine the electrons. The Russian group 
has been conducting its feasibility 
studies for some time, and no one has 
yet found any flaws in the concept. It is 
conceded, however, that development of 
a practicable machine might involve dif
ficulties comparable to those encoun
tered in the attempt to control nuclear 
fusion. 

What Is Death? 

The traditional criteria for death are 
cessation of respiration and heart ac

tion, but modern medical technology 
can keep a patient breathing and his 
blood circulating long after his brain 
has died. Now a special Harvard Uni
versity committee has recommended that 
brain death, or irreversible coma, be 
considered a definition of death and has 
drawn up a set of guidelines for deter
mining when there is no discernible ac
tivity of the central nervous system. The 
13-man committee, drawn from the fac
ulties of medicine, public health, law, 
arts and sciences and divinity, was head
ed by Henry K. Beecher of the Harvard 
Medical School. Its report was published 
in the Journal of the American Medical 
Association. 

According to the committee a per
manently nonfunctioning brain is char
acterized by certain clinical signs. One 
is unreceptiveness and unresponsiveness 
of the patient to any external stimuli or 
inner needs. Another is lack of any spon
taneous muscular movement or any un
assisted breathing-or effort to breathe 
-over a period of at least an hour. Final
ly, there are no reflexes: the pupil of the 
eye is fixed and dilated even in the pres
ence of a bright light, there is no swal
lowing or yawning and usually no stretch 
reflex. These clinical signs constitute 
primary evidence of brain death; elec
troencephalograms should be considered 
secondary because they may show spuri
ous waves. A "flat" brain-wave pattern, 
according to the report, constitutes con
firmation of brain death. 

The final determination of death 
through irreversible coma should be 
made only when the clinical and en
cephalographic tests have been repeated 
at least 24 hours after the initial tests. 
The determination should be made by 
the physician in charge; it is "unsound 

ONE HUNDRED LASERS support fundamental and applied research programs 
at Sandia. For instance: 
LASER BEAM REFLECTIONS from test vehicles traversing Sandia's 5000·foot 
track are automatically digitized to provide rapid data on vehicle trajectories. 
A MOBILE LASER RADAR, designed to- measure the erosion of ablative 
materials on SNAP re·entry vehicles, can also accurately detect minute quanti· 
ties of airborne contamination in atmospheric "clouds" invisible to ordinary 
radar. 
LASERS are used to make holograms and copies of them; to switch, weld and 
bond, align, and calibrate; to help in solid state physics investigations and 
information processing-the gamut of activities on the front edges of laser 
application and research. 
Information about possible opportunities for working in a challenging and pro
ductive environment may be obtained by writing to the Employment Department, 
Sandia Laboratory, P. O. Box 5800, Albuquerque, New Mexico 87115. Sandia 
is an equal opportunity employer. U. S. Citizenship is required. 

OPERATED FOR THE U. S. ATOMIC ENERGY COMMISSION BY SANDIA CDRPORATION 

A BEll SYSTEM SUBSIDIARY I ALBUQUERQUE. N. M.; LIVERMORE. CALIF. 
SANDIA lABORATORIES \i) 
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Free to 
Manufacturers 

Write 
for brochures 

yoowant. 
How to get help in financing long-term cap
ital investments . .. tax advantages avail
able to you in New York State . . . man
power-training assistance ... plant-location 
services. These are only a few of the free 
business publications offered by the New 
York State Department of Commerce. 
If you need it, we've got it. New York State 
Department of Commerce has a mountain 
of information on subjects ranging from 
plant financing to international marketing. 
And it's available to you free ... whether 
you're already in New York or just thinking 
of coming here. 
Write on your letterhead or call (518) 
474-3717 for the four brochures illus
trated - free and at no obligation. 
For more information: Look over the cou
pon and check brochures you're interested 
in. If you don't see one that covers the par
ticular problem you're trying to solve, tell 
us your problem, and we'll find an answer. 
r--------------., 
I Commissioner Ronald B. Peterson 1 I New York State Dept. of Commerce, Rm. 592 I I 112 State Street, Albany, N. Y. 12207 I 
I Please send the following brochures, I 
I 0 Industrial Location 0 Plant I 
, Services Financing I 

o Tax Advantages 0 New York Stote I for Business Business Facts I 
I 0 Money for 0 International I 
I Manpower Commerce I 
L ______________ -' 
NEW YORK STATE DEPARTMENT OF COMMERC.E 
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and undesirable " to have the family 
make the decision. Then the family 
should be informed. "At this point death 
is to be declared and then the respirator 
turned off." The decision, the committee 
noted, "should be made by physicians 
not involved in any later effort to trans
plant organs or tissue from the deceased 
individual." 

Methadone Supported 

I-I eroin addicts whose habit is switched 
to the drug methadone and who are 

given adequate support and counseling 
apparently stay off heroin, become self
supporting and demonstrate increasingly 
less antisocial behavior. These are the 
preliminary findings of a committee es
tablished under the auspices of the Co
lumbia University School of Public 
Health and Administrative Medicine to 
evaluate the Methadone Maintenance 
Program, which has been conducted at 
several centers in New York City for 
about four years under the direction of 
Vincent P. Dole and Marie Nyswander. 
The program grew out of research at 
Rockefeller University in which Dole 
showed that addicts could be maintained 
on regular doses of methadone, a drug 
that had previously been used to ease 
the distress of withdrawal from heroin. 

Patients in the Methadone Mainte
nance Program, who have been heroin 
addicts for an average of 10 years before 
admission, volunteer to be hospitalized 
for about six weeks, during which they 
are built up to a stabilizing dose of the 
drug. Thereafter, as outpatients, they 
are maintained on methadone, tested 
regularly for heroin or other drug usage, 
given psychological support and coun
seling on employment and education. 
The committee considered the cases of 
544 men treated at two centers. At the 
time of admission only 28 percent of 
them were gainfully employed; 40 per
cent were receiving welfare support. Of 
those who have been in the program for 
more than two years, 85 percent are em
ployed or in school; the proportion on 
welfare is down to 15 percent. None of 
the patients has become readdicted to 
heroin. There has been a steady decrease 
in the number of arrests. Although all 
the men continue to take methadone, 
periodic medical examinations have 
shown no toxic effects. 

The committee concludes that "for 
those patients selected and treated as 
described, this program can be con
sidered a success .... Those who remain 
in the program have, on the whole, be
come productive members of society." 
Since these patients are volunteers, old-

er than the average addict and perhaps 
more highly motivated, the program's 
results should not be generalized to the 
total addict population. The committee 
suggests a number of new lines of re
search to establish the general applica
bility of the method and to -assess long
term results. 

Alaskan Oil 

A deposit of petroleum and natural 
gas that may prove to be the largest 

ever found in the U.S. has been discov
ered on the northern coast of Alaska. A 
consulting firm in Dallas has reported 
that the discovery "could develop into a 
field with recoverable reserves of some 
five to 10 billion barrels of oil, which 
would rate it as one of the largest petro
leum accumulations known to the world 
today." The famous East Texas oil field, 
which is the largest source of petroleum 
previously discov

'
ered in the U.S., had 

original reserves estimated at five billion 
barrels. 

The Alaskan discovery was announced 
by the Atlantic Richfield Company and 
the Humble Oil & Refining Company, 
which each have a half-interest in the 
field. The field is in the Prudhoe Bay 
region of the Arctic slope, the northward 
declivity from the Endicott Mountains 
and the Philip Smith Mountains to the 
Beaufort Sea. Because the site is in a 
remote area, large-scale facilities will be 
needed to convey the oil and gas to 
warm-weather ports 900 miles away. 
The two companies have estimated that 
commercial development of the field will 
take at least three years. 

Where Proteins Start 

The synthesis of proteins takes place 
on particles called ribosomes, which 

consist of two subunits of unequal size. 
Christine Guthrie and Masayasu Nomu
ra of the University of Wisconsin have 
recently described in Natu1'e a distinc
tive role for the smaller subunit. It is the 
place where protein synthesis starts. Sur
prisingly, moreover, the smaller subunit 
is not bound to the larger subunit when 
the synthesis begins. 

It had long been known that ribo
somes could be dissociated into two sub
units, which were identified as 30S and 
50S because of their sedimentation prop
erties. What seemed puzzling was why 
there should be two subunits-why not a 
single particle? One could guess that the 
subunits might have different roles, but 
no one knew what they might be. 

The puzzle was not clarified by the 
discovery, about two years ago, that in 
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Doctors search for the answer to ever
lasting life. Scientists search for the answer 
to how life began. Man's basic instinct is to 
strive for perfection. 

At Sylvania it's no different. Our search is 
for a perfect light. A light that will last 
forever and give off the exact natural light of 
the sun. Sounds like an impossible task? 
Well, to tell you the truth, it is. 

To begin with, man can't reproduce the 
exact conditions of the sun. And even if he 
could, the intensity of heat which such a 
light would give off, would be 6.000 degrees 
centigrade. 

Knowing this, we could be satisfied with 
what we have, and not go any further. But 
we aren't. The basic instincts of our engineers 
drive them on a never-ending search for per
fection. As a result, here are some of the 
products we've developed in trying to emu
late that giant white fireball in the sky. 

We have an experimental sunless green'
house at the Sylvania Lighting Center in 
Danvers, Mass. , where we've actually grown 
tomatoes, potatoes, and exotic flowers with
out the light of the sun. Their only source of 
light has been from our Wide Spectrum 
Gro-Lux® fluorescent lamps. 

Gro-Lux lamps are made with a special 
combination of rare earth phosphors, and 
give plants all the light they need to grow 
on: two different wave length bands of 
energy in the red and blue regions. This 
allows them to go throu gh the action spec
trum of chlorophyll synthesis and photosyn
thesis. With Gro-Lux lamps it's easy to grow 
seasonal foods like tomatoes and pineapples 
out of season in a simple basement set-up. 

Our experiments have worked out so well 
that Gro-Lux lamps are being used in cabins 
of simulated spacecraft to grow vegetables 
for astronauts. And at a later time there will 
be plans to use Gro-Lux lamps on actual long
distance manned spacecraft. Up in the sky 
or down on earth, there's no limit to the help 
Gro-Lux lamps will be in the future. Espe
cially when we're faced with feeding the ex
ploding population. 

In searching for the unattainable in our 
electroluminescence lab, we found another 
new method of generating light. Panelescent® 
lamps. There's no gas, no glass, no bulbs, no 
tubes. Panelescent lamps are two dimen
sionallamps that work similarly to the lum
inescence we see in fluorescent lamps: the 
light is produced by exciting a phosphor. 

Panelescent lamps can be made into prac
tically any shape from a tiny curlycue to a 
monolithic structure. They can take any size 
from 1/16" to 2 ft. x 8 ft. This provides an 
endless list of possibilities. Ceilings can be 
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lit and thinned-down to about an inch be
cause you don't need yards and yards of 
bulky cables. Light can be built into walls, 
doors, stairs, domes, or any other parts of a 
building. Because of its flexibility, it can be 
woven into draperies and built into furni
ture. There's even the possibility that elec

troluminescent screens could perform the 
function of cathode-ray tubes. If so, we may 
see the day when a color TV set will be thin 
enough to be hung on a wall like an oil 
painting. 

But so much for the future. Here's more 
of what we've done lately. We've developed 
one of the whitest, brightest, most natural 
looking lamps in the lighting industry ... the 

found that combining mercury with sodium 
oxide and scandium oxide could achieve the 
same characteristics of the sun in terms of 
color temperature. Mercury being heavy in 
the blue and the green, and the oxides being 
heavy in the red, orange, and yellow. 

From this we got our Metalarc white light 
which is being used wherever the sun can't 
be. From stadiums for night sporting events 
to underground passages for men at work. 

But even though our Metalarc is the best 
light under the sun for turning night into 
day, we're not satisfied. We still go on our 
endless search climbing the infinite ladder of 
perfection. 

The closer we get to the top, the further we 
Metalarc lamp. It's the closest 
anyone has ever come to dupli
cating natural sunlight. We 

SYLVANIA 
have to go. Maybe nothing we've 
made so far can replace the sun. 
But some day, who knows? GENERAL TELEPHONE & ElECTRONICS © 1968 SCIENTIFIC AMERICAN, INC© 1968 SCIENTIFIC AMERICAN, INC



bacteria, at least, the synthesis of protein 

chains is initiated by a particular amino 

acid, formyl methionine, which is car
ried to the ribosome by a specific "trans
fer" RNA known as tRNA" .. The selec
tion of this and subsequent amino acids 
is directed by "messenger" RNA held by 
the ribosome. It was also observed, in 
later experiments, that bacterial cells 
contain free subunits of 30S and 50S and 
that indeed there was an exchange of 
these subunits during protein synthesis. 

By careful experiments in which the 
two kinds of subunit were distinctively 
labeled with heavy isotopes, Guthrie and 
Nomura demonstrated that ribosomes 
dissociate into subunits before any for
myl methionine is bound to either one 
of them. They then proved conclusively 
that protein synthesis starts when a 30S 
unit combines with a strand of messen
ger RNA and with a molecule of tRNAF 
bound to formyl methionine. This com
plex then joins up with a 50S subunit 
and protein synthesis proceeds to com
pletion. 

Through a Lenslet Brightly 

'fhe renewed interest in the optics 
of three-dimensional imaging tech

niques brought about by the spectacular
ly successful marriage of holography and 
the laser (see "Applications of Laser 
Light," by Donald R. Herriott, page 140) 
has led to the revival of another old idea 
in photographic optics known as lenslet 
photography or integral photography. 
Invented by Gabriel Lippmann of 
France in 1908, the technique is based 
on the use of thousands of small spherical 
lenses ("lenslets") to produce a three
dimensional image comparable to the 
one obtained by the holographic method. 
Potential applications of integral pho
tography are being explored at the Bell 
Telephone Laboratories by a group un
der the direction of Robert J. Collier, 
who describes the technique in a recent 
issue of Physics Today. 

. 

In integral photography incoherent 
light reflected from a subject is focused 
by each one of an array of tiny lenslets 
onto a pho�ographic plate placed behind 
the plane of the lens lets and close to 
their back focal plane. The image 
formed by eacl1lenslet is a complete pic
ture of the subject seen from a unique 
aspect. After the photographic plate is 
exposed to record an array of bright 
point images of each point on the sub
ject, an accurate positive image, consist
ing of an array of transparent spots on 
an opaque background, is made. The de
veloped plate is then replaced in the 
back focal plane in register with the orig-

inal lenslet array and is illuminated from 
the rear with diffuse incoherent light. 
Each transparent point image emits a 
spherical Wave that emerges from the 
front of the lenslet as a narrow beam 
whose direction corresponds to the di
rection of the incoming beam during ex
posure. The beams from all the lenslets 
converge to form an array of bright spots 
at the original positions of points on the 
subject. The term "integral photogra
phy" derives from the integration of all 
these tiny point images to form the final 
three-dimensional image. In efrect the 
array of tiny lenslets samples the direc
tions of light coming from any given 
point on the subject and plots the inten
sity of each sample in unique positions 
with respect to the optic axis of the en
tire lenslet array. 

Collier points out that because inte
gral photography requires only incoher
ent light, it is applicable to the recording 
of three-dimensional images in situations 
where the subjects are moving and hence 
are not suitable for most kinds of holog
raphy. Such subjects include the inte
rior of furnaces, jets and plasmas and the 
surfaces of cathode ray tubes and liv
ing organisms. Collier also foresees pos
sible applications of lenslet photography 
in three-dimensional portraits, posters, 
road signs and perhaps television close
up displays. 

Reversible Retardation 

What is a mental retardate? Thirty 
years ago two University of Iowa 

psychologists who had studied a group 
of physically healthy but mentally re
tarded children reported that after the 
children had been moved from an or
phanage to a different environment, they 
had progressed to normal intelligence, as 
measured by their IQ score. The mental 
retardation had disappeared. At the time 
of these reports psychologists tended to 
think IQ was fixed by heredity, and the 
findings of Harold M. Skeels and Marie 
Skodak were essentially ignored. With 
the passing of time their work attracted 
more attention, ultimately helping to in
spire preschool programs such as Project 
Head Start, designed to prevent mental 
retardation. Recently the Joseph P. Ken
nedy Jr. Foundation made separate 
awards of $20,000 to Skeels and Miss 
Skodak in recognition of their early re
search. 

Skeels's investigations were begun 
after he noted a pronounced spurt in the 
mental growth of two young children 
from an Iowa orphanage. Having been 
classified as imbeciles, they were living 
(space not being available elsewhere) in 
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All microdensitometers 
we tried kept us guessing. 

So we built our own. 
.. 

Now you can have it, too. 
The Perkin-Elmer Mark II was 

developed to fill the need for a m  icro
densitometer that can measure and 
record data with the high speed and 
accuracy required for computer 
analysis. The Mark II  has predictable 
transfer function, effective flare con
trol, minimal illumination coherency, 
simple sample al ignment. 

The Mark II has two display sys
tems: a 5V2" diameter view screen 
fully illuminated by a separate vari
able intensity source-plus oscilli
scope display of the transmission 
data vs. distance, without moving 
the sample. The operator can see 
the interrelated effects of illumina
tion coherency, granularity, focus or 
alignment errors, film backing par
ticles, scratches, or the transmission 
data output-and pre-select the most 
desirable area of·the sample before 
screening it. The special optical con
densing system permits the use of 
long adjustable slits and assures 
uniform reading sensitivity over the 
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Smart way to 
take notes! 
Smart gift to 
give and get! 

Picture worth 
10,000 words? The 
inconspicuous 31/4 
oz. Minox camera 
yields big sparkling 
prints and superb 
color. It's always 
with you, ready to 
capture public 
relations shots of 
customers and 
clients, products, 
displays, conven
tions, travel and 
family events. 
Instant drop-in film 
loading ... no 
threading ... no 
rewinding. Perfect 
camera for you. An 
appreciated corpo
rate gift. At fine 
camera stores. 

Minox Corporation 
P.O. Box 1060 

Woodside. N.Y. 11371 

A Berkey Photo Co. e. 

the camera YOII never leave at home 

entire length of the measuring 
aperture. 

Send in a sample for analysis. 
For detailed information, write 

Perkin-Elmer Corporation, Photo 
Optical Systems Dept., Optical 
Group, Norwalk, Connecticut 06852. 

PERKIN-ELMER 

The Celestron 10 
Schmidt Cassegrain Telescope as shown 
here equipped with astro camera adap
tor and the Celestron 4 Guide Scope. 
You will be able to capture on film 
exquisite details of the moon and 
planets at exposure times of 1/10 to 
1/100 second. For deep sky exposures 
of faint nebulae, the Celestron 10 is 
guided with a Celestron 4 Guide Tele
scope at typical magnifications of 6OOX. 
Visually or photographically, the Celes
tron 10 is the ideal telescope for 
educational institutions or the serious 
amateur astronomer. 
"Observational As/ronomy" - a complete 
lab manual - free to educational institu
tions. 
For more details on the Celestron 10 and 
other telescopes from 4" to 36" write to: 

Celestron Pacific, Int. 
2430 Amsler. Torrance, Cal if. 90505 Telephone: (213) 534·2322 

a home for feebleminded women. There 
the children received more aHection, at
tention and opportunities for play than 
they had had at the orphanage. Skeels 
arranged to have 11 other mentally re
tarded orphans under three years old 
placed in the institution for feeblemind
ed women. Over a two-year period the 
IQ scores of all the childi'en moved up
ward; with two exceptions each child 
gained more than 15 IQ pOints. In con
trast, 12 children who remained at the 
orphanage and whose IQ's were initially 
at the "normal and dull average" level, 
showed an intellectual loss with time. In
deed, their average loss of 26 points was 
nearly equal to the retarded children's 
average gain of 27 points. 

The related findings of Miss Skodak 
were based on a study of 100 orphans 
who had been adopted at all early age. 
Their IQ score was generally higher 
than what would have been expected on 
the basis of their actual parentage and 
was close to the score of their adoptive 
parents. 

Skeels and Miss Skodak have followed 
the development of the children they 
originally studied. Twenty years later the 
"retardates," no longer in institutions, 
were married or self-supporting; their 
educational and occupational achieve
ment levels compared favorably with 
averages taken from the U.S. Census. 

High-Speed Sewage 

Recent experiments in Texas have 
shown that the flow of liquid 

through sewer pipes can be speeded up 
by more than 50 percent if small 
amounts of synthetic organic polymers 
known as flocculants are added to the 
liquid. The experiments, carried out in 
six-inch pipes at a test site, \Ver� COIl
ducted by the ·Western Corporation for 
the Federal Water Pollution Control Ad
ministration. At the Federal agency's re
quest the city of Cleveland will soon test 
the polymers in brick sewers as large as 
five and a half feet in diameter. 

The polymers cause small particulate 
matter to coagulate into larger masses 
termed flocs. The liquid is thereby made 
less sludgy. Flocculant polymers have 
already been used with good results in 
a number of sewage-treatment processes 
that involve the separation of solids from 
water. The flocculation makes possible a 
much more rapid separation than can be 
achieved with unflocculated liquids. If 
the process proves to increase the flow 
Significantly in municipal sewage pipes, 
it will not only increase the capacity of 
the pipes but also make pumping easier 
and help to keep the pipes clean. 
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Thomas Harriot 
(1560-1621) 

Woodcarving by William Ransom 
Photographed by Max YavnQ 

"Before awarding all the prizes for discoveries and inventions in mathematics, 
philosophy and natural science to claimants throughout the wide Republic of 
Letters, let modest Hariot be heard and examined. Let his papers and all his 
credentials be laid out before the high court of science, not in the light of to-day, 
but contemporaneously with those of Tycho, Kepler, Galileo, Snell, Vieta and 
Descartes. Hariot himself has claimed nothing, but Justice and Historical Truth 
are bound to assign him a niche appropriate to his merits.'" 

'Henry Stevens, Thomas !-Iariot and !-lis Associates, Privately Printed, 
London, 1900. 

INTERACTIONS OF DIVERSE DISCIPLINES 
Of the 800 members of the professional staff of Planning Research Corporation, 188 pur
sue the discipline to which Harriot made some of his greatest contributions: mathematics. 
Twenty-nine other disciplines are represented on the Planning Research professional staff. 
Here, the classical sciences, philosophy, engineering, and mathematics interact on multi
disciplined teams with the new behavioral and management sciences, economics, and the 
computer sciences. An appropriate combination of these disciplines can find the answer 
(by analysis, not by judgment) to the technical, economic, or social problem you want 
solved. 

Approximately half of Planning Research Corporation's present contract work is in gen
eral problem solving. Projects range from market analysis and planning for industry ... to 
the management of natural resources and the care of human resources for state govern
ments and the Federal Government ... to problems in the exploration of space. 

Executives in government and industry are invited to write or call Mr. Stuart A. Krieger, 
Executive Vice President, for further information on Planning Research Corporation's 
capabilities. There is no obligation. 

PLANNING RESEARCH CORPORATION 
Home office: 1100 Glenclon Avenue, Los Ang�les, California 90024 

An Equal Opportunity Emplaya. Candidates are invited to wrift to the Administrator lor Professional Staffing. 
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Mountains, oceans, atmospheric conditions, the cur
vature of the earth. They are no longer obstacles to the 
long range communications so desperately needed by 
peoples in developing areas of the world. 

New systems level mountains electronically 
Sanders communication systems, now operating in 

many parts of the world, incorporate such radical con
cepts in design and construction that they can, as far as 
communications are concerned, literally level the moun
tains, fill the valleys and contract the world. 
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Better communication 
is critical to the growth of 
developing nations 

Pakistan is one example. The requirement for more 
adequate, more reliable communication across the 1200 
miles separating East and West Pakistan, as well as ·the 
mountainous terrain between Pakistan and other na
tions of Europe and Asia, has become a major concern. 

Sanders undertook total systems responsibility for de
signing and installing a communications network to link 
the two segments of the country and provide extensive 
worldwide communications. 

The result is a modern system requiring minimum land 
area, yet providing optimum reliability and round-the
clock operation. 

This is typical of the unique contribution that Sanders 
systems are making in such important areas as display/ 
computer systems, electro-optics, oceanography, elec
tronic warfare, and radar systems. 

If you'd like to know more about this systems concept 
of problem solving, contact: Corporate Division Develop
ment, Sanders Associates, Inc., Nashua, New Hampshire 
03060. Phone: (603) 883-3321, extension 1674. 

Systems-oriented scientists and engineers interested 
in current career opportunities at Sanders are invited to 
call Professional Placement, Extension 6967. 

Creating New Directions �� 
In Electronics �� SANDERS 

ASSOCIATES, INC. 
*T.", .• SANOEII! ASSOC'A,TtS, INC. An equal opportunity employer M and F 
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How Images Are Fonned 

Nell\} procedures based on wave theory' and executed by cOlnputers have 

supplemented the traditional techniques of ray optics . The result is 

a Inajor advance in the quali�y of lenses and the ilT"ages they form 

Because light wavelengths are short 
light can convey a remarkable 
quantity of information. The fidel

ity with which this information is ulti
mately presented in an image depends 
on the physical characteristics of the op
tical system that forms the image. In re
cent years optical technology has made 
dramatic advances; aerospace photogra
phy from very high altitudes and photo
micrographic techniques for producing 
integrated circuits are just two applica
tions of the remarkable optical systems 
that are now being developed. The new 
technology is based on a comprehensive 
new discipline of image formation that 
combines traditional geometric optics 
with the wave and diffraction theory of 
modern physical optics, and brings to 
bear new mathematical routines exe
cuted by high-speed computers. 

The behavior of light was one of the 
first aspects of the physical world to be 
observed and investigated by the an
cient philosophers. They learned by ex
periment that rays of light striking a sur
face at an angle are reflected at precisely 

HIGH INFORMATION CONTENT in an 

image is demonstrated by the photographs 
on the opposite page. The contact print is 
a strip from a portion of a negative exposed 
at a high altitude east of Los Angeles by an 
advanced Itek Corporation aerial camera. 

The scale is I : 36,000 (one inch equals 3,000 
feet). The print covers about 7.5 square 
miles, ranging from Baldwin Park in the 
west (top) to Charter Oak in the east (bot

tom) .  A small segment of the contact print 

(center, about four inches from the top) 

was enlarged 25 diameters and the result
ing print is reproduced here at a total en

largement of 31.5 diameters. The detail re
vealed in the enlargement includes the lane 
markers in the swimming pool, runners on 

the track and players on the football field. 

by F. Do,,- Smith 

the same angle. A general law of refrac
tion-the change in angle of a ray pass
ing from one transparent medium into 
another-was more elusive, although 
about A.D. 150 Ptolemy was able to mea
sure the bending of a beam of light as 
it passed from air into water or glass 
(and in the opposite direction). Johannes 
Kepler found that when light struck a 
glass surface nearly perpendicularly the 
angles of incidence and refraction were 
in the ratio of 3 : 2. Finally in 1621 the 
Dutch mathematician Willebrord Snel 
(not Snell, as it is commonly given) 
found the correct relation for all angles 
of incidence, including large ones. At 
about the same time Rene Descartes de
rived the correct mathematical expres
sion. Isaac Newton showed that the 
angle of refraction also depended on the 
color of the incident light. Thus the sim
ple geometrical relation was established: 
the sines of the angles of incidence and 
refraction are inversely proportional to 
the indexes of refraction of the two me
diums. For light of any color the index of 
refraction of a medium is inversely pro
pOltional to the speed of that light in 
that medium. Snell's law, as this relation 
is called in English-speaking countries, 
is a sufficient physical basis for all geo
metrical optics, the high development of 
which in the late 19th and early 20th 
century made possible great achieve
ments in the design of complex lenses 
and optical instruments [see illust'l'ations 
on next page J. 

From the optical designer's point of 
view, a practical lens for a camera or 

other instrument consists of a set of re
fracting or reflective surfaces, usually 
spherical in form, arranged along a com
mon axis. A lens "formula" consists of a 
set of numbers giving the thicknesses 
and spacing of the various elements and 
the indexes of refraction of the glasses 

of which they are made. The aim is to 
bring bundles of light rays from some 
"object point" to a single point, the im
age, and to do this Simultaneously for 
many points and for light of many wave
lengths. 

It is not possible simply to solve a set 
of algebraic equations and come up with 
a complete lens formula. There are, how
ever, formulas that express the general 
behavior of rays of light, particularly 
those close to the lens axis, the "paraxial" 
rays. These formulas show that all the 
rays typically do not come to the same 
focus and this results in image errors 
known as aberrations. It is not possible 
or indeed desirable to reduce all these 
errors to zero in a practical system. In
stead the usual practice is to allow a 
specified amount of a certain aberration 
to occur and to cancel its effect by intro
ducing an opposite error from a different 
kind of aberration. Formulas derived 
from aberration theory can be a general 
guide to lens design, but the formulas 
are approximate at best. 

The classic and continuing method of 
lens design is therefore "ray-tracing," a 
trigonometric process by which an indi
vidual ray is traced through the lens. Its 
change in direction at each surface is 
computed by Snell's law. In this way the 
position at which each ray intersects the 
desired image plane can be determined. 
In the very early days these computa
tions were done with logarithms to six 
or more decimal places; the process was 
laborious and only a few rays could be 
traced. Later the process was speeded 
up by the introduction of mechanical 
desk calculators. The designer would se
lect a number of rays from one object 
point and determine where each inter
sected a plane near the image, and then 
do the same for other points in the field 
of view and for light of various wave
lengths. After making a set of calcula-
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a b 

REFLECTION AND REFRACTION are shown for light passing 
from air (index of refraction 1) to glass (index 1.5). The angle of 
reflection equals the angle of imidence and the sines of the angles 
of incidence and refraction vary inversely with the indexes of reo 

FOCAL LENGTH 

LENSES refract light rays. Parallel rays (pencils of light formed 
by holes in a screen) are converged to the focal point by a convex 

RAYS from points on an object (black arrows), refracted by a 
lens, converge to establish co .... esponding points on an image (grny 

arrows). Parallel rays are refracted through the focal point; rays 

c d 

fraction (a). Reversing the direction of light propagation does not 
change the angles (b). A grazing incident ray is refracted at a 
limiting angle (c). When the direction is reversed, at any larger 
angle a ray is totally reflected within the denser medium (d). 

FOCAL 
POINT 

,--...... --
"' -- .......... 

kNEGATIVE FOCAL LENGTH)\ 
(positive) lens (lelt). Rays are diverged by a concave (negative) 

lens so as to seem to originate at the negative focal point \right).  

intersecting at the first focal point emerge parallel; rays through 
the center of a thin lens are not deviated. A convex lens forms a 
real image, as on filn1; a concave lens fornls only a "virtual" one. 

---:...-:...-::..-::..-::... .. ::::..-.:.. .. ::::: .. -:.::.:::.:.::::.-- ---t==::::::5r--b-=::::-• 
F 

������===�=�:�=�::::��--
------------------------- ------ ---

MAGNIFICATION can occur when an object is located inside the 
focal point of a converging lens, wbich forms a virtnal, enlarged 

98 

and uprigbt image. In microscopes and telescopes the object to be 
magnified is an image that has been formed by an objective lens. 
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tions he would evaluate the resulting 
image, adjust his lens elements accord
ingly and do the calculations again. 

The design process was greatly accel
erated with the advent of high-speed 
digital computers, which also made pos
sible the development of a new pictorial 
tool, the spot diagram. With the com
puter a very large number of rays can 
be traced for a single object point. The 
interactions of these rays on the image 
surface provide a dot pattern that rep
resents the image of that point [see 
illustration at right]. Such diagrams, 
determined geometrically, are good rep
re5entations of the image when the 
aberration is large, but the better the 
lens, the less adequate they become. 
The reason is that difFraction effects (dis
cussed in the opening article of this 
issue) become relatively more important 
as aberration effects are reduced. It is 
possible with a computer actually to 
calculate the diffraction image, but the 
procedure is cumbersome and not gen
erally appropriate for engineering ap
plications. The real importance of the 
computer in optics has been in the de
velopment of remarkable new processes 
of "automatic lens design," processes 
that are able to cope with the complex
ity of modern high-quality lenses that 
must perform near the p'hysical limit set 
by diffraction. 

The problem of the lens designer is 
essentially to adjust the variables of the 
lens formula so as to bring the quality of 
the image to some predetermined level. 
A lens may have as many as 10 or more 
elements, and so the number of variables 
affecting it (ctlrvature, thickness, spacing 
and glass type of the elements) can add 
up to 50 or more. The number of varia
bles defining image quality is also large 
because a number of different things 
must be considered for seve'ral different 
object points and for several different 
colors of light. 

The designer usually begins by assum
ing an approximate lens configuration 
and then adjusts the elements in an or
derly way, testing his results as he goes 
along, until he achieves the desired im
age quality. His problem has been com
pared to the situation of the explorer 
dropped without maps into the Hima
layas and asked to find :\'Iount Everest: 
he can always find a local peak by climb
ing upward, but he can never know it is 
the highest peak in the range until he de
scends into a valley and tries a new di
rection-and even then he has limited 
data on the basis of which to a void an
other false ascent. Similarly, the design
er, in his multidimensional space, cill1 
arrange for a suitably programmed com-
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SPOT DIAGRAM was constructed by computer by D. H. Schulte to test his design for a 
ISO·inch telescope. The diagram shows how the system would handle rays of parallel light 
entering its aperture (as from a distant point source) at many different points, each repre· 
sented by a symbol in the schematic diagram (top). Ideally the image should be a point. 
In fact it varies from a good circle only about .25 second of arc 0/14,000 degree) in diam· 
eter (spot at top center) to more spread·out patterns as the image plane is moved (columns) 

and as the angle the rays make with the system's axis goes from zero to 1/4 degree (rows). 
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ERROR IN A LENS is manifested in the emerging wave front. In this diagram (with large 
vertical exaggeration) a straight.line wave front (color) formed by parallel light rays (bro· 

ken lines ) moves through a faulty piece of Aat glass and is deformed from Aatness by a bump. 

puter to begin with the trial lens configu
ration and quickly adjust the variables to 
find the local optimum. If a suitable op
timum is not achieved, the computer 
programs can move across the "valley" 
to a nearby "peak"-a slightly different 
lens design. If an adequate solution is 
not found nearby, however, the designer 
himself must take some action to move 

to a quite different region of the moun
tain range to find a new area of solution. 
The computer programs devised by a 
number of independent workers in dif
ferent parts of the world to solve these 
problems are among the most complex 
ever developed. (Much of the complexity 
lies in the fact that these programs must 
produce not just a mathematically ac-

MIRROR 

SPHERICAL 

MIRROR LENS 
HALF·SILVERED MIRROR 

1 

t 
I 

MONOCHROMATIC PARALLEL LIGHT 

ceptable solution but one composed of 
practical lens elements that can be man
ufactured. Every designer rem

'
embers 

his frustrations with computer progra{lls 
that produced lenses of negative thiCk
ness or other physically impossible-let 
alone undesirable-configurations.) 

t\.utomated lens design or not, the 
.1. main problem remains of choosing 
the image-quality variables: the terms 
in which the optimum solution is to be 
described. That depends in turn on an 
analysis of the objects of which images 
are to be formed. In discussing ray-trac-

. ing I referred to object points, and one 
can indeed treat the image of an extend
ed object as a superposition of images of 
individual points on the object. This is 
possible because one can assume that 
each point is an independent radiator of 
light and that the light from the various 
points has no phase relation, or coher
ence. If the object is illuminated by laser 
light, the radiation will be coherent, and 
that is something else again [see "Appli
cations of Laser Light," by Donald R. 
Herriott, page 140]. 

If an object can be regarded as an 
array of independent point sources of 
light, then it is important to consider 
how a lens system forms an image of 
such a point source. The fact is that, for 
fundamental reasons arising from the 
wave nature of light, a geometrical point 

CAMERA 

a 
WAVE 

FRONTS 

b 
FRINGE 

PATTERN 

INTERFEROMETER is set up to measure the wave aberration, or 

error, in a lens or mirror by the Twyman metbod, Light deAected 
hy the half·silvered mirror through the lens is reflected by the mir. 
ror. Any error in the lens or mirror will be manifested as a devia· 

tion from Aatness in wave fronts returned by the lens·mirror com· 
bination to the 'beam splitter, When the light is recombined, per· 
feet wave fronts from the Aat mirror (top) and deformed ones 
from the test element interfere (a), forming fringes on film (b). 
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object cannot be imaged as a perfect 
point; at best it can form a diffraction 
pattern of a finite size. In the case of a 
circular aperture and an aberration-free 
lens, the pattern is the familiar one ana
lyzed by the English astronomer George 
Biddell Airy in 1834: a central bright 
disk containing some 85 percent of the 
energy, surrounded by equally spaced 
and successively fainter rings [see pho
tograph at left on page 54]. The diam
eter of the bright disk is a function of the 
wavelength of the light and the f num
ber (the focal length divided by the ap
erture) of the lens. A perfect f/8 lens, 
for example, produces an Airy disk about 
eight microns (thousandths of a milli
meter) in diameter. When the aberra
tions have been made very small, the 
spreading of each point of light by dif
fraction may become the main factor 
reducing the quality of the image, and 
must therefore be considered in the de
sign of very good lenses. 

The best way to do this is to regard 
each point object as the origin of a wave 
that enters the aperture of the lens sys
tem and is there converted into a wave 
emerging from the rear of the lens. Any 
error in the lens will be manifested as an 
error in the emerging wave front, as is 
most clearly seen in the case of a straight
line wave front moving through a flat 
piece of glass [see top illustration on 
opposite page]. In a lens the ideal 
emerging wave front is spherical, with 
its center of curvature at the image point 
(the focal paint, in the case of a plane in
cident wave from a distant source). In a 
practical lens there will usually be errors 
in the sphericity of this emerging wave 
front. The errors are described by the 
wave aberration (W) of the lens, a func
tion that gives, for each point in the 
emerging wave front, the linear separa
tion (generally expressed in wave
lengths) between the actual wave and 
some reference surface. A convenient 
reference is a sphere centered on the par
axial image, the image formed by rays 
near the axis of the lens [see illustration 
on page 103]. The concept of wave aber
ration is of such a fundamental nature 
that, as we shall see, it provides the 
most general single deSCription of the 
optical performance of the lens. The im
portance of the concept was first recog
nized by Lord Rayleigh, who painted 
out that reducing the wave aberration 
below a quarter of a wavelength often 
brought no practical improvement in the 
quality of the image. 

The process of geometrical ray-h'ac
ing I described earlier can provide an 
exact determination of the shape of the 
emerging wave front since the wave 

o 

FRINGE PATTERN (top) is from a 50·inch mirror tested with a laser by a modified Twy. 
man method. Several such patterns were automatically scanned and the resulting data were 
averaged by a computer to plot the contours (middle) and the perspective drawing (bot. 

tom) of the wave aberration. The "root mean square" aberration, or departure from a per. 
feet wave front, is 1/34 wavelength, the maximum "peak to valley" distance 1/6 wavelength. 
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front is, at each point, perpendicular to 
the rays. Moreover, the wave-front shape 
is the traditional and correct starting 
point for calculating the diffraction pat
tern. Clearly, then, the wave front con
tains a full description of the image as 
it might be given by either geometrical 
or diffraction optics. What is even more 
important, the wave-front error of an 
actual lens or mirror can be measured, 
making it possible for the optician who 
is building the element to know the 
exact nature of the error in its surface 
and indeed giving him a map showing 
where the surface is too high and where 
it is too low. The wave front produced 
by a complete system can also be mea
sured. The wave front thus connects the 
work of the designer of a system with 
the work of its builder. 

For the designer the wave front pro
vides the most convenient single crite
rion of lens performance and one that is 
preeminently suitable for computer pro
grams. From the tentative design the 
values of the wave aberration Ware de
termined with respect to a nearest-fitting 
reference sphere. The values are squared 
to eliminate negative numbers and av
eraged over the aperture, and the square 
root of this average is taken to yield the 
root-mean-square (RMS) wave aberra
tion. This number turns out to. be well 
correlated, in the case of high-quality 
images, with the overall quality of the 
image. Automatic design programs are 
often written to optimize the system 
specifically by adjusting for the mini
mum RMS wave aberration. 

�though it is valid to consider an in-
coherently lighted object as an array 

of points to be examined one at a time, 
the designer often finds it better to eval
uate the input to his system as an ex
tended array of points in a particular 
pattern. Somewhat surprisingly, it is pos
sible to analyze the complex, irregular 
pattern of light and dark that constitutes 
the surface of an object and predict how 
it will be formed into an image by a 
given optical system. The basis of the 
method is the "transfer function," which 
was developed as a theoretical concept 
over the past 20 years and has recently 
become available as a practical engi
neering tool now that certain difficult 
computational problems have been 
solved. The transfer function describes 
the ability of an optical system to form 
images of a particular class of extended 
objects: incoherently illuminated arrays 
of bars each of which has a sinusoidal 
variation in brightness. The point is that 
any physical scene can be regarded as a 
superposition of sinusoidal patterns (and 
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can be analyzed into such patterns by 
the process of Fourier analysis), just as 
a complex musical sound can be treated 
as a superposition of sinusoidal tones. 
This being so, one ought to be able 
to consider the behavior of an optical 
system in imaging individual spatial
frequency components much as one 
describes the fidelity of a sound system 
in reproducing tones over its required 
range. The transfer function is analogous 
to the frequency-response curve of a 
sound system. 

Any optical system, no matter what its 
aberrations, forms a sinusoidal image of 
a sinusoidal object. The image has the 
same spatial frequency as the object 
(multiplied by the system's constant 
magnification). That is, the system is 
linear. However, the image is not identi
cal with the object because in any prac
tical optical system there will be some 
loss of contrast: the light-to-dark ratio 
is reduced as some light spills from the 
light bands into the dark ones. The 
spillage increases as the bands are more 
closely spaced, so that the contrast even
tually drops to zero. The ratio of the 
contrast of the image to that of the ob
ject, arbitrarily set at one for the limit 
of infinitely coarse bars, is the value of 
the transfer function at a particular spa
tial frequency. The transfer function is 
therefore a curve that gives the image 
contrast as a function of spatial frequen
cy, usually expressed in cycles of light 
and dark per millimeter at the image 
plane [see illustration on page 106]. 

The transfer function provides a basis 
for predicting the performance of a sin
gle element or the overall performance of 
an optical system. For example, in an 
aerial camera the velocity of the vehicle 
usually causes a predictable amount of 
blurring in the image. The image motion 
can be described by a transfer function 
that, when multiplied by the function 
for the lens, gives an exact function for 
the combination of the two. The result 
can be combined with a transfer function 
for the photographic emulsion to predict 
the performance of the total system. 
(This last step is less exact because the 
emulsion's response is nonlinear; a sine
wave exposure does not always produce 

a sine-wave image in the emulsion.) 
Similarly, the transfer function can pre
dict the image quality a lens will yield 
when it is combined with an elech:on
ic image detector such as a television 
camera tube. 

The transfer function can be calcu
lated from a description of the wave 
front, either from a computed wave 
front during the design stage or from an 
actual wave front measured in the labor
atory. In the case of a perfect lens the 
computation is done rather easily. When 
the wave aberration is not zero, however, 
the calculation is complex and requires 
a large computer. Moreover, a number 
of similar calculations must be made for 
various orientations of the input sine
wave bars, since the optical system may 
respond to the different orientations 
quite differently. 

A more powerful approach is to ob
tain the transfer function by first calcu
lating the energy distribution in the 
image of a pOint source, that is, the 
extent to which light from a point source 
is spread out in the image. This proce
dure is possible because one can regard 
the point source as being composed 
equally of sinusoidal components with 
all possible wavelengths. Therefore if 
the image is decomposed into its sinusoi
dal components by a spatial Fourier an
alysis, the result is the transfer function. 
Recently Robert R. Shannon and his 
associates at the Itek Corporation, not
ably Steven H. Lerman and William A. 
Minnick, have worked out a practical 
system for making these computations 
through advanced programming meth
ods. Their work used a new theoretical 
approach to the diffraction calculation 
of point images from wave-front data 
developed in England by Harold H. 
Hopkins, now at the University of Read
ing. The necessary Fourier decomposi
tion had only recently been made prac
tical for digital computers by a method 
of, fast Fourier transformations that was 
introduced by James W. Cooley of the 
International Business Machines Cor-

. poration and John W. Tukey of Prince
ton University. Richard L. Mitchell, then 
at the Aerospace Corporation, devel
oped a computer program with which 

ABERRATIONS can be controlled by combining them. In a hypothetical example (opposite 

page) one lens has been fully corrected for simple chromatic aberration but its combined 

focus for red and blue light is still different from the focus for green (a, b, c). Another lens 
(d, e, j) has spherical aberration that varies with the color of the light. Combining the 
errors in the two lenses makes a lens with improved performance in blue light (g, h, i). In 
each diagram the marginal and paraxi

'
al rays are shown in color and their wave front 

(color) is compared with a perfectly spherical reference wave front (black); the broken 

line is the desired image plane and the arrows mark the best image attained by each lens. 
The curves below the diagrams give the wave aberration W of each lens in wavelengths. 
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energy distribution and transfer func
tion results can be automatically plotted 
in perspective [see illustrations on these 
two pages and at top of page 108]. 

As I pointed out earlier, one of the 
great advantages of the new meth

ods of optical designing is that they en
able the designer of a lens and the man 
who must evaluate its performance to 
speak the same language-wave-front 
language. It is the laser that has made 
practical the actual measurement of 
wave-front aberrations for a wide range 
of lenses, but the basic procedure was 
worked out in England more than 40 
years ago by F. Twyman, who devised a 
modification of the Michelson interfer
ometer [see "How Light Is Analyzed," 
by Pierre Connes, page 72]. In the Twy
man procedure light from a monochro
matic source is divided by a half-reflect
ing mirror, with one part going to the 
lens under test and the other to a pre
cisely flat optical surface. When the 
light beams are recombined, the result
ing interference between the two pro
duces a fringe pattern directly related 
to the wave aberration W. The pattern 
is interpreted as the contour lines on a 
topographic map are, except that the 
contour interval is half a wavelength 
instead of many feet. (The factor of one
half arises because the light passes twice 
through the lens being tested.) 

Prior to the introduction of the laser, 
this method suffered from several limi
tations. Since the two interferometer 
beams must be in phase to produce use
ful interference, the two light paths can
not differ by more than the length of a 
single train of waves emitted by the light 
source, a few centimeters in the case of a 
pure mercury arc. Moreover, the test set
up must be kept vibration-free through 
the required exposure time, which was 
particularly difficult in the case of large 
lenses and mirrors. The laser solved both 
problems. Continuous gas lasers provide 
coherence lengths of many feet and suf
ficient power to allow fast recording of 
fringe patterns and thus minimize vi
bration effects. 

A basic limitation of the interferom-

PERFORMANCE of each lens·light com· 

bination diagrammed on page 103 is repre
sented visually in computer.plotted graphs 

of the distribution of energy in point images 
(le/t), each a three·dimensional graph of 
light intensity (vertical) against distance in 
the image plane. A slender peak means a 
good image (b, e, g, h) . The large aberration 
of the third lens in red light is evident (i). 

(Small, asymmetrically distributed irregu· 

larities are artifacts of computer process.) 
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SPATIAL FREQUENCY (CYCLES PER MILLIMETER) 

TRANSFER FUNCTION, a description of an optical system's abil
ity to preserve contrast, is based on the change of contrast with de
creasing spacing of an array of bars having a sinusoidal variation 

in contrast. Three such arrays and their intensity-v_-distance curves 
are shown (top) along with their images (middle). For a perfect 
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system the falloff in contrast is given by the transfer-function 
curves (bottom). The value of the function at each spatial fre
quency (the ratio of the amplitudes of the sine waves above) is 

given by the colored vertical lines. The ratio is also given by the 

areas common to each pair of circles representing the aperture. 
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eter method has to do with extracting 
data from the fringe pattern; specifically, 
it is not easy to determine the reference 
surface from which the aberration dis
tance to the wave front should be mea
sl;red. Large computers can solve this 
problem. At the Itek Corporation, for 
example, we· now scan the fringe pattern 
automatically; from the resulting data, 
the computer determines the "best fit" 
reference surface with the smallest 
average separation from the measured 
wave front and then maps the error con
tours at height intervals much smaller 
than the one-wavelength intervals of the 
original fringe data [see illustration on 

page 101]. The wave front map can be 
used to guide a technician in further 
stages of manufacture, to compare his 
result with the original design or to com
pute the transfer function and other cri
teria of image quality, such as the image 
of a point source or of more complex ob
jects. The contour map, in other words, 
bridges gaps between divisions of optical 
technology more satisfactorily than ear
lier methods. 

The importance of this bridge cannot 
be overestimated. The creation of an op
tical instrument such as an aerial camera 
or a telescope involves a number .of 
steps. An overall design concept sets 
specifications for mechanical compo
nents as well as the lens itself, taking into 
account the relation with the image de
tector: photographic emulsion, television 
camera or photometer, for example. For 
the lens, there follow separate stages of 
design, fabrication and testing, each of 
which demands evaluation. Are the de
sign aberrations small enough? Is a lens 
that is being polished smooth enough? 
Does the assembled lens produce a good 
enough image? Does the completed 
system produce test pictures on film that 
meet the original specifications? Over 
the years different criteria were devel
oped for answering such questions at 
different stages, and the criteria could 
not be related accurately one to another. 
Now finally the optician can be sure 
when his optical surface is good enough 
and the assembler can be sure that the 
image he observes in the finished lens 
is what the designer predicted. 

The developments I have described 
constitute important changes in .op

tical technalogy. For decades much of 
optics has been an art, with craftsman
ship and intuition playing dominant 
roles. Now there begins to be a connect
ed scientific base for new technologi
cal developments. The advanced optical 
systems needed for space astranomy will 

97 Projects. No Waiting. 

The name of our company is MITRE. 
We're in the business of designing, developing, 

verifying large computer-based systems 
for the Government. Under both civil 

and defense contracts. 

Right now we're in communications, military command 
and control, air traffic control, transportation, 

medical information, education, urban planning. 
We have openings for systems engineers, 

electronic engineers, systems analysts, mathematicians. 

For more information write to 
THE _____ _ 

MIT RE in Bedford. 

..... ;."' •• ; •••••• :0 0 r Wash i ngton. 
An Equal Opportunity Employer 

sin 1ff / F 
1ff/F 

Vice PreSident, Bedfard Operations. 2109 Middlesex Turnpike. Bedford, Mass. 01730 

Or Vice President, Washington Operations, P. O. Box 1202AL, Bailey's Crossroads, Va. 22041 
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\V A VE·FRONT DATA can be used to give the energy distribu. 
tion, from which in turn the transfer function can be calculated. 
The transfer function can be plotted in three dimensions. Here 

b 

' 1 : 1 

energy·distribution ( top ) and associated transfer·function (bot· 

tonI, ) graphs are shown for two instances of coma, an aberration in 
whicb light at an angle to the lens axis is focused asymmetrically. 

be the first beneficiaries of this new tech
nology, but the impact is already being 
felt in the development of commercial 
optics. Until recently commercial optical 
elements have had wave aberrations of 
from one to a few wavelengths. In that 
aberration range, ray optics provides 
an adequate description of performance, 

with light from each region of the aper
ture contributing incoherently to the 
image. vVhen the wave aberration be
comes a fraction of a wavelength, con
tributions from each part of the aperture 
combine coherently. As this begins to 
happen the energy within the image be
gins to concentrate rapidly and there lS 

an improvement in quality quite out of 
proportion to the reduction in aberra
tion. Even commercial lens systems are 
moving into this fractional-wavelength 
region. The new computer and measure
ment technologies will make practical 
increasingly complex optical systems of 
unprecedented performance. 
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BAR TARGET can be used to test tbe resolving power of a lens· 

fi lm combination. The Air Force target reproduced here actual size 
delt ) has groups of six target pairs, each group half as large as the 
preceding one. The large numbers give the lines per millimeter in 
powers of 2 ;  for example, 2" means one line per millimeter, 2a 

1 0 8 

I 
I I I  :: 

:: 1II ·'�i 
= 111 ,,' ':.i 
= 111 �! 

. i:,' I ll ::: 

I I  

I I I ::  2 
III :: 3 
I l l :: 4 
1 1 1 : 5 
111 : 6 

_ 0  
- I 
-

2 
-

I I I  -
-
-

I I I  -
-
- I I I  -
-
- I I I  -
-

:: II I 

3 
I II :: 
III :: 2 
III :: :3 ! IU .,!� ", III . 111 = 4 i ll. 

:: If! :: 1U 5 5 
un: s 

2 
I I I  -

- I 
-

eight lines. The smaller numbers specify intermediate sizes . 1m· 
ages (center lIIul right) of successively smaller parts of the target 

were formed, after five·diameter reduction, by a large 1/3.5 lens on 
aerial film. Read with a microscope, the image at the right indio 

cates that the system can resolve to about 300 lines per millimeter . 
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Could this be 
Catalina? 

Maybe you p i ctu re Cata l i n a  Is land as a l ush g reen 
parad ise. I t  i s  not. Ove r 90 % of the island is  barren and 
d ry-a g reat place for wild goats. 

Yet fresh water, so conspicuously absent, cou l d  tu rn 
Cata l i n a  i nto a rich g reen oasis al most overn ig ht. And 
it's only 30 m i les away, in Los Angeles. 

Is  there a p racti cal , low-cost way to bring that Los 
Angeles water to Catali na? 

Now there is .  Monsanto has devised a remarkable 

system for p roducing . jo i ntless p i pe. This p i pe, rei n
forced with g l ass fiber, can be manufactu red aboard 
and contin uously la id  from a moving s h i p .  

Th is  p i pe is seamless - n o  j oi nts t o  leak, no weak 
spots to b reak. No corros ion problems. 

Al l  th is  i n  a s i n g l e  p rocess - i magine the uses it  can 
be put to. Off-shore o i l ,  natu ral gas, fo r i nstance. 

Lots i s  happen i n g  at Monsanto -where people make 
science p racti cal .  

Monsanto Com pany; 8 0 0  North L i ndbergh Blvd . ;  SI .  Lou i s ,  M issour i  6 3 1 6 6  Monsa nto 
1 09 
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How Images Are Detected 

The most versatile detector of light images lS the visual system, 

of vertebrates. Nonetheless, photographic elnulsions and electronic 

image detectors improve on biological systelns in sign�ficant ways 

T
oday images are widely detected 
by such means as photographic 
emulsions and specialized electron 

tubes, but the most versatile detector of 
images remains the visual system of ver
tebrates. Even so, artificial image detec
tors can now outperform biological sys
tems in certain highly important ways. 
In this regard it is instructive to compare 
the performance of the human visual 
system with artificial image detectors. 
The comparison can be made quantita
tively by means of a measure called the 
detective quantum efficiency, or DQE. 
The DQE indicates the degree to which 
the signal-to-noise ratio in the output of 
the detector approaches the signal-to
noise ratio in the light image. In less 
exact language, the DQE is the ratio of 
the information in the detector's output 
to the information in the light image. 

The train of thought that gave rise to 
the DQE, and the means of computing 
the DQE, are best dealt with later. The 
results of several computations, how
ever, are shown in the illustration on 
page 114. It is evident from the illustra
tion that over certain limited ranges of 
light intensity such electronic devices as 
the image orthicon tube (used in televi
sion) and the Carnegie image tube (used 
in astronomy) have a higher DQE than 
the eye does. Many photographic emul
sions have a DQE nearly equal to the 
DQE of human vision but only over a 
very narrow range of light intensity. 

The remarkable fact about the human 
visual system is that its DQE is substan
tially constant over an enormous range 
of light intensity. If the luminance of the 
scene is expressed in millilamberts, the 

by R. Clark Joncs 

visual system has a nearly constant DQE 
from 10.5 millilambert to 1,000 millilam
berts-a range of 100 million to one. 
Considered on the same scale the typical 
image orthicon tube has a range of about 
500 to one, and the range of the photo
graphic emulsions listed in the illustra
tion is about 50 to one. 

The vast working range of the human 
visual system is the despair of the de
signers of image detectors but it is also 
their goal. How does this system achieve 
its remarkable performance? Let us 
briefly consider the structure and func
tion of the eye. 

T
he retina consists of millions of indi-
vidual detectors: the rod cells and 

cone cells. There are about 100 million 
rods and five million cones, each of 
which has a firing rate proportional to 
the amount of light it receives at low fir
ing rates and roughly proportional to 
the logarithm of the light intensity at 
higher firing rates. The rods and cones of 
course function as an assemblage, and 
their output is correlated in various ways 
along the visual pathway from the retina 
to the cortex of the brain. 

The rods are involved in the detection 
of light at low levels of intensity. The 
cones function at higher levels. At very 
low levels, close to the threshold at 
which the dark-adapted eye can detect 
light, many of the rods-those in a region 
about one degree in diameter on the 
spherical surface of the retina-are con
nected so that they all feed one giant 
ganglion cell. If just a few rods in this 
region are triggered by absorbing as 
small a number of photons as one per 

SILVER HALIDE GRAINS that are the light detectors in photographic emulsions appear 

greatly enlarged in the electron micrograph on the opposite page. The actual size of the 

grains is between 600 and 300 nanometers. Detection of an image begins when a photon o( 

light (rom the image strikes a grain and changes the arrangement of electrons in the grain. 

rod, a flash of light is perceived. Indeed, 
a group of investigators in the Nether
lands (led by Maarten A. Bouman of the 
State University of Utrecht) believes 
that only two rods need to be fired by 
one photon each to yield the perception 
of a Rash. It is important that at least 
two rods be fired; otherwise the inevita
ble random thermal firing of the rods 
would give rise to constant spurious sen
sations of light. 

As the luminance increases, the inter
connection of the receptors is changed. 
When the luminance has reached the 
normal reading level of between 10 and 
100 millilamberts, the best DQE is ob
tained for objects only a tenth of a de
gree in diameter. (The full moon is half 
a degree in diameter.) A comparison of 
the eye's DQE at various levels of illu
mination is shown in the illustration on 
page 115. 

Over the eye's working range of 100 
million to one in light intensity the speed 
of response changes by a factor of five. 
The area of best DQE changes by a fac
tor of 100. The contrast that can be per
ceived runs from 100 percent to 2 per
cent. The area of the pupil changes by 
a factor of 10. 

Not the least of the eye's remarkable 
capacities is that its gain control, which 
is roughly analogous to the automatic 
volume-control circuit of a radio receiv
er, is kept adjusted over the entire range 
so that the noise in the perceived image 
is held at just about the threshold of 
perception. The gain adjustment takes 
time, particularly when one is moving 
into a dark environment from a light one. 
Complete adaptation to darkness from 
sunlit conditions takes about 30 minutes. 
That period of time is entirely appropri
ate for the gradual darkening of the eve
ning, but it can put serious limits on 
vision in other circumstances. An exam
ple is the demand placed on the vision 

III 
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IMAGE ORTHICON TUBE used in television cameras is 15 inches 

long. Its three·inch light.detecting surface, which is at right in the 

side view, is shown end on in the adjacent view. Operating prin

ciple of an image orthicon tube is shown in the illustration belo\\'. 

SECONDARY-EMISSION 

AMPLIFIER 

FINE-MESH SCREEN 

FUNCTIONING of an image orthicon tube is based ou a photo

cathode 011 which light is focused by the lens of the television 

camera. The lens is not shown but in this instance would be to the 

right of the photocathode. The light causes the emission of elec

trons from the left side of the photocathode. They are accelerated 

by an electric charge and strike the glass membrane, where they 

are held briefly by a positive charge augmented by the fine·mesh 

screen that is 50 microns from the membrane. A beam of electrons 

from the gun at left scans the membrane and carries off the image. 

The return beam is amplified at left to yield output of tuhe. 

of an airplane pilot facing the setting 
sun just before he descends through a 
heavy overcast for a landing. 

The capability of the human visual 
system can be described in various other 
ways. Let us consider the system's ability 
to perceive stars. In a completely dark 
room an observer adapted to the dark
ness could detect with the unaided eye 
a star with a magnitude of +7. (The 
higher the positive magnitude num
ber, the fainter the star. The brightest 
star in the Little Dipper, the star at the 
end of the handle, has a magnitude of 
+2.) The background light of the night 
sky limits this performance; outdoors on 
a dark night the best an observer can do 
is to perceive a star of about magnitude 
+5 at sea level and about +6 at moun
tain altitudes, where the background 
light of the sky is fainter. 

The assistance provided by a telescope 
is in magnification rather than bright
ness. The largest telescope that could 
usefully be employed for direct viewing 
of stars should magnify the faintest vis
ible star so that the image on the retina 
is about one degree in diameter. (This is 
not related to the diameter of the star; 
no star can be resolved into a disk, even 

112 

by the largest telescope.) When stars are 
viewed with the unaided eye, the diam
eter of the image on the retina is about 
one second; hence an increase to one de
gree requires a magnification of 3,600 
diameters. The magnification will be ex
cessive and pointless, however, unless 
the light falls on the eye across the en
tire pupil. Since the pupil is about .8 
centimeter in diameter under starlit 
conditions, the collecting lens must be 
3,600 X .8, or nearly 30 meters in diam
eter. Inasmuch as the largest telescope
the olle on Palomar Mountain-has a col
lecting mirror only five meters (200 
inches) in diameter, it follows that no 
telescope in existence can do an optimal 
job of enabling the human eye to detect 
stars. On this basis the maximum useful 
magnification of a five-meter telescope 
for single stars is about 600. For larger 
and much brighter objects or systems 
such as the moon and close double stars, 
however, higher magnifications are use
ful. 

Q
uite another kind of instrument used 
to aid vision is the image-intensifier 

tube, which has evolved in several forms. 
The key feature in each case is that the 

instrument has a collecting lens or mir
ror that, like the lens or mirror of a tele
scope, is much larger in diameter than 
the pupil of the eye. Within its range of 
light intensity the tube also has a better 
DQE than human vision does. For these 
reasons the tube greatly increases the 
signal-to-noise ratio in the output image 
that is viewed by a human observer. He 
is thus able to see things he could not 
see with unaided vision. 

An intensifier tube, unlike a telescope, 
increases the luminance of the image. 
Moreover, there is no optical limit to the 
size of the collecting lens that can be 
used. Suppose one is looking at a starlit 
landscape or a very dim fluorescent 
X-ray screen at a luminance of 10-0 
millilambert. The unaided visual system 
can perceive the scene, but the percep
tion is slow. One reason is that the visual 
system is intrinsically slower at low lev
els of light. Moreover, one must slightly 
avert one's eyes, because the fovea-the 
small rodless area of the retina that pro
vides the most acute vision-does not 
function at low levels of light, and one's 
perception of relations in the field of 
vision is slow with averted vision. 

Suppose the luminance of the scene is 
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increased to 10 millilamberts-that is, by 
a factor of a million-by an image tube. 
If one has been using magnification to 
bring the diameter of the object of inter
est to one degree, the magnification can 
be reduced by a factor of 10, since at 10 
millilamberts the critical object can be 
best perceived at a diameter of . 1  de
gree. In addition the increase in lumi
nance means that the visual system can 
use foveal vision, can scan the scene 
quickly and can use its normal ability to 
rapidly perceive the relations between 
the parts of the scene. 

The principal use for image tubes to 
assist vision has so far been military. A 
recently developed device used by the 
U.S. Army employs six fiber-optic face
plates, together with electrostatic focus
ing to avoid the weight of the magnets 
used in the astronomical image tubes. 
It amplifies by a factor of 40,000 the 
light the unaided eye could receive from 
a scene. The tube has three stages of 
amplification, each consisting of a pho� 
tocathode at the forward end and a phos
phor at the rear. vVhen light strikes 
the photocathode, electrons are ejected 
toward the phosphor. The beam of elec
trons is accelerated by an electrostat
ic field and focused on the phosphor, 
which converts the energy of the beam 
into visible light. The third stage of the 
device is coupled to a magnifying eye
piece. Power is supplied by a battery. 

X
l important class of image detectors 
is made up of instruments that in

volve scanning with an electron beam, 
so that the light image is converted into 
a video signal. A convenient but not too 
specific term for the class is electronic 
image detectors. Their major role is in 
technology: they are the image detectors 
in television cameras. Such detectors are 
also becoming increasingly useful in as
tronomy. 

Most of the electronic image detectors 
are photoemissive. vVhen a photoemis
sive surface absorbs light, it emits elec
trons. One kind of device, the modern 
vidicon used in television cameras, is 
photoconductive: when the light-sensi
tive surface absorbs light, its electrical 
conductivity changes. 

All the photoemissive devices receive 
the light image on a semitransparent 
photocathode that is on the inside of an 
evacuated chamber. Light striking one 
side of the photocathode causes photo
electrons to be ejected from the other 
side into the vacuum. The spatial distri
bution of the electrons as they leave the 
photocathode is an excellent replica of 
the light that falls on the photocathode. 

The emissive devices differ only in the 

MOON IN ECLIPSE by the earth was photographed during totality through a telescope 

equipped with an image orthicon. Because the image orthicon has a higher level of effi

ciency in detecting light than photographic emulsion does, the half·second exposure was 

only about a fiftieth as long as would have been needed otherwise. The photograph was 

made by J. R. Dunlap of Northwestern University's Corralitos Observatory in New Mexico. 

ELECTRON GUN ELECTRON BEAM GLASS WINDOW 

ST ANNIC OXIDE 

LEAD MONOXIDE 

VIDICON TYPE of image detector for television cameras operates by photoconductivity. 

In the Philips Plumbicon, for example, a glass window (right) has on its inside a transpar

ent layer of stannic oxide and a photoconducting layer of lead monoxide. Light striking the 

stannic oxide is conducted as a current by the lead monoxide. The photoconducting layer 

is scanned by an electron beam that is accelerated by the anode. The fine-mesh screen 

makes the electric field between the anode and the photoconducting layer more uniform_ 
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EXPOSURE (JOULES PER SQUARE METER) 

CAPABILITY OF DETECTORS over a range of light intensity is 

compared by means of the detective quantum efficiency, a measure 

of performance. The three top curves represent respectively the 

Carnegie image tube used in astronomy and two of the orthicons 

used in television cameras. The long colored curve represents hu· 

man vision; the notch in the curve indicates where the system 

switches from rod to cone vision. Black curves represent two kinds 

of photographic film. Colored curve at right reflects the perform· 

ance of an early-model vidicon used in television cameras; vidi

cons have been considerably improved since evaluation was made. 

way they convert the image formed by 
the photoelectrons into an image that is 
visible to a human observer. One such 
device, the image orthicon, is used both 
in television cameras and in astronomy. 
Two others, the Lallel)1and electronic 
camera and the Carnegie image intensi
fier, are used only in astronomy. 

The development of the image orthi
con tube by the Radio Corporation of 
America in the late 1930's made com
mercial television practical. In an image 
orthicon tube the photoelectrons from 
the photocathode are accelerated by a 
charge of about 300 volts and are mag
netically focused on a glass membrane 
that is only two microns thick [see lou;
er illustration on page 112]. Each elec
tron that hits the glass membrane ejects 
several secondary electrons. Since the 
electrons have a negative charge, the re
sult is that the membrane acquires a pos
itive charge whose magnitude is several 
times the charge of an electron. A metal 
screen with a very fine mesh is located 
about 50 microns from the membrane 
and held at a potential one or two volts 
positive with respect to the resting po
tential of the membrane. The effect of 
the screen is to increase the length of 
time the glass membrane can hold its 
charge and to make the potential of the 
membrane more nearly proportional to 
the charge; the result is that the mem
brane holds a replica of the original 
image. 

Each point on the membrane is 
scanned every thirtieth of a second by a 
beam of electrons from an electron gun; 
the beam is focused and deflected by 
magnetic fields. The negative electrons 
discharge the positive membrane and 
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carry away its image. The beam is care
fully adjusted in two ways. First, its 
electrons are given just enough energy 
to return the glass membrane to zero 
potential. Second, the current of the 
beam-the number of electrons per sec· 
ond-is adjnsted so that the beam can 
supply just enough charge to return the 
membrane to zero potential at the places 
where the membrane charge is greatest. 
At other places, where the membrane 
has less charge, some of the electrons 
will be reflected. They return toward 
the electron gun and there are deflected 
into a secondary-emission amplifier. The 
output of the amplifier is the television 
signal, which can be used to produce a 
visible image on the cathode ray tube of 
a television set. 

vVhen the image orthicon is used in 
astronomy, the glass membrane is usu
ally replaced by a thin sheet of mag
nesium oxide. The magnesium oxide has 
a higher secondary-emission gain than 
the glass membrane and allows the 
charge to be stored for a much longer 
time. A telescope equipped with an im
age orthicon is particularly useful for 
astronomical problems where short expo
sures are essential. It is conceivable that 
a telescope thus equipped could be pro
grammed to survey galaxies automatical
ly so that they could be checked for 
supernovas by the comparison of two 
photographs made at different times. 

I
n the Lallemand electronic camera, in-

vented by Andre Lallemand ot tne 
Paris Observatory, the electrons from 
the photocathode are accelerated by a 
potential of between 20 and 40 kilovolts. 
They fall directly on an electron-sensi-

tive photographic plate [see illustration 
on page 116]. This camera has been 
used successfully in France at a number 
of observatories and in the U.S. at the 
Lick Observatory and the Flagstaff 
Branch of the U.S. Naval Observatory. 
It is not likely to come into wide use, 
however, because great skill and appli
cation are required to operate it. 

The basic difficulty is that the photo
cathode requires a very high vacuum for 
good performance. In such a vacuum it 
is extraordinarily difficult to handle the 
gases that leave the photographic plate. 
They can easily contaminate the photo
cathode, which is specially designed to 
release electrons easily but for that rea
son is highly reactive and readily oxi
dized. As a result the apparatus requires 
rigorous cleaning of internal parts, re
frigeration of the photographic plate to 
hold down the escape of gas and various 
other steps to protect the cathode. For 
these reasons it requires about eight 
hours of painstaking work to prepare the 
Lallemand camera for a night's use. 

A variant of the Lallemand tube has 
been developed by J. D. McGee of the 
Imperial College of Science and Tech
nology. In it the electrons go through a 
mica window about 4.5 microns thick. 
The mica protects the cathode because 
it is impermeable to oxygen, but with 
40-kilovolt acceleration most of the elec
trons go through. When the window is 
made in the form of a long, narrow strip 
(seven by 30 millimeters), it will with
stand atmospheric pressure, but it re
quires very careful handling. 

Under the best conditions the Lalle
mand camera has a DQE of 10 percent. 
This enables it to reduce exposure times 
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by a factor of 10. These cameras also 
yield an image density that is directly 
proportional to the light exposure, which 
is not the case with photographic emul
sions exposed to light. This feature sim
plifies the photometric analysis of spec
trograms. 

The Carnegie image tube arose from 
the desire of a number of astronomers 
for an image detector that would provide 
the gain of 10 to 20 in DQE that photo
cathodes have over photographic film. 
The Carnegie Institution of Washington 
initiated a project to develop such a de
tector. Under the leadership of Merle A. 
Tuve the group considered a wide vari
ety of approaches and finally settled on a 

type of image intensifier. 
In the Carnegie image intensifier, 

which is manufactured by RCA, the 
electrons from the photocathode are ac
celerated by about 10 kilovolts and are 
magnetically focused on a membrane 
formed like a sandwich [see top illustra
tion on page 117]. The sandwich is a 
sheet of mica four microns thick with a 
phosphor on one side and a photocath
ode on the other. As the electrons from 
the first photocathode reach the sand
wich they pass through an opaque film 
of aluminum, which prevents the feed
back of light to the first photocathode, 
and then are absorbed by the phosphor. 
The light produced by the phosphor goes 
through the sheet of mica and produces 
photoelectrons at the second photocath
ode. The electrons from this photo
cathode are accelerated by 10 kilovolts 
and focused on a second phosphor 
screen, the image on which is focused on 
a photographic film by a lens system. 

The sandwich has a gain of about 50, 
that is, about 50 electrons leave the sec
ond photocathode for every electron 
that strikes the adjacent phosphor. The 
total light gain of the tube is about 
3,000. The lens system, however, can 
deliver only a small fraction of the phos
phor's light output to the photographic 
film, so that the overall gain is only about 
15. Some 35 of these tubes have been 
delivered to observatories, mostly in the 
U.S. They are used chiefly for spectros
copy of dim objects. 

T
he vidicons, which operate on the 
principle of photoconductivity, sur

pass orthicons in simplicity and ease of 
operation. The early vidicons, however, 
were of limited usefulness because the 
picture they supplied was uneven at low 
levels of light and also because the vidi
cons had too slow a response at low 
levels. The vidicons were therefore re
stricted to applications where very high 
illumination could be provided; a typical 

use was in scanning motion-picture film 
for television broadcasting. 

Vidicons have been conSiderably im
proved in recent years. As a result they 
have partly supplanted orthicons as the 
image detectors in television cameras. 
They are particularly valuable in the 
cameras used for color television. 

A widely used modern device of the vid
icon type is the Plumbicon, which was 
developed at the Philips Research Labo
ratories in the Netherlands. The heart of 
the device is a glass plate coated with a 
thin, transparent conducting layer of stan
nic (tin) oxide. A thin layer of lead mon
oxide, which is a photoconducting mate
rial, is deposited on the stannic oxide. 

The scene to be transmitted is project
ed through the glass plate and the layer 
of stannic oxide onto the lead monoxide. 
A beam of slow electrons scans the other 
side of the lead monoxide layer; the cur-
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rent that flows to the stannic oxide varies 
with the conductivity of the lead monox
ide and hence with the light level at 
different points in the scene. Thereafter 
the image is amplified by conventional 
means and delivered to the transmitter. 

The Philips Plumbicon differs from 
earlier arsenic trisulfide vidicons in that 
the photoconductive layer is a sandwich 
of three layers. The vacuum side of the 
lead monoxide layer is made positive 
(p-type) by chemical processing. The 
side of the lead monoxide layer adjacent 
to the stannic oxide is strongly negative 
(n-type). The major part of the layer is 
"intrinsic," or not active, so that the layer 
is a p-i-n junction. This structure is re
sponsible for the low dark current of the 
vidicon-the fact that it conducts only a 
small amount of current in darkness
and for several other advantages. 

Photographic emulsions clearly con-

DIAMETER OF TEST SPOT (DEGREES) 

HUMAN VISION'S capabilities are indicated in curves that show by their height on the 

vertical scale how the detective quantum efficiency of the visual system varies with chang

ing diameter of test spot. Colored numbers give background luminance in foot-lamberts. 

The curves cannot be compared with one another. The vertical scale is actually the recip

rocal of the square of the product of the test-spot diameter and the threshold contrast. 
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LIGHT 

MAGNETIC COIL � J 

ELECTRON OPTICS 

MAGNETIC COILS -0 
PLATE MAGAZINE 

LALLEMAND ELECTRONIC CAMERA employs a photocathode that is stored in an am

poule to prevent its contamination by gases. After the camera has been prepared and a high 

vacuum has heen established the ampoule is broken by the hammer, and the photocathode 

is magnetically pulled into position over the photographic plate. Light striking the photo

cathode causes the emission of electrons that strike the electron· sensitive photographic plate. 

stitute another major class of image de
tectors. Every photographic film or plate 
has a layer about 100 microns thick that 
is a suspension in solidified gelatin of a 
myriad of grains of silver halide. Each 
grain is about one micron in size. 

The grains are laid down rather rapid
ly so that they will be irregular, with nu
merous points of imperfection on the 
surface. After deposition the grains are 
subjected to processing designed to in
crease their sensitivity to photons. Final
ly the surface is partly covered with a 
single layer of dye molecules. 

W
hen light strikes one of the grains, 
the blue part of the light is absorbed 

by the grain; the green and red parts are 
absorbed by the molecules of dye. In ei
ther case what happens is that an elec
tron is put into the conduction band of 
the silver halide crystal. As a result the 
electron is free to move around. Many 
things can happen to the electron, but 
the important thing for photography is 
that the electron may be trapped at an 
imperfection. If it is, it may convert a 
silver ion into a silver atom. 

This atom cannot exist long by itself, 
but if another silver ion in the same 
imperfection is neutralized within about 
a second, the two-atom combination is 
more stable and will last for several 
weeks. The liberation of two electrons 
will give rise to a four-atom combination 
that is quite stable and is large enough 
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to catalyze the development of the grain. 
(For astronomical purposes the single
atom decay time of roughly a second can 
be increased to as much as an hour by 
making the environment of the grains 
more reducing. This increase in decay 
lime is achieved at the cost of rapid fog
ging at room temperature, so that the 
plates must be shipped and stored under 
refrigera tion.) 

After the film has been exposed to 
light, it must of course be developed to 
make the image visible. Developing in
volves immersing the film in a water so
lution that contains a reducing agent. 
The agent is carefully chosen so that it 
does not have the ability to develop an 
unexposed grain during the normal dura
tion of developing, but when the agent 
is aided by the group of silver atoms 
at the imperfection, it is able to start 
the reduction. Once the reduction be
gins, more silver is formed and the en
tire grain is converted to silver. 

The amplification involved in the de
veloping process is enormous. As few 
as four photons effectively absorbed in 
a grain of silver halide with a volume of 
one cubic micron will produce more than 
1010 silver atoms. This is an amplifica
tion of more than a billion. 

It is important for the success of the 
photographic emulsion that more than 
one photon must be received within a 
short time. If only one photon were 
needed, thermal excitation would soon 

make all the grains developable. As we 
have noted, the human visual system 
uses a similar method of avoiding ther
mal excitation. Both systems employ 
what electrical engineers call a coinci
dence gate. 

Judging the efficiency of an image de-
tector is more difficult than one might 

expect. The judgment is straightforward 
enough if one merely wants to establish 
the ratio of photoelectrons to incident 
photons-the output to the input-in the 
operation of a photocathode. That is a ra
tio of countable events. The ratio estab
lishes what can be called the responsive 
quantum efficiency of the photocathode. 

The trouble with the concept is that 
one cannot extend it to other detectors 
without ambiguity. In a photoconductor, 
for example, is the output event an elec
tron in the conduction band, or is it the 
flow of an electron in the external cir
cuit? These two phenomena can have 
greatly different counts, so that the dis
tinction is an important one. 

What is the output event in photo
graphic film? Is it an electron in the con
duction band of the silver halide grain, 
a silver atom added to the latent image 
or a grain made developable? Again, the 
different events have greatly different 
counts. 

What is the output event in human vi
sion? Is it the firing of the nerve cell con
nected to a rod? Or is it the perception 
of a flash or the perception of the color 
of a flash? 

Uncertainties of this nature led Albert 
Rose of RCA to develop an important 
new concept that he called performance. 
This is the concept I have termed detec
tive quantum efficiency. The DQE is de
fined not by comparing input and output 
counts but by comparing input and out
put signal-to-noise ratios. The formula 
for calculating a DQE is to divide the 
output signal-to-noise ratio by the input 
signal-to-noise ratio and then to square 
the result. 

With human vision the output noise 
cannot be measured directly. Instead 
one tests the performance of the visual 
system on certain well-defined tasks and 
compares the result with the perform
ance of an ideal device that uses all the 
incident photons. The task is then varied 
until the level at which the eye performs 
best is found. The result is the DQE of 
vision. 

The Significant point about the DQE 
of any detector is that it allows unam
biguous evaluation of the detector's ef
ficiency. The DQE is thus a key to the 
understanding of all detectors. 
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+10,000 VOLTS 

ALUMINUM 

PHOSPHOR 

CARNEGIE IMAGE TUBE was devised as an image intensifier 

for use with astronomical telescopes. Light from the telescope en· 

ters the glass window at right and strikes the photocathode, causing 

the emission of electrons. They are accelerated to a mica sandwich 

ELECTRODE ARRANGEMENT of a Carnegie image tube is evi· 

dent when the tube (center) is separated from the telescope with 
which it is usually associated. The electrodes carry the charges that 

a -10,000 VOLTS 

ELECTRONS LIGHT 

ALUMINUM PHOTOCATHODE 

in the middle of the tube. There, with an aluminum film prevent· 

ing feedback, they are absorbed by a phosphor. Resulting light 

strikes the second photocathode, producing an increased number of 

electrons that strike phosphor at left. Its light is recorded on film. 

accelerate the electrons in the tube. Cylindrical objects to the left 

and right of the tube are plastic insulators that hold it in its 

operating position and prevent the 20,OOO,volt tube from sparking. 
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Rolls-Royce 
unlimited. 

World's fastest ferryboat flies 'the 
Channel at an altitude of seven feet. 

It looks like a ferryboat, 165 tons 
squatting in the water, absorbing 254 
passengers and 30 cars. But when its 
four 3,400-horsepower Rolls�Royce 
Marine Proteus engines come to life, 
it's no longer just a ferry but th'e 
world's largest Hovercraft. It rises 
on its own cushion of air, surges out 
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into the Channel, ironing out waves as. 
it goes. At 50 miles an hour, it cuts 
the Channel crossing from a queasy 
hour and a half to an agreeable 35 
minutes. 

Hovercraft have a short but 
spectacular history to date. They can 
travel over virtually any surface. Case 
in point: the SRN.6 that recently 
explore9 the Amazon River, crossing 

rocks, rapids and sandbars at an 
unruffled 50 miles per hour. Canada 
is testing an SRN.5 for Coast Guard 
duty. Its gOO-horsepower Rolls-Royce 
engine (actually, all gas turbine 
Hovercraft have Rolls-Royce engines) 
gives it a range of 260 miles, and a 
top speed of 72 miles per hour. 
Canada is also testing this same craft 
for Arctic exploration. 
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l::, Corporate offices go intercontinental. 
Now corporate aircraft are doing 
things that only scheduled airliners 
could do just a few years ago. 
Recently, on a routine business trip 
a Grumman Gulfstream II corporate 
aircraft made a nonstop transatlantic 
crossing from Teterboro, New Jersey, 
to London's Gatwick Airport. After 
short hops into Belgium and 
Scandinavia it crossed the Atlantic 
again, nonstop from London to 
Burlington, Vermont. 

Best time was eastbound, 3,500 
miles in 6 hours 55 minutes at 5 18 
miles per hour. Power is from twin 
Rolls-Royce Spey fanjets, the same 
engines that power BAC-lll airliners 
operated by Aloha, American, Braniff 
and Mohawk airlines. 

Commuting by Rolls-Royce is routine 
in Toronto, where Canadian National 
Railways operates self-propelled, 
Rolls-Royce diesel-powered rail cars 
like this one. The idea is to make rail 
travel attractive enough to woo drivers 
off overcrowded roads. The rail cars 
do it with soft music, tinted windows, 
contour seats and air-conditioning. I> 

<l Landlocked half-submarine is doing 
yeoman service at Dounreay, 
Scotland, as a test bed for a new type 
of nuclear reactor core built by 
Rolls-Royce. This new core may allow 
Britain's nuclear submarines to stay 
at sea twice as long as they do now. 
Rolls-Royce has already built the 
reactor cores for all of Britain's 
nuclear submarines. 

l::, Forty gallons of anything, please. 
If you're driving a vehicle with a 
Rolls-Royce K-60 engine, that's a 
reasonable request. This extraor
dinary multifuel engine runs on 
gasoline, kerosene, diesel fuel or jet 
engine fuel without losing power or 
performing differently. 

It's working fine right now in 
Britain's Abbott self-propelled gun, 
shown here, and Sweden's STank. 
The standard K engine offers 210 
horsepower, but Rolls-Royce ROLLS 

engineers have squeezed out IRR 
an amazing 500 horsepower 
from an experimental version. I 

ROYCE 

Rolls-Royce Limited, Derby, England 
Sales Representative: 551 Fifth Avenue 
New York, New York 10017 
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Laser Light 
Its outstanding characteristic lS that its wa()es, unlike the Wa()es 

fr01n ordinary light sources, are coordinated in space and In time. 

It lS also remarkably intense, directional and chromatically pure 

How does laser light differ from 
ordinary light? In brief, it is 
much more intense, directional, 

monochromatic and coherent. The light 
emitted by an ordinary source such as a 
candle or an incandescent lamp consists 
of uncoordinated waves of many differ
ent lengths, that is, it is incoherent and 
more or less white. The waves of laser 
light are coordinated in space and time 
and have nearly the same length. This 
coherence and chromatic purity, and also 
the intensity of laser light, results from 
the fact that in a laser excited atoms are 
stimulated to radiate light cooperatively 
before they have had time to do so spon
taneously and independently. The direc
tionality of laser light arises from the 
geometry of the laser. These properties 
of laser light suggest many uses for it not 
only in technology [see "Applications of 
Laser Light," by Donald R. Herriott, 
page 140] but also in physics. 

Most lasers consist of a column of ac
tive material that has a partly reflecting 
mirror at one end and a fully reflecting 
mirror at the other. In a typical solid la
ser material, a ruby crystal, the active 
ingredients are chromium atoms inter
spersed in the crystal lattice of alumi
num oxide. The laser is primed by 
pumping these atoms, by means of a 
flash of intense light, to an excited state .. 
'With a preponderance of atoms in that 
state the system can be stimulated to 
produce a cascade of photons, all the 
same wavelength and all in step, by trig
gering the emission of energy that drops 
the atoms from the excited state to a 
lower energy state. A photon carrying 
this quantum of energy, on striking an 
excited atom, causes it to emit a photon 
at the same frequency, and the light 
wave thus released falls in step with the 
triggering one. Waves that travel to the 
sides of the column leave the system, but 
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by Arthur L. Schawlow 

those that go to the ends of the column 
along its axis are reflected back and 
forth by the mirrors. The column, whose 
length is a whole number of wavelengths 
at the selected frequency, acts as a cavi
ty resonator, and a beam of monochro
matic, coherent light rapidly builds in 
intensity as one atom after another is 
stimulated to emit photons with the same 
energy and direction [see illustration on 
page 130]. It is as if tiny mechanical 
men, all wound up to a- certain energy 

and faCing along the axis of the laser en
closure, were successively set in motion 
by other marchers and fell into step until 
they became an immense army march
ing in unison row on row (the plane 
wave fronts) back and forth in the en
closure. After the laser light has built up 
in this way it emerges through the partly 
reflecting mirror at one end as an in
tense, highly directional beam. Light in
tensities as high as a billion watts per 
square centimeter have been produced. 

SHORTEST LASER PULSES EVER PHOTOGRAPHED were discovered by workers at the 

Bell Telephone Laboratories to be components of what was previously believed to be one 

long pulse from a high.power neodymium.glass laser. The pulses appear as a series of bright 
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The output from the first solid laser 
was in the form of brief pulses. A con
tinuous beam can now be produced by 
several kinds of solid laser, but such a 
beam is more easily generated by a gas 
laser. A common laser of this type con
tains helium and neon, with neon as the 
active material. A continuous glow dis
charge is used to pump the neon atoms 
to a certain energy level, and they are 
stimulated to emit photons that drop 
them to the next lower level (not the 
ground state, or lowest level). As in a 
solid laser, the beam builds up and is 
made coherent by being bounced back 
and forth between end mirrors. Among 
the many other kinds of laser system are 
those based on laser action in semi
conductors, liquids and molecular gases 
such as carbon dioxide. 

�ser light shows itself to -be different 
from ordinary light even when it 

merely illuminates a surface. The surface 
looks grainy and seems to sparkle. The 
graininess is so distracting that when a 
printed page is illuminated by laser light, 
it is hard for the eye to focus on the 
writing. The reason lies in the coherence 
of the laser light waves. As the waves are 
scattered from neighboring points on the 

paper they interfere with one anoth
er everywhere, producing bright spots 
where the waves overlap and reinforce 
one another in phase, and leaving dark 
spots where they cancel one another out 
of phase. The interference pattern de
pends on the angle at which the paper 
is viewed; the pattern changes with a 
slight movement of the eyes or head and 
the shifting bright spots seem to sparkle. 
Ordinary light does not produce such in
terference because the light waves are 
unrelated to one another in phase. The 
waves' mutual interference is chaotic 
and consequently produces no diffrac
tion pattern. 

Interference is of course one of the 
most basic properties of waves. When 
two waves arrive in the same phase, they 
will add to a higher intensity than either 
wave alone can. If, on the other hand, 
the waves arrive in opposite phase, the 
resulting intensity is less and can even 
be zero. Yet it is contrary to all ordinary 
experience to shine two beams of light 
on a surface and find darkness where 
they overlap. This does not happen be
cause the phases of the light waves 
in the two beams are not fixed but 
fluctuate randomly. The reason is that 
in ordinary light sources the waves 

come in short bursts emitted indepen
dently by enormous numbers of indi
vidual atoms. Even if the beams come 
from nearby places in the same source, 
there is little or no phase correlation be
tween them. 

It is nonetheless possible to demon
strate interference with ordinary light, 
if we filter out those waves that happen 
to have related phases. If we have a 
wave that travels in a definite direction, 
the wave fronts form planes at right an
gles to the rays. At any two pOints on 
such a wave front the phase of the wave 
is the same. If we now take waves from 
two parts of the front and direct them 
so that they overlap, they will interfere. 
This is the way Thomas Young first did 
the celebrated experiment in which he 
demonstrated the wave aspect of light 
[see "Light," by Gerald Feinberg, page 
50]. In that experiment a plane wave 
falls on two narrow slits, side by side and 
fairly close together. Part of the wave 
passes through each slit, and since the 
slits are narrow the beams spread out 
and overlap on a distant screen. On the 
screen a pattern of light and dark bands 
can be seen, corresponding to the places 
where the waves from the two slits ar
rive in phase or out of phase. 

spots on a background track. Each pulse is about three·tenths of a 

millimeter in length and less than a picosecond, or trillionth of a 

second, in duration. The technique used to photograph the pulses 

is illustrated on the next page. The extremely high peak powers 

that can be got in picosecond pulses from such "mode·locked" 

lasers promise fresh insights into interactions of light and matter. 
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of materials by the study of their Bril
louin scattering of light. 

TECHNIQUE used to record the picosecond laser pulses shown in the photograph on the 

preceding two pages is illustrated in this schematic drawing. The neodymium.glass laser is 

mode·locked by a rotating mirror (left), producing intense bursts of light, each of which in 

fact consists of a train of closely spaced picosecond pulses. The pulses enter a glass cell 

containing a highly transparent fluorescent liquid solution and are reflected back on them· 

selves by a mirror at one end (right). The molecules in the solution are such that they emit 

a photon of light only after absorbing two photons from the laser. As a result intense fluo

rescence from the release of a large number of photons occurs only in the regions where a 

pulse traveling toward the mirror overlaps a pulse reflected from the mirror. Fluorescent 

spots are photographed and their length is measured in order to determine their duration. 

In 1915 the French physicist Louis 
Brillouin suggested that light traveling 
through a material must undergo slight 
changes in wavelength as the result 
of encounters with the high-frequency 
sound waves that arise from the ordinary 
thermal vibrations of atoms in the ma
terial. He published a brief account of 
his calculations leading to this conclu
sion and then entered the French army. 
After the war he decided to publish a 
more complete report on this work but 
found himself unable to understand his 
old notes. He then found a pictorial way 
to describe the phenomenon he had orig
inally deduced by mathematical means, 
and this led to an illuminating view of 
the subject. 

The sound waves from the vibrating 
atoms fan out in all directions, and since 
the vibrations may vary considerably in 
frequency the waves have a wide range 
of frequencies up into the infrared. Like 
other sound waves, they consist of alter
nate compressions and expansions in the 
direction of the wave propagation. Since 
the velocity of such a wave is much 
slower than that of a light wave, it fol
lows that the sound wave is much short
er than an electromagnetic wave of the 
same frequency. Hence a wave of visible 
light passing through a liquid in the 
same direction as a sound wave of the 
same frequency will encounter regularly 
spaced maximal compressions and ex
pansions of the sound wave. A small part 
of the light will be reflected from each 
sound-wave crest, and if the spacing be
tween the crests is just half the wave
length of the light, the reflections will 
add in phase to produce an appreCiable 
amount of light. Because of the Doppler 
effect the reflected light will be shifted 
to a slightly lower frequency, since it is 
reflected from a moving "mirror" trav
eling in the same direction as the inci
dent light beam. Conversely, light re
flected from sound waves moving in the 
opposite direction will, be shifted to a 
higher frequency. The magnitude in 
each case is readily calculable: it is 
twice the velocity of sound divided by 

If Young's experiment is tried by plac
ing an ordinary light source near the 
pair of slits, it will not work. The screen 
will be uniformly illuminated because 
the phases of the light waves coming 
through the slits fluctuate randomly. If 
a laser is placed near the slits, however, 
it will produce an interference pattern 
because its light is coherent. To perform 
Young's experiment we can produce 
nearly coherent light from ordinary 
sources, but only by discarding most of 
the light and selecting a small portion of 
it. Thus there was coherent light before 
lasers. Even the sparkling appearance 
of a surface under coherent illumina
tion was observed and explained before 
lasers. 

Ordinary lamps cannot produce light 
that approaches true monochromaticity. 
The light from even a single spectral line 
of the best low-pressure gas lamp is 
spread over a band of frequencies that 
typically is at least 1,000 megacycles 
wide. Light from a gas laser, on the other 
hand, can be confined within a single 
megacycle in breadth, which amounts to 
a frequency spread of considerably less 
than one- part in a million. In a gas laser 
with a mirror spacing of 30 centimeters a 
round -trip between the mirrors covers 
about a million wavelengths. According
ly a shift in frequency of only one part 
per million will convert the laser from 
one mode of resonance to another. Typ
ically there are a dozen or more such 
modes within the frequency range of 
the laser medium. If certain precautions 
are not taken, the laser may oscillate on 
many or all of these frequencies simul-
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taneously. For most applications this is 
undesirable; for example, a frequency 
spread of less than one part in two mil
lion is essential if two beams of light are 
to interfere sharply after traveling paths 
that differ in length by one meter (two 
million wavelengths). 

There are several ways to refine the 
output of a gas laser to the desired puri
ty. One is to use an etalon as an end 
mirror in the laser. The etalon is a piece 
of gla�s, quartz or sapphire with parallel 
surfaces that form a resonant' cavity 
much shorter than the laser as a whole. 
The resonant frequencies of this short 
cavity are much more widely spaced 
than the frequencies of a long cavity, 
and the cavity can be designed so that it 
will allow only one mode of oscillation in 
the band of possible laser frequencies. 
The best gas lasers now generate light 
that is restricted almost entirely to a sin
gle wavelength. 

With this exquisitely refined instru-
ment it has become possible to ex

amine materials and physical phenome
na in new ways. Among the interesting 
applications of the laser is the probing 

ORDINARY LIGHT AND LASER LIGHT are compared in the illustration on the opposite 

page. In an ordinary thermal light source, such as an incandescent lamp (a), the atoms ra· 

diate independently, producing light waves that are both spatially incoherent (out of step) 

and temporally incoherent (with various wavelengths). A pinhole can be used to obtain 

spatially coherent light from the ordinary light, but only by sacrificing most of the power 

output of the lamp (b). Similarly, a color filter can be used to obtain temporally coherent 

light from the ordinary light, but again a large part of the lamp's power is lost (c). By com· 

bining a pinhole and a filter one can obtain a light beam that is both spatially and temporal. 

ly coherent, but its power output will be a tiny percentage of the total output of the lamp 

(d). In contrast, all the light produced by a laser is both spatially and temporally coherent (e). 
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the velocity of light, and it amounts to a 
frequency shift of about 10 parts in a 
million. 

The formula for Brillouin scattering 
makes it possible to measure the velocity 
of sound at various wavelengths in any 
liquid and thus to study important prop
erties of materials. Observation of the 
scattering is so difficult with ordinary 
light sources, however, that little work 
was done along this line before the laser 
became available. With a laser beam, 
thanks to its monochromaticity and di
rectionality, it is now relatively easy to 
observe Brillouin scattering. In 1964 
George B. Benedek, Joseph B. Lastovka, 
Klaus Fritsch and Thomas Greytak of 
the Massachusetts Institute of Technolo
gy and Raymond Y. Chiao and Boris P. 
Stoicheff of the University of Toronto 
used gas lasers to study Brillouin scatter
ing in a number of liquids and solids. 
They found that in some substances the 
velocity of sound depends on the sound
wave frequency. For example, in liquid 
benzene high-frequency compression 
waves, at five billion cycles per second, 
travel 15 percent faster than those at low 
frequencies. 

By bringing together the incident laser 
beam and the scattered light on the cath
ode of a phototube, extremely small 
shifts in the frequency of the scattered 
light can be measured. The phototube 
current shows a beat signal at the dif-
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ference frequency, even when the shift 
amounts to only a few cycles per second. 
Benedek and N. C. Ford of M.LT. and S. 
S. Alpert, David Balzarini, Robert No
vick, Lester Siegel and Yen Yeh of Co
lumbia University have measured shifts 
of a few hundred cycles per second in 
light of lO14-cycles-per-second frequen
cy; these shifts arise from thermal fluctu
ations in a liquid near its bOiling point. 
Herman Z. Cummins, Norman Knable 
and Yeh at Columbia have observed 
similarly small shifts in a dilute solution 
of polystyrene. 

The laser is being applied to probe 
the internal structure and behavior of 
molecules, by examining the light-scat
tering phenomenon known as the Raman 
effect. In this effect, discovered by C. 
V. Raman of India in 1928, the light fre
quency shifts as photons take up or give 
energy to molecular vibrations, rota
tions and other motions. It is evidenced 
in frequency shifts that are much larger 
than those from Brillouin scattering, but 
the shifted light is much weaker, so that 
the intense, monochromatic light of the 
laser is of great value in studying it. Gas 
lasers employing neon, argon or krypton 
as the active material, which can pro
vide continuous beams at powers up to 
several watts, are used in these studies. 

Before the advent of the laser the 
Raman effect could be seen only in 
liquids, a few solids and (with difficulty) 

in large volumes of certain gases. With 
a laser Sergio P. S. Porto (then at the 
Bell Telephone Laboratories) and Alfons 
Weber, Leonard E. Cheesman and Jo
seph J. Barrett of Fordham Univel-sity 
have been able to observe Raman scat
tering even in small samples of gas at 
ordinary pressure-one atmosphere or 
less. The spectra they have obtained 
clearly resolve the fine structure of light
scattering produced by the rotation of 
molecules. The sensitivity made possible 
by the laser has also disclosed motions 
at a finer level than the rotation or vibra
tion of the molecule itself. For example, 
in crystals of manganese fluoride at cryo
genic temperatures Porto, P. A. Fleury 
and Rodney Loudon at Bell Laboratories 
have detected Raman scattering pro
duced by waves from the spin of atoms. 
In praseodymium chloride J. T. Hougen 
and S. Singh at the National Research 
Council of Canada have even observed 
a Raman effect arising from the motions 
of electrons. 

When one thinks of lasers, one usual-
ly thinks of a very bright light 

source. Actually all but the most pow
erful continuous-beam lasers puJ out 
scarcely more total visible light than a 
flashlight. The laser, however, puts all 
its output into light with one narrowly 
defined wavelength. Thus its power per 
interval of wavelength is much greater 

WAVELENGTH (NANOMETERS) 

LASER LIGHT IS NOW A V AILABLE at a large number of wave· 

lengths, ranging from the ultraviolet region (left) to the far.infra· 

red region (right) of the electromagnetic spectrum. (The visible 

region is indicated by the vertical band in color.) Most of the 

wavelengths obtained to date from a variety of solid, gaseous and 

liquid materials are represente
'
d in the chart. The chart does not 

include those additional wavelengths that can he obtained from 

nonlinear optical processes by passing a laser beam through cer· 

tain substances. Solid-state lasers of the semiconductor type and 

liquid lasers that use organic dye molecules as the active medium 

can be "tuned
;
' over a range of wavelengths (gray bands) by chang

ing the proportions of the active materials in the host material. 
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making light work 
The visible spectrum spans less 
than an octave of the infinite gamut 
of radiant energy. But Celanese has 
more than a casual interest in it. 
Not only as a tool in research and 
development, but as a vital link in 
the presentation of many of our 
products which rely on light for 
their usefulness or beauty. 
Like most large research facilities, 
we use light in all its forms, 
polarized, coherent or just plain-

for microscopy, photography, 
spectroscopy and the like. 
Photopolymerization to accomplish 
chemical reactions, light-scattering 
techniques to determine molecular 
weight, optical diffraction for 
structural analysis are a few of the 
ways we use light as an R&D tool. 
As a major manufacturer of a 
host of colorful fashion fibers, 
spun dyed filaments of pigmented 
cellulose acetate or propylene, 

paints and coatings, pigmented 
plastics, photographic film based on 
acetate and polyester, we rely 
heavily on the effect of the visible 
spectrum. The problems of 
precise color-matching and color 
permanence we deal with every 
day because it's the nature of our 
business ... a billion dollar 
business employing more than 
50,000 employees, 1900 of them in 
technical pursuits, in 27 countries. 

& 
CELANESE® 
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This mechanical engineer is trying to 

decipher the mysteries of blood circulation. 

Who'd guess he's in the computer business? 

"Medical research may seem an odd field for a man in the computer 

business," says IBM's Louis Lopez, "let alone for a mechanical engineer. 

But we're applying engineering techniques to a study of the blood

stream. 

"In some aspects the human circulatory system resembles a hydrau

lic system. It has a pump, valves and fluid in motion. We're trying to ex

press its mechanics in precise mathematical equations. This requires 

millions of calculations. Without computers, we couldn't do it." 

Louis Lopez and his associates want to give doctors more informa

tion about the circulatory system. The kind of information that will 

help them with some of the problems of blood and heart disease. 

Today, computers are blinking away on assignments that 

weren't even contemplated a few years ago. As recently as 1953, 

there were only a few companies making computers for a lim

ited number of uses-and just a handful of customers. Now, 

there are dozens of competitors and thousands of users-

IBM each looking for new ways to put computers to work. 

Constant innovation has been a way of life 

in the computer business from its be

ginning less than two decades ago. 

Louis Lopez is typical of the thou

sands of men and women in the in

dustry who continually search for 

new ways to use computers. 

® 

© 1968 SCIENTIFIC AMERICAN, INC



© 1968 SCIENTIFIC AMERICAN, INC



OCEANOGRAPHY

ONE OF TIlE 

EMERGING INDUSTRIES 
OF NORTH AMERICAN ROCKWELL 

WE'RE ALSO BUSY: 

Developing sodium-cooled fast

breeder reactors to produce Nuclear 

Energy for more efficient power 

genera tion. 

Developing new techniques in 

hospital systems and hospital 

modernization for advanced 

Medical Technology. 

Applying our knowledge of data 

processing to design new Learning 

Aids that will cope with the 

information explosion. 

Finding new ways of filtering air to 

provide effective Pollution Control. 

Making circuitry (too small for the eye 

to see) for use in today's advanced 

Microelectronics na viga tion 

and control systems. 

Developing Systems Management 

techniques, an entirely new approach 

to solving human problems. 

And we're active in leading growth 

markets: 

Automotive 

Our Rockwell-Standard Divisions 

supply more heavy-duty truck 

components to truck manufacturers 

than any other independent 

supplier in the world. 

General Aviation 

Between our Aero Commander® 

aircraft and our Sabreliner jets, we 

manufacture the nation's fullest line 

of business, pleasure, and 

agricultural aircraft. 

Leisure Market 

The Hatteras Yacht facilities of our 

Industrial and Marine Divisions 

build a complete line of luxury 

fiberglass motor yachts. 

To find out what else we're doing, 

send for our Seven Emerging 

Industries booklet. For your copy, 

write: North American Rockwell 

Corporation, Corporate Public 

Relations, General Offices, 

2300 East Imperial Highway, 

EI Segundo, California 90245. 

than the power available from other 
sources simply because of its greater 
monochromaticity. 

An additional advantage of the laser 
in this regard arises somewhat inde
pendently from its high coherence. All 
the light from the entire diameter of the 
end of the laser is in phase. It can there
fore be focused to a single point with a 
startling increase over any other optical 
source in power per square meter within 
the focused spot. 

To date the only continuous laser that 
is capable of a large power output is 
the carbon dioxide type, whose "light" 
is in the infrared [see "High-Power Car
bon Dioxide Lasers," by C. K. N. Patel ;  
SCIENTIFIC AMERICAN, August]. Carbon 
dioxide lasers can generate up to 8,800 
watts of continuous power. The un
focused beam from a carbon dioxide 
laser at a few hundred watts of power 
will cause a wooden board to emit a 
Haming jet almost instantly. It will cut 
through a hacksaw blade within seconds. 
(In cidentally, at the time the motion 
picture Goldfinger was produced its 
demonstration of a laser's power was 
ludicrous in terms of existing lasers; the 
performance it showed did not become 
possible until several months after the 

.. 
UPPER STATE 

LOWER STATE 
• • • 

2 

• • • • 

motion picture's release, when Patel in
vented the carbon dioxide laser.) 

Even the early lasers could, to be sure, 
produce a great deal of power in a short 
pulse. The very first operating laser, the 
ruby laser con structed by Theodore H. 
Maiman of the Hughes Aircraft Com
pany, had a power output of several 
thousand watts for about half a milli· 
second. The beam from such a laser can 
vaporize a speck of substance within 
microseconds. The heating is so rapid, 
however, that it is only superficial ; va
porization carries away the heat before 
it has had time to penetrate below the 
surface by conduction. With a laser 
pulse it is possible to vaporize ink from 
paper or even from an inHated rubber 
balloon without appreciably heating the 
underlying material. 

The power of the pulse from some 
solid lasers (including ruby) can be built 
up to several hundred million watts by 
using a kind of shutter that delays the 
release of the energy stored in the active 
pulse until it has reached its peak power. 
Then, when the shutter is opened, the 
laser emission can proceed. In one ver
sion of this method (known as the Q
switching technique) a light-absorbing 
but bleachable dye is interposed before 

• 

• • • • • • .-

•• 

f t t t t t · f f t t l' 
• () • () () () • 

3 
'.-0 .-0-0----.-.-.-.-0-.-.-.-.-
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ENERGY.LEVEL PICTURE of laser action begins with the normal, or unexcited, state of 

affairs in the laser medium (1), in which the vast majority of atoms are in a lower energy 

state. The medium is then subjected to some external excitation (2), which "pumps" a siz

able percentage of atoms into a'; upper energy state. This situation is known as population 

inversion. An atom falling spontaneously from the upper level to the lower level can then 

emit a photon of light that is capable of stimulating other atoms to emit photons with the 

same frequency and phase (3). Since a stimulating photon can just as easily be absorbed 

hy an atom in going from the lower level to the upper level (at right in 3), it is important 

that population inversion be maintained, so as to make ahsorption less likely to occur than 

stiullllation. As long as this condition is satisfied, the output will continue to be amplified. 
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the end mirror where the laser beam is 
to emerge. Blocked by the shutter, the 
optical energy emitted spontaneously 
and incoherently by the excited atoms 
grows until the shutter is bleached; then 
all the stored energy is released from the 
laser in a giant coherent pulse, lasting 
about 10 billionths of a second. 

At power levels in the millions of 
watts per square centimeter the electro
magnetic wave's electrical effects on a 
m aterial become important. A visible 
laser beam with 100 million watts of 
power per square centimeter, for exam
ple, produces an electric field amounting 
to 100,000 volts per centimeter. Such a 
field modifies the properties of any ma
terial through which the beam passes. 
As a result the monochrcmatic wave may 
become distorted so that harmonic 
waves are generated at two or more 
times its frequency. Infrared wave
lengths may be converted in this way 
into visible light, and visible light into 
ultraviolet rays. Moreover, intense laser 
light can increase the refractive index of 
material through which it passes, by 
compressing the material, by aligning its 
molecules or by other mechanisms. The 
changes in refractive index have impor
tant consequences, some of which can 
be put to good use. 

By producing changes in the refrac
tive index within the laser medium, very 
intense laser light can greatly magnify 
the effects of Brillouin or Raman scat
tering. For example, when thermal fluc
tuations cause Brillouin reflection, the 
reflected beam adds to the laser light 
at some places and partly cancels it at 
others. At those places where the inten
sity is highest, the refractive index is in
creased most, and these are just the 
places where the index was already high. 
Thus above a threshold intensity very 
strong light reflection occurs, at the 
downward-shifted Brillouin frequency. 
Indeed, most of the laser light can be 
reflected in this stimulated Brillouin 
scattering, as was first demonstrated for 
solids by Elsa Garmire and Charles H. 
Townes at M.LT., and for liquids by 

WAVE PICTURE of laser action also begins 

with most atoms in the laser medium in the 

unexcited state (1 J. Unexcited atoms are iu 

black, excited atoms in color. After an exter· 

nal excitation has created a condition of 

population inversion (2) the spontaneous 

emission of a photon by a single atom can 

again begin the process of light amplifica. 

tion by stimulating coherent emission from 

other excited atoms (3,4). Usually the en· 

ergy of the laser beam is built up further 

by reflecting it between two end mirrors. 
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reductio 
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It is absurdly simple to eliminate 

second surface reflections. Merely 

reduce the thickness of your beam 
splitter to the degree that the two 

reflected images coincide. 
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Richard C. Brewer and Klaus E. Rieck
hoff of the In ternational Business Ma
chines Corporation. Stimulated Raman 
scattering can also occur and had been 
observed earlier by Eric J. Woodbury 
and N. W. Ng of the Hughes Aircraft 
Company. In both cases the light drives 
strong vibrations in the material and the 
stimulated light beam has a wavelength 
different from that of the laser. In a solid 
the vibrations induced by laser light can 
be strong enough to cause fracturing. 
John L. Emmett of Stanford University 
found that by using a cylindrical lens to 
focus the laser light along a line trans
verse to the direction of the laser beam , 
the stimulated reflected beam could be 
made to emerge transversely along the 
line of the focus. The stimulated beam 
could then be studied without being ob
scur ed by the intense laser light. 

Curiously, in the investigation of the 
nonlinear effects produced by high laser 

intensity-the generation of harmonic 
frequen cies and the stimulation of Bril
louin and Raman scattering-it was 
found that these effects generally oc
curred at laser intensities considerably 
lower than one should have expected 
them to be on the basis of the known 
physical processes at work. Chiao, Mrs. 
Carmire and Townes discovered a phe
nomenon that accounts for this apparent 
anomaly. In a powerful laser beam the 
refractive in dex of the medium is in
creased most at the center of the beam . 
Consequen tly the medium acts as a 
converging lens, focusing the beam to 
narrower dimensions and thereby in
creasing its intensity .  This self-focusing 
process quickly gives the beam the in
tensity required for the nonlinear effects. 
Actually the light breaks up into a large 
n umber of small filaments, and within a 
filament it is bright enough to cause all 
the nonlinear scattering processes. Thus 

nearly as soon as the light is strong 
enough for self-focusing the stimulated 
Brillouin or Raman scattering begins . 

Several groups of investigators are
' 
now 

working on the development of co
herent light sources that are tunable, 
that is, sour ces whose wavelength can 
be changed. The main approach is bein g 
made through the construction of opti
cal-frequency parameb·ic amplifiers and 
oscillators. Such devices allow the ampli
fication of a variable low frequency at 
the expense of power put in at a fixed 
higher frequency. Their operation calls 
for a medium with an unusually large 
nonlinear response and at the same time 
high optical and mechanical quality. A 
tunable parametric oscillator that oper
ates in the near infrared has been built 
at Bell Laboratories by R. C. Smith, J. E. 
Ceusic, H. J. Levinstein, Singh and L. C. 
van Uitert. A parametric oscillator in 

Q-SWITCHING CELL SAMPLE CELL 

� 
� 

CYLINDRICAL LENS 

\ 

LASER ROD 

\ 

MIRROR 

HALF-WAVELENG TH PLATE /c 
GROUND GLASS �==���==�=l 

EXPERIMENTAL ARRANGEMENT used to study stimulated 

Brillouin scaltering of laser light by sound vibrations in various 

materials was devised by John L. Emmett and the author at Stan. 

ford University. The distinguishing feature of their arrangement is 

the use of a cylindrical lens to converge the laser beam to a line 

focus, so that the scaltered light is stimulated to emerge transverse 
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INTERFERENCE FILTERS � 

FABRY-PEROT ETALON 
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to the beam; thus the scaltered beam can be studied without being 

obscured by the intense laser ligbt. The interferometric system and 

quadrant polarizer shown in the illustration are used to produce a 

photographic image in wbich the interference fringes that are due 

to the scattered light can be compared directly with the interfer

ence fringes due to the laser light (see iLlustratioli on page 134). 
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Next time you think'you need an x-ray, 
you may not get one. 
A progress report on x-ray diagnosis and some other visualization techniques. 

Images produced by several diagnostic 
''"' 

visualization techniques: x-rays (front), 

ultrasonics (side), radioisotopes (top). 

No one argues the contribution of x-ray diagnosis to the 

practice of medicine, which some consider to be one of the 

three greatest boons to health in the last 50 years. But de

spite the impressive contributions of the past and the 

continuing flow of improvements in diagnostic x-ray pro

cedures and equipment, much is still being done. New· 

techniques are being. perfected, and one vital area in which 

work never stops is lowering the dosage of x-rays without 

compromising the physician's needs for diagnostic data. 

Leaders in the diagnostic x-ray field-not just Picker, of 

course-work to reach the irr-educible minimum dosage that 

still yields the desired information. The problem is being 

tackled on a diversity of fronts by a variety of specialists: 

radiologists and other physicians, radiologic technologists, 

engineers, nuclear physiCists, and chemists. 

Progress to date has come in several ways. New methods 

have been developed to shape and direct the radiation 

beam, thus reducing the area of the body exposed. Other 

advances reduce the duration of exposure. Still others pre

vent the production of waste x-rays. New shielding devices 

help protect both patients and physiCians. And the industry 

helps train physicians and their technologists on how to use 
new eqUipment safely as well as effiCiently. 

Newer tools: isotope-imaging and ultrasonics 

The development of other approaches for visualization 

is bearing fruit, too: Picker has led with instruments used in 

nuclear medicine and currently offers the medical com

munity the widest spectrum of isotope-imaging devices in 

the world. Contributions of this newer diagnostic use of 

radiation to health are of steadily increasing importance. 

Now Picker is perfecting an entirely different kind of 

diagnostic tool: ultrasonics. Ultrasonic instruments offer the 

medical profession a technique that differs from both x-ray 

and isotope-imaging by providing visualization with sound 

waves, not radiation. Diagnostic ultrasonics is not being 
used by radiologists alone. A growing number of specialists 

including neurologists, cardiologists, obstetricians, and gy
necologists are finding ultrasonics can complement, and 

sometimes supplant, other diagnostic procedures. 

Such introduction of new techniques and equipment, 

coupled with continued developments in x-ray diagnosis, 

will supply physicians with the safer, more efficient diag

nostic tools they need to protect your health. As always, 

however, it is the physician who must make the judgment on 

the best technique for each case. 

Picker Corporation, White Plains, New York 

PICKER 
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PAPERS TO LAMINATE to foils, 

or plastics, or to other papers. Papers that 

also are flameproof, corrosion-resistant, mold

resistant, or grease-resistant. Papers with or 

without wet strength. Papers that perform 

a specific function at lowest possible cost. 

These are the VALUE-ENGINEERED 

P A P E R S  F R O M  T H E  M I L L S  O F  

MOSINEE. We'll be glad to specify . . .  or 

make . . .  one to your need. Just call us. Or 

write and ask for our "Portfolio of Perfor
mance" on Value-Engineering. 

MOSINEE PAPER MILLS COMPANY 

MOSINEE, WISCONSIN 54455 
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the visible range that produces tunable 
beams at a power of half a milliwatt has 
been constructed at Stanford by R.  L. 
Byer, M .  K. Oshman, J. Youn g and S. E. 
Harris . 

Another current development in the 
refinement of lasers is the production of 
extremely short pulses. The pulses from 
most solid lasers ran ge in duration from 
thousandths to millionths of a second. I t  
h a s  now been found possible t o  generate 
pulses whose len gth is measured in pico
seconds ( 10. 12  second) .  The technique 
employed is known as mode-locking. A 
laser beam can comprise waves of sev
eral slightly different wavelengths, such 
that one wave undergoes precisely one 
more cycle than another in the round 
trip between the mirrors . These compo
nents are called the modes of the beam . 
The trick in generating very short pulses 
is to brin g all the modes into synchro
nization at some point in the laser col
umn so that they produce a single, sharp 
maximum of intensity at that point. They 
can be "locked" in this cyclic pattern by 
placing a bleachable dye at the synchro-

nizin g poin t; the dye is bleached suffi
Ciently for the waves to pass through 
most easily only when they all arrive si
multaneously, and the laser therefore 
generates a brief pulse just at that mo
ment at the end of each round trip of 
the waves.  

In a picosecond light travels three
tenths of a millimeter. Hen ce the train 
of light waves in a picosecond pulse is 
only three-tenths of a millimeter long and 
contains on ly a few hundred cycles of 
the wave.  Since pulses of such extreme 
brevity place relatively little strain on 
the laser ma terial, the laser can be raised 
to high peak powers .  Nikolai C. Basov 
and his associates in the U . S . S . R . ,  using 
a mode-locked laser of neodymium glass 
and three subsequent stages of amplifi
cation , have produced laser pulses of 
more than a trillion watts . The pulses 
were so powerful that they attacked the 
n uclei of atom s ;  focused on a target of 
lithium deuteride in a vacuum , the pulse 
somehow caused neutrons to be released 
from the nuclei. 

It  seems likely that picosecond laser 

BRILLOUIN·SCATTERING PHOTOGRAPH obtained using the experimental arrange· 

ment shown on page 132 is essentially a Fabry.Perot interferogram with the interference 

fringes due to the scattered light occupying the quadrants at upper right and lower left and 

the interference fringes due to the laser light occupying the quadrants at upper left and 

lower right. The two sets of fringes can be measured directly to determine the amount of 

Brillouin scattering associated with a given liquid or solid material. This knowledge in turn 

can be analyzed to y ield information about the structure and properties of the material. 
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from Sehweber 

The Semiconductor Story by Sam Kass . . .  from the eat's 
whisker to the transistor to large scale integration . . .  
in language you will enjoy. Fully illustrated to tell the 
technical story and to introduce the personalities re
sponsible for the explosive growth of the semiconductor 
industry. Write for your free copy on your company 
letterhead ; additional copies $ 1  each. 

@ Copyright 1 968 Schweber E l ectronics Corporation 

S C H W E B E R  
E L E CT R O N I C S 
Westbury, New York 1 1590 
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CONSULTANS 
OBJECTIVUS 

E v e n  t h e  R o m a n s  recog n i zed t h e  ofte n c r i t i c a l  va l u e  of o b j e ct i ve c o n s u l 
tat i o n .  I n  t h i s  te c h n o l og i ca l  e r a ,  few o r g a n i zat i o n s  h ave t h e  i n - h o u s e  c o m 
p e t e n c e  to d eve l o p  opt i m u m  s o l u t i o n s  to every p ro b l e m .  I n d e e d , eve n w i t h  
s ee m i n g ly a p p rop r i ate answers ,  how c a n  t h o s e  respo n s i b l e  b e  s u re ?  By 
e n g ag i n g  q u a l i f i e d , o b j e ct ive  c o n s u l tants , of  c o u rse . H e retofo re ,  t h at h a s n ' t  
b e e n  easy.  H ow can t h e  r i g ht c o n s u l tant  b e  fo u n d ?  Conve rse ly ,  how d o e s  t h e  
e x p e rt f i n d  t h o s e  w h o  n e e d  h i s  s p e c i a l  c o m pete n c e ?  

T h e  Advanced Tec h n o l og y  C o n s u l tants Co r p o rat i o n  (ADTEC) c o n c e p t  
p rov i d e s  a c o n ve n i e n t  a n d  u n i q u e  a n swe r .  I t  has e n ro l l ed as c o n s u l tants  a n  
i m p ress ive roste r of asso c i ates rep rese n t i n g  expert i s e  i n  a l l  a reas of advanced 
te c h n o l ogy .  ADTEC can now p rovi d e  i n d u st ry ,  f i n an c i a l  i n st i t u t i o n s ,  research 
o rg a n i zat i o n s  o r  gove r n m e nt ag e n c i e s  w i t h  t h e  s p e c i a l i sts best q u a l i f i e d  to 
meet  t h e i r  s p e c i f i c  n e e d s  F o r  d eta i l s  o n  how ADTEC ' s  rap i d ly- g row i n g  team 
of asso c i ates can s e rve yo u ,  w r i t e  to Dr .  Ra l p h  F .  L u m b ,  p r e s i d e n t .  ( Box- l )  

ADVANCED TECHNOLOGY CONSULTANTS CORPORATION 
1 44 South M a i n  Street 
Wal l i ngford, Conn. 06492 
(203) 265-2506 
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pulses will be highly useful in explor
ing the interior of atoms .  vVhen such a 
short light pulse is absorbed; the entire 
encounter is usually over before there is 
time for the absorbing atoms to be per
turbed by the surroundings.  Many kinds 
of transient effect showing the inertia 
of the absorber should therefore be ob
servable . Most atoms in solids "relax" in 
less than a nanosecond, so that the tran
sient effects are observable only with 
shorter pulses .  Thus the interaction of 
many media may be quite different for 
picosecond pulses from what it  is for 
longer wave trains . 

There are now hundreds of masers and 
lasers, generating frequencies over 

most of the electromagnetic spectrum, 
from the radio region far into the ultra
violet. Indeed, it  seems that before long 
the art of stimulatin g emission will be 
extended into the X-ray region.  Most 
likely the visible-frequency laser will be 
employed to pump atoms to the energy 
levels necessary for X-ray emission, as 
radio generators are used to pump the 
gas laser. Very intense excitation will be 
needed to raise atoms to the X-ray emis
sion level, because excited atoms spon
taneously shed their energy more and 
more promptly as they go up the quan
tum ladder of energies .  It can be shown 
that the power required to simultaneous
ly boost enough atoms for stimulated 
X-ray emission may be as high as a 
million billion watts per cubic centi
meter. That is well within the range, 
however, of what can be attained by 
focusing a pulsed laser. An X-ray laser 
might consist of H column of active 
m<tterial only a millimeter long and 
about a micron in diameter . Even with
out mirrors such a column should pro
duce a fairly directional X-ray beam . 
Presumably the wavelengths of the out
put would be in the range of just a few 
angstroms, but preCisely what emissions 
would come out of such a system is not 
easy to predict; it  is a m atter of record 
that most gas lasers were discovered ex
perimentally. 

Meanwhile the development of vis
ible-light lasers is providing excitement 
enough. As we go to higher and higher 
powers, laser ligh t  is demonstrating ex
traordinary nonlinear phenomena in its 
interactions with matter. Some of the 
lasers now under development in the 
laboratory, such as the tunable and pico
second versions, are showing us that 
lasers so far have been rather simple de
vices only because we are just entering 
the stage of learning why and ho w to 
make complicated ones. 
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But 

For us" limt is a 
down to earth business. 

I t 's  g iv i n g  s h o p p i n g  centers m o re l i g h t  with fewe r p o l es. 
It 's l i g h t i n g  a refi n e ry so there ' s  no chance of f ire.  

I t 's  l i ght i n g  a u sed car  lot  so you see the same c o l o rs at n i ght  as you wo u l d  see at n o o n .  
I t ' s  l i ght i n g  a ru nway f o r  a n  a i rp l a n e ' s  safe l a n d i n g .  

I t ' s  h e l p i n g  y o u  correct y o u r  s l i ce after d a rk. 

not by chance. 
That 's  where o u r  sc ience comes i n .  O u r  ph oto
metric and opt ica l  lab kn ows few e q u a l s  for 
testi n g  outdoor l i g h t i n g  h a rdware. We deve l o p  
o u r  n e w  l i ght  f ixtures there .  
Recent projects i n c l u d e :  
• E n g i neeri n g  ru nway center l i n e  l i g h ts stro n g  
e n o u g h  t o  res ist  t h e  jarri n g  i m pact o f  naval  
a i rcraft ta i l  hooks.  
• Desi g n i n g  h i g h - i ntens ity porta b l e  l i g h ts for 
front l i n e  batt l efi e l d  su rge o n s .  
• Prod u c i n g  i nfrared ce i l o meter syste ms for 
m e ('l s u ri n g  c l o u d  h e i ght .  

• Deve l o p i n g  a prec ise  computerized system 
for measur i n g  vert i c a l  footca n d l e s  to meet the 
exacti n g  d e m a n d s  of stad i u m  l i ght i n g  for c o l o r  
te levi s i o n  . 
• Study i n g  the ut i l i zat ion  of new l i g h t  s o u rces.  
• I nvesti gat i n g  new tech n i q u e s  for l i g h ti n g  
l a rge u rb a n  areas t o  provide g reater perso n a l  
safety a n d  overa l l  secu rity. 
We ' d  be p l eased to te l l  you more about o u r  
capa b i l i t ies  i n  l i ght i n g .  Write m e ,  R .  K. McCabe.  
Pro d u ct M a n a ger .  Outdoor l i g ht i n g  Prod u cts • 

Crouse - H i nds C o m p a ny.  Syracuse .  N .Y. 1 3201 . 

CROUSE-HINDS 
$ r ( 

CROUSE-HINDS· 
t 1 $ 
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Maybe you're like us : 
We probe. And record. And analyze. 

And, sometimes, we become so preoccupied with 
the beauty of Truth, that we miss the beauty of Beauty. 

Take the Polacolor prints on these pages, for example. 
They're typical of the hundreds of thousands of 60-second 
photographs that speed the work of research scientists each 
year. And, like many pictures in this category, they have a 

quality that goes beyond practical laboratory documentation. 

These particular photomicrographs were made by scientists 
and technicians. But they could be the work of 
modern artists . 

Forget what they really are, for now. 

Just enjoy them. Polaroid Corporation 
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Applications of Laser Light 
They range froln the straigh�forward (such as sur()eying and welding) 

to the sophisticated (such as optical com,1nunication and holography), 

and it 1nay be that 1nore interesting applications are still to cOlne 

Predicting what will eventually be 
done with lasers is risky. The pros
pects of the laser are qualitatively 

different, for example, from those of the 
transistor at the time of its invention 
20 years ago. The transistor was, after 
all, essentially an improved device for 
performing existing functions, and its 
evolution was comparatively straight
forward. The laser, on the other hand, 
produces light that is different in both 
quality and intensity from the light gen
erated by any other source. As a result 
some of the more obvious uses of lasers 
in existing systems, such as convention-

by Donald R. Herriott 

al interferometers, may turn out to be 
less important than the development of 
new systems that take advantage of the 
unique characteristics of laser light to 
perform tasks either thought to be im
possible or not even imagined. 

The prime example of such an unpre
dictable development has been the re
cent burst of activity in the branch of 
interferometry known as holography, or 
photography by wave-front reconstruc
tion. Here the advent of the laser, com-

. bined with a few critical refinements of 
an existing idea, has provided a com
pletely new and unexpected capability. 

BRIDGE 

SAN FRANCISCO BAY 

USE OF THE LASER in technology is symbolized by the photograph on the opposite page. 
The bright red spot near tbe center of the photograph was made by a helium·neon gas laser 
mounted on a surveyor's transit on the roof of the Ferry Building in downtown San Fran· 
cisco. The laser is one of about a dozen used to align a fleet of dredging barges and other 
floating equipment being employed in the construction of the subway tube between San 
Francisco and Oakland, a major link in the projected Bay Area Rapid Transit system 
(BART). The photograph was made from Yerba Buena Island along one of the straight 
stretches of underwater trench being prepared for the tube (see map above). The laser beam 
is visible only to an observer standing directly in the path of the beam. The beam was about 
two inches wide at the laser and spread to a width of about nine inches by the time it 
reached the camera, approximately a mile and a half away. The square object with alternat· 
ing red and white quadrants next to the laser on the roof is a target for another laser. 

Another aspect of this unpredictabili
ty is manifested by the fact that the use 
of laser light as the carrier wave for a 
long-distance communication system-a 
concept recognized quite early as one of 
the most important of the potential ap
plications of the laser-is still a long way 
from being commercially implemented 
on a large scale. This is not for lack of 
a sound basis for this application but 
rather because of the broad range of 
auxiliary techniques required, and be
cause of the existing high level of devel
opment in the competing technology. 

In the meantime, as more and more 
people have become aware of this ex
traordinary new light source, a host of 
suggestions have been made for more 
prosaic applications of laser light, in 
fields as diverse as welding and sur
veying. A surprising number of these 
applications appear to be immediately 
feasible. Indeed, it is quite possible that 
some of the less sophisticated uses of the 
laser will in the long run prove to be 
among the most important, at least from 
an economic point of view. Here I shall 
outline the major areas in which appli
cations of laser light can be grouped and 
describe some typical examples in each 
area. 

'fhere is a large class of laser applica-
tions that depend not so much on 

coherence or monochromaticity per se 
but rather on the unprecedented bright
ness, or energy per unit area, that can be 
obtained by focusing a laser beam with 
a lens. This brightness, which is a by
product of the beam's coherence, is a 
unique feature of laser light and can be 
many orders of magnitude greater than 
the brightest light produced by conven
tional sources. To understand why this is 
so it is necessary to review brieRy a few 
of the basic differences between the in
coherent light produced by an ordinary' 
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bright source and the coherent light pro
duced by a laser. 

In a conventional light source the 
atoms of a solid or a gas are agitated 
either thermally or electrically to higher 
energy states. \-Vhen these atoms return 
spontaneously to their lower energy lev
els, they radiate some of their excess en
ergy as light. Since each atom behaves 
independently at this stage, its emission 
is at a random time and in a random di
rection with a random polarization. 

It follows that the light radiated in a 
single direction is the complex sum of 
all the light from the individual atoms. 
The phases of any two atoms will tend 
to cancel their radiation in some direc
tions and enhance it in others. The total 
energy of the source will on the average 
be radiated uniformly in all accessible 
directions, and the amount of energy ob
served in a given direction will be pro
portional to the solid angle sub tended 
by the observing device. The maximum 
total energy that can be radiated by a 
given source depends on two factors: the 
surface area of the source and the max-

A 

Ill)))) 

B 

imum temperature to which the source 
can be heated without melting (in the 
case of a solid) or the maximum pressure 
and temperature that can be sustained 
in a discharge lamp (in the case of a 
gas). Thus in practice the only way to 
increase the power output from an or
dinary source beyond the limitations 
imposed by the source material is to 
increase the area of the source. 

Power output, however, is only half 
the story. For many applications bright
ness, or concentrated power, is much 
more important than power itself. A 
40-watt fluorescent lamp, for example, 
produces more light than a 40-watt in
candescent lamp, but it would not make 
nearly as good a light source for a spot
light. It is therefore not surprising that 
students of optics have tried for cen
turies to get a brighter light source by 
reducing the size of a large source with 
a lens. They have discovered that the 
brightness of the source cannot be in
creased in this way, because even under 
ideal conditions the reduced area of the 
image just makes up for the reduced col-

lection angle that the lens intercepts 
from the source [see illustration below J. 
In other words, with a conventional 
source one cannot produce an image 
that is brighter than the source. The 
brightness can at best match that of the 
source, neglecting losses due to surface 
reflec'tion, scattering and absorption by 
the lens elements. 

In the case of a source that is smaller 
than the resolution limit of the lens, the 
size of the image is determined by the 
aperture and aberrations of the lens. For 
example, when a star is photographed 
through a telescope, the size of the im
age does not depend on the size of the 
object. Since the star is actually smaller 
than the size indicated by the image, the' 
brightness of the image must always be 
less than the surface brightness of the 
star. 

Now, in a laser light is also emitted 
when atoms drop from a higher energy 
level to a lower one, but in this case the 
atoms are triggered to emit in unison by 
the standing wave in the laser cavity. 
Enough of the light previously generat-

ADVANTAGE OF LASER LIGHT over ordinary light in form

ing an image with a high brightness, ot' energy per unit area, arises 
from the basic differences between the coherent light produced by 
the laser and the incoherent light produced by an ordinary source. 
In an ordinary source (to{J) light is emitted independently by each 
atom, so that the emissions from all the atoms of the source will be 
at nllldom times and in random directions with random polariza
tions. As a result the total energy of the source will on the average 
be radiated uniformly in all accessible directions, and the amount 
of energy in any given direction will be proportional to the solid 
angle subtended by the observing device. Any attempt to increase 
. the brightness of an image over the brightness of the source by re-

during the size of the source with a lens cannot succeed, hecause 
even under ideal conditions the reduced area of the image just 
makes up for the reduced collection angle that the lens intercepts 
from the source. In contrast, the coherent light produced hy a laser 
(bottom) is generated over a sizable volume with the proper phase, 

so that when it is focused by a lens, all the individual contributions 
by the atoms in the laser medium are in the correct phase to add 
up. In a typical laser the directionality of the beam is limited only 
by diffraction by the laser aperture. Accordingly with a suitable 
lens all the energy of the laser can be concentrated into a diffrac
tion.limited image that is only one micron in diameter, resulting 
in much greater energy density than the density of the source . 
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ed is retained in the reflective cavity to 
keep the new emission in the proper 
phase, polarization and direction. This 
standing wave interacts with the excited 
atoms and causes most of them to emit 
their excess energy in phase with the 
stimulating wave before they have a 
chance to emit it randomly. As a result 
the laser generates only light that travels 
in the direction of the standing wave. In 
a typical laser this directionality is limit
ed only by the diffraction of the emerg
ing beam by the laser aperture. It is im
pOltant to realize that the laser does not 
violate the materials limitations of ordi
nary light sources; it simply concentrates 
all its energy into a single, diffraction
limited beam. 

In effect the beam from a laser is the 
same as one from a dis tan t small source, 
such as a star. When the beam is focused 
by a lens, its diameter at the point of 
sharpest focus depends only on the reso
lution limit of the lens. With a suitable 
lens all the energy from a typical laser 
can be concentrated into a diffraction
limited image that is only one micron in 
diameter, regardless of the size of the 
laser! This results in a tremendous en
ergy density, one that is far greater than 
the energy density of the source. The key 
point is that inside the laser the radiation 
is generated over a sizable volume with 
the proper phase, so that when the radia
tion is focused by the lens, all the in
dividual contributions are in the correct 
phase to add up. 

The energy density of the image 
. formed by a lens in a laser beam can 

be used to heat, melt or even vaporize 
small areas of any material. This capabil
ity promises to find wide use in the field 
of microelectronics. The main advan
tages here are the very small size of the 
focused image, the absence of contami
nation of the very pure materials re
quired in such circuits and the precise 
control of the amount of energy used. 
For example, the image of the laser can 
be used to cut a narrow gap through a 
vapor-deposited film; by cutting such a 
gap along a meander path through a con
ducting film one can easily form a ca
pacitor [see top illustration at right J. In 
the fabrication of integrated circuits the 
laser beam can also be used to weld con
nections between parts of the circuit, or 
to cut through connections and thereby 
tailor a general circuit to perform one 
of a variety of functions. This discre
tionary wiring can also be used to com
pensate for a small percentage of de
fective components and thus increase 
reliability. Discrete components such as 
a precision resistor can be adjusted in a 

MICRO CAPACITOR was made by using a beam from a solid·state laser to cut a meander 
path through a .3·micron-thick gold conducting film vapor-deposited on a sapphire sub
strate. The cut is six microns wide. The main advantages of laser light in the field of micro
electronics are the very small size of the focused image, the absence of contamination of 
the very pure materials required in such circuits and the precise control of the energy used_ 

PRECISION RESISTOR is adjusted in value by means of a completely automatic machine 
that measures the resistance and pulses a laser to vaporize conductive material until the 
desired resistance is obtained. This photograph was made at the Western Electric Company_ 

PENETRATING POWER of the focused light beam from a pulsed ruby laser is demon
strated by this X-ray photograph, which shows a number of holes drilled by such a laser in 
an alumina ceramic .062 inch thick. The diameter of the holes varies between .0015 inch 
and .003 inch. Twenty-four pulses eacb with an energy of a tenth of a joule were required to 
pierce a hole all the way through the ceramic. The reason narrow holes can be drilled to a 
depth greater than the depth of focus of the laser has not been adequately explained. This 
photograph and the one at top of the page were made at the Bell Telephone Laboratories. 

1 4 3  
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completely automatic machine that mea
sures the resistance and pulses the laser 
to vaporize conductive material until the 
desired resistance is obtained [see mid
dle illllstTation on preceding page J. 

In a related application a pulsed la
ser has been used to pierce holes in dia
mond chips used in dies for drawing 
wire. A number of laser pulses are used 
to make the hole and to rough it into 
shape. The hole is then polished with 
olive oil and diamond dust to its final 
shape and finish. 

Another interesting application that 
has already been demonstrated is the use 
of a pulsed laser to balance high-speed 
gyroscope motors as they run. Vibration 
sensors determine the amount and the 

exact orientation of the errors in bal
ance, and the laser source is automati
cally pulsed to remove material at the 
proper places until balance is achieved. 
In fact, it is conceivable that high-power 
lasers will someday be used routinely to 
cut a wide range of materials, including 
wood, cloth and paper. The combustion 
of the adjacent material is usually not a 
problem because the heated material 
vaporizes almost instantaneously and 
hence dissipates heat rapidly. 

The high intensity and directionality 
of a laser beam has made surveying 

one of the most direct and practical ap
plications of the laser. The laser beam 
can be focused through a telescope to 

LASER "KNIFE" developed at Bell Laboratories has an articulated arm that allqws the 
beam from a stationary laser to be moved freely for use in surgery, microcircuit fabrica
tion or many other applications. The "elbows" of the hollow arm contain prisms that re
flect the beam down the center of each section in spite of the free rotation of each joint. 
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have the same width at any distance 
as the resolution of the telescope. Thus 
when the light beam formed in the tele
scope is measured at the target, fhe ac
curacy is the same as when, in conven
tional surveying, the image of the target 
is obs'erved in the telescope. The prin
cipal advantage of the laser system is 
in saving labor and communications. In 
a typical surveying application a laser 
beam is positioned along the intended 
route for a pipeline. It is important in 
laying pipeline that the trench be dug to 
just the bottom of the pipe, since soil 
disturbed below this level will later settle 
and may rupture the line. As the shovel 
digs, its depth can be regularly measured 
with a stick. The stick is simply placed 
at the bottom of the cut and the height 
of the laser beam falling on the stick is 
read directly. The same technique can be 
used by the men cleaning up the trench 
to fit the actual shape of the pipe. Ac
curacies of a fraction of an inch are easy 
to maintain in this way. In the present 
procedure a telescope is set up in a sim
ilar manner, but then a man must stay 
at the telescope, take all the measure
ments and communicate them to the 
group doing the digging. This requires 
both an additional man at the telescope 
and communication of the results to the 
digging crew. 

When property lines or power lines 
are being laid out through wooded land, 
it is common to clear broad rights-of
way along the entire path. With a laser 
surveying instrument the laser beam can 
be set up on the proper line and the 
beam can be observed as it falls on each 
obstruction. A man can then walk from 
the laser to the target, see immediately 
each branch or tree that the beam hits 
and remove only actual obstructions. 

The high intensity and directionality 
of a laser beam can also be used to align 
jigs for mechanical tooling by photo
electric centering of a target. The person 
viewing a target through a telescope can 
resolve or distinguish two objects sepa
rated by the diffraction limit of the tele
scope (approximately one second of arc 
per inch of diameter). He can center a 
dark cross hair in the telescope on a 
white line on a suitable target pattern to 
three or five times that accuracy. A laser 
beam can be projected through the same 
telescope with a half-power width that 
is also about the same as the diffraction 
limit. By balancing the light in the two 
sides of the beam, the center of the 
beam can be found to better than a 
tenth of the half-power width. Under 
the best conditions a hundredth of this 
width would be possible. 

Laser alignment systems are now be-
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RECENT 
FINDINGS 

RESEARCH LABORATORIES 

On the way to a 
better understanding 

@i) of lasers and the optical 
properties of surfaces. 

Through a study of second harmonic light generated 
at surfaces, we may one day have a better under
standing of the properties of surfaces_ 

Second harmonic generation (SHG) of light is a 
process in which a light beam, in passing through a 
substance, generates another light beam whose fre
quency is twice the original. This means red light 
(i.e., from a ruby laser) would be converted into blue 
light. Simple geometrical considerations demand that 
the process occur only in regions of space which are 
not symmetric under inversion. Piezoelectric crystals 
provide macroscopic volumes which satisfy this condi
tion, and with them Ford Motor Company scientists 
first demonstrated 20% optical second harmonic con
version. Thus, using SHG, intense coherent light 
beams are available at new, higher frequencies. At the 
other end of the scale, they are now studying cases in 
which only one part of 1017 of the incident light is 
harmonically converted. That so weak an interaction 

GLASS PLATE LASER 
ANGLE OF 
INCIDENCE 

/ 

FIGURE 1 

I 

/ 
I I 

LASER 
SECOND 
HARMONIC 

can be detected rests, among other things, on filters 
which strongly absorb the fundamental radiation and 
yet transmit the harmonic light. The second important 

ingredient is the availability of sophisticated multi
megawatt lasers, designed and engineered by Ford scien
tists, which pulse once a second for half a million 

seconds without maintenance and which are equipped 
with automated photodetection systems capable of 

recording single photoelectrons at noise levels of only 
one event in 500 laser shots. Thus it is that SHG may 
be studied at surfaces, spatial regions only a few 
angstroms deep which lack inversion symmetry. It is 
found that surface SHG can originate not only from 
otherwise unmeasurable properties of the bulk material 
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but also can yield important information on pure 
surface properties. 

Figure 1 shows a typical experimental arrangement 

and Figure 2 summarizes results obtained using a ruby 

laser and a thin glass platelet. As indicated by the 
ordinate the second harmonic signal was indeed very 
weak. The oscillatory behavior of the second harmonic 
intensity results from interference of the second 

harmonic waves generated at the front and back faces 
of the platelet. The angular spacing between successive 
maxima is determined by the platelet's thickness and 
by the difference in its refractive index for the laser 
and harmonic frequencies. 

This study is typical of the work being undertaken 
in Ford Motor Company laboratories to obtain a better 
understanding of the properties of materials. Ford 
scientists are actively investigating many fields in the 
conviction that greater knowledge leads to improved 
technology and better products. 

PROBING DEEPER FOR BETTER IDEAS 

--
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ing used, and indeed are needed, for the 
alignment of jigs in the new large sec
ond-generation jet aircraft, where toler
ances of a hundredth of an inch over 
distances in excess of 200 feet are in
volved. One or more laser sources can 
be set up in alignment along the length 
of the jig and each critical point can 
be measured with respect to the la-

. scr beams. This can be done over short 
c1istances without people at the laser 
sources. Detectors of the quadrant type, 
with servo drives that automatically cen
ter the detector on the beam both hori
zontally and vertically, are frequently 
employed. 

If a laser beam is directed to scan an 
object, and a viewing telescope is made 
to track the in tersection of the laser 
beam and the object frem a different 
direction, the combination can survey 
the object in three dimensions. Angular 
readings can be taken from such an in
strument to convey to a computer the 
form of an object such as an automobile 
model so that the computer can define 
the shape of the dies necessary to make 
the automobile body parts. It could also 
scan an aircraft to determine if its form 
properly agrees with the plans. 

In the area of remote sampling it has 
been suggested that laser beams could 
be used to map the distribution and mo
tion of pollutants. The idea here is to 
pulse a short burst of light from a laser 
through the atmosphere and observe the 

light scattered back to a receiving tele
scope, much as radar is used to observe 
clouds and rain. It will take a predict
able amount of time for the light to trav
el to a particular sampled region and re
turn. The signal observed at a given time 
after the laser pulse is dispatched will be 
a measure of the transmittance of the 
air along the path and the backscatter 
of the pollutant at the specific distance 
along the beam. It should be possible to 
analyze the returned beam to determine 
the concentration of a variety of pollu
tants at each point along the path of the 
beam. Thus one observing point in a 
large area could monitor pollution levels 
and identify the specific sources of pol
lutants. 

So far we have considered the group 
of applications that are principally 

based on the high brightness of the laser 
source, which is an indirect result of the 
coherence of the light from the source. 
We shall now consider applications that 
directly exploit the spatial and temporal 
coherence of a laser source to extend the 
capability of a system beyond what can 
be done with coherent light from con
ventional sources. 

The principal application of coherent 
light before the advent of the laser was 
in interferometry. Here two or more 
light beams are made to follow different 
paths through an optical system. The 
light is then combined so that interfer-

LASER ERASER invented by Arthur L. Schawlow of Stanford University is capable of 
vaporizing ink from paper without appreciably heating the paper. The heating of the black 
ink, which absorbs the laser pulse and becomes incandescent, is so rapid that the ink. vapor 
carries away the heat before it can penetrate below the surface by conduction. The dark 
ring is a shadow of the end of the laser, produced by stray light from the laser flash lamp. 
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ence can be observed. If the two beams 
are in phase when they recombine, the 
square of the sum of their amplitudes 
will be the observed intensity; if the 
beams are put of phase, the square 

'
of the 

difference of their amplitudes will be 
observed. In some interferometers these 
intensities will be observed as alternate 
light and dark fringes across a field of 
view, each indicating a half-wavelength 
shift in path length between the two 
paths through the interferometer. In 
other interferometers fringes caused by 
light traveling at various angles through 
the instrument are observed in angular 
space. In still others a single fringe cov
ers the entire field, and changes in in
tensity of the field are caused by varia
tion of phase between the beams with 
time. This last type of interferometer is 
commonly used with photoelectric de
tectors and records phase shift as a func
tion of time. 

In none of these conventional methods 
of interfercmetry is it mandatory that 
the two light beams come from a single 
SOlU'ce. The. trouble is that if they do 
not come from a single source, their 
frequencies will vary with time, caus
ing the fringes to shift so rapidly that 
they cannot be observed. Lasers have 
now provided sources whose frequency 
can be controlled so that interference 
between light from different sources is 
practical. 

vVith two beams from a conventional 
source the light following the different 
paths must meet so that light from the 
same point on the source is superposed, 
and so that light emitted at the same 
time is recombined. Both the position 
and the time must be close enough so 
that the phases of the two effective 
sources are coherent. The distance along 
the beam between two points that have 
correlation adequate to give useful con
trast will depend on the width of the 
spectral lines of the source. High-pres
sure mercury lamps require that the two 
paths be matched to within a fraction of 
a millimeter. Low-pressure isotope lamps 
can be used at a path difference of a 
good part of a meter. Laser sources, in 
contrast, are narrow enough in line width 
to be used over hundreds of miles. The 
importance of this lies in the fact that it 
frees one from the need to worry about 
the matching of path lengths. In making 
measurements on a 200-inch telescope 
with an interferometer one path of which 
is 50 feet long, for example, it is now 
possible to use a reference path of a few 
inches instead of having to build a ref
erence path of the same 50-foot length 
as the path to the mirror. 

The long coherence length afforded 

© 1968 SCIENTIFIC AMERICAN, INC



The Fairbanks Morse 

Caprocon system speeds 

the processing of cargo
automatically, 

for United Airlines. 

A key to the system 

is Kleinschmidt 
For high speed in automated 
communications, there's only one 
answer: Kleinschmidt. 

Take the Fairbanks Morse 
CAPROCON™system. At United 
Airlines Cargo Terminal in Los 
Angeles, Caprocon, aided by Klein
schmidt data printers, brings new 
speed and efficiency to the processing 
of random parcels. 

Working at a rate of 800 parcels per 
hour, Caprocon weighs and measures 
parcels instantly. It feeds the infor
mation on cubage and density to 
Kleinschmidt data printers. Bills, 
labels, and shipping' instructions are 
printed out automatically. Result: 
more efficient palletizing, more 
economical aircraft loading, faster 
service than ever before. 

Kleinschmidt 311 ™ Data Printer 
works at speeds up to 4 times faster 
than most other teleprinters. And, 
with 70% fewer moving parts, it's 
extremely reliable. 

Like other Kleinschmidt data 
printers, the 311 is compatible with 
all makes of telecommunication 
equipment. You can fit it directly into 
your present system or into one being 
designed for you. 

If you have a problem in 
telecommunications, shouldn't you 
communicate with Kleinschmidt? 
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TWO LASER INTERFEROMETERS in the author's laboratory at Bell Laboratories are 
used to test polished lens surfaces for sphericity and to measure their radius of curvature. 
In this demonstration of the system's extreme sensitivity the laser interferometer at right is 
being used to position the slide carrying the lens, so that the focal point of the microscope 
objective at the end of the interferometer coincides first with the surface of the lens (tOIJ) 
and then with the center of curvature of the lens (bottom). In both of these situations one 
observes through the viewer attached to this interferometer a straight.line pattern of inter· 
ference fringes rather than the usual curved pattern of such fringes. The laser interfer. 
ometer at left is used independently to measure the displacement of the slide along the 
optical bench by counting automatically the number of interference fringes shifted i!, going 
from the position at top to the position at bottom. This fringe shift is in turn translated into 
a measurement of the lens's radius of curvature in units of eighths of a wavelength; the 
results are displayed on the face of the electronic counter above the optical bench. 
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by the laser has eliminated one of the 
routine requirements that have general
ly limited the practical applications of 
interferometry. For instance, a spherical 
test in terferometer has been constructed 
in which a polished lens surface can be 
tested for sphericity without making a 
test glass of identical radius, a costly and 
time-consuming job [see illustration at 
leftl. In a similar instrument construct
ed prior to the introduction of the la
ser, light from a low-pressure mercury
isotope lamp was converged at right 
angles to the surface of a reference glass 
and then to the surface being tested. 
The light reflected from the two surfa
ces was combined to give interference 
fringes that showed the regularity of the 
sample. The spacing between the ref
erence glass and the surface of the lens 
was limited to two inches in order for 
adequate contrast to be observed. This 
required a separate interchangeable ref
erence surface for every two inches of 
range of the instrument. The faint light 
from the low-pressure lamp required 
that the observer adapt his eyes to the 
dark for several minutes for adequate 
visibility. A laser source in the same 
instrument would provide all the light 
needed and allow a single reference sur
face to be used with the full range of 
lens radii. This would change an instru
ment used under only the most favor
able conditions in the laboratory into 
one with everyday application in the 
optical shop. 

The freedom from the need for path 
compensation in interferometers with 
laser sources has made many long-path 
interferometric measurements practical. 
Flexure in dams, drift along geologic 
faults and long-wave, low-frequency os
cillations in the earth's crust can now be 
studied by this method. 

To expand on just one of these ex
amples, a dam should be an elastic struc
ture; in other words, it should deflect in 
proportion to the water level behind it. 
If a dam shows hystereSis in its deflec
tions (that is, if it remains partly deflect
ed), or if it is slowly shifting, this is an 
indication that it will ultimately fail. A 
laser interferometer can be used to mea
sure and record motions of points on 
a dam to fractions of a wavelength of 
light. This kind of information should 
help civil engineers to study such struc
tures and determine their safety. 

In one of the earliest determinations of 
a standard of length by means of in

terferometry A. A. Michelson manually 
counted the fringes in an "etalon" a 
tenth of a meter long and stepped this 
unit along repeatedly to cover a meter; 
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Memory drums from our Bryant Computer Products 
Division are also used in the Navy's "Hawkeye" 

Early-Warning Radar Aircraft. Each is speed 
controlled to rotate at 17,300 rpm and 

stores over 220,000 bits of information. 
Like to hear more? Write for 

"Capabilities in Mass Precision," 
Ex-Cell-O Corporation, Box 386, 

Detroit, Michigan 48232_ 

The sun never sets on the Ex-Cell-O weather report. 
The U. S. Navy sees to that. Over 4,000 atmospheric reports-from Mandalay to 
Manhattan-are fed continuously into a central data processing network, built 
around five of our memory drum systems. The Navy makes about six billion 

computations from the data, then converts it into the 
Simplified forecasts needed for fleet operations. 

Fast, foolproof, right-as-rain. Surprised? Well, 
you probably also didn't know that we help 

roll strip steel, match piston pins to  
pistons and ride missiles to the moon. 

Fancy that. The sun and the moon. 

® 
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the light that changed 
the world of science 
Bausch & Lomb innovation made it practical 

These colorful reflections from diffraction gratings demonstrate what is 
probably the most important advance in optical analysis and measurement 
in the last fifty years. 

This is light that expands stellar analysis, permits research in heavy 
element structure, improves medical diagnosis and treatment-and helps 
color products so they will sell. 

But until our people solved the problem of volume gratings manufacture, 
the application of grating-diffracted light was confined mainly to the labora
tory, and was prohibitive in cost. 

Now we lead the world in grating production. Gratings of Certified Pre
cision are ruled in the unique underground David Richardson Laboratory 
at Bausch & Lomb in Rochester. They are capable of separating light rays 
with wavelengths that vary by less than a billionth of an inch-and you 
can order most of them from a catalog! 

Our 120-year history is studded with such technical breakthroughs: the 
first optical glass plant in the Western hemisphere, now celebrating its 
50th anniversary; the first practical zoom system for microscopes; the first 
edge-corrected spectacle lenses; a featherweight aspheric spectacle lens 
that virtually doubles the useful vision field for cataract patients; the elec
tron microprobe x-ray analyzer; other vital basic development-in lasers, 
holograms, fiber optics and many more optical media. 

As today's optical research becomes tomorrow's technology, you'll see 
Bausch & Lomb inescapably involved. For among our greatest skills is the 
exploitation of light for the good of mankind. 

We invite you to write for our Booklet S-347, "Bausch & Lomb Products": 
Bausch & Lomb, 78109 St. Paul Street, Rochester, New York 14602. 

Left is a double diamond plane reflectance grating, 
ruled area. 204 mm x 306 mm, blazed for 41 OOA, with 
1200 grooves per mm-a total of 367,200 grooves. 

BAUSCH & LOMB � 
AFFILIATED AND SUBSIDIARY COMPANIES AND DIVISIONS, 

At Rochester, New York: 
OPHTHALMIC DIVISION 
SCIENTIFIC INSTRUMENT DIVISION 
ANALYTICAL SYSTEMS DIVISION 
SPECIAL PRODUCTS DIVISION 
PRECISION COMPONENTS DIVISION 
APPLIED RESEARCH LABORATORIES. INC. 
Glendale, California 

DIECRAFT DIVISION 
Sparks, Maryland 

HERRON OPTICAL DIVISION 
Los Angeles, California 

HOUSTON INSTRUMENT DIVISION 
Bellaire, Texas 

INTERNATIONAL GLASS DIVISION 
Los Angeles, California 

BAUSCH & LOMB OPTICAL COMPANY LTD. 
Toronto, Canada 

APPLIED RESEARCH LABORATORIES 
(GREAT BRITAIN) LTD. 
Luton, England 

BAUSCH & LOMB OPTICAL COMPANY LTD. 
London, England 

U.K. OPTICAL BAUSCH & LOMB LTD. 
London, England 

SOCIETE FRANCAISE 
d'INSTRUMENTS DE CONTROLE 
ET d'ANALYSES Paris, France 

APPLIED RESEARCH LABORATORIES 
(SWITZERLAND) SA 
Lausanne, Switzerland 

BAUSCH & LOMB G.m.b.H. 
Frankfurt, Germany 

APPLIED RESEARCH LABORATORIES 
Dusseldorf, Germany 

BAUSCH & LOMB N.Y. 
Amsterdam, The Netherlands 

AGA BAUSCH & LOMB A.B. 
Stockhol m, Sweden 

APPLIED RESEARCH LABORATORIES 
NORDISKA, A.B. 
Stockholm, Sweden 

BAUSCH & LOMB INDUSTRIA OPTICA SA 
Rio de Janeiro, Brazil 

BAUSCH & LOMB ARGENTINA S.A. 
Buenos Aires, Argentina 
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The light pen . . .  an LSI 
interface among men, machines 
and processing technology process technology that has become 

Motorola's h allmark. 
Computer-aided techniques were 

used extensively in this memory de
sign. Steady state programs assured 
acceptable noise m argins and calcu
lated static power dissipation . Tran
s i e n t  a n a l y s i s  programs provided 
optimum device geometries and ob
tained speed-power data . 

The concept of large-scale integra
t i o n  of c i r c u i t s  is not n e w .  O n l y  
effe c t i v e  i m p l e m e n t a t i o n  o f  t h e  
concept has remained a challenge . At 
Motorola we feel we have found a 
better way to resolve the strategic, 
interrelated problems of best organ
ization of components in multi-l ayer, 
h i g h - c o m p o n e n t - d e n s ity p at t e r n s  
. . .  patterns t h a t  c a n  be produced 
e c o n o m i c a l l y  a n d  w i t h  i n h e r e n t  
reliability ! 

Computer-aided design and ad
v a n c e d  p r o c e s s i n g  t e c h n ology are 
Motorola's  twin keys to LSI.  T h e  
partnership o f  man a n d  machine as
signs to each the role best pl ayed . 

Concepts, originality and the intu
ition of a skilled designer are the 
province of man ; and ,  these far ex
ceed the capabilities of computers . 

The m achine excels in p atience, 
speed, and accuracy. It  takes broad 
sketches from the designer and fills 
in details,  thus freeing man from non
productive design work and allowing 
him to make his unique contribution 
to a greater variety of circuits . 

Advanced processing technology 
is the second key - necessary for the 

practical realization of LSI - to in
sure that the finished circuit corre
sponds exactly to the formula stored 
in the computer. Process control also 
insures smaller geometries and makes 
possible multi-layer metallization -
which means more circuits per wafer, 
and a higher percentage free from 
catastrophic defects . These combine 
as yield - the yardstick of cost. The 
process must also 
be stable and in
h e r e n t ly r e l i a b l e  
so that t h e  circuit 
will meet its goals 
in t h e  o p e r a t i n g  
system. 

Using these twin 64-B it Random 
k e y  s .  L S I  i s  a Access Memory 
progression of increasing complexity 
through arbitrary levels . . .  for ex
ample, a 64-bit random access mem
ory, now moving from laboratory to 
production,  reflects the sophisticated 

Computer-aided techniques de
mand communication between m an 
and machine .  This is made possible 
by a light pen. It calls components 
from the memory of the computer 
and places them in position on the 
face of the Cathode R ay Tube. 

Call it MSI,  LSI ,  or a complex
f u n c t i o n  . . .  T h i s  s o o n - t o - b e 
a n n o u n c e d  m e m o r y  r e f l e c t s  t h e  
technology o f  tomorrow. I f  you will, 
it's the successful interfacing of men, 
machines and processing technology 
through the medium of light. In short, 
the design techniques and processing 
are t h o s e  n e c e s s ary to m ak e  L S I  
a n  e c o n o m i c  r e a l i t y  i n s t e a d  o f  a 
technical curiosity . 

MOTOROLA S e lTl ;c o n du c t o r  Produ c t s  I n c _  

- WMu tI.e p!IiaefeM � t4 ea;ze! 
For a more complete d i scussion of " M otorola 's  Design 
Approach to LSI",  write P .  O. Box 209 1 2 ,  Phoenix, Arizona 85036.  

© 1968 SCIENTIFIC AMERICAN, INC



in this way he succeeded in determining 
the length of the meter in wavelengths 
of tTle red line of a cadmium discharge 
lamp. Automatic fringe-counting tech
niques have since eliminated the count
ing, chore, but the low intensity of 
conventional light sources limits the 
counting rate, and the breadth of their 
spectral lines limits the range of mea
surement to inches. The laser removes 
both limitations. A fringe-counting in
terferometer can now count the fringes 
directly as a mirror is moved over dis
tances of 20 meters or more at a velocity 
of many inches per second. This mea
surement is made in terms of the wave
length of the laser source and is there
fore limited only by the stability of the 
laser. 

It is well known that fringe-counting 
can be used to measure the velocity 
of one of the interferometer mirrors by 
means of the Doppler effect. With a laser 
as a light source, however, light scat
tered from a moving sheet of paper, a 
moving liquid or even a gas moving in a 
pipe or in the open atmosphere can be 
made to interfere with the original light 
to obtain beat frequencies that are an 
accurate measure of the velocity of the 
scattering target. The application of this 
new capability to the control of indus
trial processes will almost certainly be 
significant. 

15t us turn now to the two principal 
applications of laser light that could 

not have been achieved without the 
brightness and the coherence of laser 
sources: optical communications and 
holography. 

Communication with laser light is 
based both on the high brightness of the 
source and on the narrowness of its spec
h·al lines. A suitable antenna system for 
optical communications consists of two 
identical large-aperture telescopes fac
ing each other. The receiving telescope 
sees, from each part of its aperture, the 
aperture of the transmitting telescope 
with a uniform brightness equal to that 
of the source. Thus it is the high source 
brightness of the laser that is necessary 
to transmit enough energy to define 
broad-band information. This type of 
antenna system may be quite useful 
for communication in space, but on 
the earth atmospheric turbulence, smog, 
snow, airplanes, birds and so on jeopar
dize reliability. As a result major efforts 
are being made to devise a light conduc
tor that can be installed (with a reason
able number of bends) for communica
tion purposes. Lenses spaced periodical
ly along a pipe would correct for some 
degree of misalignment. Gas lenses 

promise similar guidance without the 
loss due to reflectance. 

The monochromaticity of the laser 
beam is chiefly important in assembling 
and recovering the messages from the 
laser beam. Information modulated on a 
light beam should be at a frequency high
er than the range of frequencies over 
which the carrier wave may wander, 
so that after mixing with a local source 
at the receiving end to retrieve the orig
inal signal the carrier-wave noise can 
be filtered from the signal. Laser beams 
have frequencies that are high enough 
and stable enough for this purpose. 

Although at first laser communica
tions will be confined to outer space or 
other special instances, lasers will prob-

LASE R  �N C E S L I T  

ably fill a real need when the growing de
mand for communication facilities can
not be easily satisfied with lower-fre
quency systems and when better 
modulators, detectors and enclosed light 
guides are developed [see "Communica
tion by Laser," by Stewart E. Miller; 
SCIENTIFIC AMERICAN, January, 1966] . 

The basic concept of holography, 
which is more than 20 years old, is 

simply that the diffraction pattern of 
light from an object is a transform, or 
coded record, of the object. If such a 
diffraction pattern could be stored, one 
should be able to reconstruct an image 
of the object. 

The original problem with holography 

U N EXPOSED PLAT E  
LASE R  �;;;N C E  S L I T  

D E V E L O P E D  PLAT E  

PRINCIPLE O F  HOLOGRAPHY is elucidated b y  referring to tbis simplified diagram of 
an ordinary diffraction.grating spectroscope in which the grating has been replaced by a 
photograpbic plate. When a pair of laser beams are used to illuminate both the entrance 
and the exit slit of the spectroscope, characteristic double·slit fringes will be formed on 
the plate ( top ) .  When the plate is developed, it will then act as an inefficient grating (bot· 
tom) .  Using light of the same wavelength, the spacing of the fringes will be just right to 
diffract out the exit slit light entering the entrance slit, or to diffract out the entrance slit 
light entering the exit slit. In holography a more complex subje�t is substituted for one 
of the original laser beams and a correspondingly more complex fringe pattern results. 

1 5 3  
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was that whereas it is easy to record the 
square of the amplitude of the diffrac
tion pattern, the phase is usually lost, 
and without a record of the phase the 
holographic reconstruction is poor ex
cept for very special objects. The critical 
innovation, which came in 1963, was 
to have the diffraction pattern interfere 

o LAS E R  

L E N S 

with a reference beam of monochromatic 
laser light at a certain angle. The inter
ference of the reference beam and the 
"subject" beam now results in a series of 
interference fringes whose contrast is a 
measure of the amplitude of the subject 
beam and whose position is a measure of 
the phase of the subject beam. When the 

M I RROR 

developed photographic plate that has 
recorded the interference pattern is later 
illuminated with a laser beam identical 
with the reference beam, the <,Iiffracted 
light will have the same amplitude 
and phase characteristics as the original 
beam from the subject. 

�- SU BJ ECT 0 
B EAM 

_ I I I I I I I I I I 

How a hologram works can be clari
fied by considering an experiment per
formed with an ordinary diffraction
grating spectroscope [see illustration on 
preceding page J. When a laser is used 
to illuminate both the entrance slit and 
the exit slit of the spectroscope, double
slit fringes will be formed on the grating. 
If the grating is replaced by a photo
graphic plate, the plate can record the 
fringes, and when the plate is devel
oped, it will act as an inefficient grating. 
Now it can be shown that if the same 
laser wavelength falls on the developed 
plate, the spacing of the fringes will be 
just right to diffract out the exit slit light 
entering the entrance slit, or to diffract 
out the entrance slit light entering the 

\ 
B EAM 
SPL ITTER  

OBJ ECT 

HOLOG RAM 

\\�� 
L E N S \\\ 
)�:f\ 

� .. .. '" R E FE R E N C E  B EAM 

� M I RROR 

I MAG E OF 
OBJ ECT 

E Y E  

PRACTICE OF HOLOGRAPHY usually involv,es two beams derived from a single laser in 
the recording stage (top ) .  One beam is  used to illuminate the object, while the other is used 
as a reference beam. The reference beam and the light reflected from the object are then 
allowed to interfere, and the resulting interference pattern is recorded on a photographic 
plate, forming the hologram. In tbe reconstruction stage (bottom) the hologram is illumi. 
nated by the reference beam alone, producing replicas of the wave fronts reflected from the 
original object. The reconstructed wave fronts can be observed visually or with a camera. 
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exit slit. If more than one slit were in
volved, a series of fringes would be 
superposed, with each fringe pattern 
having a contrast corresponding to the 
intensity of light from one point and a 
spacing to diffract the light to the correct 
position. If a more complex subject were 
used, a correspondingly more complex 
fringe pattern would result and the pho
tographic plate would be called a holo
gram. 

This storage of the phase and ampli
tude of light has led to a number of new 
applications. For example, the informa
tion stored in a hologram can be recon
structed at a later time to interfere with 
the object, now distorted or slightly 
moved, in the interferometer. Thus ac
curate interferometric measurements can 
be made of a casting as it ages or as its 
temperature changes. 

Holograms can also be made between 
two complex wave forms. Here the ref
erence beam does not have to be a plane 
wave; the beam from a second object 
can be used as the reference. When the 
resulting hologram is illuminated with 
light from either of the objects, the other 
object will be seen . More than one such 
hologram can be superposed in this way 
on one piece of photographic material. 
For instance, an A can be recorded with 
a spot of light in one position of the field 
for one exposure, and a B can be stored 
with the reference-beam spot at another 
point. Other letters can each be super
posed with the reference source in a dif
ferent position. If one now illuminates 
the developed hologram with light from 
one of the letters, only the spot that was 
used as the reference beam for that letter 
will appear bright. This can be used to 
associate the position of a spot of light in 
a field of view with the shape of a char
acter and promises to be very useful as 
an "associated memory" system. Unfor
tunately some letters, such as E and F or 
o and Q, are so similar that both refer
ence beams appear bright at the same 
time. 

Other applications of holography take 
advantage of the extreme fidelity of the 
reconstructed holographic image of a 

HOLOGRAM of a ball·and·stick model of  
the atomic structure of a simple cubic 
crystal was photographed from three dif· 
ferent vertical directions to obtain the three 
different perspectives shown. Part of the 
hologram frame is visible in each photo
graph. The reconstructed three·dimensional 
holographic image has all the visual proper
ties of the original atomic model, an«;l in fact 
no known visual test can distinguish the two. 

scene. This fidelity makes it possible to 
"see around" objects in the image and 
to focus at various depths in the image. 
In fact, the broad range of possi�le de
velopments in the field of holographic 
applications recalls the situation in the 
parent field of laser applications, and is 
a faSCinating subject in its own right 
[see "Advances in Holography," by Keith 
S. Pennington; SCIENTIFIC AMERICAN, 
February J .  

The uses of laser light ill spectroscopy 
straddle the borderline between the 

scientific and the technological applica
tions of the laser. For instance, extremely 
small bits of a substance can be vapor
ized and excited in a laser beam to emit 
the wavelengths characteristic of the 
substance's energy levels for spectroscop
ic analysis. This makes it possible to 
study smaller samples than one could 
before, and it eliminates contaminatioll 
of the substance by the electrodes need
ed in conventional spectroscopy. 

The enormous power that can be gen
erated with laser beams makes it possible 
to conveniently produce and examine the 
higher energy states of substances in the 
laboratory. Such states exist in the sun 
and the stars, but their effects are ob
scured over much of the visible spec
trum by the earth's atmosphere. Excita
tion with conventional arcs and plasmas 
is more cumbersome and is limited in 
available energy. 

Raman spectroscopy in which an in
tense monochromatic source is used to 
irradiate a sample has been greatly im
proved with the polarized, collimated 
beam from laser sources. The light is 
sca ttered so that new spectral lines 
characteristic of the substance are ob
served. The substance to be examined 
can be placed within the laser cavity or 
in other multiple-reflection arrangements 
to increase the excitation by 10 to 100 
times. 

Raman scattering has thus become a 
more useful tool with laser excitation 
and continuous recording than would 
have been possible even with very large 
conventio; ,al light sources or day-long 
exposures on photographic plates. Ra
man measurements that are now only 
scientific studies can be expected to be
come a standard control procedure in 
many chemical operations. 

It is impossible to predict which of 
these various applications of laser light 
will be most important in the long run. 
Moreover, as I have indicated, the devel
opments in this area so far suggest that 
what is most predictable about it is its 
unpredictability. 
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The Chenlical Effects of Light. 

Visible light triggers few chemical reactions (except In living cells), 

but the photons of ultraviolet radiation readily break chelnical bonds 

and produce short-lived molecular fragments with unusual properties 

O
ur everyday world endures be
cause most substances, organic as 
well as inorganic, are stable in 

the presence of visible light. Only a few 
complex molecules produced by living 
organisms have the specific property of 
responding to light in such a way as to 
initiate or participate in chemical reac
tions [see "How Light Interacts with 
Living Matter," by Sterling B. Hen
dricks, page 174]. Outside of living sys
tems only a few kinds of molecules are 
sufficiently activated by visible light to 
be of interest to the photochemist. 

The number of reactive molecules in
creases sharply, however, if the wave
length of the radiant energy is shifted 
slightly into the ultraviolet part of the 
spectrum. To the photochemist that is 
where the action is. Thus he is primarily 
concerned with chemical events that 
are triggered by ultraviolet radiation in 
the range between 180 and 400 nano
meters. These events usually happen so 
swiftly that ingenious techniques have 
had to be devised to follow the molec
ular transformations that take place. It 
is now routine, for example, to identify 
molecular species that exist for less than 
a millisecond. Species with lifetimes 
measured in microseconds are being 
studied, and new techniques using laser 
pulses are pushing into the realm where 
lifetimes can be measured in nanosec
onds and perhaps even picoseconds. 

The photochemist is interested in such 
short-lived species not simply for their 
own sake -but because he suspects that 
many, if not most, chemical reactions 
proceed by way of short-lived interme
diaries. Only by folloWing chemical re
actions step by step in fine detail can he 
develop plausible models of how chemi
cal reactions proceed in general. From 
such studies it is often only a short step 
to the development of chemical proc-
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by Gerald Oster 

esses and products of practical value. 
When a quantum of light is absorbed 

by a molecule, one of the electrons of 
the molecule is raised to some higher 
excited state. The excited molecule is 
then in an unstable condition and will 
h'y to rid itself of this excess energy 
by one means or another. Usually the 
electronic excitation is converted into vi
brational energy (vibration of the atoms 
of the molecule), which is then passed on 
to the surroundings as heat. Such is the 
case, for example, with a tar roof on a 
sunny day. An alternative pathway is for 
the excited molecule to fluoresce, that is, 
to emit radiation whose wavelength is 
slightly longer than that of the exciting 
radiation. The bluish appearance of qui
nine water in the sunlight is an example 
of fluorescence; the excitation is pro
duced by the invisible ultraviolet radia
tion of the sun. 

The third way an electronically ex
cited molecule can rid itself of energy is 
the one of principal interest to the photo
chemist: the excited molecule can under
go a chemical transformation. It is the 
task of the photochemist to determine 
the nature of the products made, the 
amount of product made per quantum 
absorbed (the quantum yield) and how 
these results depend on the concentra
tions of the starting materials. His next 
step is to combine these data with the 
known spectroscopic and thermodynam
ic properties of the molecules involved 
to make a coherent picture. It must be 
admitted, however, that only the sim
plest photochemical reactions are under
stood in detail. 

There is also a fourth way an excited 
molecule can dissipate its energy: the 
molecule may be torn apart. This is 
called photolysis. As might be expected, 
photolysis occurs only if the �nergy of 
the absorbed quantum exceeds the en-

ergy of the chemical bonds that hold the 
molecule together. The energy required 
to photolyse most simple molecules cor
responds to light that lies in the ultravio
let region [see illustration on page 160]. 
For example, the chlorine molecule is 
colored and thus absorbs light in the 
visible range (at 425 nanometers), but it 
has a low quantum yield of photolysis 
when exposed to visible light. When it is 
exposed to ultraviolet radiation at 330 
nanometers, on the other hand, the 
quantum yield is close to unity: each 
quantum of radiation absorbed ruptures 
one molecule. 

�bert Einstein proposed in 1905 that 
one quantum of absorbed light leads 

to the photolysis of one molecule, but it 
required the development of quantum 
mechanics in the late 1920's to explain 
why the quantum yield should depend 
on the wavelength of the exciting light. 
James Franck and Edward U. Condon, 
who carefully analyzed molecular excita
tion, pointed out that when a molecule 
makes a transition from a ground state to 
an electronically excited state, the transi
tion takes place so rapidly that the inter
atomic distances in the molecule do not 
have time to change. The reason is that 
the time required for transition is much 
shorter than the period of vibration of 
the atoms in the molecule. 

To understand what happens when a 
molecule is excited by light it will be 
helpful to refer to the illush'ation on 
the opposite page. The lower curve rep
resents the potential energy of a vibrat
ing diatomic molecule in the ground 
state. The upper curve represents the 
potential energy of the excited molecule, 
which is also vibrating. The horizontal 
lines in the lower portion of each curve 
indicate the energy of discrete vibra
tiona I levels. If the interatomic distance 
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RESPONSE OF SIMPLE MOLECULES TO PHOTONS can be fol· 
lowed with the help of potential.energy curves. The lower curve 
represents the potential energy of a typical diatomic molecule in 
the ground state; the upper curve represents its potential energy 
in the first excited electronic state. Because the two atoms of the 
molecule are constantly vibrating, thus changing the distance be· 
tween atomic nuclei, the molecule can occupy different but dis· 
crete energy levels (horizontal lines) within each electronic state. 
The molecule in the lowest ground state can be dissociated, or 
photolysed, if it absorbs a photon with an energy equal to or great-

er than ll.E1• This is the energy required to carry the molecule to 
or beyond the "convergence limit." The length of the horizontal 
lines at the right below that limit represents the probability of 
transition from the ground electronic state to a particular vibra· 
tional level in the excited electronic state. Thus a photon with an 
energy of ll.E2 will raise the molecule to the second level (B) of 
that state. There it will vibrate, ultimately lose energy to surround· 
ing molecules and fall to C. It can now emit a photon with some· 
what less energy than ll.E2 and fall to D. This is called fluores
cence. After losing vibrational energy molecule will return to A. 
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DISSOCIATION ENERGIES of most common diatomic molecules 
are so high that the energy can be supplied only by radiation of 
ultraviolet wavelengths. The principal exceptions are molecules of 
chlorine, bromine and iodine, all of which are strongly colored, 
indicating that they absorb light. The energy carried by a quantum 
of radiation, or photon, is directly proportional to its frequency, or 
inversely proportional to its wavelength. There are 6.06 X 1023 

photons in a gram-mole of quanta. This is the number required to 
dissociate a gram-mole of diatomic molecules (6.06 X 1023 mole
cules) if tbe quantum yield is unity. A gram.mole is the weight in 
grams equal to the molecular weight of a molecule, thus a gram
mole of oxygen (02) is 32 grams. The principal emission wave
lengths of two commonly used types of mercury lamp are identi
fied at the left. Lengths of the bars are proportional to intensity. 

becomes large enough in the ground 
state, the molecule can come apart with
out ever entering the excited state. The 
curve for the excited state is displaced 
to the right of the curve for the ground 
state, indicating that the average inter
atomic distance (the minimum in each 
curve) is somewhat greater in the ex
cited state than it is in the ground state. 
That is, the excited molecule is some
w ha t "looser." 

The molecule can pass from the 
ground state to one of the levels of 
the excited state by absorbing radiation 
whose photon energy is equal to the 
energy difference between the ground 
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state and one of the levels of the excited 
state. Provided that the quantum of radi
ation is not too energetic the molecule 
will remain intact and continue to vi
brate. After a brief interval it will emit 
a quantum of fluorescent radiation and 
drop back to the ground state. Because 
the emission occurs when the excited 
molecule is at the lowest vibrational 
level, the emitted energy is less than the 
absorbed energy, hence the wavelength 
of the fluorescent radiation is greater 
than that of the absorbed radiation. 

When the absorbed radiation exceeds 
a certain threshold value, the mglecule 
comes apart; it is photolysed. At this 

point the absorption spectrum, shown at 
the right side of the illustration, becomes 
continuous, because the molecule is no 
longer vibrating at discrete energy lev
els. As long as the molecule is intact only 
discrete wavelengths of light can be 
absorbed. 

It is possible for the excited state to 
pass to the ground state without releas
ing a quantum of radiation, in which 
case the electronic energy is dissipated 
as heat. Franck and Condon explained 
that this was accomplished by an over
lapping, or crossing, of the two poten
tial-energy curves, so that the excited 
molecule slides over, so to speak, to the 
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ground state, leaving the molecule in an 
ab�ormally high state of vibration. This 
vibrational energy is then readily trans
ferred to surrounding molecules. 

-As far as life on the earth is concerned, 
the most important photolytic reaction 
in nature is the one that creates a cano
py of ozone in the upper atmosphere. 
Ozone is a faintly bluish gas whose mole
cules consist of three atoms of oxygen; 
ordinary oxygen molecules contain two 
atoms. Ozone absorbs broadly in the 
middle- and far-ultraviolet regions with 
a maximum at 255 nanometers. Fortu
nately ozone filters out just those wave
lengths that are fatal to living organisms. 

Ozone production begins with the 
photolysis of oxygen molecules (02), 
which occurs when oxygen strongly ab
sorbs ultraviolet radiation with a wave
length of 190 nanometers. The oxygen 
atoms released by photolysis may simply 
recombine or they may react with other 
oxygen molecules to produce ozone (03)' 
When ozone, in turn, absorbs ultravio
let radiation from the sun, it is either 
photolysed (yielding O2 and 0) or it 
contributes to the heating of the at
mosphere. A dynamic equilibrium is 
reached in which ozone photolysis bal
ances ozone synthesis. 

Early in this century physical chem
ists were presented with a photolytic 
puzzle. It was observed that when pure 
chlorine and hydrogen are exposed to 
ultraviolet radiation, the quantum yield 
approaches one million, that is, nearly a 
million molecules of hydrogen chloride 
(HCI) are produced for each quan
tum of radiation absorbed. This seemed 
to contradict Einstein's postulate that 
the quantum yield should be unity. In 
1912 Max Bodenstein explained the puz
zle by proposing that a chain reaction 
is involved [see upper illustration at 
rightl. 

The chain reaction proceeds by means 
of two reactions, following the initial 
photolysis of chlorine (CI2). The first 
reaction, which involves the breaking of 
the fairly strong H-H bond, creates a 
small energy deficit. The second reac
tion, which involves the breaking of the 
weaker CI-CI bond, makes up the defi
cit with energy to spare. Breaking the 
H-H bond requires 104 kilocalories per 
gram-mole (the equivalent in grams of 
the molecular weight of the reactants, in 
this case H2). Breaking the CI-CI bond 
requires only 58 kilocalories per gram
mole. In both of the reactions that break 
these bonds HCI is produced, yielding 
103 kilocalories per gram-mole. Conse
quently the first reaction has a deficit of 
one kilocalorie per gram-mole and the 

second a surplus of 45 (103 - 58) kilo
calories per gram-mole. The two reac
tions together provide a net of 44 kilo
calories per gram-mole. Thus the chain 
reaction is fueled, once ultraviolet radia
tion provides the initial breaking of CI-CI 
bonds. 

The chain continues until two chlorine 
atoms happen to encounter each other to 
form chlorine molecules. This takes 
place mainly at the walls of the reaction 
vessel, which can dissipate some of the 
excess electronic excitation energy of the 
chlorine atoms and allow chlorine mole-

.".- .....--, .=.. I CI2 330 NANOMETERS", CI· + (CI I + H � '""---7 HCI + / -"J ....... /' 
1 

V C \ + HCI �iCI2J -
�HzL� HCI + / yJ 
Y C \ + HCI �\CI2J 
I + 

h H21� HCI + / � -
[, \ + HCI �\CI2.A 

hH21--:'7 ' o, I 
� 

CHAIN REACTION is produced when pure chlorine and hydrogen are exposed to ultra· 
violet radiation. A wavelength of 330 nanometers is particularly effective. Such radiation is 
energetic enough to dissociate chlorine molecules, which requires only 58 kilocalories per 
gram·mole, but it is too weak to dissociate hydrogen molecules, which requires 104 kilo
calories per gram.mole. The formation of HCl in the subsequent reactions provides 103 
kilocalories per gram.mole. Since 104 kilocalories are needed for breaking the H·H bond, 
the reaction of atomic chlorine (Cl') and H2 involves a net deficit of one kilocalorie per 
gram.mole. However, the next reaction in the chain, involving H· and C12, provides a 
surplus of 45 kilocalories 003 - 58). This energy surplus keeps the chain reaction going. 

METHYL 
RADICAL 

ETHANE 

+ C=O 

H3CI 

+ 

ACETYL 
RADICAL 

CO 

CARBON 
MONOXIDE 

PHOTOLYSIS OF ACETONE, which yields primarily ethane and carbon monoxide, is a 
much studied photochemical reaction. It was finally understood by postulating the ex· 
istence of short·lived free radicals, fragments that contain unsatisfied valence electrons. 
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cules to form. The free atoms may also 
be removed by impurities in the system. 

Bromine molecules will likewise un
dergo a photochemical reaction with hy
drogen to yield hydrogen bromide. The 
quantum yield is lower than in the chlo
rine-hydrogen reaction because atomic 
bromine reacts less vigorously with hy
drogen than atomic chlorine does. Bro
mine atoms react readily, however, with 
olefins (linear or branched hydrocarbon 
molecules that contain one double bond). 
Each double bond is replaced by two 
bromine atoms. This is the basis of the 
industrial photobromination of hydro
carbons. Bromination can also be carried 
out by heating the reactants in the pres
ence of a catalyst, but the product itself 
may be decomposed by such treatment. 
The advantage of the photochemical 
process is that the products formed are 
not affected by ultraviolet radiation. 

An important industrial photochlorin-

HIGHER 
EXCITED 
STATES 

FIRST 
EXCITED 

STATE '[\ 

'[\ 

ation process has been dev�loped by 
the B. F. Goodrich Company. There it 
was discovered that when polyvinyl 
chloride is exposed to chlorine in the 
presence of ultraviolet radiation, the re
sulting plastic withstands a heat-dis
tortion temperature 50 degrees Celsius 
higher than the untreated plastic does. 
As a result this inexpensive plastic can 
now be used as piping for hot-water 
plumbing systems. 

A much studied photolytic reaction is 
one involving acetone (C�HGCO). 

When it is exposed to ultraviolet radia
tion, acetone gives rise to ethane (C2HG) 
with a quantum yield near unity, togeth
er with carbon monoxide and a variety 
of minor products, depending on the 
wavelength of excitation. The results 
can be explained by schemes that in
volve free radicals-fragments of mole
cules that have unsatisfied valence elec-

UPPER 
----z---- TRIPLET 

11\ STATE 

TRIPLET·TRIPLET 
ABSORPTION 

LOWEST 
TRIPLET 
STATE 

ABSORPTION FLUORESCENCE PHOSPHORESCENCE 

GROUND STATE 

TRIPLET STATE has become an important concept in understanding the photochemical 
reactions of many organic molecules. Like all molecules, they can be raised to an excited 
state by absorption of radiation. They can also return to the ground state by normal fluo
rescence: reemission of a photon. Alternatively, they can drop to the triplet state without 
emission of radiation. (Broken lines indicate nonradiative transitions.) The existence of 
this state can be inferred from the wavelength of the radiation it is then able to absorb in 
passing to a higher triplet state. The triplet state arises when the spins of paired electrons 
point in the same direction rather than in the opposite direction, as they ordinarily do. 
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designed by Perkin-Elmer for 
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processing over thousands of 
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Since optical computers handle 
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they can process huge masses of 
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recognition, high speed com
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many other applications. 

The development of optical 

computers is one example of the 
breadth of Perkin-Elmer's involve
ment with optical technology. 
Instruments that analyze chemicals 
and materials, laser devices for 
ultra-precise alignment and meas
urement, advanced systems and 
concepts for reconnaissance, space 
science and astronomy, deep 
space communications, are among 
the many other ways Perkin-Elmer 
is putting light to practical use. 
Perkin-Elmer Corporation, Norwalk, 
Connecticut 06852. 
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Youre looking at the heart 
of an.optical computer. 
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trons. Photolysis of acetone produces the 
methyl radical (CHa) and the acetyl radi
cal (CHaCO). Two methyl radicals com
bine to form ethane [see lower illus/ra
tion 011 page 161]. 

W. A. Noyes, Jr., of the University of 
Rochester and others assumed the exis
tence of these free radicals in order to 
explain the end products of the photoly
sis. Because the lifetime of free radicals 
may be only a ten-thousandth of a sec
ond, they cannot be isolated for study. 
Since the end of World War II, however, 
the technique of flash spectroscopy has 
been developed for recording their ex
istence during their brief lifetime. 

Flash spectroscopy was devised at the 
University of Cambridge by R. G. W. 
Non'ish and his student George Porter, 
who is now director of the Royal Institu
tion. They designed an apparatus [see 
illustration below] in which a sample 
is illuminated with an intense burst of 
ultraviolet to create the photolytic prod
ucts. A small fraction of a second later 
weaker light is beamed into the reaction 
chamber; at the far end of the chamber 
the light enters a spectrograph, which re
cords whatever wavelengths have not 
been absorbed. The absorbed wave
lengths provide clues to the nature of the 
short-lived species produced by photoly
sis. In 1967 Non'ish and Porter shared 
the Nobel prize in chemistry with Man
fred Eigen of the University of Gottin
gen, who had also developed techniques 
for studying fast reactions. 

Flash spectroscopy has greatly in
creased chemists' knowledge about thc 
"triplet state," an excited state that in
volves the pairs of electrons that form 
chemical bonds in organic molecules. 
Normally the spins of the paired elec
trons are anti parallel, or opposite to each 
other. vVhen exposed to ultraviolet radi
ation, the molecules are raised to the 
first excited state and then undergo a 
nonradiative transition to an intermedi
ate state in which the spins of two elec
trons in the same state are parallel to 
each other. This is the triplet state. If it 
is again exposed to ultraviolet or visible 
radiation, the triplet state exhibits its 
own absorption spectrum, which lies at 
a longer wavelength than the absorption 
spectrum of the normal ground state, or 
state of lowest energy [see illustration 
on page 162]. 

The concept of the triplet state in or-
ganic molecules is due mainly to the 

work of G. N. Lewis and his collabora
tors at the University of California at 
Berkeley in the late 1930's and early 
1940's. These workers found that when 
dyes (notably fluorescein) are dissolved 
in a rigid medium such as glass and are 
exposed to a strong light, the dyes 
change color. \iVhen the light is removed, 
the dyes revert to their normal color 
after a second or so. This general phe
nomenon is called photochromism. Lew
is deduced the existence of the triplet 
state and ascribed its fairly long duration 

CONDENSER BANK 

PHOTOLYSIS FLA�H LAMP
� 

� REACTION VESSEL 
SPECTROGRAPH 7 

to the time required for the parallel-spin 
electrons to become uncoupkd and to 
revert to their normal antiparallel ar
rangement. 

In 1952 Porter and M. W. Windsor 
used flash spectroscopy to search for 
the triplet state in the spectra of organ
ic molecules in ordinary fluid solvents. 
They were almost immediately success
ful. They found that under such condi
tions the triplet state has a lifetime of 
about a millisecond. 

In his Nobel prize lecture Porter said: 
"Any discussion of mechanism in organ
ic photochemistry immediately involvcs 
the triplet state, and questions about 
this state are most directly answered 
by means of flash photolysis. It is now 
known that many of the most important 
photochemical reactions in solution, such 
as those of ketones and quinones, pro
ceed almost exclusively via the triplet 
state, and the properties of this state 
therefore become of prime importance." 

While studying the photochemistry of 
dyes in solution, my student Albert H. 
Adelman and I, working at the Poly
technic Institute of Brooklyn, demon
strated that the chemically reactive 
species is the triplet state of the dye. 
Specifically, when certain dyes are excit
ed by light in the presence of electron
donating substances, the dyes are rapid
ly changed into the colorless ("reduced") 
form. Our studies showed that the reac
tive state of the dye-the triplet state
has a lifetime of about a ten th of a milli-

APPARATUS FOR FLASH PHOTOLYSIS was devised hy R. G. 
W. Norrish and George Porter at the University of Cambridge. 
With it they discovered the short-lived triplet state that follows the 
photolysis of various kinds of molecules, organic as well as inor. 
ganic .  The initial dissociation is triggered by the photolysis flash 

lamp, which produces an intense hurst of ultraviolet radiation. A 
millisecond or less later another flash lamp sends a he am of ultra
violet radiation through the reaction vessel. Free radicals in the 
triplet state absorb various wavelengths ("triplet.triplet" absorp. 
tion) and the resulting spectrum is recorded hy the spectrograph. 
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Planning to look at light? 

Look. 

Handbook 
Here's a booklet on t he practical 

aspects of analyzing light. And here's 
why you should have it. 

We've been supplying light analysis 
systems for over seven years. In help
ing people use them we've found 

of Light Analysis 
Techniques 

you're a newcomer or experienced in 
the field. 

If you're planning to look at light, 
start by looking at the HANDBOOK. 

that many of the same questions are 
asked regardless of the applica
tion. Basic questions about geom
etry, spectral considerations, the 

.'7/ GA.MMA SCIEN'l'fFfC, INCORPORATED 

Get your copy by writing to Manager 
of Application Engineering, Dept. 
215, Gamma Scientific,lncorporated, 

2165 Kurtz Street, San Diego, Cali
fornia 92110. 

capabilities and limitations of 
instrumentation ... questions that aren't answered in stand
ard reference material. So we wrote a booklet that does 
answer them. 

The HANDBOOK OF LIGHT ANALYSIS TECHNIQUES 
outlines specific ways to analyze light sources, optical sys
tems, photo detectors and the optical properties of mate
rials. Discussions include availability of instrumentation ... 
how you set it up ... what kinds of energy can be measured 
• . .  and what units of measurement should be used. 

It's practical information you'll find valuable whether 

Building systems for the accu-
rate analysis of light is our only 

business. We've applied years of specialized experience 
to developing our product line. It's the most comprehen
sive, versatile family of light analysis systems available. 
They're the only systems that measure in either photomet
ric or spectroradiometric units ... the only systems with a 
complete line of interchangeable,plug-in heads and acces
sories. All Gamma Scientific light analysis systems are as
sembled, tested, calibrated ... guaranteed from input to 
output. Ask for our latest catalogue when you write for 
your HANDBOOK. 

®" GAMMA SCIENTIFIC, INCORPORATED 
165 

© 1968 SCIENTIFIC AMERICAN, INC



II your pet 
project calls lor 

glass heads ... 
can you allord 

not to 
use the best? 

USE 
MICRO· 
BEADS® 

Improve 
performance

Improve 
reliability-

Improve 
profits 

In the lab and in the plant Micro
beads glass spheres have been 
used for untold applications -
saving time, money and effort 
while solving problems. 

Packing columns for gas chro
matography is just one of the uses 
customers have found for Micro
beads. Other applications include 
plastics fillers, inert ballast, filtra
tion medium for nylon polymer, 
and heat exchanger media. 

Microbeads are spherical, chem
ically pure, and available in sizes 
from 840 down to 44 microns (or 
smaller, by special order). 

For complete information, write or 
call collect, 601/939-4631, Jackson, 
Miss.; 419/244-3003, Toledo, Ohio; 
or 416/251-1681, Toronto, Ontario, 
Canada_ 

-- � 

// � "-I MICROBEADS DIVISIO�\ / CATAPHOTE CORPORATION 

I P. O. Box 2369, Jackson, Miss. 39205. \ 
o Send Information on Microbeads 

\ NAME

D Have Representative Call ;' 
FIRM, ____________________ ___ \ STREET __________________ __ 

CITY -; 
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'" STATE ____________ __ 
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second. The dye is now a powerful re
ducing agent and will donate electrons to 
other substances, with the dye being re
turned to its oxidized state [see illustra
tion on page 168]. In other words, the 
dye is a photosensitizer for chemical re
ductions; visible light provides the ener
gy for getting the reaction started. 

In the course of these studies I discov
ered that free radicals are created when 
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dyes are photoreduced. The free radicals 
make their presence known by causing 
vinyl monomers to link up into polymers. 
The use of free radicals for bringing 
about polymerization of monomers is 
well known in industry. It occurred to 
me that adding suitable dyes to mono-' 
mer solutions would provide the basis for 
a new kind of photography, In such a so
lution the concentration of free radicals 

300 350 400 450 500 550 600 650 
WAVELENGTH (NANOMETERS) 

TRIPLET-TRIPLET ABSORPTION OF VISIBLE LIGHT has been observed in the au
thor's laboratory at the Polytechnic Institute of Brooklyn. His equipment sends a beam of 
ultraviolet radiation into samples embedded in a plastic matrix in one direction and visible 
light at right angles to the ultraviolet radiation. The visible absorption spectra are then 
recorded in the presence of ultraviolet radiation. The black curves at the left in these two 
examples show the absorption of the electronic ground state. The colored curves at the 
right show the absorption of visihle wavelengths that raises the excited molecule from 
the lowest triplet state to upper triplet states. The top spectra were produced by chrysene, 
the lower spectra by 1,2,5,6-dibenzanthracene. Both are aromatic coal-tar hydrocarbons_ 
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KLINGER SCIENTIFIC 
. . .  apparatus for physics teaching 
and demonstration, industrial optics, 
crystal structures and orbital models. 
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OPTICAL CATALOG 
(onstrultionol Ports for Optilul Benlhes 
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Viewing TeleSlopes Eledrameters 
Microwave Tealhing Equipment 

Dept. S92 

ORBITAL CATALOG 
Orbital Models 
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Strudures 
(omponents for Building Models 

Dept. S93 

KLINGER SCIENTIFIC 
APPARATUS CORPORATION 

83-45 Parsons Blvd., 
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ABSORPTION OF VISIBLE lIGHT-Jf DYE IN GROUND STATE 

0* FIRST EXCITED STATE 

D' TRIPLET STATE 

OXYGEN ELECTRON DONOR 

o PEROXIDE o REDUCED 

+ + 

SUBSTRATE S S SUBSTRATE 

j�/� 
OXIDIZED s [EJ S REDUCED 

(DYE REGENERATED) 

UNUSUAL PROPERTIES OF TRIPLET STATE have been explored by the author. Cer
tain dyes in the triplet state can act either as strong oxidizing or as strong reducing agents, 
depending on the conditions to which the triplet state itself is exposed, In the presence of a 
substance that donates electrons (i.e., a reducing agent), the dye is reduced and can then 
donate electrons.to some other substance (substrate S). In the presence of an oxidizing 
agent, the dye becomes highly oxidized and can then oxidize, or remove electrons from, 
a substrate. In both cases the dye is regenerated and returns to its normal state. The 
author's studies show that the reactive state of the dye lives only about .1 millisecond. 

would be proportional to the intensity of 
the visible light and thus the degree of 
polymerization would be controlled by 
light. It has turned out that very ac
curate three-dimensional topographical 
maps can be produced in plastic by this 
method. 

The use of dyes as photosensitizing 
agents is, of course, fundamental to pho
tography. In 1873 Hermann Wilhelm 
Vogel found that by adding dyes to sil
ver halide emulsions he could make pho
tographic plates that were sensitive to 
visible light At first such plates respond
ed only to light at the blue end of the 
spectrum. Later new dyes were found 
that extended the sensitivity farther and 
farther toward the red end of the spec
trum, making possible panchromatic 
emulsions. Photographic firms continue 
to synthesize new dyes in a search for 
sensitizers that will act efficiently in the 
infrared part of the spectrum. The na-

ture of the action of sensitizers in silver 
halide photography is still obscure, near
ly 100 years after the effect was first 

demonstrated, The effect seems to de
pend on the state of aggregation of the 
dye absorbed to the silver halide crystals. 

The reverse of photoreduction-photo-
oxidation-can also be mediated by 

dyes, as we have found in our labora
tory. Here again the reactive species of 
the dye is the dye in the triplet state, vVe 
have found that the only dyes that will 
serve as sensitizers for photo oxidation 
are those that can be reduced in the 
presence of ligh t. 

The oxidized dye-the dye peroxide
is a powerful oxidizing agent In the 
process of oxidizing other substances 
the dye is regenerated [see illustration 
above]. My student Judith S. Bellin 
and I have demonstrated this phenome
non, and we have employed dye-sensi-

© 1968 SCIENTIFIC AMERICAN, INC



FOR 
AUTOMATION 
SYSTEMS 
ANYWHERE 
IN THE WORLD ... 

Honeywell can provide instrumentation 
for practically any process control need 
anywhere in the world. From steel mills 
to oil refineries, to chemical and food 
processing plants, Honeywell has the 
engineering skill and experience to 
handle the complete job. We can sup
ply the total systems package - site 
planning, installation, startup, person
nel training and around-the-clock 
maintenance. And we can do it from 
Portugal to Pakistan-in fact anyplace 
your facility may be located. 

If your needs call for highly sophis
ticated computer-controlled process 
systems, Honeywell can fulfill them, 
also. Want to apply computer tech
nology to scientific and industrial con-

JUST CALL 
HONEYWELL 

The Dymaxion Sky-Ocean World Map. copyrighted by R. Buckminster Fuller. This 
unique map projection. based on a division of the earth's surface into equilateral 

triangles, offers an almost distor(ion·'ree view of the world. When cut and folded 
it forms a 20-faced globe. 

trol tasks? Let Honeywell show you 
the way. 

For complete facts about Honey
well's worldwide capabilities in process 
automation, computers, and control 
systems, write: Honeywell Interna
tional. Minneapolis, Minn. 55408. 

FREE DYMAXION GLOBE KIT 
For your free Honeywell edition of 
R. Buckminster Fuller's Dymaxion Sky
Ocean World Map in color, with in
structions for assembling it into a 6" 
Dymaxion Globe, just mail tbe coupon. 

Honeywell 
AU T O MATIO N 

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

HONEYWELL INC. 
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free Dymaxion Globe 
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WAVELENGTH (NANOMETERS) 

ABSORPTION SPECTRUM OF OZONE (solid curve in color ) peaks at about 250 na· 
nometers in the ultraviolet. As a happy consequence, tbe canopy of ozo ne in the upper at· 

mosphere removes the portion of the sun's radiation that w ould be most harmful to life. 
The biocidal effectiveness of ultraviolet radiation is shown by the broken black line. The 
solid black curve is the absorption spectrum of molecular oxygen. For reasons not well 
understood, ultraviolet radiation of 200 nanometers does not penetrate the atmosphere.  

tized photooxidation to inactivate some 
biological systems. These systems in
clude viruses, DNA and ascites tumor 
cells . That dyes are visible-light sensi
tizers for biological inactivation was first 
demonstrated in 1900 by o. Raab, who 
observed that a dye that did not kill a 
culture of protozoa did so when the cul
ture was placed near a window. 

The inactivation that results from dye 
sensi tization is different from the inacti
vation that results when biological sys
tems are exposed to ultraviolet radiation. 
Here the inactivation often seems to re
sult from the production of dimers : the 
cross-linking of two identical or similar 
chemical subunits. Photodimerization is 
implicated, for example, in the bacteri
cidal action of ultraviolet radiation. It 
has long been known that the bactericid
al action spectrum (the extent of killing 
as a function of wavelength) closely par
allels the absorption spectrum of DNA, 
the genetic material. If dried-down films 
of DNA are irradiated with ultraviolet, 
they become cross-linked. According to 
one view the cross-linking occurs by 
means of the dimerization of thymine, 
one of the constituent groups of DNA. 

Although this may well be the mode 

1 70 

of action of ultraviolet radiation, my own 
feeling is that insufficient consideration 
has been given to the photolysis of the di
sulfide bonds of the proteins in bacteria. 
This bond is readily cleaved by ultra
violet radiation and has an absorption 
spectrum resembling that of DNA. Di
sulfide bonds are vital in maintaining 
the structure and activity of proteins; 
their destruction by ultraviolet radia
tion could also account for the death of 
bacteria. 

In using dyes as sensitizers for initiat
ing chemical reactions we are taking our 
first tentative steps into a realm where 
nature has learned to work with con
summate finesse. Carbon dioxide and 
water are completely stable in the pres
ence of visible light. Inside the leaves of 
plants, however, the green dye chloro
phyll, when acted on by light, mediates 
a sequence of chemical reactions that 
dissociates carbon dioxide and water and 
reassembles their constituents into sug
ars and starches. A dream of photochem
ists is to find a dye, or sensitizer, that 
will bring about the same reactions in a 
nonliving system. There is reason to 
hope that such a system could be a good 
deal simpler than a living cell. 

EXPLORATORY DEVELOPMENT MECHAN· 
ICAL ENGINEERS-Will be assigned to ex· 
ploratory development activities of advanced 
xerographic imaging systems for a wide di· 
versity of product applications. Responsibili. 
ties include theoretical studies of machine 
design approaches to determine feasibility, 
and the development of  electro· mechanical 
test fixtures to study proccss / machine para· 
meters. 5·7 years' solid experience in the 
electro· mechanical and optical fields. 

MECHANICAL ENGINEERS-For the design, 
analysis and syn thesis of mechanical, opto· 
m e c h a n i c a l  a n d  / or e l e c t r o · m e ch a n i c a l  
machines and mechanisms. New prodnct 
development or R&D experience is  desired. 
The application of  fundamental engineering 
principles in applied mechanics, shock, vi· 
b r a t i o n ,  k i n e m a t i cs,  s t r e s s  a n al y s i s  a n d  
machine design to prototype engineering 
model design is reqnired. BSME with 8 
years' experience, or MSME with 5 years' 
experience, or PhD in ME with up to 3 years' 
experience. 

ELECTRICAL ENGINEERS-Design of  servo 
systems and machine control logic. Must be 
able t o  design systems for  experimen t a l  
machinery, including specification of  com· 
mercially available components, coordina· 
tion of mechanical design, and direction of  
technicians in fabrication and testing. BSEE 
with up to 3 years' experience. 

VALUE E N G I NE E R I N G  SPECIALISTS 
Develop and implement value engineering 
programs in the early phases of  new product 
development. Perform functional analysis of  
machine design. TIS in Engineering with at  
least  2 years in methodology of  functional 
value engineering plus a minimUfll of 4 years 
in either design, product engineering or  
nlanufacturing. Experience in cost  reduction 
through parts or  methods analysis is not 
sufficient. 
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Can there be this kind of excitement in engineering ? 

Xerox and s e e  

Materials technology i s  a part of product development at Xerox.  
The paper tape bears information about the elec trical and opticaI 
properties of a photoconductive material. 

* Rocheste r i s  less than a 2·h o u r  drive from 
some of the f inest canoeing in the n o rtheast. 

You hear the rapids before you see them-a distant, 
almost subsonic roar . . .  feel the stream pick up speed . . .  then a 
rush through a smooth , narrow chute-and you're in white water ! 
The dangerous thrust of foam-masked rocks, the sweeping 
power of fast, broken water and the nimble response of the light 
canoe to your stroke-this is wild, wet excitement of white water 
canoeing. * Shooting the rapids is one of the oldest of American 
sports and still hard to match for sheer excitement. 

We think the good l ife includes excitement, off the j ob and on.  
And that  engineering, as a career, has the potential for intellectual 
excitement offered by few other professions. But not every 
engineering environment can provide it .  We can at Xerox. What we 
do,  the way our professional activities are structured,  the kind of 
atmosphere this generates . . .  are reasons why we suggest you look into 
a Xerox career. You 'll find not only professional satisfaction here, 
but professional excitement as well. 

See for yourself. Specific positions available at our suburban 
Rochester, New York facilities are outlined at the left . 

Please forward your resume to Mr. R. W White, Dept. MZ-62-J l ,  
Xerox Corporation , P . O .  Box 1995, Rochester, New York 14603 .  

XEROX 
An Equal Opportunity Employer (m/£) 
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Covered Wagon: 1968 Model 

(The steels are ready whenever you are) 

A l l  the  exc i te m e n t, c h a l l e n g e ,  a nd 

rewa rd s of c o n q u eri n g  t h e  g reat 

Amer ica n West have come to l i fe 

ag a i n .  T h i s  t i m e  the  word is, " G o  

deep,  yo u n g  m a n ,  g o  d ee p ! "  D o w n  

i n to t h e  d e pths  of the  ocea n t o  

c o n q u e r  i t ,  work i n  i t ,  l i ve i n  i t ,  

sett l e  i t - a n d  rea p the rewards of  

food,  m i nera ls ,  o i l .  

Today's model  o f  t h e  o l d  C o n e s 

tog a Wag o n  i s  Deepsta r'  - 20,000, 
s h o w n  here. S u b mersi b les l i ke t h i s  

w i t h  steel pressu re h u l l s wi l l  h e l p  

e x p l o r e  a n d  set t l e  t h e  v a s t  w e t  

u n d erwor ld ,  a n  a rea of 40 m i l l i o n  

sq u a re m i l e s  - over  7 0 %  o f  t h e  

e a rt h ' s  s u rface.  

A l r e a d y  a v a r i e t y  o f  m a n n e d  

s u b m ers i b les t h a t  r iva l t h e  we i rd 

creatu res of the  sea h ave sta rted 

explor i n g .  Aq u a n a u t  p i o n eers may 

s o m e d a y  wea r a rt i f i c i a l  g i l l s to  

... A T r a d e m a r k  of Westi n g h o u s e  Electr ic  Corporat ion 

• •  A Trademark of Republ ic  Steel  Corporat ion 

1 7 2  

brea the oxygen from the wate r !  

Whole sett l e m e n ts o f  perma n e n t  sea 

bottom structu res must  be b u i l t .  Al 

ready, two n a t u re tra i ls ,  a park,  a n d  

a resta u ra n t - a l l  u n derwater- l u re 

the adventurous .  U n derwater hotels 

and reso rts a re ex pected . 

As i n  m a n y  cr i t ica l aerospace act iv

i t i es, Repu b l i c  Stee l  wi l l  su pply  t h e  

steels f o r  a q u aspace ve h i c les .  The 

two - i n c h  hu l l  p l a tes of the  D ee psta r -

20,000 a re p la n n ed to be m a d e  

of R e p u b l i c ' s  H i - P e rfo r m a n c e " " . 

9 %  n i c k e l ,  4 %  c o b a l t, va c u u m 

me lted, a l loy steel .  The h i g h  stre n g t h ,  

to u g h ness a n d  weld a b i l i ty of H P 9 - 4  
steel w i l l  w i t hsta n d  t h e  trem e n d o u s  

w a t e r  p r e s s u r e e n c o u n t e r e d  a t  

20,000 feet. The new D eepstar w i l l  

b e  easi ly  m a n e uvera b le  at  t h a t  depth .  

R e p u b l i c 's latest pa rti c i pat i o n  i n  

a q u aspace act iv i t ies i s  t h e  use of 

R e p u b l i c  E N D U R O ®  sta i n less steel 

for the prope l l e r  shafts a n d  motor 

h o u s i n g s  of th e fir s t  n u c le a r 
po wered deep submergence vehicle, 
now b e i n g  deve l o ped . 

Ava i la b i l i ty of these H P  a n d  sta i n 

less stee ls  for ocea n - f loor  m a n ned 

ve h i c l es i s  a res u l t  of R e p u b l i c 's  

agg ressive a n t i c i pat i o n  of the  spec i a l  

s u perstee ls  t h a t  w i l l  be d e m a nded 

for a q u aspace act iv i t ies .  

T h i s  i s  a lso a d ra m a t i c  exa m p l e  of 

the long rea c h  of steel fro m R e p u b l i c ,  

pro b i n g  i n to a reas w h erever m a n 's 

i m a g i n a t i o n  n e e d s  i t  - f r o m  t h e  

ocea n depths t o  o u ter  space,  from t h e  

heartbeat o f  m a n  t o  t h e  d r u m beat of 

d efe nse.  R e p u b l i c  Steel  Co rporat i o n ,  

C leve l a n d ,  O h i o  44 1 0 1 . 
You Can  Ta ke the  P u lse of Prog ress at 

R E PU B LI C STE EL 
C L E V E L A N D .  O H I O  4 4 1 0 1  
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How Light Interacts with Living Matter 
Light activates three key processes of life: photosynthesis, Vlszon 

and photoperiodism (the response of plants and animals to the cycle 

of night and day). Such activation is mediated by specific pigments 

T if: is believed to have arisen in a 
primordial broth formed by sun
light acting on simple molecules 

at the surface of the cooling earth. It 
could have been sustained by the broth 
for aeons, but eventually, with the an'iv
al of photosynthesis, some living things 
came to use sunlight more directly. So 
it remains today, with photosynthesis by 
plants serving to capture sunlight for the 
energy needs of all forms of life. 

As various kinds of animals evolved, 
the ones that were best able to sense 
their surroundings were favored to sur
vive. Because light acts over consider
able distances it is well suited to sens
ing. To exploit light the animals needed 
some kind of detector: a tissue, an eye
spot or an eye. The detector had to be 
coupled to a responding system: a gan
glion or a brain. Signals from the system 
controlled locomotion toward food or 
away from danger. 

Photosynthesis and vision do not ex
haust the potential of the luminous en
vironment. Both plants and animals have 
evolved mechanisms to respond to the 
changing daily cycle of light and dark. 
It is this photoperiodism that provides 
the seasonal schedule for, among other 
things, the flowering of plants, the pupa
tion of insects and the nesting of birds. 

To understand these phenomena one 
must ask how light acts in life. Part of 
the answer is very simple: it acts by ex-

by Sterling B. Hendricks 

citing certain absorbing molecules. What 
happens to the molecules in the course of 
absorption is more difficult to describe, 
but many details of the processes are 
now reasonably well known. On the oth
er hand, our ideas about how the molec
ular events are coupled to the responses 
of plants and animals are still quite ten
tative. 

In discussing the present state of knowl-
edge about light and life I shall treat 

vision first because this phenomenon has 
some features in common with both pho
tosynthesis and photoperiodism. In all 
three processes light acts through ab
sorption by a small, colored molecule
a chromophore-that is associated with 
a large molecule of protein. In the case 
of vision the light-sensitive molecules 
are responsible for the pink and purplish 
color of the retina. In the retina of the 
human eye there are some 100 million 
thin rod-shaped cells and five million 
slightly cone-shaped ones. Each is con
nected through a synapse, or junction, 
to a nerve fiber leading to the brain. 
Electron micrographs show that the out
er end of both rods and cones is packed 
with thin membranous sacs, and with 
these sacs are associated the light
absorbing chromophores. (Vision and 
photosynthesis share this association of a 
chromophore with a membrane.) Exci
tation of the chromophore by light caus-

LIGHT-SENSITIVE PIGMENT that triggers photoperiodic responses in plants is shown 

in its two states in the photograph on the opposite page. Called phytochrome, the pigment, 

which is seen here in a .2 percent solution, is instrumental in a number of seasonal occur
rences such as plants flowering and seeds germinating. In one state (left) phytochrome is 

excitable by far-red light, in the other (right) by red light. Alternating exposures to these 

colors change the pigment from one state to the other aud back again. The phytochrome 

shown here was extracted from oat seedlings in the laboratory of F. E. Mumford and E. L. 
Jenner in the Central Research Department of E. I. du Pont de Nemours & Co. It is con

tained in square quartz cells designed for studies of light absorption. The faint numer

als near the top indicates the length of the light path through the cell: 1.000 centimeter. 

es some kind of change in the mem
brane, and this change gives rise to a 
signal in the nerve fiber. 

In vision the nature of the receiving 
chromophore and the manner of its ex
citation by light are well understood. 
Both have much in common with light 
reception in photoperiodism. As George 
Wald of Harvard University established, 
the receiving chromophore is vitamin-A 
aldehyde (in structural terms ll-cis 
retinal). The chromophore is found in 
association with a protein, opsin. The 
opsins are fatty proteins; thus they have 
an affinity for the sac membranes, which 
consist largely of lipid-that is, fatty
material. There are four types of opsin, 
one in the rods and three in the cones. 
Combined with ll-cis retinal, they re
spectively form rhodopsin and three 
kinds of iodopsin. On excitation by light 
all four opsins change in the same way. 

In vision, photosynthesis and photo
periodism alike the chromophore mole
cule is notable for its alternating single 
and double chemical bonds. Known to 
chemists as conjugated systems, mole
cules of this kind are structurally quite 
stable because the groups of atoms at
tached by double bonds cannot rotate 
around the bonds. Each conjugated 
system, if it is adequately extended, has 
a rather low energy state that can be 
excited by visible light. When the sys
tem is excited, its double-bond character 
is somewhat relaxed, so that a cis con
figuration can change to a tmns one [see 
top illustmtion on next page J. This abil
ity to change form is a key element in 
vision and photoperiodism. In photosyn
thesis, however, no change of form takes 
place because the change is consh'ained 
by the ring structures of the chlorophyll 
chromophores. 

The effects of light in vision and pho
toperiodism are determined by measUl'-
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CIS TRANS 

VISION depends on a light:sensitive chromophore molecule, ll-cis retinal (left), which has 

alternating single and double bonds (color). When light excites the molecule, its configura
tion changes from cis to the trans form (right), thereby setting in train a series of complex 

changes in the structure of the proteins with which the retinal chromophore is associated. 

RED 

FAR RED 

COOH 
1 

CH2 I 

PHOTOPERIODISM in plants depends on phytochrome, another molecule that is sensitive 
to light. Like the retinal molecule, phytochrome has alternating single and double bonds 
(color). When excited by light, it changes from a configuration sensitive to red light (top) 

to one sensitive to far·red light, probably because two hydrogen atoms shift (bottom). 

PHYTOL CHLOROPHYLLIN 

PHOTOSYNTHESIS depends on the light-sensitive chromophore molecules of several 
kinds of chlorophylls that have differing side groups. The molecule shown here is chloro

phyll a. Like the vision and photoperiodism chromophores, chlorophyll molecules include 

singly and doubly bonded atoms, but these form a closed loop within the chlorophyllin 
portion of the molecule (color). When excited by light, chlorophylls forward the energy 

they receive to centers where it induces chemical changes (see illustrations on page 183). 
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ing the molecular changes produced by 
light excitation. Some of these changes 
are very rapid: they may occur in .less 
than a millionth of a second. Changes 
as fast as this can be followed only if 
they are excited in an even shorter time, 
for instance by a very brief but intense 
Bash of light. The measurement of the 
change also must be made quite rapidly. 
The method employed is Bash excita
tion at room temperature or lower, fol
lowed by photoanalysis-the technique 
for which George Porter and R. G. W. 
Non·ish shared (with Manfred Eigen) 
last year's Nobel prize in chemistry [see 
"The Chemical Effects of Light," by 
Gerald Oster, page 158]. Low tempera
tures slow down the molecular changes 
and make them more amenable to mea
surement. 

When the vision chromophore is ex
cited by light, it changes from the cis to 
the trans fonn. The result is the conver
sion of rhodopsin into prelumirhodopsin 
with an all-trans chromophore. The pro
duction of this single change is the one 
and only role that light plays in vision. 
The change is followed by several rapid 
shifts in the structure of the opsin and 
also changes in the relation of the chro
mophore to the opsin. To judge by the 
time it takes for a retinal-cell signal to 
arrive at a nerve ending, the signal is 
induced by the shifts that take place in 
the first thousandth of a second. 

The course of the molecular changes 
can be traced by studying rhodopsin 

in solution. Prelumirhodopsin, identifi
able by its maximum absorption of light 
at a wavelength of 543 nanometers, can 
be held at temperatures below -140 
degrees Celsius and reversibly changed 
back into rhodopsin. When the prelumi
rhodopsin is warmed to -40 degrees 
C., it is converted into lumirhodopsin. 
The same conversion probably occurs at 
body temperature but much more rapid
ly. This change and subsequent ones, 
including the formation of metarhodop
sins, involve shifts in the molecular con
figuration of opSin. Among vertebrates 
the changes finally lead to the dissoci
ation of the chromophore from the pro
tein. The released all-trans retinal then 
has to be reduced to the alcohol form 
and oxidized back to the aldehyde form 
to regenerate ll-cis retinal. Once the cis 
retinal is regenerated it spontaneously 
recombines with opsin to form rhodop
sin again. 

Analysis of the changes in electric 
potential that occur simultaneously with 
these molecular changes shows that a 
potential appears within 25 millionths of 
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a second after a flash of light. The po
tential is positive with respect to the 
cornea in a circuit that includes neigh
boring tissues and the retina. The posi
tive potential is followed in a thousandth 
of a· second by a growing signal of the 
opposite Sign. These events take place 
during the period when prelumirhodop
sin and lumirhodopsin are present. The 
first potential probably accompanies the 
change of rhodopsin to prelumirhodop
sin. The second depends markedly on 
the temperature at some distance from 
the place of light action, probably in the 
outer membrane of the rod or cone. Cur
rently there is much interest in the pos
sible identification of these changes in 

L IGHT 

RE�II�AL l :���;L 
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I � PRE·LU MI· RHODOPSIN I<E--- RHODOPSIN 
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t 
543 NM 

> -140" C. 

potential as early steps in the eventual 
excitation of the nerve fiber. Another 
view is that nerve excitation is associated 
with the transitions involving metarho
dopsin I and metarhodopsin II [see up
per illllstmtion below l. 

Color vision depends on the three op
sins, each found in a different cone cell. 
Their absorption spectra have been mea
sured, and curves were found with peaks 
at wavelengths of 450, 525 and 555 na
nometers (respectively in the blue, green 
and yellow regions of the visible spec
trum) . Activation by light leads to the 
same sequence of molecular changes de
scribed for rhodopsin. The singularity of 
the nerve associations with the rod and 

� � 

cone cells preserves the retinal detail, or 
register, in the transmission of the vi
sual signal; the differences in absorption 
among the three kinds of cone retain the 
color pattern of the image. 

The responses of plants to variations ill 
. the length of day and night involve 

light-induced molecular changes that 
closely parallel those involved in vision. 
Because photoperiodiC responses are not 
as well known as visual ones I shall pre
sent some illustrative examples. Chry
santhemums and many other plants 
Rower in response to the increasing 
length of the nights as fall approaches. If 
the long nights are experimentally inter-

-
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CHANGES IN RHODOPSIN, the visual pigment contained in the 

rod cells of the vertebrate eye, can be traced in the laboratory at 
low temperatures. Four successive forms of the pigment appear 

(rectangle.s) as the retinal molecule (black) first attains its trailS 
configuration and then dissociates from the protein opsin. When it 
becomes cis retinal again, it recombines and completes the cycle. 
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CHANGES IN PHYTOCHROME, the plant.pbotoperiodism cbro· 
mopbore, can also be traced at low temperature. As witb rbodopsin, 

intermediate forms with characteristic ligbt·absorption peaks ap· 

pear before the initial red.absorbing form of the pigment is turned 

into tbe far.red·absorbing form. Unlike retinal, the chromophore 

(black) remains associated with its protein throughout the cycle. 
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CAT RETINA is seen in cross section, enlarged 670 times. The nerve-fiber layer (left) is 

the part of the retina that lies in contact with the eye's vitreous body. The entering light 

must penetrate this and five additional layers of retinal tissue before reaching rods and 
cOlles (right). The micrograph was made by A. J. Ladman of the University of New Mexico. 

HUMAN RODS AND CONES, enlarged 7,200 times, are seen in an electron micrograph of 

retina. The visnal pigments are concentrated in platelike layers of membrane caHed la
mellae. The micrograph was made by Toichiro Kuwabara of the Harvard Medical School. 
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rupted by exposing the plants to short 
periods of light near midnight, the plants 
will not flower. Red light with an absorp
tion maximum at a wavelength of 660 
nanometers is most effective in prevent
ing flower formation. Thus we anticipate 
that the light-receiving pigment in the 
plant is blue-the complementary color 
to the absorbed red. If shortly after ex
posure to red light the plants are ex
posed to light near the limit of vision in 
the far red (730 nanometers), they will 
flower. 

The ornamental plantkalanchoe clear
ly illustrates the reversible response. The 
red light evidently converts the photore
versible pigment to a far-red-absorbing 
form. This changes the plant from the 
flowering state to the nonflowering one. 
The far-red light returns the pigment to 
its red-absorbing form, which enables 
flowering to proceed. Control of flower
ing by length of night is a very important 
factor in determining what varieties of 
soybean, wheat and other commercial 
crops are best suited for being grown in 
various latitudes with different periods 
of light and darkness. 

Many kinds of seeds will germinate 
only if the photoreversible pigment has 
been activated. The seeds of some pine 
and lettuce species, for example, will 
not germinate in the laboratory unless 
they are briefly exposed to red light (or, 
to be sure, light con taining red light). 
If the red-light activation of the seeds 
is followed by a short exposure to far
red light before the seeds are returned 
to darkness, the seeds remain dormant. 
The activation-reversal cycle can be re
peated many times; germination or con
tinued dormancy depends on the last 
exposure in the sequence. 

The requirement of light for seed ger
mination is a major cause of the persist
ence of weeds in cultivated crops. A seed 
that is dormant when it first falls to the 
ground is lIsually covered by soil in the 
course of the winter. As the seed lies 
buried the pigment that controls its ger
mination changes into the red-absorbing 
form; now the seed will not germinate 
until it is again exposed to sunlight by 
cultivation or some other disturbance of 
the soil. When it is exposed, the sunlight 
converts some of the red-absorbing 
pigment back to the far-red-absorbing 
form, and germination begins. Seeds of 
one common weed, lamb's-quarters, are 
known to have lain buried for 1,700 
years and then to have germinated on ex
posure to ligh t. 

The activation of the photoreversible 
pigment also controls the growth of trees 
and many common flowering plants. If 
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PART OF HUMAN ROD is magnified 44,000 times in electron 
llIicrograph. The outer segment of the rod (left) is filled with the 

PART OF HUMAN CONE is magnified 44,000 times in another 

micrograph by Kuwabara that emphasizes the area connecting the 

membrane of the lamellae. The inner segment (right) is less com· 
plex in structure. This micrograph was also made by Kuwabara. 

structure's inner and outer segments. The lamellae differ from rod 
lamellae in being "packaged," some singly and some in groups. 
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COLOR PERCEPTION in humans arises from the combination of retinal with three dis· 

similar opsins in the cones of the retina. The three different iodopsin pigments formed 

thereby ahsorh the greatest amount of visible light at three different wavelengths. The dif. 

ferences between the signals from each group of cones reflect the color pattern of the image. 
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PHOTOPERIODISM IN SPARROWS has been shown to involve some light receptor other 

than the eye. The testis weight of both eyeless and normal sparrows remained low when 

their cages were lighted to simulate short days and long nights over a two-month period 
(left). When eyeless and normal birds instead underwent two months of long dilYs and 

short nights, their testis weight showed a nearly identical increase (right). The experiment 

was conducted by Michael Menaker and Henry Keatts of the University of Texas. 

180 

such plants are to continue growing, they 
must have long periods of daylight. As 
the days become short growth stops and 
the plants' buds go into a dormant state 
that protects them against the low tem
pera tures of win ter. 

The photoreversible pigment of plants 
has been named phytochrome. It is in
visible in plant tissue because of its low 
concentration. It was isolated by meth
ods Widely used in the preparation of 
enzymes and other proteins. The pig
ment is indeed blue [see illustration on 
page 174]. Its photoreversibility is exact
ly what was expected on the basis of 
plant responses to light. 

'1'he chemical structure of the
. 
p�lyto-

chrome molecule shows thar It IS re
lated to the greenish-yellow pigments 
of human bile and the blue pigments 
of blue-green algae. The molecule com
prises an open group of atoms that is 
closely related to the rings in the chlo
rophyll molecule. It has two side groups 
that can change from the cis form to the 
trans when they are excited by light. A 
more probable excitation change, how
ever, is a shift in the position of the 
molecule's hydrogen atoms. 

The changes in the phytochrome mol
ecule following excitation by a flash of 
light are similar to those in rhodopsin. 
The first excitation response takes place 
in a few millionths of a second and gives 
rise fo a form of the molecule that 
is analogous to prelumirhodopsin. The 
change stops at this point if the tempera
ture is below -llO degrees C. At these 
low temperatures the molecule can be 
reconverted into its initial red-absorbing 
form by the action of light. At tempera
tures higher than -llO degrees several 
more intermediate phytochromes are 
formed before the final far-red-absorb
ing molecule appears. These intermedi
ate stages also involve alterations in the 
molecular form of the protein associated 
with phytochrome, just as there are al
terations in the form of opsin, the protein 
of rhodopsin. In its final form phyto
chrome differs from rhodopsin in that 
the molecule of phytochrome remains 
linked to the protein rather than being 
dissociated from it. Far-red light will re
verse the process and convert the final 
form of phytochrome back to its initial 
red-absorbing form, although a different 
series of intermediate molecular forms 
is involved. 

Flowering, seed germination and most 
other plant responses follow slowly on 
the excitation of phytochrome. Unlike 
VISIOn, in which the response follows 
the rapid appearance of intermediate 
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molecules, the photoperiodic response 
of plants depends on the presence of the 
final, far-red-absorbing form of phyto
chrome. Little is known about how 
the, far-red-absorbing molecule does its 
work. One view is that it regulates en
zyme production by controlling the ge
netic material in cell nuclei. Another 
view is that the molecule's lipid solubil
ity results in its being attached to mem
branes in the cell, such as the cell wall 
and the membrane of the nucleus. 
Changes in the form of the phytochrome 

molecule would then affect the perme
ability of the membranes and therefore 
the functioning of the cell. 

The continuous exposure of plants to 
blue and far-red wavelengths in the vis
ible spectrum opposes the action of the 
far-red-absorbing form of the phyto
chrome molecule. It may be that excita
tion by far-red light causes a continuous 
displacement of the far-red-absorbing 
molecules from cell membranes. Con
tinuous excitation of this kind is what 
happens, fot" example, during the long 

light periods that so markedly influence 
the growth of Douglas firs. If the trees 
are exposed to 12-hour days and 12-hour 
nights, they remain dormant. If the 
length of the day increases, however, 
they grow continuously. 

Photoperiodism is not confined to the 
plant kingdom: animals also respond to 
changes in the length of the day. The 
migration and reproduction of many 
birds, the activity cycles of numerous 
mammals and the diapause (suspended 
animation) of insects are controlled in 

LONG LIGHT PERIODS markedly influence the growth of Doug. 

las fir. When exposed to short days, or days and nights of equal 

length, the tree will remain dormant (left). Excitation by addition· 

al light produces continuous growth. One tree (center) received 

an hour of dim illumination during its 12·hour night; the other 

(right) had its 12·hour day extended by eight hours of dim light. 
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this way. These examples of photope
riodism (and some less clear-cut re
sponses in man) depend on the action of 
several hormones working in sequence. 
Such sequences of hormone action can 
have a regular rhythm. They provide a 
basis for the circadian (meaning about 
one day) rhythms of "biological clocks." 
The 24-hour cycle of such clocks is es
tablished by light. 

The diapause of insects illustrates one 
form of the interplay of hormone action 
and light. Some silkworms and the larva 
of the codling moth, for example, go into 
a dormant form when the days are short. 
In this state, which helps the insects to 
survive the winter, the release of a hor
mone from a group of cells in the central 
part of the brain is suspended. The un
released hormone is the first in a series 
that leads to a final hormone, ecdysone, 
that controls the metamorphosis of the 

_ pupa into an adult moth. When the brain 
cells of the dormant pupa are exposed to 
light for long days, the brain hormone is 

released and triggers the metamorphosis. 
Ecdysone injected into a resting pupa 
brings on metamorphosis even when the 
days are short. 

Here the sole action of the light is the 
release of a brain hormone. The pig
ment in the brain cells that absorbs the 
light has not yet been identified, but 
current work in the U.S. Department of 
Agriculture on the response to light by 
codling moths in diapause promises an 
answer. The blue-green part of the spec
trum (between 500 and 560 nanome
ters), and probably shorter wavelengths 
as well, appears to be most effective for 
breaking diapause. The pigment is pos
sibly of the porphyrin type, with a cen
tral structure resembling the ring system 
of chlorophyll. 

Man's dependence on a biological 
clock is apparent in the unease he feels 
when the relation of his circadian 
rhythm to the actual cycle of day and 
night is quickly disrupted, as it is when 
he travels by air for distances measured 

LIGHT·RECEPTOR ORGAN of an invertebrate is enlarged 8,000 times in an elec�ron 
micrograph. Called an ommatidium, it is one of about 1,000 such units that comprise a 
horseshoe crab's compound eye. The spokelike arrays and the central ring are photosensi. 

tive. William H. Miller of the Yale University School of Medicine made the micrograph. 

182 

in many degrees of longitude. His hor
monal controls are disturbed 01' out of 
phase. Deer mice and other small mam
mals also display cyclic periods of activ
ity such as running that seem to be regu
lated by light. 

Involved at an early stage in the re
lease of the hormones that trigger activ
ity cycles is the region of the brain 
known as the hypothalamus. Whether 
this region contains a pigment receptor 
for the small amount of light that might 
penetrate the skull or whether it is stim
ulated by a signal from the eye, or the 
region of the eye, is unknown. The hy
pothalamus also controls the pituitary, 
hormones from which affect the repro
ductive organs, the cortex of the adrenal 
gland and other target organs. At pres
ent, however, the existence of a pig
ment responsible for vertebrate photo
periodism, its physical location and the 
nature of its action on the molecular level 
remain to be established. 

By exciting a chromophore light acts as 
a trigger both in vision and in pho

toperiodism, initiating processes that de
pend for their energy on the organism's 
own metabolism. In the third major area 
of light's interaction with living matter
photosynthesis-the opposite is true: the 
energy of light is utilized to manufacture 
the fuels that support life. For this to 
happen there must be (1) a system to re
ceive the light, (2) an arrangement to 
transfer energy between molecules and 
(3) some means of coupling light energy 
to chemical change. Chlorophyll mole
cules (or rather the molecules of sev
eral chlorophylls that differ in their side 
groups) constitute the principal receiv
ing system. An electron in the chloro
phyll molecule is excited from its normal 
energy level to a higher level by the 
impact of visible light. The excited elec
tron reverts to its normal state in less 
than a hundred-millionth of a second. 
This reversion might be accomplished 
by the reemission of visible light, but 
that, of course, would not advance the 
photosynthetic process. Instead the re
version proceeds in several steps dur
ing which the energy necessary for pho
tosynthesis is transferred along a chain 
of molecules. A small part of the energy 
released by the reversion is reemitted as 
light of a longer wavelength, and hence 
of lower energy, than the light that was 
absorbed. (This is the dark red light 
characteristically emitted by chlorophyll 
when it is excited to fluorescence.) The 
remainder of the energy is transferred by 
way of other chlorophyll molecules to an 
ultimate recipient, a molecule that re
ceives the energy and effects the chemi-
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PLANT PHOTORECEPTORS contain molecular arrays, shown 
here in schematic form. Within the chloroplast, chlorophyll mole· 
cules are held together both by their mutual attraction and by the 

affinity of each molecule's phytol "tail" for lipids and its main body 

for proteins. Other molecules of pigment, sucb as carotenoids, are 
also embedded in the array. For each 500 or so chlorophyll mole-
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cules is found a specialized energy-transfer center, comprising two 

energy sinks, E and P (color, center), linked by a system for trans

ferring electrons, represented here by units labeled A. The elec

tron-cascade system by means of which this array of molecules 
turns energy from light (colored inward arrows) into chemical en

ergy 10lltward "rrows) is seen in detail in the illustration below. 
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ELECTRON CASCADE that is responsible for the main action of 
photosynthesis, the use of energy from light to reduce carbon di

oxide to sugar, is shown schematically here. Within a zone that 
contains two energy sinks, E and P, water and its componeRts (top 

rectangle) are in a state of equilibrium until several chloropbyll 
molecules pass the energy received from light (a) to the first euer

gy sink, E. This event starts the cascade; E, driven to a higher state 
of excitation by the energy it receives, seizes an electron (colored 
"rrow) from a water component. Next E falls back to its lower 

state; the seized electron is released and cascades onward via the 

transfer system A. It arrives at the second energy sink, P, soon after 

that sink has received energy from other light.excited chlorophyll 

molecules (b). The cascade ends when P falls back to its lower 
state, passing both electron and energy to X, an electron-rich COm

pound. The event energizes X sufficiently to let it power the carbon 
dioxide reduction process (arrow, lower right); this is the main 

photosynthetic action. Two other events, however, are also conse
quences of the cascade. Hydrogen ions (to/l arrow) provide the 

energy gradient needed to transform adenosine diphosphate (ADP) 
into adenosine triphosphate IATP). Similarly, the ion neutralized by 

tbe electron loss that initiated the cascade joins with other compo

nents to form water, thereby freeing oxygen (arrow, upper right). 
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IFE I 
NEW 

METHOD OF 

TRANS

FORMING 

LIGHT 

ENERGY 

FOR BETTER 

PLANT 

GROWTH, 

INCREASED 

YIELD 

Color composition of sunlight, and as 
transformed by LIFELITE. 

® 

LIFELITE is a bluish-red plastic film that 

changes the quality of sunlight-or 

artificial light - by transmitting the 

blue wavelengths, intensifying the red, 

and reducing the green wavelengths. 

Also, harmful ultraviolet radiation is 

substantially reduced. The result is a 

more efficient source for photosynthe

sis and consequently better plan t 

growth. Our own research over 8 years 

shows many remarkable examples of 

success with LIFELITE. Now you can 

try it yourself. We will be happy to 

send you more information. Write us 

at the address below. 

LlFELlTE DIVISION 
RADIANT COLOR COMPANY 
2800 RADIANT AVENUE 
RICHMOND, CALIFORNIA 94804 
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cal syntheSis. For these energy transfers 
to be efficient the molecules in the chain 
must meet two criteria. First, they must 
be physically close together. Second, 
there must be a close match between 
the amount of energy available from the 
donor molecule and the amount accept
able by the recipient. 

The plastids of plant cells, the micro
scopic bodies that contain the chloro
phyll pigments, are made up of layered 
structures known as lamellae that have 
a high content of protein and lipid [see 
top illustration on preceding page J. The 
chlorophyll molecule has one end (the 
phytol end) that is soluble in lipid and a 
main body (the chlorophyllin end) that 
has an affinity for protein. These affin
ities give rise to a structural system in 
which the chlorophyll molecules are 
closely packed. 

The lamellae also con tain other mole
cules with conjugated bonds. These in
clude carotenoids that are similar in 
structural arrangement to retinal, ·and 
phycocyanin, which has a chromophore 
closely related to the chromophOl'e of 
phytochrome. These accessory molecules 
also absorb radiant energy and transfer 
it to the chlorophyll molecules. 

The accumulated energy is finally 
transferred from the chlorophyll 

molecules to a relatively few molecules 
that act as energy-trapping "sinks. "  In 
each lamella there is about one sink for 
every 500 chlorophyll molecules. This 
small number, whereas it effects a desir
able parsimony in the systems required 
for the chemical steps of photosynthesis, 
constitutes a bottleneck insofar as energy 
transfer is concerned. When light reach-

PART OF PHOTOSYNTHETIC ORGAN, a chloroplast of the alga Nitella, is seen en· 
larged 133,000 times in an electron micrograph made by Myron C. Ledbetter of the Brook. 
haven National Laboratory. Chloroph�lls and other pigments involved in tbe process o[ 
photosynthesis are associated with the many lamellae scattered throughout the chloroplast. 
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KARL LAMBRECHT ... 
The art of polarizing optics design and precise 

fabrication has been carried on through the last 

three decades by a group of dedicated scientists. 

One of them. Karl Lambrecht. heading Crystal Optics 

for over 33 years. has developed many new advanced 

techniques (some proprietary) at his plant and 

through his constant world-wide mining activities 

in the search for the finest available optic materials. 

Manufacturers of LASER PRISM POLARIZERS 
& CRYSTAL QUARTZ WAVE PLATES for 

PRECISION DIVIDED CIRCLES FOR POLARIZING PRISMS 

STANDARD MODEL: 
Accuracy: - Readable by vernier to 1 minute of arc. 

Mounting: - Blackened brass sleeves for prisms and wave 

plates. 

Sleeves: - Removable. 

Divided Circle Diameter: - 4" 
UL TRA-PRECISION MODEL: 
Divided Circle Diameter: - 5" 
Accuracy: - Readable by vernier to 20 seconds of arc. 

Mounting: - Blackened brass sleeves for prisms and wave 

plates. 

Sleeves: - Removable 

Adjustment: - Fine Tangent Motion 

BABINET-SOLEIL COMPENSATOR {with Calibration Chart} 

SPECIFICATIONS 
Diameter of circle 

Length of supporf rod 

Micrometer box size 

4-3/4 inches x 1-3/8 inch thick 

6 inches 

2-1/8 x 1-3/4 inches x 7/8 inch 

Instruments for the separation of a polarized light 

beam into two components vibrating in planes perpen

dicular to each other. and introduces a phase difference 

between the two components. 

Micrometer screw range 13 mm readable by vernier drum 

to .005 mm 

Weight of support rod 

& collar 1/2 pound 

Diameter of support rod 1/2 inch 

Weight of circle 3 pounds 

Weight of micrometer box 1/2 pound 
Aperture size (Babinet) Diaphragmed to clear aperture of 

10 mm (removable) 

(Babinet-Soleil) Diaphrag med to clear aperture of 

13 mm (removable) 

Circle dividing (0-180) in one degree intervals each tenth 

degree numbered. Readable by single vernier to zero degrees 

six minutes (0.1 degree). 

*Also available: Babinet Compensator 

(Ramsden Eyepiece) 

Send for technical bulletins on Polarizing Optics. Please indicate application or specific area of interest. 

KARL LAMBRECHT CORPORATION 3959 North Lincoln Ave., Chicago, Illinois 60613 
Area 312 472-5442 
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FROM GENERAL ELECTRIC 
No'W' ! TWO 
Ideal Materials 
Serving the 
Optical Industry 

• TYPE 125 FUSED QUARTZ 
• TYPE 151 FUSED SILICA 

The new Type 125 fused quartz is the result of 
thorough research at GE's Lamp G lass Depart· 
me nt. I t  features absence of l a rge bubb les . . .  Iow 
stress b i refri ngence . . .  high tra nsmission in both 
UV and IR wave lengths. Propert ies are idea l l y  
s u i t e d  f o r  m i r r o r s ,  d o m es ,  p l a te s ,  so la r c e l l  
covers. la boratory use, optical fl ats, i nfrared w in ·  
dows, epitax ia l  p lates or any app l ication where 
good qua l ity. low cost fused quartz is req u i red. 

Type 151 schlieren grade fused silica provi des 
exceptiona l  characteristics for the most critical 
optical app l ications. I t  offers h ighest UV trans· 
m i ssion . . .  u nsu rpassed i nterna l  q u a l ity . . .  resists 
da rken i n g  from gamma rad iation . • .  meets JAN 
G - 1 74 for Grade A str iae . . .  wi l l  not f luoresce 
with i n  a range of 2500 0 A  through 3900 0 A  . . •  
low coeff ic i ent of expa nsion gives h igh resis· 
tance to thermal shock • • •  a n nealed to less 
than 10 m i l l i micron/em. 

Write lor lJ/ustr8ted Technics! Liter8tu,� 
L A M P  G L A S S  D E P A R T M E N T 

G E N E R A L . E L E C T R I C  

1 8 6 

24400 H igh land  Road 
R ichmond Heights. Oh io  44 1 43 

Phone (216) 266-4001 or 401 1 
Ma nufacturers of lucalox® Cera m i c  

Electron ic  G lasswa re- Fused Qua rtz Products 

es a level of intensity about a fifth the 
intensity of full sunlight, energy arrives 
at the sinks faster than it can be utilized. 
Saturation at this level of intensity is 
nonetheless a good compromise because 
the average plant leaf is somewhat 
shaded and seldom receives energy 
much above the one-fifth level. 

The energy accumulated by the sink 
molecules is ultimately applied to split 
water molecules into hydrogen and oxy
gen and to yield an electron-rich com
pound, which here I shall call "X," that 
acts as a final electron-acceptor. An oxi
dized material (that is, one that has given 
up electrons) is formed as a waste prod
uct. In green plants this material is oxy
gen . It is as a result of this aspect of pho
tosynthesis that the earth's atmosphere 
contains the oxygen essential to all ani
mal life. 

Measured in terms of its products, 
the effectiveness of the photosynthetic 
chemical system decreases as the wave
length of the light being absorbed be
comes longer. Absorption in the far-red 
region of the visible spectrum can be 
made effective, however, if supplemen
tary light of shorter wavelength is also 
present. This suggests that two steps are 
involved in electron transfer rather than 
one; perhaps two energy sinks work to
gether in some kind of booster action. 
The processes associated with each type 
of sink are a subject of curren t investi
gation, as is the manner in which elec
tron How might be coordinated between 
the two steps. 

The electron-transport system, as it 
is now conceived, can be represented 
schematically [see illustrations on page 
183]. Trapping centers are indicated as 
points E and P. An electron is thought to 
be transferred from P to X by one act 
of light absorption (b) : the electron loss 
leaves P oxidized, whereupon X, the 
electron-acceptor, becomes an electron
rich, or reduced, compound. In close 
order a second act of light absorption 
(a) transfers an electron from water to 
point E, leaving E electron-rich and 
leading eventually to free oxygen as the 
oxidized substance in green plants. The 
scheme is completed by electron transfer 
from reduced E to oxidized P. Function
ing of the electron transport steps from 
water to X again requires close associa
tion of the necessary parts in the lipid
rich lamellae of the plastids. 

The bare skeleton of the scheme 
serves the purpose of exposition as far 
as the "photo" part of photosynthesis is 
concerned, but it leaves much to be told 
about the "syntheSiS" part. "Synthesis" 
implies an output that can be used in a 

life process. Oxygen, although it is an 
oxidized waste product of the scheme, 
eventually closes back on the electron
rich compound X through the process of 
respiration. X is an immediately useful 
product for reactions outside the lamel
lae. It serves as the chief energy-trans
ferring agent iq the reduction of carbon 
dioxide to sugar. A further reaction 
transforms X through intermediates, 
along with carbon dioxide and water, 
into electron-poor, or oxidized, X and 
phosphorus-containing sugars. The re
action needs more energy than can be 
supplied by X alone. This energy, as well 
as the needed phosphate, comes from 
adenosine triphosphate (ATP). ATP is 
formed by the removal of water from 
adenosine diphosphate (ADP) and the 
addition of a phosphate molecule. Ener
gy for the transformation of X is avail
able when the added phosphate of ATP 
is transferred to some other molecule or 
is split from ATP by water. 

Returning to our illustration of the 
scheme, it appears that the energy dif
ference in the electron transfer from 
E to P is adequate to make ATP. This 
until recently was thought to be the 
most likely way at least part of a plant's 
supply of ATP was produced . A view 
that is now being vigorously debated 
suggests that hydrogen ions appear in
side the lamella in the electron transfer 
that follows light absorption. The en
hanced acidity with respect to the out
side of the retaining membrane that the 
ions inside the membrane provide would 
give an energy gradient adequate for 
the formation of ATP. With regard to 
the first action of light (b) ,  electrons ex
cited by that event can also be trans
ferred through X back to the starting 
point P with coupling to ATP along the 
way-a process known as cyclic phos
phorylation. 

rrhis broad outline of energy transfer 
in photosynthesis has been developed 

chieHy during the past 10 years. There 
is still much to be learned about the 
molecular details of oxygen liberation, 
the formation of ATP and the cOOl·dina
tion of electron How in various parts of 
the process .  New discoveries may well 
aIter some of today's concepts of photo
syn thesis at the most basic level. The 
situation is much the same with regard 
to our present understanding of vision 
and photoperiodism. Examination of the 
immediate changes after light absorp
tion has proved to be a more fruitful 
realm of study than the search for the 
ensuing steps that lead to the responses 
of sight, growth and biological lbythm. 
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To keep informed on the most 
vlta l problem of our time . . .  

to c h oose any 
We i nvite you 

3 of these books 
lo, on/y $ 495 

(values to $36.25) 

with a s h o rt t r i a l  
members h i p  i n  

The 
Library 
of Urban 
Affa i rs 
Who belongs to the Library of 
Urban Affairs? 
Leading city planners , social 
scientists , government consultants, 
architects, concerned citizens. 
What are the advantages? 
Our editors select only the most 
useful, exciting, and valuable 
books in the field. They are 
offered to you at savings up to 
40 % . For every 4 books you buy, 
you get a free bonus book. 
Should you join? 
Only if you are seriously 
concerned, and want to be fully 
informed.  

( R e t a i l  'Prices s h o w n  l o r  e a c h  book) 

38030. C I T I ES IN A RAC E WITH TI M E. 
Jeanne R. L o w e .  Vivid.  enlightening stOfY 
of urban renewal programs and planning

and its results-in five major ciUes : New 
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4221 0. D I L E M M A S  OF SOCIAL REFO R M .  
P e t e r  MaTTis a n d  M a r t i n  R e i n .  T h e  problems. 
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which all social reform must grapple in 
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vealing book. $6.95 
53830. H U M A N  B E H AV I O R .  B e relson & 
S t e i n e r .  E ncyclopedic "inventory" of 1 . 045 
scientifically substantiated facts about how 
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58180. T H E  LEVITTOW N ERS: H ow People 
Live and Politic i n  Suburbia.  Herbert J. 
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ican Suburbia . . . makes everything else 
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-Na t h a n  Glazer $7.95 
58680. T H E  L I V I N G  E N D: The C i ty and Its 
C r i t i c s . R o g e r  S t a r r .  P i n p o i n t s  w h e r e  
prophets of cities'  doom have failed to 
understand urban needs, and offers striking 
solutions to problems that most demand 
municipal attention. $5.95 
60500. MAN'S STR U G G L E  FOR S H ELTER 
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Wilbur R .  Thomf)son.  The single most use
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upon today's urban society. $7.50 
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The world's biggest killer. 
The female mosquito kills more people 

than cancer. It carries malaria, yellow fever, 
elephantiasis, encephalitis and many other 
deadly diseases. 

Every year, two million people die of ma
laria alone. 

In parts of America, mosquitoes swarm so 
thick and fast they can stampede cattle. They 
can even hinder an industry. For proof, talk to 
anybody in the beach resort business. 

One of our affiliates, Humble Oil & Refin
ing Company, has bad news for these little mon
sters. They have found a way to kill them by the 
billion, without harming fish, birds, plants or 
people. . 

Unlike DDT, Humble's invention is not a 
poison. The tough little mosquito cannot build 
resistance to it. It is designed to kill the mos
quito when it's still a vulnerable little wriggler 
in the water, and before it's old enough to bite. 
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We want to make her a collector's item. 
Humble's new weapon, FLIr' MLO, is a 

unique water-white petroleum product which 
spreads an imperceptibly thin film over the 
water's surface. A single gallon covers an acre 
of water. It does its work for several days and 
then disappears. 

This weapon is so effective that, when 
mosquito larvae come up to breathe, they don't 
simply get a noseful. They actually breathe the 
product deep into their bodies and can't wash 

it out. And then they die from lack of air. No 
mosquito can build up resistance to that. 

Since this way of killing mosquitoes won't 
hurt anything else and costs less than many 
other less desirable larvicides, it is thunderous 
news for the mosquito and a silver lining for the 
rest of us. 

That's progress. 

Standard Oil Company 
(New Jersey) 
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The Control of the Luminous Environment 

Architecture, whichfor millenniulns was dependent on natural sources 

of light, has in the past century increasingly turned to artificial 

sources. In the long run it must pelfect the integrated use of both 

W
e live in a luminous environ
ment that is radically new for 
mankind. Until the 19th cen

tury life for most people was geared to 
the daily period of natural light between 
sunup and sundown. In George Wash
ington's day 95 percent of Americans 
were farmers; daylight sufficed for their 
work, and they went to bed early not 
only because their hard labor made them 
sleepy but also because artificial lighting 
was primitive and expensive, illiteracy 
was general, books were few and the 
darkness of night still held much of its 
primordial menace. A symbolic illustra
tion of the poverty of the luminous en
vironment in the agricultural era is the 
picture of Abraham Lincoln heroically 
studying by the flickering light of an 
open fire. 

The industrial revolution changed all 
of that. It created both the necessity and 
the means for a new order of artificial 
illumination. Machines could, and for 
efficient use should, be run around the 
clock. It became necessary not only to 
light up the nighttime but also to pro
vide controlled illumination for the close 
and precise vision to which man now 
had to adapt himself-for operating ma
chines and instruments, for reading and 
for the universal education that became 
an economic as well as a social and po
litical necessity. 

Today the majority of us work and 
spend most of our time in buildings, 
where the proper handling of daylight 

by James Marston Fitch 

and the provIsIon of artificial lighting 
are a sine qua non. In response to such 
needs artificial lighting, for both indoor 
and outdoor purposes, has been devel
oped into a large and imaginative indus
try. Yet it cannot be said that many of 
the lighting systems are particularly well 
suited to the requirements of the job or 
to the health and comfort of the human 
eye. For one thing, they are often de
signed for appearance or for economy 
rather than for the utilitarian functions 
they are supposed to serve. For another 
thing, all too little study has been given 
to the psychology and physiology of vi
sion in relation to illumination. 

Within the visible portion of the spec
trum the human eye is most sensitive to 
the yellow-green wavelengths at about 
570 nanometers. The range of energies 
to which it responds is remarkable: the 
unaided eye can detect a lighted candle 
at a distance of 14 miles and at the other 
extreme is able to resolve the details of a 
landscape flooded by 8,000 foot-candles 
of sunshine. (The amount of light falling 
on a surface is measured in foot-candles; 
the reflected light, or brightness, of the 
surface is measured in foot-Iamberts.) 
These figures refer to the responses of 
the normal eye under ordinary condi
tions; the actual performance of the visu
al system will vary, of course, according 
to external and internal circumstances, 
including stresses on the eye or fatigue. 
The causes and mechanism of visual 
fatigue are not entirely clear, but it is 

FOUR PANES OF GLASS that modify daylight in different ways frame part of the mid
town Manhattan skyline in the photograph on the opposite page. At top left is water-white 
glass; it absorbs no colors and transmits nearly 90 percent of the outdoor light. The other 
panes are examples of the wide range of "environmental" glasses available to architects 
today. The bronze-tinted glass (top right) transmits 51 percent of the light, the neutral gray 
glass (bottom left) 42 percent and the blue-green glass (bottom right) 75 percent. Environ
mental glasses also reject a large percentage of solar heat, thereby reducing the load on in
terior cooling systems. The glasses seen in the photograph are made by PPG Industries, Inc_ 

known that the fatigue rate rises in di
rect proportion to the dimming of the 
visual field; in other words, the brighter 
the illumination, the less the eye tires. 
The fatigue rate is also affected, how
ever, by other factors, such as the dis
tribution, direction and color of the light. 

Generally speaking, the eye is most 
comfortable when the visual field has no 
great contrasts. This does not mean that 
it responds well to a field of uniform 
brightness; objects seen under diffuse 
light, for example, are difficult to make 
out. For optimal eye comfort the visual 
stimuli should vary somewhat in space 
and time but not strongly enough to pro
duce stress. For tasks requiring fairly 
fine vision (such as proofreading, sewing 
or watch-repairing) the work should be 
illuminated by 100 to 150 foot-candles, 
and the surrounding surfaces should 
have a brightness of at least one-third of 
this value (35 to 45 foot-candles). Of 
course, many tasks require far higher 
levels of illumination: a surgeon at the 
operating table, for example, may need 
1,000 foot-candles. 

kart from miscellaneous items of in-
formation such as these, the archi

tect and the designer of illumination sys
tems have little in the way of research 
findings on visual requirements to guide 
them in the creation of luminous envi
ronments for present-day needs. The 
questions that still need answers are nu
merous and important. It would be use
ful to know, for instance, if illumination 
should be increased as the day goes on 
and workers' eyes tire. What are the 
most effective forms of lighting for par
ticular tasks? What is the optimal mix of 
natural and artificial illumination in the 
modern urban environment? 

Illumination engineers tend to favor 
establishing complete control over the 
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NOON 

NOON 

EAST SUNRISE 

MOVEMENT OF THE SUN across the sky differs in azimuth and 
elevation with the seasons. The examples shown are summer (left) 

and winter (right) at 40 degrees north latitude. The seasonal varia
tions alter the amount of solar energy that impinges on buildings. 

luminous environment by employing ful
ly artificial lighting in windowless build
ings. For some functions this is obviously 
appropriate and essential. An outstand
ing example is the assembly tower at 
Cape Kennedy where the vehicle for 
the moon mission is to be constructed. In 
this structure (the world's largest build
ing) the necessity for absolute control of 
all the environmental conditions is such 
that the enclosure must be hermetically 
sealed. For most purposes, however, the 
windowless building seems not only im
practicable but also undesirable. Apart 
from the question of cost (involving the 
expense of the lighting system and the 
cooling needed to remove the waste heat 

ROTATION 

OPAQUE WALL 

it produces), people do not relish being 
cooped up in a windowless building. 
Human vision and well-being apparent
ly suffer when vision is restricted to the 
shallow frame of man-made perspectives 
and is denied the deep views of nature. 
The eye wants variety in the optical con
ditions and freedom for occasional idle 
scanning of a visual field broader than 
the work at hand. In the home and at 
work people hunger for view windows, 
if only to "see what the weather is like 
outside." And in many activities win
dows serve an essential function, for 
looking out or in or for both; one need 
only mention stores, banks, lobbies and 
airport conh'ol towers. Although artifi-

cial lighting will inevitably come into 
increasing use, the windowless building 
will certainly remain a special case, 

�t us begin, then, with the first consid-
eration in the illumination of a build

ing interior: the appropriate use of sun
light. For this an architect now has a 
large variety of devices at his command. 
The first step, of course, is suitable orien
tation of the building toward the sun, so 
that sunlight will be admitted through 
b'ansparent walls where it is wanted or 
excluded by opaque walls where it is 
not wanted, and a maximum of indirect 
daylight can be obtained throughout the 
day in parts of the building where direct 

OPAQUE SCREEN 

RADICAL SOLUTIONS to the problem of unwanted solar energy 
include construction of a revolving building (left) that would pre-

sent tbe same' windowless wall to the sun all day long, or a revolv
ing sun screen (right) that would always intercept the sun's rays. 
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sunlight is undesirable. In regions of in
tense 'sunlight, such as the U.S. South
west, or of feeble winter sunshine, such 
as the Canadian Arctic, effective use of 
the sunshine may be important not only 
for lighting but also for heating. Else
where, as in Lower California or the Per
sian Gulf region, cooling requirements 
demand that the building's interior be 
shielded from the sun. In any case, the 
orientation problem of course is compli
cated by the sun's movement across the 
sky and the seasonal variations in its an
gle. There are several possible means of 
coping with this movement. The build
ing might be placed on a turntable that 
rotated it slowly in synchronization with 
the sun. Where the sunlight can be used 
for heating as well as lighting such a de
vice might be economically feasible, par
ticularly if an efficient and relatively 
frictionless turning apparatus were de
veloped to minimize the power required 
to rotate the structure. Alternatively, the 
control of sunlight might be accom
plished by a simpler mechanism: a solar 
screen that would run on a track and 
move around the building with the sun. 
It could be applied to large buildings as 
well as small and might serve as a wind
break in cold or stormy weather. 

Doth of these ideas, although still ra th
er speculative, are actually extensions of 
a device that is already in fairly common 
use: namely, external sun shields con
sisting of large vanes that, like those of 
venetian blinds, can be changed in angle 
to keep out or let in sunlight as the sun 
shifts. vVith electronic controls these 
screens can rotate automatically in re
sponse to the sun's movement. They are 
particularly useful in warm, dry cli
mates, where they are not subject to 
freezing or corrosion. Screens of this 
kind give far more satisfactory protec
tion against the sun than the now com
mon practice of building overhangs for 
windows, which often are more photo
genic than useful because they do not 
allow sufficiently for variations in the an
gle of the sun. 

Ralph Knowles of the University of 
Southern California has done some piO
neering research on the surface responses 
of buildings to environmental forces
light, heat, gravity, air and sound. Using 
computerized techniques of analysis, he 
studied the surface response to light of 
structures in various shapes (cubic, tetra
hedral, ellipsoidal and so on) and with 
various patterns of opaque walls. He 
concluded that rational parameters for 
the architectural control of sunlight ef
fects and of other forces could be esta b
Iished. He is now studying the possibility 

of extending the same criteria to the 
modification of environmental forces not 
only for buildings but also for urban dis
tricts and even entire cities. 

Knowles's approach is to use the struc
ture itself as a means of manipulation 
and control of daylight. Since structural 
materials are necessarily opaque, the ef
fectiveness of the system depends on the 
way the geometry of the wall itself inter
cepts direct light or admits indirect light. 
There are now, however, a wide variety 
of non structural surfacing materials of 
every degree of transparency that can 
be employed as filters. Even with ordi
nary plate glass one can obtain certain 
desired effects simply by adjusting the 
orientation or shape of the glass window. 

Curved glass that eliminates direct re
flection of the bright outdoors can make 
a store window invisible for an observer 
looking in from the street; a glass wall 
angled from the vertical can likewise 
minimize disturbing reflections from in
door light sources and thus give a clear 
outward view, as in the famous Top of 
the Mark restaurant in San Francisco 
overlooking the city and the Golden 
Gate or the more mundane instance of 
airport control towers. Much more excit
ing, of course, are the effects now achiev
able with special glasses and other mate
rials that fllter, polarize, refract or focus 
light and thereby select the wavelengths 
of light to be admitted to the build
ing or place the light where it is wanted. 

GEOMETRY OF PROTECTION against unwanted solar radiation is studied by means of a 
model made at the Department of Architecture of Auburn University under the direction of 
Ralph Knowles. The design uses interlocking planes both to control the sunlight and to 
transfer building loads to the ground. J. H. R. Brady and D. L. Meador made the model. 
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CONTROL OF LIGHT AND HEAT is achieved at the Los Angeles Hall of Records by 
vertical louvers that resemble a venetian blind turned sideways. The angle at whi�h the 
louvers are set is adjusted monthly to provide maximum shade throughout the year. Archi· 
tects were Neutra and Alexander, Honnold and Rex, H. C. Light and James R. Friend. 
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The most familiar example-glass that 
is transparent to visible light but that 
blocks the infrared wavelengths-is. now 
in wide use; in recent years it has been 
joined by new families of glasses and 
plastics that afford more subtle manipu
lations of sunlight. 

One of the new glasses, coated with a 
thin film of metal on the inside face, acts 
as a one-way mirror, thus cloaking the 
interior of the building in privacy frem 
outside observers in daytime while al
lowing the people inside to look out. 
(Actually on a bright day the exterior re
Hections on ordinary plate glass have 
much the same effect, making the interi
or almost as invisible to outsiders as if it 
were sheathed in polished granite.) The 
one-way mirror glass not only dispenses 
with the need for curtains or shades in 
daytime but also appears to be effective 
in blocking the entry of heat radiation. 

A new type of glass now under devel
opment promises to introduce a novel 
mechanism for the management of sun
light. The glasses of this breed, called 
photochromic, are darkened by ultravio
let light, and oddly enough their reaction 
is reversible: as the ultraviolet intensity 
decreases, they recover their transparen
cy proportionately. Hence the glass can 
maintain the intensity of the sunlight 
entering the building at a stable level. 
It should prove useful for classrooms, 
control towers, libraries and museums, 
where visual transparency is mandatory 
and a stable mix of natural and artificial 
light is desirable but difficult to maintain. 

Another sophisticated innovation is 
embodied in a light-polarizing material 
formed by layers of plastics. It clarifies 
seeing and improves the efficiency of the 
use of light. Under ordinary illumination 
a surface is partly obscured by a "veil" 
of reHected light that tends to blur the 
colors and textures of the surface. Ver
tically plane-polarized light, which is 
absorbed by a surface and then reemit
ted, eliminates this veil and makes it 
possible to see the true qualities of the 
surface with greater ease and more accu
racy. Polarized glass such as is used in 
sunglasses is not suitable, however, for 
purposes of illumination; it is effective 
only in certain directions, absorbs more 
than 50 percent of the light, is unpleas
antly tinted and cannot be frosted to 
hide the light-bulb filament or soften 
the light. The new multilayer plastic po
larizer avoids these shortcomings. The 
glare-reducing effect of this material on 
the illuminated surface varies, however, 
with the angle of vision from which it is 
viewed. Most desk work is done at angles 
between 0 and 40 degrees from the ver-
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tical, with the peak at 25 degrees, where
as the polarizer's most dramatic effects 
are from 40 degrees up, that is, in the 
field of middle vision. The plastic po
lari.zer is not weatherproof and can only 
be used indoors, where it could serve 
well in ceiling fixtures and perhaps in
side glass walls and skylights for day
light illumination of galleries and mu
seums. 

Another broadly applicable material 
for the manipulation of daylight is the 
so-called prismatic glass. Available in 
both sheet and block, it can deliver the 
incident daylight to any desired area of 
a room. It can be particularly useful for 
work that must be done under glareless 
light, such as matching colors, for illumi
nating paintings and for dramatic effects 
such as focusing a narrow beam of sun
light on an object-the "finger of God" 
effect that was cultivated by the ba
roque architects. 

The sophisticated exploitation of sun-
light is now more than matched by 

the ingenious exploitation of the possi
bilities of artificial illumination. Electric
ity, which in this century has supplant
ed all other sources of artificial lighting, 
has endowed us with an almost incredi
bly varied range of illumination devices. 

Lamps, fixtures, accessories, controls 
and methods of disseminating light are 
available in great variety, and their per
mutations and combinations run into the 
thousands. The list of ways that have 
been found to generate light by electric
ity is itself a long one. 

The first electric-lighting device was 
the arc lamp, which jumps a bridge of 
luminous current across the gap between 
two electrodes. Much too hot and in
flexible to be used in interior lighting, it 
is employed principally for motion-pic
ture and television photography, for il
lumination of parking lots and playing 
fields and in large searchlights. The sec
ond-oldest electric lamp is the incandes
cent filament (now made of tungsten) 
enclosed in a sealed glass bulb. It is in
efficient: only 10 percent of its energy 
output is in the form of light (the rest 
being lost as heat) and an additional pro
portion of the light will be absorbed by 
any colored bulb or filter that is used to 
modify its yellow-white color. The in
candescent lamp is so flexible and con
venient, however, and is available in 
such a wide range of sizes, shapes and 
capacities that it is still by far the most 
popular type for general lighting, and its 
efficiency has been improved nearly ten
fold in recent decades. 

Artificial lighting is now largely domi
nated by the new and growing family of 
lamps based on the electrical excitation 
of luminous vapors, which already pre
dominate in the fields of commercial, 
industrial and outdoor illumination. So
dium-vapor lamps, yielding an efficient 
output of 45 to 55 lumens of light per 
watt of power, have come into common 
use for the lighting of highways and 
bridges. Neon lamps in various colors, 
used mainly for signs, have become a 
ubiquitous-too ubiquitous-feature of 
the nighttime landscape. The most ef
ficient of the vapor lamps are those em
ploying mercury vapor; some produce 
more than 100 lumens per watt of pow
er. Excited mercury atoms emit light at 
the blue-green end of the visible spec
trum and into the near ultraviolet. 
Hence mercury-vapor lamps can be de
signed to serve as sunlamps, as light 
sources of high intensity or as fluorescent 
lamps, in which the ultraviolet emission 
from the mercury atoms is used to gen
erate visible light from fluorescent ma
terial coated on the inside of a glass 
tube. The comparative coolness of a 
fluorescent lamp arises from the fact 
that mercury emits almost no energy at 
the red end of the spectrum and fluores
cent emission itself possesses very little 

SHADE WITHOUT SHADOW is obtained in the interior of the 
Van Leer Building in Amstelveen in the Netherlands by suspend· 
ing horizontal panels of light· and heat·resistant glass at a distance 

from the southern wall of the building. Convection currents rise 
between the panels and the wall and help to dissipate the solar heat 
accumulation. The architects were Marcel Breuer and Assocjates. 
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OPAQUE IN DAYLIGHT, the glass walls of the Bell Telephone Laboratories building at 

Holmdel, N.J., are mirrors to an observer standing outside the building. The building's oc· 
cupants, however, have a clear, shaded view of the exterior. A thin metallic film deposited on 
one surface of the glass acts as a mirror on the side that is most strongly illuminated. 

TRANSPARENT BY NIGHT, the Holmdel building emits a glow of light once the level of ex· 
terior illumination falls below that of the interior. The interior walls are now mirrors to the 
occupants. The glass rejects nearly 80 percent of the solar heat load. It is made by the 'Kin
ney Division of the New York Air Brake Co. Architects were Eero Saarinen and Associates. 
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heat. A fluorescent tube is only about a 
fourth or a fifth as hot as the ordinary 
filament lamp. Moreover, it produces 
from 25 to 75 lumens per watt, depend
ing on the color, and it makes available 
a wide range of color in lighting, includ
ing a close approximation of the daylight 
spectrum. The linear shape of a fluores
cent tube does not necessarily limit it to 
linear applications. The tube itself can 
be bent into circular, square or spiral 
forms; it can be installed in parallel rows, 
in conjunction with appropriate reflec
tors and diffusers, and it can be made 
in to a planar light source ("luminous 
ceiling"). 

Given the present variety of sources 
and of accessory means of dissemi

nating artificial light, one has indeed a 
great range of flexibility for adapting its 
application to particular needs and situ
ations. The problem of specifying and 
evaluating the requirements in given 
cases is of course highly complicated; 
every lighting problem involves a num
ber of factors, subjective as well as ob
jective. There are, however, a few help
ful principles that seem well established. 

The first is that, as I have already 
mentioned, good seeing demands a high 
level of illumination. Within broad lim
its, the more light there is on the visual 
task, the easier vision becomes and the 
less stressful the task is on the organism 
as a whole. The second "law" of good 
lighting is that all areas of the room 
should be balanced in brightness, with 
no great contrasts between adjacent sur
faces. The visual field surrounding the 
task should be at least a third as bright 
as the task itself and no part of it should 
be much brighter than the task. The 
third principle is that it is important to 
avoid glare, either from the light source 
or by reflection. 

The optimal levels of illumination for 
specific visual tasks have not by any 
means been finally established; the rec
ommended levels have steadily been 
raised over the past half-century and 
may well go higher still. Tasks that were 
once performed at only 10 to 15 foot
candles are now believed to call for 100 
to 200 foot-candles. For certain fine see
ing tasks, such as microsurgery and au
topsy, illumination as high as 2,500 foot
candles is recommended. Incidentally, 
as illumination levels rise, the generated 
heat becomes more and more of a prob
lem. In a space under 100 foot-candles 
of illumination the heat from the lamps 
may account for 37 percent of the load 
on the air-conditioning system in sum
mer, and at the level of 400 foot-candles 
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SELF·DARKENING GLASS contains microscopic crystals of silver halide that react to 
near·ultraviolet wavelengths by absorbing as much as 75 percent of visible light. A masked 
pane of the glass is exposed to sunlight (top left). Its unmasked central rectangle darkens 
immediately (top right). Screened from further exposure to ultraviolet, the darkened area 
begins to fade; in five minutes it transmits about half as much light as the unexposed area 
(bottom left). In half an hour the darkened area has vanished (bottom right). Known 
as photochromic glass, the light.responsive material is made by the Corning Glass Works. 

GLASS BRICK provides the architect with a translucent medium for bringing daylight 
indoors. At eye level or below, brick that acts as a general diffuser of daylight (le/t) is a 
practical wall material. Above eye level, prism·surfaced brick directs entering light �p to 
ceilings to provide overall daylight (right). Bricks are made by the Pittsburgh Corning Corp. 
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the contribution to the cooling load may 
rise to 70 percent. When waste heat 
reaches such proportions, it becomes a 
major factor in summer cooling. By the 
same token, it can be employed in winter 
heating, sometimes to the extent of be· 
coming the entire source of heat. In these 
installations current practice is to siphon 
off this heat before it enters the condi
tioned space, either exhausting it in sum
mer or feeding it back to the heating 
system in winter. Since such installations 
usually involve fluorescent tubing used 
in luminous ceilings, there is less waste 
heat and less of it is radiant. As much as 
76 percent can be siphoned off directly 
into the return air system. 

For many lighting problems, particu
larly on the macroscale, there are no 
readily determinable criteria, nor have 
they been given much systematic study. 
The illumination of retail stores and 
showrooms, for example, involves sub
tleties in dramatizing the qualities of 
the merchandise. (Obviously jewelry 
and automobiles need pOint sources for 
shine and glitter; furs and velvets show 
up best under floodlighting at acute an
gles.) Restaurants, bars and cafes have 
their own special lighting needs; so do 
art galleries and museums, theaters and 
churches, exposition buildings and plea
sure gardens. Whether or not the purely 
intuitive approach in creating "effects" 
in these situations produces truly effec
tive results is a moot question. The vogue 
of "mood" lighting in restaurants and 
cafes, where current taste seems to dic
tate that the illumination level be low 
and the color pink, has the unfortunate 
effect of making one's companions only 
dimly visible and laying an unappetizing 
patina on food and complexions. 

Just as a blind architect would be a 
contradiction in terms, so too would 
be a completely lightless room (tombs 
and photographic darkrooms would be 
among the few exceptions). All designed 
spaces are conceived in visual terms. 
Many of the architect's decisions as to 
interior proportions, colors and textures 
actually deal with matters of surface re
sponse to light. They are all made with 
an eye to "how it all will look." Such a 
conceptual approach assumes that a sta
ble luminous state is desirable, that the 
room will "read" the same way day and 
night, winter and summer. 

In any windowless enclosure this is a 
simple matter, but in any room where 
glass plays an important role the situa
tion is entirely altered. Such transparent 
membranes are conceived as (1) being a 
source of light and (2) affording visual 
access to an illuminated outdoors. With 
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IMPROVEMENTS in new kinds of lamps include. an increase in light emission per watt in
put and longer life. Two new lamps are compared here with the familiar incandescent 
household lamp (left). All three are drawing approximately 250 watts; distance of each lamp 
from the equally illuminated targets indicates its light output. This is 16.5 lumens per watt 
for the incandescent lamp, more than 80 for the sodium-vapor lamp (center) and 17.5 for 
the tungsten halide lamp (right). The tungsten halide lamp has a 2,000-hour life expectancy. 

ANATOMY OF ADVANCED LAMPS is compared with that of a two-filament, three-way 

incandescent lamp (left). In the high-intensity sodium-vapor lamp (center) the vapor is 
contained in a translucent ceramic tube sturdy enough to allow operation at a temperature 
and pressure that spread the sodium-emission wavelengths over most of the visible spec
trum. The filament of the tungsten halide lamp (right) is sealed in a quartz tube containing 
iodine gas; evaporating tungsten reacts with the gas and is redeposited on the fil�ment, 
thereby increasing its life. The lamps are the ones shown in the photograph at top of page. 
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nightfall, however, both of these condi
tions change. Surfaces that were a source 
of light become open sluices for its es
cape, and the lighted outdoors is re
placed by a dimly mirrored image of 
the room. Traditional architecture had 
no real difficulty with this paradox. Al
though natural lighting was very impor
tant, the high cost of glass and of heating 
tended to keep windows small or few. 
And since the windows were always cov
ered at night with curtains or blinds 
whose reflectance value approached that 
of the walls, they did not seriously affect 
the luminous response of the walls. 

In modern architecture, with its wide 
use of glass walls and wide misconcep
tions of their optical behavior, the prob
lem of nocturnal disequilibrium reaches 
serious dimensions. In such cases the in
terior can only be restored to its daytime 
shape by one of two measures: ( 1) by 
covering the glass with a reflective mem
brane (shade, shutter or blind) and (2) 
by raising the illumination level outside 
the glass to that of the room itself. Both 
measures are technically quite feasible, 
although for obvious reasons the first is 
likely to be the simplest and least costly. 

The uninhibited excursions in lighting 
at recent international expositions have 
demonstrated the great variety and bril
liance of lighting effects that are now 
available through the use of color, both 
luminous and pigmental. There is a large 
and growing literature on the alleged 
subjective reactions to color. We are told 
that red is exciting, purple is stately or 
mournful, yellow is joyful, green is calm
ing, and so forth. There are even reports 
on experiments in the therapeutic use of 
color for treatment of the mentally ill. 
The UniverSity of California at Los An
geles psychologist Robert M. Gerard, 
wL,rking with normal adults, has found 
that as a general rule people do indeed 
show differential responses to different 
colors. Red light apparently brings about 
a rise in blood pressure, respiration rate 
and frequency of blinking; blue light, on 
the other hand, depresses activity. He 
concludes that the entire organism is 
affected by color, that different colors 
evoke different emotions and degrees of 
activity and that activity rises with in
creases in the wavelength and the inten
sity of the light. 

N ighttime illumination of the outdoors 
1 by artificial light is another factor 
with a profound potential for affecting 
human life and activity. It is hard for us 
to imagine how great a transformation 
of living was introduced by this develop
ment. In preindustrial times nightfall 
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brought general movement and activity 
almost to a complete halt. For under.:' 
standable reasons about the first applica
tion of gas and electrical illumination 
was for streetlights. The illumination of 
the urban environment at night doubled 
the daily period of mobility and activity 
for city dwellers. Moreover, it added a 
totally new aspect to the urban land
scape. 

Outdoor lighting has been carried 
further in the U.S. than anywhere else 
in the world; if not the best lighted, 
American cities are the most lighted on 
earth. Seen from the air on a clear night, 
with their structure vividly diagrammed 
by millions of lamps and illuminated 
signs, they are beautifuL Unfortunately 
at ground level the beauty and the clar
ity disappear. Grotesquely disparate in 
size and brightness, jostling one another 
in crowded profuSion, garish and dis
cordant in color, the lamps and signs are 
confusing to pedestrians, dangerously 
distracting to motorists and annoying to 
residents who must live in their nightly 
glare. 

There are models showing how cities 
and their contents can be illuminated 
with highly aesthetic effects. The skillful 

lighting of the areas around vVestmin
ster Cathedral in London and the Louvre 
in Paris, of the Capitol in Washington 
and the Acropolis in Athens and of cha
teaus and gardens in France illustrates 
the possibilities in the urban use of il
lumination for spectacle. Most of these 
places are of course empty monuments. 
For inhabited areas of the city, designing 
systems of street and landscape lighting 
that will be functional but not disturb
ing to the residents is a more difficult 
and delicate matter. With skill and im
agination, however, it should be possible 
to illuminate buildings, neighborhoods 
and the entire city in ways that will serve 
and satisfy everyone. 

It is apparent that the nature of the 
luminous environment exerts profound 
physiological, psychological, social and 
economic effects on life in our urban cul
ture. So far neither the effects nor the 
possible means of ameliorating them 
have been adequately analyzed. Ob
viously the establishment of a harmoni
ous relation between man and his new 
environment of artificial illumination 
calls for cooperative studies by physical 
and biological scientists, engineers and 
architects. 

NIGHT LIGHTING of New York's George Washington Bridge shows contrast between the 
illumination from mercury and sodium high-intensity lamps. When the photograph was 
made, lamp standards over outbound lanes (left) contained 400-watt mercury-vapor lamps 
and those over inbound lanes (right) 400-watt sodium-vapor lamps. The illumination of the 
inbound lanes is two to three times brighter than the illumination of the outbound lanes . 
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CORN I NG 'S 

A RANG E  OF  MATER IALS 
AN D PRODUCTS TO H ELP 

YOU HAN DLE L IG HT 

G l asses that  d a rken a nd c l ea r .  
Corn i ng now m a kes a w h o l e  ra n ge of 
photoch ro m i c  g l a ss compos it ions  that  
respond pr i n c i pa l ly to the n e a r-u ltra
v i o let .  Th ese g l a sses become dark i n  
s u n l ight ,  c lea r with norma l i n door 
l i ght i n g ;  da rke n and clear to v a r i o u s  
degrees,  i n  seco n d s  o r  i n  h o u rs- i n 
def i n i te ly a n d  without  fat i g u e .  Other
wise they behave as true g l a sses.  

With i n  th is ph otoch ro m i c  ra nge ,  we 
m a ke Photogray""' ophth a l m i c  g lass 
for p resc r i pt i o n  lenses.  We s u p p l y  
b l a n ks t o  t h e  eye-ca re i n d ustry to 
make you eye g l a sses for both the of
fice a n d  the go lf  cou rse . Le n ses of 
Ph otog ray g lass da rke n  to about  45% 
tra n s m i tta nce outdoors,  then ret u r n  
t o  a ve ry l i ght  t i n t  i n doors with  a b o u t  
85% tra n s m itta nce ,  c lose t o  most 
c l e a r  c rown g lass ( 9 1 % ) . 

Ask u s  fo r Photoc h ro m i c  G l ass Re
port O P H -468.  

P i Red l i ght  at a n i cke l  a foot . 
You've thought a bout  p i p i n g  l ight  u p ,  
down a n d  a ro u n d  corners f o r  a l o n g  
t i m e .  You ca n do j u st that with  o u r  
f l ex i b le f i b e r  o p t i c s .  The theory h a s  
b e e n  a ro u n d  for a l most 50 yea rs . B u t  
i t  t o o k  Corn i n g  t o  make i t  a com me r
c i a l  rea l i ty .  

W e  t u r n  out  cont i n u o u s  l e n gths o f  
f l ex i b le f i b e r  opt ic  b u n d les f o r  you t o  
process you rse lf ,  o r  w e  w i l l  cut  a n d  
te r m i nate i n d iv i d u a l l e n gths t o  you r  
req u i re m e nts .  Mate r i a l p r ices a re as  
low as  5 ¢  a foot i n  la rge vo l u m e .  

N o w  y o u  can l i ght  seve ra l a reas from 
a s i n g l e  sou rce , o r  put  l i ght  i nto in
access i b le a reas,  o r  mon itor re m ote 
l i ghts ,  or opt ica l ly t ra n sfe r coded data 
-a nd you can now afford i t .  

You ' l l  f i n d  more in  G lass F l ex i b le 
F i b e r  Opt ics ,  B u l let i n  2 .  

L i g h t  i n  a n  operat i n g  roo m s h o u l d  be 
coo l ,  c o l o r  correct,  and w i t h o u t  shad
ows . Co r n i ng 's  PY R EX® brand g l a ss 
ref lector for su rgica l l i ghts m a kes i t  
t h a t  way.  

F i rst,  a d i c h ro i c  coa t i n g  o n  the front 
su rface lets the i nfra red rays pass 
t h ro u g h  the ref lector so that  o n ly cool  
l i ght  i s  ref lected onto the s u rgica l 
a rea . T h i s  h e l ps keep the su rgica l 
tea m coo l ,  too . 

The reflector a Iso c o l o r  corrects t h e  
l i ght  t o  g ive true c o l o r  perce pt i o n .  
T o  meet t h e  th i rd c r i t i ca l req u i re
ment, Corn i ng des igned the ref lec
to r 's  su rfa ce to contro l  the l ight  so 
that the su rgeo n ' s  h a n d s  and i n stru
ments wi l l  not cause s h a d ows. 

S u rgeons can now work without a 
shadow of d o u bt .  

When you need to handle ligh t more effectively 
and wan t  to know wha t  Corning can do to help you, 

write : Dept. SA-1 , Corning Glass Works, CORN I NG Corning, N.  Y. 1 4830.  
C O R N I N G  G LA S S  WO R K S  
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TIle Processes of Visioll 

Light enables us to see, but optical i1nages on the 
retina are only the starting point of the c01nplex 
acti('ities of visual perception and visual me1nO!)! 

I
t was Johannes Kepler who first ccm

pared the eye to a "camera" (a dark
ened chamber) with an image in fo

cus on its rear surface. "Vision is brought 
about by pictures of the thing seen being 
formed on the white concave surface of 
the retina," he wrote in 1604. A genera
tion later Rene Descartes tried to clinch 
this argument by direct observation. In 
a hole in a window shutter he set the eye 
of an ox, just in the position it would 
have had if the ox had been peering out. 
Looking at the back of the eye (which he 
had scraped to make it transparent), he 
could see a small inverted image of the 
scene outside the window. 

Since the 17th century the analogy be
tween eye and camera has been elabo
rated in numerous textbooks. As an ac
count of functional anatomy the analogy 
is not bad, but it carries some unfortu
nate implications for the study of vision. 
It suggests all too readily that the per
ceiver is in the position of Descartes and 
is in effect looking through the back of 
his own retina at the pictures that ap
pear there. We use the same word-"im
age"-for both the optical pattern thrown 
on the retina by an object and the men
tal experience of seeing the object. It has 
been all too easy to treat this inner im
age as a copy of the outer one, to think 
of perceptual experiences as images 
formed by the nervous system acting as 
an optical instrument of extraordinarily 
ingenious design. Although this theory 
encounters insurmountable difficulties as 
soon as it is seriously considered, it has 
dominated philosophy and psychology 
for many years. 

Not only perception but also memory 
has often been explained in terms of an 
image theory. Having looked at the reti
nal picture, the perceiver supposedly 
files it away somehow, as one might put 
a photograph in an album. Later, if he is 

204 

by Clric Neisser 

lucky, he can take it out again in the 
form of a "memory image" and look at it 
a second time. The widespread notion 
that some people have a "photographic 
memory" reRects this analogy in a par
ticularly literal way, but in a weaker 
form it is usually applied even to ordi
nary remembering. The analogy sug
gests that the mechanism of visual mem
ory is a natural extension of the mech
anisms of vision. Although there is some 
truth to this proposition, as we shall see 
below, it is not because both percep
tion and memory are copying processes. 
Rather it is because neither perception 
nOT memory is a copying process. 

The fact is that one does not see the 
retinal image; one sees with the aid of 
the retinal image. The incoming pattern 
of light provides information that the 
nervous system is well adapted to pick 
up. This information is used by the per
ceiver to guide his movements, to antici
pate events and to construct the internal 
representations of objects and of space 
called "conscious experience. "  These in
ternal representations are not, however, 
at all like the corresponding optical im
ages on the back of the eye. The retinal 
images of specific objects are at the mer
cy of every irrelevant change of position; 
their size, shape and location are hardly 
constant for a moment. Nevertheless, 
perception is usually accurate: real ob
jects appear rigid and stable and ap
propriately located in three-dimensional 
space. 

The first problem in the study of vi
sual perception is therefore the discovery 
of the stimulus. What properties of the 
incoming optic array are informative for 
vision? In the entire distribution of light, 
over the retina and over a period of time, 
what determines the way things look? 
(Actually the light is distributed over 
two retinas; but the binocularity of vi-

sion has no relevance to the variables 
considered here. Although depth percep
tion is more accurate with two eyes than 
with one, it is not fundamentally differ
ent. The world looks much the same with 
one eye closed as it does with both open; 
congenitally monocular people have 
more or less the same visual experiences 
as the rest of us.) 

.N a first step we can consider the pat
terns of reRected light that are 

formed when real objects and surfaces 
are illuminated in the ordinary way by 

PERCEPTION OF SIZE relies heavily on 

cues provided by a textured surface. These 

fi ve disks, if seen alone, would appear to lie 
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sunshine or lamplight. J. J. Gibson of 
Cornell University, who has contributed 
much to our understanding of percep
tion, calls this inquiry "ecological op
tics." It is an optics in which pOint 
sOUl:ces, homogeneous fields and the oth
er basic elements of classical optics rare
ly appear. Instead the world we ordinar
ily look at consists mostly of surfaces, at 
various angles and in various relations to 
one another. This has significant conse
quences for the visual input. 

One of these consequences (the only 
one we shall examine here) is to give the 
visual field a microstructure. Most sur
faces have some kind of texture, such as 
the grain in wood, the individual stalks 
of grass in a field or the weave in a fab
ric. These textures structure the light 
reaching the eye in a way that carries 
vital information about the layout of en
vironmental objects. In accordance with 
the principles of perspective the texture 
elements of more distant surfaces are 
represen ted closer to one another on the 
retina than the elements of surfaces near
by. Thus the microstructure of a surface 
that slants away from the observer is 
represented on the retina as a gradient 
of density-a gradient that carries infor
mation about the orientation of the sur
face. 

Consider now an ordinary scene in 

which discrete figures are superposed on 
textured surfaces. The gradient of in
creasing texture density on the retina, 
corresponding to increasing distance 
from the observer, gives a kind of "scale" 
for object sizes. In the ideal case when 
the texture units are identical, two fig
ures of the same real size will always oc
clude the same number of texture units, 
regardless of how far away either one 
may be. That is, the relation between the 
retinal texture-size and the dimensions 
of the object's retinal image is invariant, 
in spite of changes of distance. This re
lation is a potentially valuable source of 
information about the real size of the 
object-more valuable than the retinal 
image of the object considered alone. 
That image, of course, changes in dimen
sion whenever the distance between the 
object and the observer is altered. 

Psychologists have long been inter
ested in what is called "size constancy": 
the fact that the sizes of real objects are 
almost always perceived accurately in 
spite of the linear dependence of retinal
image size on distance. It must not be 
supposed that this phenomenon is fully 
explained by the scaling of size with re
spect to texture elements. There are a 
great many other sources of relevant in
formation: binocular parallax, shifts of 
retinal position as the observer moves, 

relative position in the visual field, linear 
perspective and so on. It was once tradi
tional to regard these sources of informa
tion as "cues" secondary to the size of 
the object's own retinal image. That is, 
they were thought to help the observer 
"correct" the size of the retinal image in 
the direction of accuracy. Perhaps this is 
not a bad description of Descartes's sit
uation as he looked at the image on the 
back of the ox's eye: he may have tried 
to "correct" his perception of the size of 
the objects revealed to him on the ox's 
retina. Since one does not see one's m,:n 
retina, however, nothing similar need be 
involved in normal perceiving. Instead 
the apparen t size of an object is deter
mined by information from the entire in
coming light pattern, particularly by cer
tain properties of the input that rEmain 
invariant with changes of the object's 
location. 

The interrelation of textures, distances 
and relative retinal sizes is only one 

example of ecological optics. The exam
ple may be a misleadingly simple one, 
because it assumes a stationary eye, an 
eye fixed in space and stably oriented 
in a particular direction. This is by no 
means a characteristic of human vision. 
In normal use the eyes are rarely still for 
long. Apart from small tremors, their 

in one plane and be of different sizes. Against this apparently reo 

ceding surface, bowever, they seem to lie in five different planes. 

. Since each disk masks the same amount of surface texture, there is 

a tendency to see them as being equal in size. This illustration, the 

one at the bottom of the next two pages and the one on page 208 
are based on the work of J. J. Gibson of Cornell University • 
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LINE OF SIGHT 

OPTIC NERVE 

SITE OF OPTICAL IMAGE is the retina, which contains the terminations of the optic 

nerve. In the tiny retinal depression known as the fovea the cone nerve endings are clus

tered. Their organization and dense packing make possible a high degree of visual acuity. 

most common movement is the Hick from 
one position to another called a "sac
cade." Saccades usually take less than a 
twentieth of a second, but they happen 
several times each second in reading and 
may be just as frequent when a picture 
or an actual scene is being inspected. 
This means that there is a new retinal 
image every few hundred milliseconds. 

Such eye movements are necessary be
cause the area of clear vision available 
to the stationary eye is severely limited. 
To see this for oneself it is only neces
sary to fixate on a point in some unfa
miliar picture or on an unread printed 
page. Only a small region around the 
fixation point will be clear. Most of the 
page is seen peripherally, which means 
that it is hazily visible at best. Only in 
the fovea, the small cen tral part of the 
retina, are the receptor cells packed close 
enough together (and appropriately or
ganized) to make a high degree of visual 
acuity possible. This is the reason one 
must turn one's eyes (or head) to look 
directly at objects in whkh one is par
ticularly interested. (Animals with non
foveated eyes, such as the horse, do not 
find this necessary.)  It is also the reason 
why the eye must make several fixations 
on each line in reading, and why it roves 
widely over pictures. 

Although it is easy to understand the 
function of saccadic movements, it is dif
ficult or impossible to reconcile them 
with an image theory of perception. As 
long as we think of the perceiver as a 
homunculus looking at his retinal image, 
we must expect his experience to be one 
of almost constant interruption and 
change. Clearly this is not the case; 
one sees the page or the scene as a whole 
without any apparent discontinuity in 
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space or time. Most people are either 
unaware of their own eye movements 
or have erroneous notions about them. 
Far from being a copy of the retinal dis
play, the visual world is somehow con
structed on the basis of information tak
en in during many different fixations. 

The same conclusion follows, perhaps 
even more compellingly, if we consider 
the motions of external objects rather 
than the motions of the eyes. If the anal
ogy between eye and camera were valid, 
the thing one looked at would have to 
hold still like a photographer's model in 
order to be seen clearly. The opposite is 
true: far from obscuring the shapes and 
spatial relations of things, movement 
generally clarifies them. Consider the vi
sual problem presented by a distant ar
row-shaped weather vane. As long as 
the weather vane and the observer re
main motionless, there is no way to tell 
whether it is a short arrow oriented at 
right angles to the line of sight or a long
er arrow slanting toward (or away from) 
the observer. Let it begin to turn in the 
wind, however, and its true shape and 
orientation will become visible immedi
ately. The reason lies in the systematic 
distortions of the retinal image produced 
by the object's rotation. Such distortions 
provide information that the nervous 
system can use. On the basis of a Huidly 
changing retinal pattern the perceiver 
comes to experience a rigid object. (An 
interesting aspect of this example is that 
the input information is ambiguous. The 
same retinal changes could be produced 
by either a clockwise or a counterclock
wise rotation of the weather vane. As a 
result the perceiver may alternate. be
tween two perceptual experiences, one 
of which is illusory.) 

Some years ago Hans vVallach and 
D. N. O'Connell of Swarthmore Col
lege showed that such motion-produced 
changes in the input are indeed used as 
a source of information in perceiving; 
in fact this kind of information seems to 
be a more potent determiner of what we 
see than the traditionally emphasized 
cues for depth are. In their experiment 
the subject watched the shadow of a 
wire form cast on a translucent screen. 
He could not see the object itself. So 
long as the object remained stationary 
the subject saw only a two-dimensional 
shadow on a two-dimensional screen, as 
might be expected. The form was mount
ed in such a way, however, that it could 
be swiveled back and forth by a small 
electric motor. vVhen the motor was 
turned on, the true three-dimensional 
shape of the form appeared at once, even 
though the only stimulation reaching the 
subject's eyes came from a distorting 
shadow on a Hat screen. Here the kinetic 
depth effect, as it has been called, over
rode binocular stereoscopic information 
that continued to indicate that all the 
movement was taking place in a Hat 
plane. 

In the kinetic depth effect the con
structive nature of perception is particu
larly apparent. What one sees is some
how a composite based on information 
accumulated over a period of time. The 
same is true in reading or in any instance 
where eye movements are involved: in
formation from past fixations is used to
gether with information from the pres
ent fixation to determine what is seen. 
But if perception is a temporally extend
ed act, some storage of information, 
some kind of memory, must be in
volved in it. How shall we conceive of 
this storage? How is it organized? How 

CONTRACTION OF IMAGE takes place 

as the distance between the viewer and the 
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long does it last? What other functions 
might it serve? 

W ith questions like these, we have 
moved beyond the problem of 

specifying the visual stimulus. In addi
tion to identifying the sources of infor
mation for vision, we want to know how 
that information is processed. In the long 
run, perhaps, questions about processes 
should be answered in neurological 
terms. However, no such answers can be 
given at present. The neurophysiology 
of vision has recently made great strides, 
but it is still not ready to deal with the 
constructive processes that are central to 
perception. We shall have to be content 
with a relatively abstract account, one 
that does not specify the neural locus of 
the implicated mechanisms. 

Although seeing requires storage of 
information, this memory cannot be 
thought of as a sequence of superposed 
retinal images. Superposition would give 
rise only to a sort of smear in which all 
detail is lost. Nor can we assume that the 
perceiver keeps careful track of his eye 
movements and thus is able to set each 
new retinal image in just the right place 
in relation to the older stored ones. Such 
an alignment would require a much finer 
monitoring of eye motion than is actually 
available. Moreover, the similar synthe
sis of information that is involved in the 
kinetic depth effect could not possibly 
be explained that way. It seems, there
fore, that perceiving involves a memory 
that is not representational but sche
matic. During a series of fixations the 

- perceiver synthesizes a model or schema 
of the scene before him, using informa
tion from each successive fixation to add 
detail or to extend the construction. This 
constructed whole is what guides his 

movements (including further eye move
ments in many cases) and it is what he 
describes when he is being introspective. 
In short, it is what he sees. 

Interestingly enough, although the 
memory involved in visual synthesis can
not consist simply of stored retinal after
images, recent experiments indicate that 
storage of this kind does exist under cer
tain circumstances. After a momentary 
exposure (too short for eye movement) 
that is followed by a blank field the 
viewer preserves an iconic image of the 
input pattern for some fraction of a sec
ond. George Sperling of the Bell Tele
phone Laboratories has shown that a 
signal given during this postexposure 
period can serve to direct a viewer's at
tention to any arbitrary part of the 
field, just as if it were still present. 

The displays used in Sperling's experi
ments consisted of several rows of let
ters-too many to be reported from a 
single glance. Nevertheless, subjects 
were able to report any Single row, in
dicated by the postexposure signal, rath
er well. Such a signal must come quick
ly; letters to which the observer does not 
attend before the brief iconic memory 
has faded are lost. That is why the ob
server cannot report the entire display: 
the icon disappears before he can read 
it all. 

Even under these unusual conditions, 
then, people display selectivity in their 
use of the information that reaches the 
eye. The selection is made from material 
presented in a single brief exposure, but 
only because the experimental arrange
ments precluded a second glance. Nor
mally selection and construction take 
place over a series of glances; no iconic 
memory for individual "snapshots" can 
survive. Indeed, the presentation of a 

second stimulus figure shortly after the 
first in a brief-exposure experiment tends 
to destroy the iconic replica. The viewer 
may see a fusion of the two figures, only 
the second, or an apparent motion of the 
figures, depending on their temporal and 
spatial relations. He does not see them 
separa tel y. 

So far we have considered two kinds 
of short-term memory for visual in

formation: the iconic replica of a brief 
and isolated stimulus, and the cumula
tive schema of the visible world that is 
constructed in the course of ordinary 
perception. Both of these processes 
(which may well be different manifesta
tions of a single underlying mechanism) 
involve the storage of information over a 
period of time. Neither of them, how
ever, is what the average man has in 
mind when he speaks of memory. Every
day experience testifies that vismil in
formation can be stored over long pe
riods. Things seen yesterday can be re
called today; for that matter they may 
conceivably be recalled 20 years from 
now. Such recall may take many forms, 
but perhaps the most interesting is the 
phenomenon called visual imagery. In a 
certain sense one can see again what one 
has seen before. Are these mental im
ages like optical ones? Are they revived 
copies of earlier stimulation? Indeed, 
does it make any sense at all to speak of 
"seeing" things that are not present? Can 
there be visual experience when there is 
no stimulation by light? 

To deal with these problems effective
ly we must distinguish two issues: first, 
the degree to which the mechanisms in
volved in visual memory are like those 
involved in visual perception and, sec
ond, the degree to which the perceiver 

D 

object in view increases. The texture elements of a distant surface 

are also projected closer together than similar elements nearby. 

Thus a textured surface slanting away from the viewer is represent· 

ed optically as a density gradient (see i.llustration on next page). 
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is willing to say his images look real, 
that is, like external things seen. Al
though the first issue is perhaps the more 
fundamental-and the most relevant here 
-the second has always attracted the 
most attention. 

One reason for the perennial in terest 
in the "realness" of images is the wide 
range of differences in imaging capacity 
from person to person and from time to 
time. When Francis Galton conducted 
the first empirical study of mental im-

c 

agery (published in 1883), he found 
some of his associates skeptical of the 
very existence of imagery. They assumed 
that only poetic fancy allowed one to 
speak of "seeing" in connection with 
what one remembered; remembering 
consisted simply in a knowledge of facts. 
Other people, however, were quite ready 
to describe their mental imagery in terms 
normally applied to perception. Asked in 
the afternoon about their breakfast table, 
they said they could see it clearly, with 
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colors bright (although perhaps a little 
dimmer than in the original experience) 
and objects suitably arranged. 

These differences seem to matter less 
when one is asleep; many people who 
report little or no lifelike imagery while 
awake may have visual dreams and be
lieve in the reality of what they see. On 
the other hand, some psychopathologi
cal states can endow images with such a 
compelling quality that they dominate 
the patient's experience. Students of per-
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DENSITY GRADIENTS convey an impression of depth. Depend

ing on the size, shape and spacing of its textural elements, the 

gradient may create the impression of a smooth flat surface (a, b), 
a rough flat surface (c) or a surface brokeu by an elevation and a 

depression (el). Like the gradients depicted, the textured surfaces 

of the visual wO,rid (by structuring the light that falls on the retina) 

convey information concerning the orientation of the surface. Tex

tured surfaces also provide a scale for gauging the size of objects, 
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This picture 
was developed with heat. 

In a lighted room. 
As a developer, heat has a lot 

to recommend it. 
It's cheap. 
It's dry. 
And it's fast. This picture was 

out of the finisher in one minute, 
fully developed. 

And it was handled under nor
mal room lights. No dark room 
was needed. 

The trick is in the coating on 
the photographic paper. This pa
per is coated with a patented ma
terial that's sensitive to ultra
violet light. It produces a faint 
image when you expose it. 

Heat turns the image into a per-

manent, high-quality print. Paper same paper can be used for posi-

cost: 6 cents a square foot. tive or negative copying.) Diazo-

Right now, Warren is making sensitized offset printing plates. 
this paper for lithographic proof- Zinc oxide electrostatic papers 

ing. Printers expose the paper for office copiers, geophysical re-

through screened lithographic cording, and other applications. 

negatives to show customers how Warren has a way with paper 
a printing job will look. and light. It's very possible we 

Fotoproof (the name of the pa- could shed some light on your 

per) is the first production-line problems. 

product in Warren's pat- If your company is interested 
ented 1264 System. <§ � in light-sensitive materials, 

There will be other warren we'd like to hear from you. 

1264 products. S. D. Warren Company, 

Other Warren light- a Division of Scott Paper 

sensitive products: Or- Company, Dept. SP, 18 Oliver St., 

ganic electrostatic paper. (The Boston, Massachusetts 02110. 
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AMBIGUOUS VISUAL INPUT can arise from a stationary weather vane. The weather 

vane in three different orientations is shown as it would be seen from above (top) and 

in side view (bottom). If the vane begins to rotate, its real length will become apparent. 

KINETIC DEPTH EFFECT shows how movement can endow perceived objects with 
three·dimensional shape. The shadow of a bent wire form (shown lit bottom in four dif· 
ferent orientations) looks as flat as the screen on which it is cast so long as the form· reo 

mains stationary. When it is swiveled back and forth, the changing shadow is seen as a 

rigid rotating object with the appropriate three·dimensionality. The direction of rotation 

remains ambiguous, as in the case of the weather vane in the illustration at top of the page. 
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ception have often disregarded dreams 
and phantasms, considering them "hal
lucinatory" and thus irrelevant to normill 
seeing. However, this is a difficult posi
tion to defend either logically or em
pirically. Logically a sharp distinction 
between perception and hallucination 
would be easy enough if perceptions 
were copies of the retinal image; halluci
nations would then be experiences that 
do 110t copy that image. But since per
ception does more than mirror the stimu
lus (and since hallucinations often in
corporate stimulus information), this 
distinction is not clear-cut. Moreover, a 
numbel: of recent findings seem to point 
up very specific relations between the 
processes of seeing and of imagining. 

perhaps the most unexpected of these 
findings has emerged from studies of 

sleep and dreams. The dreaming phase 
of sleep, which occurs several times each 
night, is regularly accompanied by 
bursts of rapid eye movements. In sev
eral studies William C. Dement and his 
collaborators have awakened experimen
tal subjects immediately after a period 
of eye motion and asked them to report 
their just-preceding dream. Later the 
eye-movement records were compared 
with a transcript of the dream report to 
see if any relation between the two could 
be detected. Of course this was not pos
sible in every case. (Indeed, we can be 
fairly sure that many of the eye move
ments of sleep have no visual signifi
cance; similar motions occur in the sleep 
of newborn babies, decorticated cats and 
congenitally blind adults.) Nevertheless, 
there was appreciably more correspon
dence between the two kinds of record 
than could be attributed to chance. The 
parallel between the eye movements of 
the dreamer and the content of the 
dream was sometimes striking. In one 
case five distinct upward deflections of 
the eyes were recorded just before the 
subject awoke and reported a dream of 
climbing five steps! 

Another recent line of research has 
also implicated eye movements in the 
processes of visual memory. Ralph Nor
man Haber and his co-workers at Yale 
University reopened the study of eidetic 
imagery, which for a generation had 
remained untouched by psychological 
research. An eidetic image is an imagi
native production that seems to be ex
ternal to the viewer and to have a loca
tion in perceived space; it has a clarity 
comparable to that of genuinely per
ceived objects; it can be examined by the 
"Eidetiker," who may report details that 
he did not notice in the original presen
tation of the stimulus. Most Eidetikers 
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The best automobile 
advertisement 
ever written? 

It's an unsolicited testimonial to the Rover 2000-
written by the writers, editors and especially the 
readers of ROAD TEST magazine-and it's twenty� 
eight pages long. 

What's ROAD TEST magazine? 
ROAD TEST is a magazine that goes to extreme 
lengths to be objective. It does not accept any auto
motive advertising lest the accusing finger of bias 
should point. It uses a whole panel of specialists to test 
an automobile rather than relying on just one opinion. 

Ask the man who owns one. 
Its editors reason that one car taken from a total pro
duction of thousands is not necessarily representative 
of the breed. And, that the most demanding test cannot 
duplicate the experience of daily use ever an extended 
period. So ROAD TEST hit on the idea of an Owners 
Survey. They asked their car-owning readers to com
plete an exhaustive questionnaire on the good and bad 
points of the cars they drive. The results are now in. 

The most appreciated automobile. 
Commenting on the first Owners Survey, ROAD TEST 
says this: "the weight of evidence is overwhelming. 
Reports have been received on no less than 63 different 
makes and models of cars, both domestic and im
ported. Even though Rover is not one of the top ten 
imports sold, more survey forms were completed on 
Rover than any import except Volkswagen. Of present 
Rover owners, 87.6% (the highest figure) state firmly 
that their next and only choice will again be Rover. 
On the scales of likes and dislikes the balance tilts so 
far in Rover's favor that there is material to fuel an 

adman's dreams for a lifetime. Also number one 
among non-owners but those considering imports is 
Rover." 

They toot our horn. 
That quote appears on page 18 of the May issue. From 
there on the magazine is totally devoted to analyzing, 
explaining, and extolling the virtues of the Rover 2000 
-including a history of how it got that way. We love 
and believe what they say and wish we could quote 
every word here. 

For example, the article with the headline, "Rover 
Engineering-Why Can't Everybody Make a Car This 
Good?" Or the one titled, "From the Driver's Seat
Comfort and Convenience Beyond Expectations" or 
"The Mechanic Looks at Rover - Treated Right, It 
Should Last for Ever." 

Alas, space if not modesty forbids. What we can do is 
something better - offer you your own copy of the 
magazine. Ask your Rover dealer, call the Rover zone 
office, or mail off the coupon. You choose. 

Leyland Motor Corporation of North America 
111 Galway Place, Teaneck, New Jersey 07666. 

The best automobile advertisement ever written? 
Indeed! I'll be the judge of that. 

NAME ________________________ ________ __ 

ADDRESS ______ ________________________ __ 

---------------------------------------------------

211 

© 1968 SCIENTIFIC AMERICAN, INC



V,. 
'-

\, . � � V�\------x�i.�:\ ----�Y�t 
\..... Hi 

... : .. :.:: ...... / ��::\ I\ \ :; . 
'\ "':'" f 1 \ /.: :' \\�\ '11 // 

z 

� ',.. :: : 
\ \...... .: ':.::' .: · . . . · \ .  · . .  . . · . '  . ..  . \. �\" . ..../:/ \Jo\ \ . .  

� 

.•.. 

..• 

:' :; . . . .. ., .... � . . .. . . 
•• 't, �. . . .. , 
\ ... : ", t, " •• : ', . ".: 

z 

OPTICAL ANALYSIS BY DESCARTES included an experiment in which he removed 
'
the 

eye of an ox, scraped the back of the eye to make it transparent and observed on the retina 

the inverted image of a scene. The illustration is from Descartes's essay La Dioptrique. 
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are children, but the developmental 
course of this rather rare ability' is not 
well understood. What is most interest
ing about these images for the present 
argument is that the Eidetikel' scans 
them with his eyes. Asked about a detail 
in one or another corner of the image, he 
moves his eyes to look at the appropriate 
part of the blank wall on which he has 
"projected" it. That is, he does just what 
anyone would do who was really looking 
at something. 

,N·e these esoteric phenomena really 
relevant to the study of vision? It 

might be argued that they do not pro
vide a safe basis for inference; dream
ing is a very special physiological state 
and eidetic imagery is restricted to very 
special types of people. It is not difficult, 
however, to show that similar processes 
occur in persons who do not have vivid 
visual imagery at all. A simple demon
stration suggested by Julian Hochberg 
of New York University helps to make 
this point: Try to remember how many 
windows there are in your'own house or 
apartment. 

If you have never considered this 
question before, it will be hard to find 
the answer without actively looking and 
counting. However, you will probably 
not need to look at the windows them
selves. Most people, even those who say 
they have no visual imagery, can easily 
form and scan an inte1'11almpresentation 
of the walls, counting off the windows as 
they appear in them. This process evi
dently uses stored visual information. It 
seems to involve mechanisms much like 
those used for seeing and counting real 
windows. 

\lVe can draw three conclusions from 
this demonstration. First, seeing and 
imagining employ similar-perhaps the 
same-mechanisms. Second, images can 
be useful, even when they are not vivid 
or lifelike, even for people who do not 
have "good imagery." Third, mental im
ages are constructs and not copies. This 
last point may have been obvious in any 
case-you might just as well have been 
asked to imagine a gryphon and to count 
its claws-but it bears further emphasis. 
All the windows could not have been op
tically imaged on the retina simultane
ously, and they may not even have 
appeared there in rapid succession. The 
image (or series of images) developed in 
solving this problem is new; it is not a 
replica of any previous stimulus. 

The first two of these points have 
received additional confirmation in a 
recent experiment by Lee R. Brooks 
of McMaster University, whose method 
puts imagery and visual perception in di-
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Bringing light engineering into the workshop 

Systems for extremely precise length measurement were 
well-known to optical laboratory workers before the intro
duction of lasers, or even of electronics. However, to-day's 
need for instantaneous displacement measurement in the 
machine shop, often to an accnracy better than one micron, 
calls for far more than simple adaptation of a laboratory 
method for workshop use. When Dr. de Lang and his group 
at the Philips Research Laboratories approached this 
problem, they knew that a snitable measuring device would 
have to be simple, easily mounted on machine tools, and 
above all insensitive to gnidance errors, dust, and scratches.  
Although in essence Dr. de Lang and Dr. Ferguson based 
their work on known optical techniques (albeit from diverse 
fields) their combination of those techniques in a practical 
design gave results hardly surpassed by much more recent 
laser interferometers. 
Optical gratings are frequently applied to displacement 
measurement. A small (though not extremely small) 
grating period of 8 microns was chosen, so that diffracted 
beams of orders + 1 and -1 could be used instead of the 
more usual transmitted beam employed in moire methods.  
This choice of diffraction orders differing by two automati
cally divides step length by a factor of two. The grating, 
which is connected mechanically to the moving machine 
component, is  a phase grating of the reflection type, 
composed of rectangular cross-section grooves etched in a 
metal film on a glass snbstrate and afterwards completely 
sealed in glass. It combines high op tical efficiency with 
convenience, since it only requires access to one side of the 
component or work piece. 
The grating is  imaged in its own plane by a spherical mirror 
and correction lens, giving another reduction of one-half in 
the step length. This method eliminates the need for strict 
parallel guidance, and also increases the depth of field. A 
quartz slab of suitable orientation and thickness, inserted 
in the optical system, gives an apparent relative image shift 
of one-sixteenth of a grating period for the two perpendicu
lar polarisations in which the light can be split. Thus, the 
two photo detectors produce electric signals which vary 
with displacement as the sine and cosine respectively of 
one-quarter the grating period. By counting only the 
zero points in these sine wave outputs, the effective 
period is divided by a factor of four ; precisely defined 
digital steps of 0.5 micron are therefore measured without 
any analogue interpolation. AC signals are obtained from 
the photo detectors, even with the system at rest, by 
vibrating the spherical mirror sinusoidally with a piezo-

electric transducer. The electronics _required to find zero 
points in the signal output and provide suitable counting 
and direction information are simple enough, even for the 
optics-orientated physicist ! 
Meanwhile, there was a need for accurate displacement 
measurement over longer distances than are practicable 
with a grating interferometer. Dr. de Lang was also 
engaged, together with Mr. G. Bouwhuis, on fundamental 
research into the polarisation properties of the gas laser. 
This work suggested the use of these properties as the basis 
of a new system which would be suitable for working over 
longer distances and have much greater flexibility in 
machine mounting. Such a system, dispensing with any 
form of grating, would give no scale linearity problems ; the 
displacement sensor would be small and simple, needing no 
physical connection with the rest of the system save the 
light beam itself. 
The de Lang/Bouwhuis laser interferometer has a digital 
resolution of 0 . 288 microns . The. system comprises two 
units;  a " eat's eye" arrangement of a mirror and a lens, 
which is mounted on the moving work-piece or machine 
component, and the laser unit itself, containing all the 
necessary optics and electronics .  
The beam from a 15  cm isotropic H e-Ne single-mode laser 
i s  split into two circularly polarised components of differing 
frequency by placing the laser in a 60 gauss axial magnetic 
field. The measurement system effectively translates 
mechanical displacement into a phase change in one of the 
two beam components which is linearly proportional to 
path length. This phase change is retained in a beat signal 
produced when the two beams interfere on a photodetector. 
The phase of this AC signal, referred to the output of the 
reference photo detector at the same frequency, can then 
be processed easily by digital electronics. The laser opera
ting frequency is  stabilised to one part in 10' by comparing 
the relative intensity of the two beam components and 
arranging control of effective laser length by a piezo
electric element, supplemented by thermal expansion. 
Interferometers of both these types are already at work 
within Philip's ,  controlling precision machine tools, making 
masks for integrated circuit production and the like. Of 
conrse, the laser interferometer can also be used, appro
priately enough, to control production of the grating em
ployed in the earlier model ! 
Further information on these systems may be had from Mr. 
G. Bouwhuis, Philips Research Laboratories, Eindhoven, 
the Netherlands. 

In the Research Laboratories of the Philips group of companies, scientists work together i n  many fields of science. A mong these are : A cous
lics, Cryogenics, Informalion Processing, Mechanics, Nuclear Physics, Perception, Solid State, Telecommunications, and Television. 

Our research is an essential tool for maintaining the 
standards implied in the slogan : 
trust i n  PH I LI  PS is  world-w i d e  
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S E N I O R  E L E CTRO - O PT I CAL E N G I N E E RS  
CAN LOO K TO TH E FUTU R E  AT J P L .  

Estab l i sh  a n d  b e  r e s p o n si b l e  f o r  i n - h o u s e  a n a lyt ica l  act iv i t ies .  Fo r d e v e l o p 

m e n t  o f  o p t i ca l d e t ecto rs, s e n s o rs, a n d  t rackers  fo r s p a c e c raft  a p p l i c a t i o n s .  

T e c h n i ca l ly a n d  a d m i n i s t ra t i v e l y  d i re c t  c o n tracto rs.  

Wo rk i n  Pasa d e n a  wi th  some o f  the g re a t  m i n d s  now r e s e a r c h i n g  and d e 

v e l o p i n g  futu r e  s p a c e  m is s ions .  

I f  you h a v e  e x p e r i e n c e  i n  b o t h  a c t i v e  a n d  pass i v e  syste ms, h a v e  a t h o r o u g h  

fam i l i a r ity w i t h  o p t i ca l  t e c h n o l ogy, a n d  p r e f e ra b ly h a v e  a n  M S  d e g r e e, d o n ' t  

l o o k  a n y  f u rt h e r. 

S e n d  yo u r  c o m p l e t e  r e su m e  - in c o n fi d e n c e  - to Mr.  Wa l l a c e  P e t e rson,  

S u p e rv i s o r  o f  Profess i o n a l  E m p l oym e n t  a t  J P L .  

J ET P R O P U LS I O N  LA B O RATO RY • 4802 O a k  G r o v e  D ri v e ,  Pasa d e na, C a l i fo rn ia  9 1 1 03 � Atte n t i o n :  P ro fess i o n a l  Staffing  D e p a rt m e n t  9 

"An equa l  opportun ity employer." Jet Propuls ion taboratorv is opera ted by the Col i forn ia  Ins t i tu te  of Technology for the 
Not iona l  Aeronautics a n d  Space Administ rat ion.  

N EVV 
WATTS 
BOOK 
IS 
HERE ! 

"Profe s s ional  Methods for Record Care and 
U se " ,  e d i t e d  by the internat iona l l y reco g n i zed 
a u t h o r ity, Ceci l  E .  Watts, Ltd. i s  " m ust" read·  
i n g  fo r everyone using the new u l tra· l i ghtwe ight  
cartr idges ,  trac k i n g  at 2 grams o r  less ,  and/or  
u s i n g  a n  e l l i p t i c a l  sty l u s .  Esse n t i a l  for gett i ng 
the fi nest s o u n d  from yo u r  e q u i p m e nt. Pr ice :  50C 

ALSO AVA ILABLE!  "How to Clean,  Maintain and 
Protect Records" b y  Cec i l  E .  Watts is  t h e  basic 
book o n  record care.  Covers such topics as d ust, 
�ta t i c ,  stat ic  b e h a v i o r ,  how to use  record c h a ng· 
e r s  proper ly .  a n d  how to rejuve nate records.  

Pr ice:  25C 
Order both books!  At your  h i gh f ide l ity d e a l e r ,  
o r  use the coupon 

ELPA MARKET ING INDUSTRIES, INC. 
New Hyde Park, N .  Y. 1 1 040 
Dear S i r s :  
P lease send the fO l lo w i n g  book(s) o n  r e c o r d  c a r e .  

o Profe s s i o n a l  M e t h o d s  . . . . . . .  SOC 

o How to Clean . . . . . .  2S¢ 

Enc losed i s:  _____ _ 
N a me _________________________ _ 
Add ress _______________________ __ 
C ity / State/Zip' ____________________ _ 
Please do not  send sta mps.  No C . O . D . ' s  SA9 

- - - - - - - - - - - - - - - - - -
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PRECISION 
OPTICS, OPTICAL INSTR UMENTS 

OPTICA L MACHINES 

by spacek 

OPTICAL CAPABILI TIES: 

Flats Mirrors, concave, convex 

Prisms Plane parallels 

Wedges Parabolas 

Filters Hyperbolas 

Windows E llipses 

Target mirrors Laser optics 

Lenses Beam splitters 

INSTRUMENT CAPA BILI TIES: 

TELESCOPES, refractors, retlectors. 

Newtonian, Cassegrainian, Maksutov, 

Schmidt. 

Collimators Astrographs 

Spectrohelioscopes Projection systems 

Exclusive manufacturers of Micromatic 

polishing machines with solid state controls. 

Write for information. 

S P A C E K  I N S T R U M E N T  C O .  
Pottstown,  Pa. 1 9464 (2 1 5) 323-2825 

rect competition. In one of his . studies 
the subjects were shown a large block F 
and told to remember what it looked 
like. After the F was removed from view 
they were asked to describe the succes
sion of corner points that would be en
countered as one moved around it, re
sponding "Yes" for each point that was 
either on the extreme top or the bottom 
of the F, and "No" for each point in be
tween. This visual-memory task proved 
to be more difficult when the responses 
were made by pointing to a printed se
ries �

,
f ye

,
�es a��d l��es than when a spo

ken Yes or No was allowed. How
ever, the difficulty was not intrinsic to 
the act of pointing; it resulted from the 
conflict between pointing and simul
taneously visualizing the F. In another 
of Brooks's tasks the subjects had to re
spond "Yes" for each noun and "No" for 
each non-noun in a memorized sentence. 
In this case they tended to rely on ver
bal-auditory memory rather than visual 
memory. As a result spoken response was 
the more difficult of the two. 

vVe would not have been surprised to 
find a conflict between visually guided 
pointing and corner-counting on an F 
the viewer was looking at. After all, he 
could not be expected to look in two 
places at once. Even if the F had ap
peared on the same sheet of paper with 
the yeses and noes, interference would 
have been easy to understand: the suc
cession of glances required to examine 
the corners of the F would have con
flicted with the visual organization need
ed to point at the right succession of re
sponses. vVhat Brooks has shown, rather 
surprisingly, is that this conflict exists 
even when the F is merely imagined. 
Visual images are apparently produced 
by the same integrative processes that 
make ordinary perception possible. 

In short, the reaction of the nervous 
system to stimulation by light is far from 
passive. The eye and brain do not act as 
a camera or a recording instrument. Nei
ther in perceiving nor in remembering 
is there any enduring copy of the optical 
input. In perceiving, complex patterns 
are extracted from that input and fed 
into the constructive processes of vision, 
so that the movements and the inner ex
perience of the perceiver are usually in 
good correspondence with his environ
ment. Visual memory differs from per
ception because it is based primarily on 
stored rather than on current informa
tion, but it involves the same kind of 
syntheSiS. Although the eyes have been 
called the windows of the soul, they are 
not so much peepholes as entry ports, 
supplying raw material for the construc
tive activity of the visual system. 
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What material 
does a slow burn 
in  the searing heat 
of l ift-off? 

A rel iable R/M composite. 

Rocket e n g i nes roa r to l ife.  Lift off . Sea r i n g  

fl a m es s p e w  f r o m  exha usts a s  f u l l  t h r u st 

is develope d .  Te m p e ra t u res soa r to 5000°F 
and h i g h e r  in the rocket c h a m be rs .  T h e  

hol d i ng a rms let  g o  a nd t h e  spacec raft 

is  on its way. 

B ut not if the a s bestos ' p h e no l i c  rei nfo rce d 

pla stics used in the th r u st vecto r control 

nozzle a sse m bly d i d n ' t  s u rvive the sea r i n g  

fla m e s  a n d  t h e  soa r ing  te m p e ra t u re .  

Compone nts o f  t h i s  re ma r k a b l e  mate ri a l  

h a ve been i nvolved i n  v i rtual ly  eve ry roc ket 

a nd m issi le  p rog ra m s i nce the f i rst U . S .  

l a u nc h i n g .  I t  is  form ulate d  to a bl ate at  a 

control l e d  rate , w h i l e  h o l d i n g  its stre ngth 

c h a racte ristics eve n at  sea r i n g  heats.  A n d  

a s  it does a s l o w  b u r n ,  it  b u i l d s  u p  a p ro· 

tective a r m o r  of c h a r that  a cts a s  a d d e d  

i ns u lat io n .  

R I M  uses com b i nat ions o f  a s bestos, r tl b ·  

b e r ,  s i ntered meta l s ,  specia l ized p l a stics,  

and oth e r  n a t u ra l  a nd m a n · m a d e  m a te ri a l s  

t o  c reate exciti ng com posites t h a t  solve 

p ro b l e m s  in ma ny f iel d s .  

How ca n R I M ' s  com posite ca pa b i l ity h e l p  

yo u ?  A s k  u s .  

Special iz ing in 
creative composites 

Raybestos-Manhattan, I nc. 
Passaic, N.J.  07055 
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on scientific problems 

Since the energy quantum of l ight-t h e  
p h o t o n - a l o n g  w i t h  t h e  e l e c t r o n ,  i s  
among t h e  s u b-ato m i c  p a rt i c l e s  w h i c h  
c a n  b e  g e n e rated ,  detected a n d  a m p l i 
f i e d ,  i t  n at u ra l l y  f o l l ows t h at R C A  E l ec
t ro n i c  C o m p o n e nts i s  deeply i nvolved 
with  l i g ht .  This  i s  p a rt i c u l a r l y  t r u e  of 
l i g h t  in i ts  n o n - i n ca n d escent  f o r m s ,  a n d  
t h e  a p p l i c at i o n  of s u c h  l i g h t  to usef u l  
w o r k  b y  m e a n s  o f  a w i d e  v a r i ety o f  de
v i ces.  

F o r  exa m p l e ,  such l i g h t  s o u rces as 
so l i d-state o p t i c a l  l asers ( l i g h t  a m p l i f i 
c at i o n  by st i m u l ated e m i s s i o n  of rad i
at i o n )  a n d  t h e  m o re-powerf u l  n o b l e  g a s  
l asers are m a n ufact u red at RCA for  
m i l i tary ,  i n d u st r i a l ,  s c i e n t i f i c  a n d  com
m e rc i a l  u ses.  T h e  f u l l  ra n g e  of RCA 
l a s e r  d e v i c e s  i n c l u d e s  w a v e l e n g t h s  
f ro m  a s  s h o rt a s  3x1 03 A t o  1 1  x 1  0 3  A
span n i n g the e l ectro m a g n et i c  spect r u m  
f r o m  u l t r a v i o l e t t o  n e a r  i n f r a r e d ,  a s  
s h o w n  i n  Fig. 1 .  

F i g . l 

M ost such rad iations far  exceed t h e  
a b i l i ty of t h e  eye to detect ,  a n d  t h i s  h a s  
g iven r i s e  to t h e  deve l o p m e n t  by R C A  
of a w i d e  v a r i ety of dev ices w h i c h  i s  
n o w  ava i l a b l e  to d e s i g n e rs a n d  m a n u 
fact u rers of i n st r u m entat i o n  fo r s c i e n c e ,  
i n d u stry a n d  f o r  m i l i tary a n d  c o m m e r
c i a l  a p p l i c at i o n s .  RCA E l ec t ro n i c  C o m 
p o n e n t s  offers e l ectro n t u b e  i m a g e  i n 
ten s i f i e rs w h i c h  c a n  p rod u c e  a l i g h t  
i nt e n s i f i c a t i o n  of  as g reat as 1 0 ' o r  
m o re .  S u c h  e l ectron t u bes,  o n e  of w h i c h  
i s  s h o w n  i n  Fig. 2 i n  d i ag ra m m at i c  c ross
sect i o n  as w e l l as p h otog ra p h i ca l ly ,  are 
c o n t r i b u t i n g  to both m i l i tary and m e d i 
c a l  deve l o p m ents  a n d  are b r i n g i n g  new 
d i m e n s i o n s  to astro n o m y  w h e re t h ey 
are h e l p i n g  s c i e n t i sts u n rave l t h e  mys
ter ies of the u n ive rse. 

Because the emanation of " l i g ht"  from 
m a n y  events i s  of s h o rt d u rat i o n ,  a n 
other  "fam i ly "  of RCA- m a d e  d e v i c e s  
h a s  b e e n  d e v e l o p e d  t o  d e t e c t  t h e s e  
" b u rsts ."  K n o w n  a s  " p hoto m u l t i p l i e rs,"  

these devices f i n d  a p p l i c a t i o n  in  i n st r u 
m e ntat i o n  used i n  b i o l o g i c a l  researc h ,  
g e o l o g i c a l  ex p l o rat i o n ,  n u c l e a r  i nvest i 
g at i o n s ,  astro n o m y ,  a n d  spectroscopy,  
for  exam p l e .  

F i g .  :2 

THIRD PHOTOCATHOOE 

RCA today is act ive ly  e n g a g e d  i n  t h e  
m a n ufact u re of cathode-ray t u bes f o r  
m a n y  " l i g h t" uses a n d  d i s p l ay sto rage 
d e v i ces c a p a b l e  of "f reez i n g "  i m ag e s  
f o r  m a n y  m i n utes.  D e v i c e s  s u c h  as p h o
toce l l s  a n d  s o l a r  c e l l s  are e m p loyed i n  
c o n j u n c t i o n  w i t h  " I i g h t " - o p e r a te d  
eq u i p m e nt .  V i d i c o n s ,  i m a g e  o rth i c o n s ,  
a n d  I S O C O N  c a m e ra t u bes fo r e n t e r
ta i n m e n t  a n d  c l osed-c i rc u i t  t e l ev i s i o n  
c a m e ras a n d  t a p e  p i c k- u p  u n i ts a r e  
i n c l u d e d  i n  t h e  " fa m i l y "  of R C A  l i g h t
s e n s i t i v e  d e v i c es .  C u r r e n t l y  u n d e r  i n 
vest i g at i o n  are s u c h  new f i e l d s  as p h o 
to c h ro m i c s  - m ate r i a l s  w h i c h  c h a n g e  
c o l o r  i n  res p o n se to i l l u m i n at i o n  a t  a p 
p r o p r i ate wave l e n g t h s - a n d  t h e  n e w l y
a n n o u n c ed a p p l i c a t i o n s  of l i g ht-ref l ec
t i v e  n e m a t i c ,  s m e c t i c  a n d  c h o l este r i c  
l i q u i d  c ry s t a l  d i s p l a y s .  Fig . 3 s h o w s  
s o m e  o f  t h e  m a n y  RCA d e v i c e s  c u r
r e n t l y  ava i l a b l e  f o r  " l i g h t" a p p l i cat i o n s. 

To develop its wide range of l i g h t  g e n 
erat i o n ,  i nt e n s i f i c at i o n ,  storage a n d  d i s
p l ay d e v i c es,  RCA c a l l s  u p o n  a f u l l  a r ray 
of s p e c i a l i sts in n u m e ro u s  s c i e n t i f i c  
d i sc i p l i nes w i t h i n  i t s  d iv i s i o n s .  I n c l u d e  
those w h o  spec i a l ize i n  g l ass,  vac u u m  
"tec h n o l o g y , "  a n d  e l ectron o p t i c s ,  a s  
we l l  as m e c h a n i c a l  e n g i n ee rs a i d i n g  i n  
t h e  deve l o p m ent o f  t h e  most-eff i c i e n t  
st r u c t u res for  use i n  p rocess i n g  l i g ht. 

T h e n ,  too,  t h e re are the c h e m i sts re
q u i red to deve l o p  p h o s p h o rs ,  ways to 
ref i n e  them and to a p p l y  them to a ran g e 
of d e v i c e s .  A l l  of these p e o p l e  at RCA 
E l ectro n i c  C o m p o n e n t s  are i m m e rsed 
in  t h e  deve l o p m e n t  of c o m p o n ents for  
t o m o r row's  eq u i p m e n ts-s u c h  as so l i d 
state p a n e l s  f o r  d i s p l ay of i m ag es, t h a t  
may res u l t  i n  t h e  l o n g - d e s i red " p i ct u re 
frame" TV rec e i v e r  for  t h e  h o m e .  

Yo u w i l l  f i nd-reg a rd l ess o f  yo u r  l i g h t  
a p p l i cat i o n -t h at R C A  c a n  b e  yo u r  best 
sou rce for i nformat i o n  and d e v i c es .  For 
c o m p uter  read-o u t ;  in  m ed i ca l  e l ectron
ics ;  in  rad a r  a n d  i n  e n t e rta i n m e n t  t e l e
v i s i o n- a n d  i n  any a p p l i cat i o n  i n v o l v i n g  
t h e  g e n e rat i o n ,  d etect i o n ,  a n d  a m p l i f i 
c at i o n  of rad i a n t  e n e rg y ,  f r o m  u l t ra
v i o l et to n e a r  i n frared,  and from a p h o
ton o r  two to l i g h t  as b r i g h t  as t h e  s u n ,  
R C A  E l ec t ro n i c  C o m p o n e n ts i s  ready 
with the tec h n o l o gy,  the s p e c i f i c  de
v i c e s - a n d  t h e  e c o n o m i c s o f  p u t t i n g 
l i g h t  to work .  

Fo r he lp  w i t h  yo u r  s p e c i f i c  p ro b l e m s ,  
o r  f o r  deta i l s  a b o u t  a n y  of t h e  c u rrent  
p rod u c t i o n  types of l i g ht-p rocess i n g  or  
l i g ht-g e n e rat i n g  dev ices m a d e  by R C A ,  
w r i t e  R C A  E l e c t r o n i c  C o m p o n e n t s ,  
C o m m e rc i a l  E n g i n e e r i n g ,  Sect i o n  1 95EC,  
H a r r i s o n ,  N.  J.  07029. 

F i g . 3 
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MATHEMATICAL GAMES 
Counting systelns and the relationship 

between numbers and the real world 

by Martin Gardner 

Ah why, ye gods! should two and two 
make tow? 

-ALEXANDER POPE, 
The Dunciad, Book 2 JtlthroPologists have yet to find a 

primitive society whose members 
are unable to count. For some 

time they assumed that if an aboriginal 

tribe had no words for numbers except 
"one," "two" and "many," its members 
could not count beyond two, and they 
were mystified by the uncanny ability of 
such people to look over a herd of sheep, 
for example, and say one was missing. 
Some anthropologists believed these 
tribesmen had a phenomenal memory, 
retaining in their heads a Gestalt of the 
entire herd, or perhaps knew each sheep 
personally and remembered its face. Lat
er investigators discovered that the use 
of the same word for all numbers above 
two no more meant that a tribesman was 

Italian finger symbolism as illustrated by Luca Pacioli in 1494 
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unaware of the difference between five 
and six pebbles than the use of the same 
word for blue and green meant that he 
was unaware of the difference in color 
between green grass and blue sky. Tribes 
with limited number vocabularies had 
elaborate ways of counting on their fin
gers, toes and other parts of their anat
omy in a specified order and entirely in 
their heads. Instead of remembering a 
word for IS a man simply recalled that 
he had stopped his mental count on, say, 
his left big toe. 

Most primitive counting systems were 
based on five, 10 or 20, and one of the 
few things on which cultural anthro
pologists are in total agreement (and 
in agreement with Aristotle) is that the 
reason for this is that the human animal 
has five fingers on one hand, 10 on both 
and 20 fingers and toes. There have been 
many exceptions. Certain aboriginal cul
tures in Africa, Australia and South 
America used a binary system. A few de
veloped a ternary system; one tribe ill 
Brazil is said to have counted on the 
three joints of each finger. The quater
nary, or 4-base, system is even rarer, 
confined mostly to some South American 
tribes and the Yuki Indians of California, 
who counted on the spaces between their 
fingers. 

The S-base has been used much more 
widely than any other. In many lan
guages the words for "five" and "hand" 
either are the same or are closely related 
to earlier words; pentcha, for example, 
is "hand" in Persian and pantcha is "five" 
in Sanskrit. The Tamanacos, a South 
American Indian tribe, used the same 
word for five that they used for "a whole 
hand." Their word for six meant "one 
on the other hand," seven was "two on 
the other hand," and so on for eight and 
nine. Ten was "both hands." For 11 
through 14 they stretched out both 
hands and counted "one on the foot, two 
on the foot," and so forth, until they 
came to IS, which was "a whole foot ."  
As one might guess, the system contin
ued with 16 expressed as "one on the 
other foot," and so on through 19. Twen
ty was the Tamanacos' word for "one 
Indian," 21  was "one on the hand of an
other Indian." "Two Indians" meant 40, 
"three Indians" 60. The ancient Java and 
Aztec weeks were five days long, and 
there is a theory that the Roman X for 
10 was derived from two V's, one upSide 
down, and that the V was a representa
tion of a human hand. 

Early number words were frequently 
identical with words for fingers, toes and 
other parts of the body. The present 
English use of "digit," from the Latin 
for "finger," for the ten numbers 0 
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through 9 testifies to an early finger ori
gin at Anglo-Saxon counting. There are 
amusing exceptions.  The Maori word 
for four is "dog," apparently because a 
dog has four legs. Among the Abip6nes, 
a now vanished South American Indian 
tribe, the word for four meant "the toes 
of the rhea"-three in front and one in 
back. 

Primitive number systems with bases 
6 through 9 are extremely rare. Appar
ently once people found a need to name 
numbers greater than five they usually 
jumped from one hand to the other and 
adopted a 10-base system. The ancient 
Chinese used a base of 10, as did the 
Egyptians, the Greeks and the Romans. 
One of the curiosities of ancient mathe
matics was the sexagesimal (base-60) 
system that the Babylonians took over 
from the Sumerians and with which they 
achieved a remarkably advanced mathe
matics .  (Our ways of measuring time and 
angles are relics of the Babylonian sys
tem.) Today 10 is almost universal as a 
number base throughout the world, even 
among primitive tribes. David Eugene 
Smith, in the first chapter of his History 
of Mathematics, first published in 1923, 
reports that a survey of 70 African tribes 
revealed that all of them used a 10-base 
system. 

Above 5, very few number systems 
have been based on primes. \'V. \ V. 
Rouse Ball, in A Short Account of tIle 
History of Mathematics (fourth edition, 
1908) ,  cites only the 7-base system of 
the Bolas, a 'Nest African tribe, and the 
11-base system of the early Maoris, al
though I cannot vouch for either asser
tion . Vigesimal, or 20-base, systems (fin
gers plus toes) were fairly common , the 
Mayan system being the outstanding in
stance. Because it used both zero and 
positional notation it was one of the most 
advanced of the ancient number sys
tems,  far superior, for example, to the 
clumsy Roman system (a statement that 
gives the jitters to cultural relativists 
since it suggests a value judgment that 
vaults cultural boundaries). The 20-base 
system survives today as words in such 
Ian guages as French (quatre-vingts for 
80) , English ("Fourscore and seven years 
ago . . .  ") and particularly Danish, in 
which number names are based on a 
curious mixture of the decimal and vi
gesimal systems .  

The obvious connection between 5 
and 10, the most popular ancient bases, 
and the fingers of one and two hands has 
suggested to many science-fiction writers 
that the number systems of extraterres
trial humanoids are likewise based on 
the number of  fingers they possess. (The 
creatures in "Valt Disney's animated-

cartoon culture presumably use a 4- or 
8-base system, since they have only four 
fingers on each hand.) Harry L. Nelson 
of Livermore, Calif. , sent the following 
puzzle: Suppose a space probe to Venus 
sends back a picture of an addition sum 
scratched on a wall [see illustration at 
right]. Assuming that the Venusians use 
a positional notation like ours and a num
ber base corresponding to the fingers on 
one Venusian hand, how many fin gers 
are on that hand? It is an easy problem, 
the solution to which I shall give next 
month. 

Now that the decimal system is so 
universally established there seems to be 
no chance that the human race will con
vert to another number base, in spite of 
the fact that a duodecimal (base-l2) sys
tem offers certain practical advantages, 
such as having four divisors for the base 
compared with only two for the decimal 
base. It has had en thusiastic advocates 
for cen turies. And there are technical ad
vantages, although mostly for number 
theorists, to a prime-number base, such 
as 7 or 11, as argued by the 18th-century 
French mathematician Joseph Louis La
grange. 

Powers of 2, particularly 8 and 16, 
have been defended as number bases by 
many mathematicians .  "As there is no 
doubt that our ancestors originated the 
decimal system by counting on their fin
gers," wrote "v. "Voolsey Johnson in the 
13ulletin of the New York Mathematical 
Society (October, 189 1, page 6), "we 
must, in view of the merits of the octo
n ary system, feel profound regret that 
they should have perversely counted 
their thumbs, although nature has dif
ferentiated them from the fingers suffi
ciently, she might have thought, to save 

o 1 1 1 1 

A SlUll in "Venusian" notation 

the race from this error." In my column 
for May, 1964 (on the ternary system), I 
mentioned the strange nomenclature de
vised by two mathematicians who pre
ferred a 16-base. I hasten to add that 
modern computers have long been lIsin g 
a base-8 arithmetic; more recently a 
"hexadecimal" (base-16) arithmetic, us
ing the 16 digits 0, 1, 2,  3 ,  4, 5 ,  6, 7, 
8, 9, A, B, C, D, E, F, has become an 
important part of the language of IBi\l's 
System/360 computers. 

Just as primitive societies varied in 
their choice of a number base, so they 
varied in the style in which they count
ed. Since most people are right-handed, 
counting was usually started on the left 
hand, sometimes in an unvaryin g, ritu
alistic way and sometimes not. A person 
might begin the count at the thumb or 
little finger, either by tapping witll a 
right finger, by bending down the left 
fingers or by starting with a closed fist 
and opening the fingers one at a time. 

1 o 1 o o 

Binary 500 shown by lhe fingers 
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On the Andaman Islands in the Bay of 
Bengal people started with the little fin
ger and tapped their nose with succes
sive fingers. On an island in the Torres 
Strait between Australia and New 
Guinea people would count to five by 
tapping the fingers of their left hand, but 
instead of going on to the right hand they 
tapped their left wrist, left elbow, left 
�ihoulder, left nipple and sternum, then 
continued the count by reversing this 

order on the right side of their body. 
Mathematicians have made the point 
that when fingers and other parts of the 
body are successively tapped in count
ing, they are being used to express or
dinal numbers (first, second, third and 
so on), whereas when fingers are raised 
all at once to signify, say, four frogs, they 
are expressing the cardinal number (one, 
two, three and so on) of a set. 

The ancient Greeks had an elaborate 

3x2=6 

5 x 10 = 50 

7 x8 =50 +6=56 

4 x 4 = 16 

.1 

6 x 6 = 20 + 16 = 36 

3xO=0 

7 x 10 = 70 

7x10=70+0=70 

How fingers multiply pairs in the half·decade 6 through 10 
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hand symbolism for counting hom one 
to numbers in the thousands; it is men
tioned by Herodotus but little is known 
about its finger positions. The ancient 
Chinese and other Oriental cultures had 
finger symbols of similar complexity that 
are still used for bargaining in bazaars, 
where the expressed number can be con
cealed from bystanders by a cloak. The 
Roman method of symbolizing numbers 
with the hands is mentioned by many 
Roman authors. In  the eighth century 
the Venerable Bede devoted the first 
chapter of a Latin treatise on The Reck
oni11g of Times (such as calculating the 
dates of Easter) to a Roman system of 
finger symbols that he extended to one 
million. (His symbol for one million is 
the clasping of both hands.) 

Most arithmetic manuals of the me
dieval and Renaissance periods included 
such methods. A typical system, showll 
in the illustration on page 218, is from 
the first important mathematical book 
to be printed, a 1494 Italian work by 
Luca Pacioli, a Franciscan friar (who 
later wrote a book on the golden ratio 
that was illustrated by his friend Leo
nardo da Vinci). The Roman poet Ju
venal had such a system in mind when 
he wrote in his Satires: "Happy is he in
deed who . . . finally numbers his years 
upon his right hand"; that is, happy is 
he who lives to be 100, the number at 
which the right hand was first used in 
the symbolism. Note that most of the 
left-hand symbols have right-hand du
plicates and that even on the same hand 
certain symbols seem to be the same un
less there are subtle differences not made 
clear in the crude drawings. St. Jerome 
wrote in the fourth century that 30 was 
associated with marriage, the circle 
formed by the thumb and first finger 
symbolizing the union of husband and 
wife; similarly, 60 was associated with 
widowhood, symbolized by the breaking 
of this circle . 

All these old methods of finger sym
bolism have a 10-base, but there is no 
reason why fingers cannot be used just 
as easily for counting in systems with 
other bases. Indeed, the fingers are pe
culiarly adapted to the simplest of all 
'systems, the binary, since a finger raised 
or lowered is comparable to a flip-flop 
circuit in modern computers that use 
binary counting. Frederik Pohl, in a 
magazine article on "How to Count on 
Your Fingers" reprinted in his Digits 
and Dastards (Ballantine, 1966), sug
gests starting with the fists closed, backs 
of hands up . An extended finger is one in 
the binary system, an unextended finger 
zero. Thus in order to count from one 
to 11111 1 1111 (equivalent to 1,023 in 

© 1968 SCIENTIFIC AMERICAN, INC



PEK / 825 E. Evelyn Ave. / Sunnyvale, Calif. 94086 
(408) 245-4111 TWX 910-339-9214 n:'EKI 

221 
© 1968 SCIENTIFIC AMERICAN, INC



r;hiS is a diagram of the mirror ..., 
arrangement used in the Michelson· 

Morley experiment measuring 

absolute motion in space. One of the 

most significant experiments in 

modern physics, it split light into 

two beams moving at right angles to 

each other, then rejoined them to 

form an interference pattern. While 

searching for motion of the 

intervening ether carrying the light 

wave, Michelson and Morley showed 

that either the earth was not moving 

or it was carrying the ether with it. 

MICHELSON-MORLEY 
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At Itek, engineers and scientists are 

always searching for a better 

understanding of light; experimenting 

with light in the design of complete 

photo·optical and electro·optical 

systems, resulting in a capability for 

optical elements up to 130" in 

diameter; weighing up to 7 tons and 

finished to tolerances as close as one 

millionth of an inch, 

Opportunities are currently available 
in the following areas: 

Lens Systems Design· Photo·Optical 
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and Electro· Optics • Photographic 
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3 X 4 = 12 

13 X 14 = 70 + 12 + 100 = 182 

Multiplying in the half-decade 11 through 15 

the decimal system) one begins by ex
tending the right little finger. To indi
cate the decimal two, which is 10 in the 
binary system, the little finger is retract
ed and the right ring finger raised .  Ex
tending both ring and little fingers yields 
1 1 , the decimal three. The bottom illus
tration on page 219 shows how the two 
hands represent 500 in the binary sys
tem. With a little practice one can learn 
to use the fingers for rapid binary count
ing and even, as Po hi explains, for doing 
binary addition and subtraction. Since 
the propositional calculus of symbolic 
logic is easily manipulated in the binary 
system (as explained in my Logic Ma
chines, Diagrams and Boolean Algebra, 
reprinted this year as a Dover paper
back), the hands can actually be used as 
a computer for solving simple problems 
in two-valued logic. 

. 
Any binary number consisting entirely 

of l's is necessarily one less than a pow
er of 2; the number 1 ,023, for example, 
indicated in binary digits by extending 
all 10 fingers, is 210 - l. This suggested 
an interesting puzzle to Poh!. Suppose 
we wish to subtract a certain number n 
from 1 ,023 (or any lower number ex
pressed in binary as a string of l's) .  Can 
you think of an extremely simple way to 
perform such a subtraction quickly with 
the fingers? Next month I shall give 
Pohl's surprising answer. 

Since few people in the Middle Ages 
and the Renaissance learned the multi
plication table beyond 5 X 5 or had ac
cess to an abacus, a variety of simple 
methods were in use for obtaining the 
products of numbers from 6 through 10 .  
One common method, called "an ancient 
rule" in a 1492 book, was to use the 
complements of the two numbers ",{ith 
respect to 10 .  (The complement of n 
would be 10 - n. ) To multiply 7 by 8, 
write down their complements, 3 and 2. 

Either complement, taken from the num
ber with which it is not paired, gives 5, 
the number of 10's in the product of 7 
and 8. The product of 3 and 2 is 6. Fifty 
added to 6 is 56, the final answer. 

The fingers of both hands were often 
used as a computing device for this 
method. On each hand the fingers are 
assigned numbers from 6 through 10,  
starting with the little fingers. To multi
ply 7 and 8 touch the 7 finger of either 
hand to the 8 finger of the other, as 
shown at the top of the illustration on 
page 220 . Note that the complement of 
7 is represented by the three upper fin
gers (those above the touching fingers) 
of the left hand, and the complement of 
8 by the two upper fingers of the right 
hand. The five lower fingers represent 5, 
the number of 10's in the answer. To 50 
is added the product of the upper fin
gers, 2 X 3, or 6, to obtain 56. This sim
ple method of using fingers to compute 
the product of any pair of numbers in 
the half-decade 6 through 10 was widely 
practiced during the Renaissance and is 
said to be used still by peasants in parts 
of Europe and Russia. 

The method has considerable peda
gogical value today in the elementary 
schools, not only because children are 
intrigued by it but also because it ties 
in neatly with the algebraic multiplica
tion of binomials. Instead of using com
plements up to 10, we can best represent 
7 and 8 as excesses over 5, writing them 
as the binomials (5 + 2) and (5 + 3), 
then performing the multiplication: 

5 +2 
5 +3 

25 + 10 
+ 15 + 6 

25 + 25 + 6 = 56 . 

The first two numbers on the lowest line 
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Basic Research at Honeywell 
Research Center 

Hopkins, Minnesota 

The generation of digital information 
from solid state sensors 

Computers demand digital information; .but, up until 
the present time, sensors have had analog outputs. A 
new solid state transducer has now been developed 
which generates digital signals. 

Computers, whether in the control loop 
of a chemical processing plant, a jet air
craft or a space flight monitoring system, 
feed on information originating at different 
sensors. These sensors detect changes in 
variables such as temperature, pressure and 
flow. Until now, the information generated 
by the sensors has been in the form of 
analog signals. In order to be used by the 
computer, these signals must be convertcd 
to digital form. Typically, the analog signal 
is transmitted to the computer, where it is 
converted. During transmission, it is sub
ject to noise and to distance limitations. 

A frequency or time signal, on the other 
hand, cannot be distorted by the interven
ing medium. Thus, a digital signal is in
herently more accurate. When generated 
at the source, it eliminates the need for 
conversion and its associated gear. A com
plete system using a digital transducer 
would be smaller, lighter, cheaper and 
more reliable. 

For several years, Honeywell scientists 
and engineers have been following differ
ent approaches in the development of a 
digital transducer. 

One approach pairs the piezoresistance 
characteristics of semiconductors with a 
phase shift oscillator. It has proven very 
successful. 

The Honeywell scientists and engineers 
use a silicon diaphragm which incorporates 
piezoresistive sensing elements. The re
sistance of a piezoresistive element changes 
considerably with strain, producing a large 
signal variation for a small pressure varia
tion. If a resistor is properly positioned on 
a crystal, relative to its crystallographic ori
entation, and is subjected to a transverse 
strain, its resistance changes by an amount 
equal in magnitude, but opposite in sign, 
to the change resulting from the application 
of the same strain in a resistor in the longi
tudinal direction. 

Referring to the diagrams, two resistance 
capacitance elements (RC elements) are 
oriented radially and tangentially on a sili
con diaphragm. (Actually the elements are 

formed monolithically by integrated circuit 
techniques.) If, for example, the dia
phragm is subjected to a pressure causing 
a tensile radial strain near the edge, the 
resistance of the radial RC element, R1, 
will increase by an amount 5R. This radial 
strain, acting transversely to the tangential 
RC element, R" will cause it to decrease 
in resistance by the same amount, 5R. It is 
assumed for simplicity that the two resis
tances are equal at zero pressure. 

Conventionally, the resistors would be 
used in a balanced bridge circuit to deter
mine resistance change. Instead, Honeywell 
scientists have used them in a feedback 
loop of phase shift oscillators to control 

Silicon Sensor Cross-Section and 
Profiles of Diaphragm Strains 

Orientation of Diffused Piezoresistive 
Elements on Diaphragm 

oscillator frequencies. When used this way, 
the RC elements can be related to oscillator 
frequency as f = 1.78 cycles per second. 

RC 

Upon application of pressure the resis
tance becomes R + 5R and R - 5R and the 
resulting frequencies are then: 

f1 = 1.78 and f, = 1.78 
(R+ 5R)C (R- 5R)C 

When the two signals are combined, the 
resulting difference in frequency consti
tutes a digital signal directly proportional 
to the strain. 

The oscillator circuit has been designed 
to optimize short-term (frequency jitter) 
and long-term stability. Thus, the frequen
cy outputs remain repeatable relative to a 
set of calibration constants. 

Results from tests conducted to date 
show that the digital pressure transducer 
can withstand: overload, extreme tempera
tures, humidity, vibration and acceleration. 
The unit is extremely sensitive to low pres
sures and for sizable loads needs only to 
be fabricated with a thicker diaphragm to 
minimize distortion. 

Honeywell's first application is in an air 
data computer where the transducer is 
transmitting pressures reflecting altitude 
and air speed to an airborne computer. 
Many other uses are easily foreseen, par
ticularly in the continuous process indus
tries where real time computers are being 
inserted in the control loop. 

Honeywell scientists are working with 
other characteristics of semiconductors so 
that additional variables such as tempera
tures and flow can be sensed and digital 
signals obtained. 

If you are working in the field of solid 
state transducers and are interested in 
knowing more about Honeywell's work you 
are invited to correspond with Dr. Carl 
Nomura, Honeywell Solid State Electronics 
Center, 600 Second Street No., Hopkins, 
Minnesota 55343. If you are interested in 
further details about Honeywell's Air Data 
Computer, you are invited to write Mr. 
John Wagner, Honeywell Aeronautical Di
vision, 2600 Ridgway Road, Minneapolis, 
Minnesota 55413. 

Honeywell 
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VARAO® MAKES LIGHT 
OF LIGHT INTENSITY 
CONTROL. 
WHAT CAN YOU MAKE OF VARAD? 
V ARAD is a new electro-optical me
dium (usually fluid) that has many 

uses. Use it now for electronically 

controlled light transmission for: 

camera shutters; goggles and visors 
to protect against sunlight or flash, 

and many other applications. In the 

future for: f1at-on-wall TV screens 
and displays; adjustable light control 

of large area windows; sun ray radi
ation control of heating for walls. 

CROSS SECTION OF A VARAD DIPOLE CELL 

DIPOLES IN ALIGNED TRANSPARENT STATE. DIPOLES IN RANDOM OPAQUE STATE 

Q.... ("0 c:r-
.,..,-1,_01. .... ,.... 

� � � � , � � 1/.... LIQUID �� �>, r: .... .1 t�.... SUSPENSION --V7 �." �� V/ f%" or DIPOLES V; t� �; 
v� {,� I----TRANSPARENT <'-, �. 
V> t'� MATERIAL �� :�:�. � 
1% v.. CONOUW" V,: !'. E:{. �� J / COATING �I,. � 

Vi' r,_ , ,.1 � 1-.1 1":"' IiiIi 
'_ SEAL _ � 

The VARAD cell shown will turn on in 
micro-seconds and off in milli-seconds. It 
operates on a few hundred volts AC at about 
10 KHZ. The resulting change in transmit
tance is very great. For example, from 50% 
to .01%, or 80% to 1%, depending on layer 
thickness and dipole concentration. Point 
to point, or area actuation can be utilized 
and the cost is low. 

What can you make of V ARAD? 
Just use your imagination. VARAD 

fluid, cells, and electronic actuators 
are for sale. U.S. and foreign patents 

issued and pending. Licenses avail
able. 

OTHER MARKS DEVELOPMENTS 

• Charged Aerosol Heat Electric 

Power Generator· Charged Aerosol 
Air Purifier· Transparent Conduc

tors • Super-hard, Transparent Sur
face Coatings • Filter Micro Lami

nations • Polarizing Film • 3-D 

Movie Systems • Others 

We have new technology represented 
by about 250 U.S. and foreign pat

ents and applications. 
We will be happy to work with 

you in the development or produc

tion of VARAD, our other devices, 
or a new one. For more information 

and technical data, just call or write� 

MARKS POLARIZED 
CORPORATION 

153·16 Tenth Ave., Whitestone, New York 11357 

(212) 445-9600 
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3 x 1 = 3 

17 X 19 = 120 + 3 + 2 00 = 32 3 

Finger multiplication in the hall-decade 16 through 20 

correspond to the sum of the lower fin
gers multiplied by 10; the 6 corresponds 
to the product of the upper fingers. 

The finger method of multiplying gen
eralizes easily to half-decades higher 
than 10, although for all half-decades 
ending in 5 a slightly different procedure 
is used. Consider the next-higher half
decade, 11 through 15, and suppose we 
wish to multiply 14 and 13. The fingers 
are assigned numbers from 11 through 
15, and the fingers representing the num
bers to be multiplied are touched as 
shown in the illustration on page 222. 
The seven lower fingers are multiplied by 
10 to obtain 70. Now, however, instead 
of adding the product of the upper fin
gers, we ignore the upper fingers and ob
tain the product of the two sets of lower 
fingers, 4 X 3, or 12. Adding this to 70 

DECADE HALF-DECADES 

1-5 
1 

6-10 

11-15 
2 

16-20 

21-25 
3 

26-30 

31-35 
4 

36-40 

41-45 
5 

46-50 

yields 82. The final step is to add the 
constant 100. This gives the final answer, 
182. 

There are many ways to explain why 
this works, but the simplest is to think 
in terms of binomial multiplication: 

10 + 3 
10 + 4 

100 + 30 
+ 40 + 12 

100 + 70 + 12 = 182 . 

The 100 on the left is the additive con
stant, 70 is the sum of the lower fingers 
multiplied by 10, and 12 is the product 
of the two sets of lower fingers. 

For all half-decades ending in 0 we 
return to the first procedure. For 16 
through 20 each lower finger has a value 

VALUE OF ADDITIVE 
LOWER FINGERS CONSTANT 

0 0 

10 0 

10 100 

20 200 

20 400 

30 600 

30 900 

40 1,200 

40 1,600 

50 2,000 

Chart showing finger values and constants lor multiplyillg numbers up to 50 
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Zinc. 
Make something of it. 
Something that lasts. 
like die-cast zinc functional and 
decorative parts for the deluxe 
model May tag washer. 

A beautiful one-piece bezel to 
surround the who's who and to 
house the what's what. Pump in
sert and pump pulley to keep 
things going, and zinc-plated fas
teners to keep things tight. 

Or a sturdy wringer washer 
with more than a dozen critical 
parts made of zinc; parts that will 

last for just as long as the washing 
keeps coming. 

Or a dryer trimmed in chrome
plated zinc, with a zinc motor pul
ley to keep everything going. 

Every major appliance manu
facturer in the country makes dec
orative trim and many functional 
parts of die-cast zinc. 

Why zinc? 
Because he can make some

thing of it that lasts. 

Z ZINC INSTITUTE INC . • AMERICAN METAL CLIMAX· AMERICAN SMelTING AND REFINING· ASARCO MEXICANA • AMERICAN ZINC· ANACONDA· BAll BROTHERS' BUNKER HILL· CERRO SALES· COMINCQ· DAY MINES· EAGLE 

,.�".� PICHER' elECTROLYTIC ZINC (AUSTRALASIA) • GENERAL SMELTING. HUDSON BAY MINING & SMELTING. IMPERIAL TYPE METAL' MATTHIESSEN & HEGELER ZINC· NATIONAL ZINC· NEW MARKET ZINC· NEW JERSEY ZINC 

:. • NORANDA SALES ' OZARK-MAHONING • PEND ORErllE MINES & METALS. PLATT BROTHERS. ST. JOSEPH LEAD. socrETE METAllURGIQUE DU KATANGA IAFRICA] • SUPERIOR ZINC· U. S. SMELTING REFINING & MINING 
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If your measurements of temperature, 
air velocity, or dew point are important, 
you will want the finest instruments 
• • . Alnor . 

Alnor offers a whole line of the highest 
quality in temperature control, air velocity 
and dew point instrumentation. Very likely, 
Alnor will have exactly what you need. 
Here's a sampling: 

Alnor Pyrocon. The most widely used 
temperature measuring instrument in in
dustry. Allows you to interchange many 
different thermocouples without adjusting 
or recalibrating. Compact. 

Alnor Dew Pointer. Actually shows the 
dew point. Just look into its observation 
chamber and you can see when the gas 
has cooled to its dew point. No external 
coolant needed-you can pay for the Alnor 
Dew Pointer in savings on CO2 alone. 

1200 Portable Pyrometer. Multi-circuit 
pyrometer to measure temperature accu
rate�y at a variety of points in rapid suc
ceSSIOn. 

Alnor Velometer. The easiest way to read 

air velocity is with the direct reading Alnor 
velometer. No timing, correction charts, 
calculations. Just read. 
Alnor Temperature Controller. Models 
to control temperature within critical 
limits; providing excess temperature cut
out; digital set point models, and others. 
The Alnor line is broad. 
N-13 Indicating Pyrometer. Most popu
lar pyrometer used in diesel exhaust and 
other rugged industrial applications. Avail
able with manual selector switch for either 
8 or 16 circuits. 
Automatic Scanning Switches. When 
you need multi-point control or indication, 
you need an Alnor precision scanner. Con
tinuous automatic scanning on either 6-, 
12- or 24-circuit systems. 

If you need instrumentation for tem
perature, air velocity or dew point-Alnor 
has it. To know more about any of the 
instruments described, just call or write. 

COMPANY 
420 N. La Salle Street. Chicago, Illinois 60610 

Sales and service representatives in principal cities throughout the world. 

Dew 
Pointer 

o V.lometer 

Temperature 0 0 
Controller Indicating 

Scanner Pyrometer 

For more information about A/nor Instruments, 
writ. for full·lin. catalog 72·17. 
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of 20 and the additive constant jumps to 
200, as in the multiplication of 17 and 
19 [see top illustmtion on page 224]. 
Multiplying the six lower fingers by 20 
gives 120. The product of the two sets of 
uppel: fingers yields 3. To 123 we add 
the constant, 200, to get 323, the final 
answer . The binomial schemata is 

10 + 7 
10 + 9 

100 + 70 
+ 90 + 63 

100 + 160 + 63 = 323 . 

If we move the 100 in 160 to the left 
and the 60 in 63 to the middle, we have 
200 + 120 + 3. This corresponds to the 
finger computation. The constant is 200, 
the sum of the lower fingers times 20 is 
120 and the product of the upper sets 
of fingers is 3 .  

The chart on page 224, adapted from 
Ferd W. McElwain's article "Digital 
Computer-Nonelectronic" (in Mathe
matics Teacher, April, 1961, pages 224-
228) ,  gives the values assigned to the 
lower fingers for each half-decade as 
well as the additive constant. Remember, 
for each half-decade ending in 0 the first 
system is used, in which the upper fin
gers play a role . For half-decades end
ing in 5 the second system is used, in 
which the upper fingers are ignored. The 
value assigned to the lower fingers for 
half-decades ending in 5 is 10(d - 1) ,  
where d is  the number of the decade. 
For half-decades ending in 0 it is 10d. 
The additive constant for half-decades 
ending in 5 is 100(d - l)t; for half
decades ending in 0 the constant is 
100d(d - 1 ) .  

The chart extends to  all higher half
decades. There are many ways to write 
general formulas that cover the entire 
procedure. Nathan Altshiller Court , in 
Mathematics in Fun and in Eamest 
(Dial, 1958), gives the following: 

(a + x)(a + y) = 

2a(x + y) + (a - x)(a - y), 

which can also be written 

(a + x)(a + y) = a(x+ y) + xy + a2 , 

where x and yare the final digits of the 
numbers to be multiplied and a can be 
5, 10,  15, 20, 25, 30, . . .  , the first num
bers of each half-decade. 

Can this finger-computing system be 
adapted to the multiplication of num
bers from different half-decades, say 
17 X 64? The answer is yes. The pro
cedure is complicated, unfortunately, re-

' 

quiring the assignment of different val
ues to fingers of each hand, so that I 
must refer the reader to McElwain's ar
ticle cited above, in which a method is 
explained. Of course, one can always 
break the larger number into smaller 
parts for a series of finger multiplications 
that are then added to get the final re
sult. Thus 9 X 13 can be obtained by 
adding (9 X 6) to (9 X 7) .  

There is  a philosophical lesson in all 
of this. Pure mathematics, in one obvious 
sense, is a construction of the human 
mind, but there also is an astonishing 
fit between pure mathematics and the 
structure of the world. The fit is pm"ticu
larly close with respect to the behavior 
of physical objects, such as pebbles and 
fingers, that maintain their identities as 
units . Thus 2 + 2 = 4 is both a law of 
pure arithmetic, independent of the ac
tual world, and a law of applied arith
metic. Every now and then a cultural 
anthropologist, overeager to drag science 
and mathematics into the folkways, ar
gues that because different tribes have 
calculated with different number sys
tems mathematical laws are entirely cul
tural, like traffic regulations and baseball 
rules. He forgets that different base sys
tems for the natural numbers are no 
more than different ways of symbolizing 
and talking about the same numbers, 
and are subject to the same arithmetical 
laws regardless of whether the number 
manilJulator is a Harvard mathematician 
or an aborigine adding on his fingers. 

The plain fact is that there is no place 
on the earth or on any other planet 
where two fingers plus two fingers is 
anything but four fingers. The only ex
ception I have come on is in George 
Orwell's Nineteen Eighty-Four, in that 
terrible torture scene in which 'Winston 
Smith is finally persuaded that two plus 
two is five: 

O'Brien held lip the fingers of his left 
hand, with the thumb concealed. 

"There are five finge'l"S there. Do you 
see fi·ve fingers?" 

"Yes." 
And he did see them, for a fleeting 

instant, before the scenery of his mind 
changed. He saw five fingers, and there 
was no deformity. 

The same possibility had been raised 
by Dostoevski. "Mathematical certainty 
is, after all, something insufferable," says 
the narrator of Notes fmm Undergmund. 
"Twice two makes four seems to me 
simply a piece of insolence. Twice two 
makes four is a pert coxcomb who stands 
with arms akimbo barring your path and 

MOVE CARD TO 

K, Tl 
2 8, B4 

----.�---

3 7, B4 
4 A' Pl 

.�- ----_._---

5 2, Pl 
6 8. B3 
7 2. T2 
8 K' B2 

--_._-

9 0' B2 
. .. ___ .... H._.H._. _____ 

10 6 ' B4 
1 1  K. T1 
12 7. B3 
13 A. P2 
14 2. P2 
15 J, B2 
16 10, B2 
17 6 , T2 
18 7, Bl 
19 6 , Bl 
20 8, T2 -------, .. 1---,-,---,,,--
21  9, B2 

_· __ H·_· •• ··•· •• __ •• H ••• _ 

22 3, Pl 
----_._-_._. _._. __ ._-

23 4 , Pl 
24 5, Pl 
25 6 , P1 
26 7, Pl �-----.-.-... -.-.. --... -
27 8, Pl 

__ •• H ••••• _. ________ 

28 9, Pl 
29 10, Pl 

-_._----"- "--"- ·.··H ... _. __ . ___ .. __ 

30 J, Pl 
31  0, P1 

32 K , Pl 
33 7. T2 
34 8. Bl 

.... __ . __ ._ .......... 

35 9. B2 
36 3. P2 

-----_.- ---_. __ ....... _ .. _. __ .. - . __ .. _ --- ---

37 10. B3 
38 4 .  P2 
39 J. B4 
40 5. P2 
41 O. B5 
42 6 .  P2 
43 7. P2 
44 8. P2 
45 9. P2 
46 10. P2 
47 J. P2 
48 O. P2 
49 K. P2 

A 49·move solution for solitaire game 
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M o s t  S c i e n t i f i c  F i l m 
H o i  d 5 M u c h M 0 r e T h a n  Y ou E v e  r S e e  
Scient if ic f i l m  d e m a n d s  the utmost i n  ca refu l 

h a n d l i n g  . . .  if it is to su rrender a l l  t h e  i nfor

mat ion you req u i re .  Tra i d  Corporat ion ' s  fa m i l y  

o f  prec i s i o n  f i l m  i n st ru ments a n d  system s  a s 

s u res y o u  o f  max i m u m  i nfo rmation retr ieva l .  

More t h a n  90 fi l m  tra n sport mod e l s ,  ra nging 

f rom 1 6m m  u p  to 9 1/2 i n c h ,  a l low you to select 

mode a n d  speed of fi l m  movement to match 

you r  resea rch need s .  Al l t ra n sports a re i nter

cha ngea b l e  in the Tra id series of f i l m  v iewers 

and readers ,  u sed for m o re t h a n  a q u a rter 

cent u ry in sc ient if ic  resea rc h .  

T ra n sports,  v iewer / readers ,  mot ion a n a lys i s  

cameras,  f l icker l e s s  proj ecto rs t h a t  give you 

c i n e  motion or  "selecta -fra me" sti l l  v iewi ng 

. . .  a l l  a re ava i l a b l e  f rom Tra i d ,  the most re

spected sou rce i n  photo i n st ru mentation .  May 

we he lp  you ret ri eve m o re i nfo rmation f rom 

you r  scient if ic  f i lm? W rite o r  ca l l  Tra i d  today. 

t+ T R A I D C O R P O R A T I O N  
P H O T O  I N S T R U M E N T A T I O N  D I V I S I O N  

777 FLOWER ST. • GLENDALE, CALIF. 91201 

m i n iatu re 

al l  purpose calcu lator 

W e i g h s  o n l y  8 o z .  

T H E C U R T A  I S  A P R E C I S I O N  
C A L C U LAT I N G  M A C H I N E  F O R  
A L L  AR ITH M ET I CAL OPERAT I O N S  
C u rta adds ,  subtracts,  m u l t i p l ies ,  d i v i des,  
square a n d  cube roots, cont i nuous  m u l t i 
p l i cat ion ,  n egat ive m u l t i p l i cat ion ,  standard 
dev iat ions a n d  a l l  stat is t ica l  c a l c u l at ions, 
s q u a res a n d  h igher  powers,  co-ord inates  a n d  
assoc i ated l a n d  s u rvey fo r m u l ae ,  and  every 
other computat ion  a r i s i ng  i n  s c i e n c e  a n d  
commerce  . . .  A va i l a b l e  o n  a t r i a l  bas is.  
Pr ice $ 1 25.00. Write for  l i terature .  

CU RTA C O M  P A N V  

D E PT. SA-9 P. O. BOX 3 4 1 4  
V A N N U Y S ,  C A L  I F O R  N I A 

2 3 0  

(213) 247-3000 

spitting .  I admit that twice . two makes 
four is an excellent thing, but if v've are 
to give everything its due, twice two 
makes five is sometimes a very charmin

'
g 

thing too ." 
Channing, perhaps, but applying to 

no logically possible world. I t  is a sub
jective, self-contradictory delusion, one 
that can be temporarily induced only by 
a "collective solipsism" (as Orwell called 
it) in which all truth, including scientific 
and mathematical truth, is defined with
out reference to the abstract laws of log
ic or to the mathematical patterns of the 
real world.  

A 54-move solution to C .  L .  Baker's 
order-2 solitaire game, with the 

starting pattern shown in June, was pub
lished in July. Hundreds of readers sent 
shorter solutions . By July 10, 1 06 read
ers had sen t 50-move solutions and 35 
had sent 49-move versions .  Forty-nine is 
probably the minimum . Although the 
49-move solutions differed conSiderably, 
all had in common the placing of the 13  
hearts on a P cell in 32 moves, with the 
remaining 17 moves being used to put 
the remaining spades on the other P cell .  

The readers who sent 49-movers by 
July 10 were B. B. Abercrombie, Philip 
S. Abrams, Frank Anger, Gene C. Bar
ton, Harold A.  Beatty, P. H. Browning, 
William J .  Butler, Jr., Donald B. Charn
ley, Roger D.  Coleman, Charles W.  Dis
brow, Jr . , Ralph Dumain, F .  J .  Dyson, 
Terry C. Gleason ,  John W. Gosling, 
A.  W. Creig, Gordon G .  Heath, Neale S .  
Hyatt, Peter Johansson (with Douglas 
Jacobs), Larry B. Klaasen, S .  Kogan , 
H. C. Koleszar, William V. Lavin, Jr . ,  
Sanford Libman, Charles L .  McClenon, 
John Mallinckrodt, Warren H .  Ohlrich, 
John L.  Sampson, Joan and Suzanne 
Schwartz, Walter C. Siff, Theodore and 
Judith Simon, Hereford A.  Stuerke, A. 
Ungar, Samuel L .  Ward, Charles B .  
Weinberg a n d  Jack Whitney. 

Dyson also sen t a 54-move solution 
using only one T cell, and although he 
believes the pattern has no solution with
out a T cell, he is not yet sure. Ohlrich's 
49-move solution, the first received, is 
given on the preceding page. 

In August, problem 28 was incorrectly 
stated, and many readers pointed out 
that the ribbon's length is actually mini
mized when AB = O .  For a correct state
ment of the puzzle see problem 66 in 
the book cited in the answer. Many read
ers also saw that the answer to problem 
31 involves a logical contradiction. My 
parenthetical "Thanks to Epimenides the 
Cretan" was a hint that this is a variant 
on the old liar paradox and was intended 
as a joke. 
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PROFESS I O N A L  
E N V I RO N M EN T  

Engin eeri ng a n d  sc ientif ic act ion i s  req u i red to 
solve the intrigu i n g  problems posed by aerospace 
projects i n  researc h ,  development,  design , test 
a n d  eva l u at ion now i n  progress at the Fort Worth 
Div is ion of Genera l Dyn a m ics. If your c reative 
backgro u n d  and educat ion q u a l ify you for 
adva nced assign ments,  you ' l l  f i n d  room to satisfy 
you r  potent i a l .  You ' l l e njoy action l iv ing,  too, i n  
smog· free Fort Wort h ,  where res ident ia l  a reas 
are easi ly reached v ia  u ncrowded freeways . . .  

a n d  w here a broad ra nge of cu l tura l ,  recreatio n a l  
a n d  u pper leve l ed ucatio n a l  fac i l i t ies i s  at h a n d .  

A m i ld cl i m ate a n d  low l iv i ng costs m a ke a n  
added contr ibut ion to you r  ca reer sat isfact ion . 

Ca l l  Col lect-8 1 7· 732-48 1 1 ,  Exten s ion 355 1 ;  or 
se n d  a resu m e  of you r  educat ion a n d  exper ience 

to M r .  J .  B .  E l l i s ,  I nd u stria l Relat ions 
Ad m i n i strator· Engin eeri ng,  Ge neral  Dyn a m ics, 

Fort Worth D iv is io n ,  P. O .  Box 748C, Fo rt Worth ,  
Texas 76 1 0 1 .  An equ a l  opportu n i ty em p loyer. 

G E N E RAL DYNAM I CS 
Fort Worth Division 

Of pr imary i nterest in  the Fort Worth Div is ion's  cu rrent $37 m i l l ion faci l i ty expa n si o n  progra m i s  the new $8 m i l l i o n  
Engi neeri ng and Off ice B u i ld i ng ,  encompassi ng 58 1 ,400 square feet a n d  cover ing 1 2  acres. 

23 1 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

Amost everyone has occasion to alter 
by a specific amount the acid
base balance of water. Through 

the process of ionization a small, fixed 
fraction of the molecules in any given 
quantity of pure water break up into 
positively charged groups (hydronium 
ions) and an equal number of negatively 
charged groups (hydroxyl ions). Pure 
water is neutral, but if the proportion of 
hydronium ions is increased, it becomes 
acidic. A basic solution contains an ex
cess of hydroxyl ions. For example, the 
proportion of hydronium ions in a bev
erage is increased if one adds juice from 
a lemon or a lime. The change imparts 
a tart or acid flavor to the drink. Con-

dntirnony 01' quin
h rone electrode 

Making an apparatus that will lneasure 
the acidi�y or the alkalini�y of solutions 

versely, cooks often reduce the propor
tion of hydronium ions in foods. For in
stance, the addition of baking soda to 
flour during the preparation of butter
milk pancakes increases the number of 
hydroxyl ions and so sweetens the 
dough. 

Gardeners, particularly those who 
grow hydrangeas, use more precise tech
niques in adjusting the ionic balance of 
solutions. They first determine the rela
tive proportion of hydronium to hy
droxyl ions in the moisture of the soil by 
means of a simple chemical test. If the 
test indicates that there are more hy
dronium than hydroxyl ions, the soil is 
acid; if the reverse is true, the soil is 
basic or alkaline. Pink hydrangeas that 
are grown in acid soil are likely to turn 
blue, and blue varieties that are grown 
in alkaline soil usually turn pink. Ac
cordingly the gardener adds to the flow
er bed a carefully measured quantity of 
either aluminum sulfate, which intro
duces additional hydronium ions and 

pa:>te of equc-.I parh of Kef 
and Ht2C1Z moistened with 
saturdted KCI solution 

therefore an acid condition, or hydrated 
lime, which produces hydroxyl ions and 
therefore a basic condition, depending 
on whether blue or pink hydrangeas are 
wanted. 

The pigments in flower petals and 
green leaves are sensitive to the ratio of 
hydronium to hydroxy I ions in water, as 
can be demonstrated by a simple experi
ment. Crush the petals from a red rose 
to a fine pulp with a mortar and pestle. 
Add to the pulp about five milliliters of 
tap water and continue grinding for a 
minute or so. Filter the fluid through a 
sheet of paper toweling into a clean 
glass container. Discard the pulp. Sim
ilarly, filter the juice of a lemon into a 
clean glass container and discard the 
pulp. 

Place five milliliters of tap water in a 
clean glass container and make a sat
urated solution of baking soda by add
ing soda until no more will dissolve. In 
another container of clean, clear glass 
(preferably a small test tube) place 10 
milliliters of tap water and to it add 10 
drops of the filtered extract from the 
rose petals. The extract will impart a 
pink tint to the tap water. 

Now add five drops of the concentrat
ed soda solution to the pink water. Swirl 
the test tube for a few seconds to mix the 
fluids. The color of the mixture will soon 
turn light blue. Add 10 drops of filtered 
lemon juice to the mixture and swirl the 
tube as before. The pink tint will re
appear. 

The color can be cycled from pink to 
blue and back again many times by al

, ternately increasing the concentration of 
hydronium ions with lemon juice and 
decreasing it with soda solution. Deeper 
colors can be developed by using strong
er reagents. The addition of a single 
drop of concentrated lye solution (so
dium hydroxide) will change the pink 
color to a rich brown. Two drops of hy
drochloric acid will restore the pink hue. 

Sam Epstein's apparatlts for measuring the pH of solutions 

A tap-water solution of pigment ex
tracted from the petals of blue hydran
geas turns green when it is made acid 
and yellow when it is made basic. The 
pigment of most green leaves becomes 
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clear,in acid and yellow in basic solu
tions. Substances that react in this way 
are known to chemists as "indicators." 
They are frequently used to determine 
the approximate proportions of hydro
nium to hydroxyl ions in solutions. Sam 
Epstein, chief chemist of the Federated 
Metals Division plant of the American 
Smelting and Refining Company in Los 
Angeles, explains how to use indicators 
for measuring the acid-base balance of 
solutions, why they change color and 
how to make an instrument for deter
mining the relative concentrations of 
hydronium to hydroxyl ions at which 
they change color. Epstein writes: 

"Part of the explanation is found in 
the nature of water. The chemical for
mula for a molecule of this unique liq
uid can be written in either of two forms, 
H20 or HOH. I prefer the H:!O formula' 
because it suggests that the structure of 
a molecule of water is not symmetrical. 
The hydrogen atoms (H) are grouped on 
one side of the oxygen atom (0), not on 
precisely opposite sides. 

"For this reason the molecule is also 
electrically asymmetrical. vVhen water 
is placed between a pair of charged elec
trodes, the oxygen sides of its molecules 
turn toward the positive electrode and 
the hydrogen sides turn toward the neg
ative electrode. The molecule is said to 
have an electric dipole moment. 

"At room temperature the water 
molecules of a solution dart about ran
domly and knock into one another con
tinuously. Occasionally an impact is so 
violent that a molecule splits into a pair 
of fragments. One fragment consists of 
the nucleus of a hydrogen atom (a pro
ton). The other is a clump of particles 
conSisting of the remaining hydrogen 
atom, the oxygen atom and the electron 
formerly associated with the dislodged 
proton. Both fragments now carry an 
electric charge. One fragment is H + (be
cause the proton lost its electron) and 
the other one is OH- (because the at
oms of this fragment gained the unit 
charge carried by the acquired electron). 

"The force of electric attraction be
tween the oppositely charged fragments 
causes some pairs to reunite promptly. 
Occasionally, however, a proton is 
knocked a substantial distance by the im
pact and wanders briefly among neigh
boring molecules. The positive charge 
carried 

'
by the wandering H + ion soon 

responds to the negative side of a water 
molecule (H20) and unites with the mol
ecule to form a new ion: HaO +. This 
particle is known as a hydronium ion. 

"Water molecules, because of their 
electrical character, also tend to form 
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The platinum (left) and antimony (right) electrodes for tlte pH meter 

clumps. The weakly positive side of one 
molecule attracts the weakly negative 
side of a neighbor. For this reason the 
H + ion may attach itself to a group, 
forming Hfi02 +, H,Oa +, H904 + and so 
on. All can be considered hydronium 
ions, but hereafter hydronium will refer 
to the HaO + group. 

"The relatively massive remaining 
fragment, the OH- or hydroxyl ion, 
tends to exist alone in solution because 
the polar forces of the molecules are too 
weak to bind it. In a liter of water at 
room temperature about 6 X 1016 mole
cules are ionized. As a result a liter of 
'pure' water is actually a solution con
taining 6 X 1016 hydronium ions and the 
same number of hydroxyl ions. As large 
as this number is, it is only .0000002 
percent of the number of molecules in 
a liter of water. This is a seemingly triv
ial percentage, yet it accounts for much 
of the chemical activity of water. 

"Measuring the concentration of ei
ther ion in an aqueous solution auto
matically gives the concentration of the 
other one. Since a count of the electri
fied particles would result in an awk
wardly large number, a convention has 
been adopted for expressing the hydro-

nium-ion concentration of water solu
tions by means of an inverse logarithmic 
scale [hat ranges from 0 to 14 in units 
called pH. To make use of this scale the 
hydronium-ion concentration must first 
be known in terms of 'm01arity.' One 
liter of a solution that is one 'molar' with 
respect to HaO + contains one mole of 
HaO+, an amount whose weight in 
grams is equal to the sum of the atomic 
weights of the atoms in the chemical 
formula, that is, 19 grams of HaO + 
(3 X 1 + 16 = 19). The pH is defined as 
the logarithm of the reciprocal of hydro
nium-ion concentration. Pure water, or 
any neutral aqueous solution, contains 
10-7 mole of H30 + per liter, therefore its 
pH is 7 (logarithm of 1/10-' = logarithm 
of 107 = 7). A pH of less than 7 indicates 
that a solution contains an excess of hy
dronium ions and a correspondingly 
smaller amount of hydroxyl ions. Such 
solutions taste sour or acid and many of 
them are toxic. The pH of solutions that 
are deficient in hydronium ions and 
therefore contain an equivalent amount 
of excess hydroxyl ions is greater than 7. 
They taste bitter and feel soapy. Many 
basic solutions are also toxic. 

"The pH of solutions can be measureu. 
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OZONE-FREE 
AND STANDARD XENON LAMPS 

OTHER CHRISTIE 

I
· Lamphouses 

XENOLITE • Rectifier Power Supplies 

PRODUCTS • Igniters 
. . • Slide and Movie Projectors 

CHRISTIE ELECTRIC CORP. 
3412G W. 67th St., Los Angeles, California 90043 

TOP RATED! PROFESSIONAL QUALITY, 
EASIER TO USE Why sink. money in a 
telescope that you'll soon outgrow-that is 

Complete with 
• Electric 

Drive 
• Rotating 

Tube 
• Setting 

Circles 
·3 Matched. 

Eye-Pieces 

$19495 
Express collect (80Ibs.) 

harder to use from the start? 
Here is a fine scientific 

instrument you (and 
your family) will 

enjoy using for 
years to come. 
Independently 

top rated! 

There is no substitute for superb optics, 
smooth mechanisms, solid mount, and 
"extras" that let you lido things." The RV-6 
Dynascope is thoroughly proved in use by 
universities, sCientists, schools, amateurs. 
Tremendous value-compare features: f/8 
Pyrex zircon..quartz coated mirror accurate 
to 118 wave-exquisite definition; heavy-duty, 
accurate power-mount; rigid post tripod: 
quality 6 x 30 finderscope; rack & pinion 
focus. FULLY PORTABLE, quickly separates 
into 3 sections. Beautifully crafted in every 
detail. Fully guaranteed. FREE: Guide to 
Telescopes, full of helpful facts. On re
quest, or sent with order. Send $194.95 
check or money order to Dept. SA. 
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Means of preparing the salt bridges 

most easily and
' 

simply by the use of 
organic substances that resemble the 
pigments of Rowers and act chemically 
like such pigments. They impart one 
color to a solution of given pH, change 
to a different hue at a higher pH and 
serve as indicators. Many of them are 
highly purified synthetic compounds 
that are designed to change color within 
a predetermined range of pH. Two com
mon ones are phenolphthalein, which 
changes from colorless to red in the pH 
range between 8.5 and 10, and methyl 
orange, which undergoes a change from 
red to yellow in the pH range between 
3 and 4.5. 

"Indicators are also available in the 
form of impregnated strips of paper that 

are particularly convenient to use. One 
prodpct, known as 'pHydrion' pap�r, is 
stained by a series of indicators that as-. 
sume a characteristic color at each unit 
of pH from 1 to 11. After the paper 
strip has been dipped in the test solu
tion the hue is estimated to the nearest 
pH unit by comparing the paper with a 
color chart supplied with each roll. This 
is an easy way to measure the pH of 
water in a swimming pool. Gardeners 
will find pHydrion paper equally con
venient for measuring the pH of soil. To 
test soil mix a sample with a comparable 
amount of tap water, let most of the dirt 
settle and check the liquid with the 
paper. 

"The pH range over which there are 
changes in the color of homemade indi
cators, such as those extracted from 
Rower petals, leaves, red cabbage and 
the colored juices of berries, Cflll be de
termined with an electrical pH meter 
that can be made at home. Building a 
meter and doing the experiments needed 
to calibrate it will provide an interesting 
introduction to the properties of acidic 
and basic solutions. 

"The pH meter measures the voltage 
developed between two electrodes that 
are immersed in the solution being test
ed. In essence the electrodes and the 
solution constitute a voltaic cell that 
works much like an ordinary Rashlight 
battery. The potential between the solu
tion and one electrode, which is called 
the indicator electrode, varies with the 
concentration of hydronium ions in the 
solution. The potential between the solu
tion and the other electrode, which is 
called the reference electrode, remains 
constant. 

"The output of the cell is compared 

potenti
ometer 
adjust
ment 
knobs 

to-turn 
potenti
ometer 

dia.l 

Control panel of the pH meter 
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(omputerography 
to the rescue 
In an airplane over the plain 
states, a camera begins photo
graphing the terrain below. 
It runs continuously, record· 
ing thousands of square miles 
of land under cultivation at 
several wavelengths of energy 
simultaneously. Hundreds of 
photographs will result, and 
expert analysts examining 
and comparing them will 
identify crops, determine their 
condition, evaluate water 
resources, count livestock, 
discover potential oil fields 
and minerals. 

Th
'
ree hundred photographs, 

times two flights a day, times 
100 days a year, times 30 
planes. Are there that many 
expert analysts? 

As inevitably as we run short 
of analysts, we must be able 
to manipulate visual informa
tion - just as numbers were 
encoded to make possible 
the adding machine, and 
arithmetic was encoded to 
make possible the computer. 

This is our business -
interpreting visual informa
tion using optical, electronic 
and prograrl.lmed devices. 
We have delivered systems 
that analyze seismograms and 
oil well logs, interpret ocean
olog ical data, extract posi
tional information from 
theodolite photographs, 
examine biomedical samples, 
clean up soiled engineering 
drawings, read oscilloscope 
wave forms, and make charts 
and graphs from digital data. 

We've hardly scratched 
the su rface. 

But we're pushing the 
inevitable, you might 
say. And your inquiry 
may add to the push. 

Information International Inc. 
545 Technology Square, 
Cambridge, Mass. 02139 
(617) 868-9810 
11161 West Pico 
Boulevard, 
Los Angeles, 
California 90064 
(213) 478-2571 

[W2] 
INFORMATION INTERNATIONAL 
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Circuitry of the meter 

with a known voltage by means of a po
tentiometer. The pH of the test solution 
is determined by reference to a graph 
on which pH is plotted against voltage. 
The instrument can measure a hydro
nium-ion concentration accurately to a 
fraction of a pH unit. 

"The apparatus can use indicator elec
trodes of two types, one of platinum 
wire and the other of antimony [see il
lustration on page 233]. When the plat
inum electrode is used, a small amount of 
quinhydrone is added to the solution be
ing tested. For this reason the platinum
wire electrode is known as a quinhy
drone electrode. The potential between 
the solution and the platinum-wire elec
trode varies directly with the hydronium
ion concentration, but the measurements 
are not reliable above pH 8. The anti
mony electrode works well in both acid 
and basic solutions, but it is more dif
ficult to make. 

"To make the electrodes, heat to red
ness a half-inch zone in the middle of 
a l2-inch length of lO-millimeter, soft 
glass tubing. The heat can be provided 
by a liquid-propane torch of the kind 
sold in hardware stores. Grasp the glass 
near the ends by both hands, pass t�e 
center of it through the flame a few 
times for gradual preheating and then 

rotate the glass directly in the flame 
until the midsection softens uniformly. 

"Remove the glass from the fire, 
stretch the midsection, let the glass cool, 
nick the center of the constricted por
tion with the corner of a file and pull 
the ends apart. The tubing will break 
squarely where the glass was nicked. 
The finished pieces should have the form 
shown in the illustration. 

"For the quinhydrone electrode slide 
a length of platinum wire into the ta
pered end of one tube so that half of 
the wire extends beyond the glass. Re
turn the tip of the glass, with the wire, 
to the flame and apply heat until the 
glass melts uniformly around the wire. 
Rotate the assembly as required to pre
vent the glass from drooping. Remove 
the assembly from the flame and, while 
the glass is soft, push the exposed part 
of the wire sideways as necessary to 
align the wire with the axis of the 
tubing. 

"Return the sealed end to the edge 
of the flame and, with the painted end 
downward, feed enough rosin-core sol
der into the tube to immerse the inner 
end of the wire. Complete the electrode 
by pushing the cleaned end of a flexible, 
insulated copper wire into the molten 
solder. Remove the electrode from the 
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Did )Ve ever introduce you to Hasselblad's version of the 35mm camera? 
There's a peculiar tendency to 500C which accepts all 8 lenses, sures is required. Rapid winding crank. Quick focus-

picture the Hasselblad on a tripod and multiple magazines. The eight Hasselblad lenses, ing handles. Grips. Underwater 
in somebody's studio, and to im- The Super Wide C, equipped made by Carl Zeiss, all have built- housing. Ring light. Tripod quick 
mediately think of 35mm cameras with a 38mm, 90° angle of view in Synchro Compur shutter, with coupling. Microscope attach
in any outdoor "location" situation. Zeiss Biogon f/4.5 lens allows you automatic stopping down at the ments. And carrying cases. 
But the fact is that the Hasselblad to take pictures previously consid- moment of exposure and manual So the next time you're snap
can go anywhere a 35mm goes ered impossible. The superb op- depth of field checks. Every lens ping away 36 35mm exposures 
and come back with better quality tics of the lens assures you perfect has both M and X synchronization and the best shot happens on the 
pictures. distortion-free horizontal and verti- allowing the use of flash and strobe 37th exposure, think about the 

The Hasselblad is every bit as cal delineation, with sharpness of at all speeds up to 1/500th of a 70mm Hasselblad EL with 70 expo
portable and even more inter- image from corner to corner of the second. There is a 40, 50, 80, 120, sures. And the next time you lose 
changeable than any 35mm cam- negative area, even at full aperture. 135, 150, 250, and 500mm lens. a great color shot because there's 
era (Hasselblad has 5 interchange- (Depth of field at an aperture of The five different interchange- black and white film in your cam
able film backs, 8 interchangeable f/22 is from 12 inches to infinity.) able magazines allow you to make era, think of the Hasselblad inter
lenses, an interchangeable focus- The electrically driven Hassel- 12 or 16 exposures on 120 film, 24 changeable magazines. And next 
ing hood, and an interchangeable blad 500EL automatically ad- exposures on 220 film, and 70 ex- time you blow up a gorgeous 
winding knob.) Hasselblad is a vances the film and cocks the posures on 70mm film. The maga- 35mm transparency and the en
single lens reflex camera with an shutter, allowing a rapid series of zines also permit the choice of 3 largement looks like multicolored 
advantage over many 35mm sin- exposures to be made, either by formats-2'14 square, 2V4 X 1%, cottage cheese, think about 
gle lens reflex cameras, because use of the camera release or long 1% X 1%, as well as allowing a Hasselblad's 2'14 square format. 
you can view your 3-dimensional release cords, timer, or remote change of film type (e.g. black and And the next time you think about 
image in two dimensions on a radio control. The 500EL accepts white to color or vice versa) in mid- 35mm, think about Hasselblad. 
ground glass screen.Andof course, all lenses and most accessories roll. For more information, write to 
it's a 2V4 image instead of a pint available for the 500C. The Hasselblad System has a Paillard Incorporated, 1900 Lower 
sized 35mm image, which makes The electrically driven 70mm huge range of accessories that in- Road, Linden, New Jersey 07036. 
for sharper focusing, better fram- Hasselblad offers the same fea- cludes proxars, extension tubes We'll send you a free 40 page book
ing, and vastly improved image tures as the 500EL, plus a 70mm and bellows extension for close- let on the Hasselblad. 
quality when the negatives are en- film magazine which allows up to up work. Filters. Transparency 
larged to any degree. 70 exposures on casette loaded copy holder. Cut film back. Eye The Hasselblad System 

The Hasselblad System even 70mm film. This frees the photog- level prism fin Sun shades. 
consists of four different Hassel- rapher from mechanical necessi
blads. First, there is the standard ties when a large number of expo-
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A new laser glass, Owens-Illinois ED-2, shows 
consistently higher efficiencies, better resistance to 
solarization, and better thermal conductivity. 

No knowledgeable scientist would claim an ultimate 
all-purpose success in a field so new and uncharted. 
But evaluative data since this January 1968 announce
ment is gratifying. 

We are as anxious to invite trials to search out short
comings as to extend our evidence of success in relation 
to your varying needs. 

In the above photo (photo A), Owens-Illinois ED-2 
laser glass of various configurations is displayed below 
a sketch of synchronized laser drills. 

A current Fecker Systems project (photo B) is a 
computer-controlled 3-axis dynamic simulator, designed 
for pre -orbital evaluation of NASA's Apollo telescope 
mount control-moment gyros. Problem-oriented Fecker 
people work from concept to finished system, designing 
and assembling computers and electronic controls (photo 
D) as well as gimbal systems and optics. 

A near-century of experience stands behind Fecker 
capabilities in telescope mirror production. Photo C. 
shows a phase of the meticulous operation of figuring, 
grinding, and polishing a mirror blank to an accuracy 
within a millionth of an inch. Facilities are available to 
handle mirrors up to 150-inch category and constantly 
check progress without removal from the polishing 
machine. Computer facilities (photo E) give rapid reduc
tion of test data as well as provide a high-speed optical 
design capability. 
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Owens-Illinois CER -VIT material, since it entered the 
market, has been chosen for more of the world's great 
telescope systems than any other mirror material. The unique 
combination of advantages available with CER-VIT material 
includes zero-expansion, homogeneous quality, freedom of 
design inherent in its castability, low strain, high strength, 
and faster finishing. Sketch F shows comparative dimensions 
of the 158" mirror destined for the U. S. observatory in Chile. 

CER-VIT material's tailorability, for example to transmit 
infrared and microwave energy, or to alter its ionic, magnetic 
or electrical behavior suggests multiple new uses beyond the 
optics applications. 

CER-VIT is a registered trademark of Owens-Illinois, Inc. 

From Owens-Dlinois ... 

new materials, 
new capabilities 
to harness 
the potency 
of light. 
For the field of optics, Owens-Illinois offers three 

new inputs. 

The uniqueness of our new glass-ceramic CER-VIT® 

material is that specific properties such as 

zero-expansion can be tailored into totally new 

combinations. 

Owens-Illinois ED-2, a new laser glass in advanced 

evaluation, likewise encourages expectation of 

new levels of performance, 

Broadened capabilities include our Fecker Systems 

Division whose custom engineering is identified 

in pioneer production of major telescope systems 

and in major space and defense projects. 

Inter-disciplinary engineering which characterizes 

Fecker is now backed by research counterparts, 

Both depth and scope are normal to Owens-Illinois 

research where we probe to basic beginnings 

for perfection and innovation in raw materials 

themselves - glass, paper, plastics and new

generation hybrids. 

OWENS-ILLINOIS 
Toledo, Ohio 43601 <D 
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:For Ihe eagiaeer: 
The besl ollwo worlds. 
Tacking along a windward shore or tackling a complex system 
analysis - both offer challenge to the creative man whose life and 
work must satisfy exciting demands. 

If this is the life you are looking for, we can offer such a 
rounded environment: Challenging job. Right location. The best 
of two worlds. 

As our name suggests, our business is electronic systems: 
total integrated packages for sea, ground, air and space 
applications - perform the toughest defense missions of the day. 

In addition to the Defense Department, our customers include 
other government agencies, leading aerospace and electronics 
contractors and many foreign governments. 

We serve these exacting customers well. Look at our sales and 

earnings growth. In 1966. sales were just over $123 million, 
after-tax earnings were $2.6 million plus. Last year, sales surpassed 
$181 million and earnings grew to $5.3 million. At present, we 
have one of the largest backlogs in company history. 

To sustain this rate of growth, we need the best specialists we 
can find - who seek to combine the best of two worlds and grow 
with us. Our programs range from undersea intelligence 
studies to electronic warfare to re-entry physics. We have 
opportunities for specialists in research, design, development, 
production and management. 

For more information on the exceptional career challenges 
please write: Bill Hickey, Supervisor of Professional Placement, 
P.O. Box 6118, Dallas, Texas 75222. An equal opportunity employer. 

LTV ELECTRC>SVSTEtvfS, 'I'.IC_ 
A SLISSIDIARY OF L...,"'G-TEI\ACC>-VOUGHT, '/'.IC 
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flame and let it cool in the upright 
positi0n. 

"To make the antimony electrode, 
melt the constricted tip of the second 
glass ,tube until it closes and fill the tube 
to a depth of about two inches with 
small lumps (not powder) of 99.8 per
cent pure antimony metal. Antimony of 
this grade can be bought in lots of 1/4 
pound for about $2 from the Fisher Sci
entific Company, 711 Forbes Avenue, 
Pittsburgh, Pa. 15219. Heat the tube un
til the antimony melts, Shake the tube 
lightly as necessary to prevent bubbles 
of air from becoming trapped in the 
metal. 

"Let the metal cool until it solidifies. 
Then add a layer of rosin-core solder 

+- + 

+- + + 

and insert a copper lead wire into the 
solder. The solder should fuse to the 
antimony as well as to the copper. vVhen 
the assembly cools, nick and break off 
the tip of the glass to expose a small cyl
inder of antimony, which will act as 
the electrode. Polish the exposed metal 
with crocus cloth. 

"The reference electrode, which is 
also known as the saturated calomel 
electrode, must be connected to the test 
solution through two tubes of agar 
moistened with potassium chloride solu
tion [see illustration on page 232], The 
tubes are known as salt bridges. The 
complete electrode assembly consists of 
40-milliliter centrifuge tubes or heavy
walled test tubes, U loops of quarter-inch 

+ 

+-

�"'�--�--�--��--�5��--�--�������p_H�--��� 2 '3 ..  6 7 :> 10 J1 12 1 :3 1 4-
�r-r---'----r--�---.----�--�---r---'----r---T---.----r----. 
\' 

+ 

+ 

+ +- +-

+ +- + + 

c pH ���--�----�--�--�----�--�--__ � __ � ____ � __ � ____ L-__ � ____ LJ 
I 1 5 6 7 10 J3 14 

TYIJiClI1 gralJhs obtllined tvith the meter 

Optical 
Systems 
Analysts 
Exciting new systems contracts have 
created several excellent openings in 
Electro-Optical Systems Development 
with LTV Electrosystems. 

These select openings are with our 
largest operating unit, the 
Greenville Division, headquartered 
in Greenville, Texas ... a 
pleasant, suburban community 
about 45 miles Northeast of Dallas. 

This division is a leader in the 
design and production of special
purpose airborne and ground-based 
systems - mainly for military 
customers. Greenville's backlog is 
presently the largest in 20 years 
and we antici pate continued growth 
in this market area as well as 
other Electrosystems markets: short 
and long-range communications 
systems (AYA-7, VRC-12, PRC-25 
and others), super-power 
transmitters, automatic control 
systems, specialized antennas, 
TACAN systems, guidance 
and navigation systems ... and 
many more. 

The specific requirements for the 
optical systems openings 
include: BSEE, BSME or Physics 
degree and a minimum three 
years experience in optical 
instrumentation systems involving 
radiometry, photography, 
photometry, television, laser or 
infrared techniques. Your 
experience will be applied in the 
areas of sensor and integrated 
system analysis, sensor application 
R&D, and test and calibration 
of electro-optical sensors. 

We're a growth company in a 
growth business. 1967 sales totalled 
$181.7 million. We have 14 major 
operating facilities in six states. 

Please write, including a resume, 
or call collect: C. L. Waller, 
Professional Placement, Dept. S, 
P. O. Box 1056, Greenville, 
Texas 75401. Tel. (214) 455-3450. 
LTV Electrosystems is an equal 
opportunity employer. 

LTV 
ELECTRC>SVSTEIVIS, 

INC. 
A SUBS/OIAt=:lY c)F 

LING -TE/l\ACt:=>-VCJUGHr, 
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FIVE BOOKS IN PHYSICS 
FROM FREEMAN 
Concepts of Classical Optics 

JOHN STRONG, University of Massachusetts 

1958,692 pages, 414 illustrations, (57-6918), $10.00 

Although it was written as a textbook for an 
intermediate course in optics, this volume, with its lively and 
original treatment of the subject, is useful also 
for reference purposes. Seventeen appendixes, consisting of essays 
written by authorities on topics of research interest, 
include several summaries of material that otherwise is not 
easily accessible. 

"Concepts of Classical Optics combilWs the attributes 
of a one-author text and a collection of symposium papers by 
specialists in particular fields .... The style is less 
dry than the average text, and the explanations have a lucidity and 
succinctness not often found' together. The book should 
serve its designed purpose well and certainly merits inclusion as 
a reference work in the advanced amateur telescope maker's 
library."- H. H. Selby, Sky and Telescope, 
December 1958 

The New College Physics 
A SPIRAL APPROACH 

ALBERT v: BAEZ 

1967, 739 pages, 743 illustrations, illustrated in 
2 colors, (67-12180), $11.75 

In this introduction to general physics for the 
layman, the author leads the reader gradually from the classical 
concepts of the science through the modern ones., 
The approach used is first to progress from one basic idea to 
another, giving specific examples of each, and then 
to return to these ideas at successively higher levels of difficulty 

"A very creditable new approach .... The book is a 
valuable addition to the literature of general physics texts. 
It should be in the hands of all who teach general 
physics courses ... and on the' shelves of all college libraries." 
-Science Books, A Quarterly Review, September 1967 

Quasi-Stellar Objects 
GEOFFREY BURBIDGE and MARGARET BURBIDGE. 
University of Califorma, San DIego 

1967,235 pages, 24 illustrations, 18 tables, (67-17457), $7.50 

"Up-to-date (all relevant data up to early 1967), 
personal yet comprehensive, this small book is as good as its 
authorship suggests. Roughly half of it is a clear 
and crisp summary of the facts about quasars ( 150 are listed, 
with 100 red shifts), their identity, spectral lines, 
optical and radio continuum and variations, and distribution 
in depth and direction. The other half is an 
excellent summary and critique, partisan but fair, of the models 
proposed to make order out of the properties 
of these bewildering objects."- Scientific American, January 1968 
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Elementary Particles 
and Their Currents 

JEREMY B ERNSTEIN, Stevens Institute of Technology 

1968, 322 pages, (68-21404), $12.00 

This book emphasizes the important role played by 
currents in the physics of elementary particles. It treats the theory 
of elementary particles in a unified way under the 
general theme of currents-unlike many previous books which 
have placed heavy emphasis on the field equations for 
the strongly interacting fields. The author, a former Member of 
the Institute for Advanced Study and Brookhaven 
National Laboratory, has written more than thirty articles on the 
theory of elementary particles and weak interactions. 
He holds the Westinghouse-A.A.A.S. Science Writing Award 
( 1964), and is a writer for T he New Yorker. 

" ... [Plerhaps one of the most anxiously awaited 
books on a fast-changing field ... of great importance to all the 
research physicists dedicated to unravelling the 
mysteries of nature."- Ramesh Chand, Wayne State University 

From your bookseller, or from 

• W. H. Freeman and Company 
660 Market Street, San Francisco, California 941(}J 
Warner House, Folkestone, Kent, England 

Spacetime Physics 

EDWIN F. TAYLOR, Massachusetts Institute of Technology, and 
JOHN ARCHIBALD WHEELER, Princeton University 

1966, 208 pages, 138 illustrations, 3 portraits, 
15 tables, (65-13566), $5.50 

The authors employ many pedagogical tools-
including parables, diagrams, marginal notations and figures, 
and more than 100 provocative, original problems-
to help the reader develop the special kind of intuition that is the 
basis of a true understanding of relativity. 

" ... In many ways . , . an astounding book .... The idea that 
there is nothing intrinsically difficult about 
relativity could be taken as the central theme of the book. , , • 

Anyone who has the slightest interest in the special 
theory of relativity, be he undergraduate, graduate student, or 
professional physicist, will find this book well worth 
the modest price."- Frank C, Jones, Transactions of the 

American Geophysical Union, June 1967 
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The search for 
precision optics ends here. 

Mount Prospect, I l l inois is  home for 

Yaro Optical. 

And if you're in the market for 

the finest precision optics,  you'l l  

probably end up here talking to us.  

Why? Because we have a unique 

approac h to optical e ngineering. It 

begins when you tell  u s  what you 

need, how you' l l  use it ,  and where. 

Then we tell  you if the system you 

want i s  practical , if i t  wi l l  fit  into 

your end product design, and if the 

cost i s  feasible. 

This evaluation,  performed by an 

engineering-design team i n  our com

puterized lens-design facil ity,  gives 

you the answers you need to give 

us the go ahead. 

Next, your project moves i nto 

our engineering model shop for pre

production prototypes and an un

compromi sing batte ry of tests . And, 

final ly ,  your system moves into our 

m o d e r n ,  fu l l - p r o d u c t i o n  fac i l i t y  

where w e  can produce a s  many as 

you need, when you need them. 

Does this  kind of professional i s m  

pay off? , 

It must. 

We're one of the nation's top ten 

producers of precision optics.  

And you'l l  find Yaro lenses almost 

anywhere you find lenses.  

The search for 
precision optics ends here. 

VARO 

VARO OPTICAL INC. VARO I N DUSTRIAL PARK 
2 1 5  E. PROSPECT AVE. MOUNT PROSPECT, ILL 
60056 (3 1 2) 2 59-8 1 00-763-6700 
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glass tubing and also the associated 
chemicals and hardware. The mercury, 
calomel paste, solid potassium chloride 
and saturated potassium chloride solu
tion are prepared and placed in sequence 
in one of the centrifuge tubes. The rela
tive proportions are not critical and can 
be judged from the illustration. 

"Care must be taken, however, in 
preparing the agar-potassium chloride 
bridges, which protect the saturated 
calomel electrode from contamination 
by the test solutions. To prepare the 
bridges soak four grams of agar in a 
small beaker containing 100 milliliters 
of distilled water. Preferably the soak
ing should continue overnight. 

"Place the small beaker in a larger 
one of bOiling water and apply heat un
til the agar is fully dissolved. Add 30 
grams of potassium chloride and, with 
the beaker still in the bOiling water, stir 
the mixture until the potassium chloride 
has dissolved. If necessary, add just 
enough water to dissolve the salt com
pletely. 

"Invert the U tubes, fit the ends with 
short sleeves of rubber tubing, clamp 
the tubing and fill the assembly with the 
agar solution. The solution must com
pletely fill the bridge tubes and the Hex
ible sleeves. If it does not, air bubbles 
may be trapped when the tubes are in
verted in the solutions. 

"In spite of the best care the agar 
eventually becomes contaminated, pro
ducing erratic results. To replace it dis
assemble the apparatus, put the bridges 
in bOiling water to melt the agar, rinse 
them thoroughly and refill them. The 
agar tube that dips into the test solution 
should be immersed in saturated potas
sium chloride solution when the calomel 
electrode is not in use. 

"The voltage developed across the 
electrodes by reaction with the test solu
tion must be measured by a potentiom
eter of the null balancing type, which is 
an instrument that draws no electric 
current during the interval when the 
unknown voltage is measured. In instru
ments of this type voltages of opposing 
polarity, one known and the other un
known, are simultaneously applied to a 
meter [see illustration on page 236] . The 
magnitude of the known voltage is ad
justed until the meter reads zero . At this 
point it equals the unknown voltage. 
The instrument must be calibrated each 
time it is used. 

"To make the calibration for measur
ing potentials up to one volt, plug in the 
leads from the dry cell and turn the 
range switch to the one-volt positiori. 
Rotate the dial of the precision poten
tiometer to the 135 position. Move the 

'measure-calibrate' switch to the cali
brate position. Set the knob of the high
current potentiometer to the center of 
its travel. Depress the 'coarse-read' but-· 
ton momentarily and note the meter 
deHection. Turn the knob of the high
current potentiometer slightly in either 
direction, depress the button again and 
note the response. If the pointer of the 
meter moves more violently in the same 
direction, readjust the high-current po
tentiometer in the other direction and 
depress the button again. 

"The object is to adjust the high-cur
rent potentiometer to a position that 
causes a meter deHection of less than one 
scale division. The purpose of the coarse 
button is to protect the meter from pos
sible damage by excessive current when 
the instrument is grossly unbalanced. 
Complete the calibration by alternately 
depressing the fine button and adjusting 
the high-current potentiometer until the 
meter deHection is negligible. When the 
insh'ument is so balanced, the potential 
of unknown voltage that is developed 
by the test solution is determined by 

' dividing the number on the dial of the 
precision potentiometer by 1,000. For 
example, a dial reading of 250 indicates 
a potential of .250 volt (250/1,000 = 
.250) . 

"The insh'ument is similarly calibrat
ed to measure the potential range from 
o to .2 volt (0 to 200 millivolts) .  To cali
brate this range turn the range switch 
to the .2-volt position and the dial of 
the potentiometer to 675 . Balance the 
insh'ument by alternately operating the 
coarse and the fine button and adjust
ing the low-current potentiometer until 
the meter shows negligible deHection. 
The dial readings when now multiplied 
by .0002 indicate the potential. For ex
ample, a dial reading of 250 indicates 
a potential of .05 volt (250 X .0002 = 
.05) . The calibration is valid for only 
one range at a time. Calibration of the 
.2-volt range destroys the calibration of 
the one-volt range and vice versa.  

"The electrode system must also be 
calibrated. Prepare with distilled water 
a solution of 1,000 milliliters that con
tains 28.4 grams of reagent-grade anhy
drous disodium phosphate and another 
solution of the same volume that con
tains 21 grams of reagent-grade citric 
acid. Weigh the chemicals directly from 
freshly opened bottles and store the 
solutions in clean plastic containers . 

"Put 39.2 milliliters of the cih'ic acid 
solution and .8 milliliter of the phos
phate solution, which is basic, in a clean 
beaker. The solutions can be transferred 
conveniently by using burettes, which 
are calibrated glass tubes that can dis-

© 1968 SCIENTIFIC AMERICAN, INC



Richard H. Pantell, Ph.D. 
OTI consultant. Professor of Electrical 

Engineering, Stanford University 

Narinder S. Kapany, Ph.D. 
OTI President and Director of Research. 

Pioneer of fiber optics. 

These men have spent 
most of their lives work
ing at the frontiers o f  
m o d e r n  o p t i c s  a n  
physics. They are 
portant reasons 
O T r  i s  a l w a y s  
b r e a k i n g  n e w  
ground in this rapid
ly expanding technol
ogy. 

We now have the 
most complete line of 
lasers in the world, with over 
a dozen models ranging from 
1 mw to 1 50 mw. As well as 
pulsed and Q-switched lasers 
in the 1 00 to 200 megawatt range. 

We've made quite a name for 
ourselves in "off the shelf" interfer
ence filters in the ultraviolet,  visible 
and infrared wavelengths. And we offer 
a fast custom service in thin films and laser coatings.  

In fiber optics , we've developed new manufactur
ing techniques to increase the quality and versatility of 
these "light pipes." And we've made practical use of 
them in our own products for ophthalmologists, os well 
as in a variety of OEM applications. 

We've also reduced MTF analysis from a lengthy 

Stuart Lee Adelman, Ph.D. 
Senior Physicist with aT!. 
Developer of biophosphoranalysis. 

H. L. Sowers, Manager, 
Electf()-Opti,:s Research. 

chore to a one minute opera
tion, thanks to our K-series of 

Modulation Transfer Function 

This brief summary of 
broad range of activities 

. will give you some idea of 
� our capabi lities in modern 
. optics. We're ready to solve 
any light problem you're up 

against right now. 
If you'd like to have the 

light brigade on your side, just 
write or send us the coupon. . 

Optics Technology Inc. aJ 
901  California Ave . ,  
Palo Alto. Calif. 94304 
SAl !  

Please contact u s  
t o  discuss a special research and development assignment. 
Name· ________________________________________ __ 

I Company ____________________________________ ___ 

I Addres�s ______________________________________ __ I City State Zip ______ _ 

I I would also like to receive information from you on the follow
l ing: 0 CW lasers 0 Pulsed lasers 0 Thin films and filters 
I 0 Fiber optics 0 MTF 
� - - - - - - - - - - - - - - - - - - - - - � - - - -
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BESELER TOPCON SUPER D 
ADDS NEW DIMENSION TO QUESTAR PHOTOGRAPHY 

Better pictures . . .  with no guesswork! 

A high magnification waist level finder 

with a double cross hair focusing screen 

supplies a bright magnifie.d aerial image 

which makes it possible for you to focus 
the camera to your eye before focusing 

the Questar to the subject. Unlike all other 

b e h i n d  the lens  metering syste m s ,  the 

Super D's  meter is on the mirror, allowing 

it to read the direct raw light as it comes 

through the lens. It is not diffused or by

passed when different finders or focusing 

screens are used. For Questar photography 

this is especially desirable. The meter is 
visible on the top of the Super D body 

giving you, unerringly, the proper exposure 

reading for the film. Crisp, sharp focus 
and perfect exposure are virtually assured. 

The Questar modification ( available 

only through Questar) makes it possible 

to 'control mirror and shutter independ

ently to eliminate the double vibration. 

With viewing more comfortable, focus

ing more precise (regardless of the peculi

arities of your own eyesight ) ,  and vibra

tion virtually eliminated, the Questar plus 

Super D now opens new horizons to every

one interested in long lens photography 

and almost guarantees that every frame 

will be a technically perfect picture. 

The Super D can also be fitted with a 

regular pentaprism or waist level finder, 

other focusing screens and a variety of 

lenses from 25mm to 500mm for conven

tional, fun, scientific or technical photog

raphy. 

For complete details write: Beseler Topcon, 

219 S. 18th St., East Orange, N. J. 07018. 

Beseler Topeon Su per 0 
with Questar modification. 

246 

charge solution one drop at a time, or 
by means of a calibrated pipette. The 
pH of the mixture is 2.2.  

"Immerse the antimony electrode and 
the reference electrode in this mixture. 
Connect the antimony electrode to the 
negative terminal of the potentiometer 
and the reference electrode to the posi
tive terminal. Mix the solution in an 
electrically operated agitator for a few 
minutes to saturate it with air. Measure 
the voltage developed by the test solu
tion on the one-volt range. When mak
ing the test, set the measure-calibrate 
switch in the 'measure' position. If the 
potentiometer fails to balance, reverse 
the leads to the electrodes. Record the 
voltage and also the corresponding pH 
(2.2).  

"Next, replace the antimony. electrode 
by the platinum electrode and connect 
it to the positive terminal of the poten
tiometer. Connect the reference elec
trode to the negative terminal. Dissolve 
as much solid quinhydrone in 10 milli
liters of rubbing alcohol as the alcohol 
will hold, thus making a saturated solu
tion. This chemical can be obtained from 
the Fisher Scientific Company in lots 
of 1/4 pound for about $4. Add five 
drops to the 2 .2-pH test solution. While 
stirring the mixture, measure and record 
the voltage. 

"Repeat this procedure, alternately 
using the antimony and quinhydrone 
elech'odes, to determine the voltage de
veloped by solutions that contain the 
following volumes (in milliliters) of citric 
acid and sodium phosphate : 24.B and 
15.4, 14.7 and 25.3, 1 . 1  and 38.9.  The 
pH of the three mixtures is respectively 
4, B and 8 .  

"The polarity of  the quinhydrone 
electrode reverses at a pH of approxi
mately 7.B.  For this reason the leads 
from the electrodes to the potentiome
ter must be reversed when the quinhy
drone electrode is used for measuring 
solutions of concentration higher than 
7.B and the potentiometer must be op
erated on the .2-volt range. Indeed, ac
curacy is improved by using this range 
for measuring all potentials of less than 
. 1  volt. 

"Plot the recorded voltages and the 
corresponding pH in the form of two 
calibration graphs [ see illustration on 
page 241 ] .  Because of slight irregulari
ties, including errors of observation, the 
plotted points may tend to scatter slight
ly on both sides of a straight line. Draw 
the graphs through the center of the scat
tered group of points so that equal num
bers of points fall on each side of the 
line. Any point that is obviously out of 
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line with the others should be remea
sured: 

"The range of pH through which an 
unknown indicator changes color can 
now pe determined easily. For example, 
prepare an extract of pigment from rose 
petals or other Rowers. Add a few drops 
of the extract to 35 milliliters of distilled 
water, enough to tint the water as 
viewed against a sheet of white paper. 
Insert the antimony and reference elec
trodes in the solution. 

"Pour into a clean container a few 
milliliters of the citric acid solution used 
during the calibration; into another 
clean container pour a like amount of 
phosphate solution. Add the phosphate 
solution drop by drop to the test solu
tion until the pigment just changes color. 
Stir the mixture continuously. Measure 
the pH. Add citric acid drop by drop 
until the color changes again. Measure 
the pH. 

"These measurements establish the 
limits of the pH range through which 
the indicator is effective. The range of 
hues that indicate intermediate values 
of pH can be determined by beginning 
at either extreme and measuring the 
voltage of the system after the addition 
of each increment of acid or phosphate 
solution. The corresponding pH values 
are obtained from the antimony-elec
trode graph. 

"Why do indicators change color 
when pH changes? Most indicators are 
weak acids-substances that can donate 
hydronium ions to solutions. The mole
cules of the acid display a characteristic 
color when the acid is placed in a solu
tion whose pH is below a certain level, 
which will depend on the particular in
dicator involved. In solutions of higher 
pH the molecule ionizes, or splits. The 
ionized fragments have a different col
or. Thus it is possible to switch the color 
of an indicator back and forth a number 
of times by changing the pH of the solu
tion. 

"The potentiometer can be used to 
check the pH of aqueous solutions such 
as vinegar, baking soda, borax, Epsom 
salts, carbonated beverages, household 
ammonia and fruit juices. The instru
ment is also useful for measuring the pH 
of turbid or colored solutions that ob
scure the true color of an indicator. 

"Warning: Many chemical com
pounds are toxic, particularly those con
taining mercury. If chemicals come in 
contact with the skin, wash the affected 
area promptly, preferably in running 
water. When making experiments, wash 
your hands frequently and keep them 
away from your mouth." 

INTRODUCING THE 
QUEST A R-MODIFIED BESELER TOPCON SUPER 0 

Questar salutes a great camera that 
has come to grips with the three factors 
on which successful high-resolution pho
tography depends : total lack of vibra
tion, sharp focus, and correctly thin 
negatives. 

When we first began to tell you, years 
ago, that the slightest motion when tak
ing pictures with Questar's 56 " focal 
length would blur the detail on the film, 
no thought had been given to mak ing a 
camera vibrationless. And when we talked 
about sharp focus, fine ground g lasses 
were practically non-existent. And when 
we said bracket your shots to make sure 
of correct exposure, it was because meter
ing light from a distant object was a very 
iffy thing. 

But the state of the art has come a 
long way in the last decade. And now 
the Questar-modified Super 0 handles 
all three problems. That exc l u sive 
Questar modification permits independent 
control of mirror and shutter, whose 
actions are already smooth as silk. By 
releasing the mirror before the picture 
is taken, all internal motion is reduced 
to a negligible minimum. 

When the Super 0 is used with the 
high magnification waist level finder with 

Questar, priced from $795, is described 
in our n ewest book let wh ich con tains 
m ore than 1 00 photographs by Q uestar 
owners. Send $1 for mailing allY where 
in North A merica. By air to rest of 
Western Hemisph ere, $2 .50; Europe and 
North A frica, $3.00; else wh ere, $3.50. 

its adjustable eyepiece, and with a clear 
screen, it provides the sharpest, brightest 
focusing we have seen. 

And, finally, the Super O's meter on 
the mirror gives you the most accurate 
reading possible, recording the l ight 
'exactly as the lens sees it. 

A special adapter designed to avoid 
vignetting is manufactured exclusively 'by 
Questar to connect the Super 0 to the 
telescope. 

A B O V E ,  Field Model Questar with Super 
D. B E LOW, Standard Questar ill its pol"r 
equatorial position, with Super D. 

Q U IE § lrA� 
B O X  1 2 0, N E W  H O P E, P E N N .  1 89 3 8  

247 
© 1968 SCIENTIFIC AMERICAN, INC



Total 
Spectrum: 

. . .  the many faces of science . . .  
. . .  the news . . .  the discoveries . . .  the advances . . .  

. . .  the scien tific mind in action . . .  
. . .  the interaction of the differen t disciplines . . .  

Follow them all- and save up to 40% on the 
books you must have- as a member of 

The Library 
of Science 

Introductory offer: 
Choose any 3 

. (values to $ 38.90) 

for only 
$495 

NOTE : R etail price shown for each book. 

341 00. T H E  APES. Vernon R eynolds. Profusely' 
i l l u s t r a t e d ,  d e l l g h t f u l  a n d  a u t h o r i t a t i v e  
study of man's nearest relatives-the gorilla, 
chimpanzee, etc. $10.00 
3 9 6 1 0 .  C O M B I N A T O R I A L  T H E O R Y .  M a r s h a l l  
H a l l ,  Jr. Systematic analysis of t h e  discrete in 
mathematics and SCience .  The definitive work 
in combinatorial mathematics. $9.50 
41840. DAW N O F  ZOOLOGY. Willy Ley. Fascl
nati!1g and entertaining history of the growth 
of man 's knowledge of the animal kingdom . 
Profusely illustrated. $7.95 
42280. D I G I TA L  C O M PUTER F U N DA M E N TALS. 
Thomas C. Bartee.  Comprehensive treatment 
of modern digital computers, explaining num
ber systems, circuitry, design and maJ or ma
chine elements. $6.95 
43200. THE EARTH. Carl O .  Dunbar. The de
velopment of the earth and the mystery of Its 
origins by the dean of American geologists. $12.50 
44940. T H E  ENCYCLO P E D I A  OF P H Y S I C S .  R o b 
e r t  M Besan90n, Editor . Indispensable one
volume reference work covering all standard 
and advanced topics in physics . ( This handsome 
832-page book counts as two choices . )  $25.00 
46330. T H E  EVER-C H A N G I N G  SEA. David B .  
Ericson and Goesta Wollin . Brllliant synthe· 
sis of the entire field of oceanographic science 
in one authoritative volume. $7.95 
50210. G E N ET I C S  O F  M A N .  Paul Amos Moody . 
B r l l i i a n t  I n t r o d u c t i o n  to t h e  f u n d a m e n t a l  
principles of h u m a n  genetics, by one of t o 
d a y ' s  outstanding science writers . $7.50 
55420.  I N ST I N C T  A N D  I N T E L L I G E N C E .  S .  A .  
Barnett.  Fascinating discussion o f  animal 
ways of communicatio n ,  social communities, 
migratory habits, much more. $6.95 
56330. I NTRODUCT I O N  TO SOL I D  STATE PHYS
ICS. Charles Kittel.  Completely revised and re
written 3rd Edition of the authoritative work 
on the subj ect. $12.50 
61 120. MAT H EMATICS D I CT I O N A R Y .  Edited by 
Glenn and R. C .  James. Newly revised 3rd Edi
tion defines over 7,000 math terms, concepts 
and relationships. ( Counts as 2 choices . )  $17.50 
62100. M EN A N D  D I NOSAURS: The Search in 
Field a n d  Laboratory. Edwin H .  Colbert. Up-to· 
date exposition of paleontology's knowledge 
of dinosaurs . Many new photos. $8.95 
68760. P H Y S I C A L  S C I E N C E ,  ITS STRU CTU R E  
A N D  D EV E LO P M E NT. Edwin C .  Kemb le.  Inte
grates chemistry , physics, geoiogy and astron
omy into one comprehensive whol e .  $12.50 
74170. T H E  R I D D L E  O F  GRAVITAT I O N .  Peter G . 
Bergmann . Masterful exposition of the gen
eral theory of relativity by a physicist who 
worked closely with Einstei n .  $7.95 
85010. MARTIN G A R D N E R ' S  N EW MAT H EMATI
C A L  D I V E R S I O N S  FROM SCI ENTI F I C  A M E R I C A N  1536 P U Z Z L E S  A N D  C U R I O U S  PRO B L E M S .  Two 
Dudeney classics, edited by Martin Gardner, 
are combined with the best of his mathemat
ical recreations. ( Counts as one choice . )  $13.90 
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by Philip i\Jorrison 

HELIU::<.r: CIilLD OF THE SUK, by Clifford 
W. Seibel. University Press of Kansas 
(�4.95) . 

O
n August 19, 1868, looking at the 
sun as it rose over the green hills 
near the mouths of the River 

Kistna on the Bay of Bengal, Pierre J. C .  
Janssen became the first man to  detect a 
sign of the element helium. Janssen,  the 
tireless and venturesome founder of the 
observatory on Mont Blanc, had brought 
a large spectroscope to view the blood 
red prominences of the sun at a total 
eclipse the day before. All across India 
other savants from Europe were work
ing (without benefit of photography) ; 
four spectroscopists besides Janssen had 
seen durin g  the eclipse the bright lines
red, green , yellow and blue-that dem
onstrated the gaseous nature of the solar 
prominences.  

In the brief glimpse an eclipse pro
vides it was not easy to be sure that the 
single bright oran ge-yellow line, so close 
to the double line of sodium familiar 
in every yellow laboratory flame, was in 
fact at a different position . Janssen, how
ever, had taken a long step beyond his 
rivals . He had realized from the bril
liance of the glowing lines during the 
eclipse that with a high-dispersion spec
troscope the continuous spectrum of sky 
light would be widely spread out and 
thus would be faint ,  whereas the narrow 
lines from the solar prominences would 
remain narrow and should be visible in 
contrast, without any need for the moon 
to fleetin gly mask the sun's disk. He was 
ready the next day, and he found he 
could indeed map the prominences in 
full daylight. Moreover, he could com
pare the two Fraunhofer lines of sodium, 
seen as dark absorption shadows against 
the sun's disk, with the bright yellow 
line beyond the disk but adjoining it. 
The yellow line was paten tly displaced 
from the sodium ones by one part in 
300, toward the blue. After a day or 

BOOKS 
The relnarkabl e st(JlY 
of the elel Tlent helirnn 

two he sent his account to the Academie 
des Sciences-a wonderful result of the 
still rather new spectroscope. 

vVithin the same hour on October 21, 
1 868, when Janssen's letter from far
off Guntur was opened in Paris, the 
Academie opened first another letter on 
the same topic! J .  Norman Lockyer, a 
brilliant and original man, a civil servant 
of the vVar Office in London and at that 
time still a gifted amateur of science, 
had for two years realized that a high
dispersion spectroscope ought to show 
prominences without benefit of an 
eclipse, if the prominences were in fact 
gaseous. He had persuaded the Hoyal 
Society to allow him a governmen t grant 
of 40 pounds to help buy the new instru
ment, but they had not acted until 1867 . 
The optician with whom he first placed 
the order died, and delivery was flnally 
made only after Lockyer had heard 
sketchy news from India that there were 
indeed bright lines in the light from the 
edge of the sun . He received his spec
h'oscope on October 16 and with it 
achieved the same startling  result as 
Janssen's. The French were generous 
and struck a single gold medal for the 
two men who had found how to view the 
invisible Barnes of the sun. (Lot:kyer also 
got a grant of 60 pounds for 1869.)  

At first the new yellow line was be
lieved to be from hydrogen. The strong
est of the other prominence lines were 
plain in the laboratory spectra of the 
battery-operated hydrogen discharge 
tubes of the day. The yellow line was' 
perhaps a faint hydrogen line, brought 
out by the circumstance that n ear the 
edge of the sun one was viewing solar 
gas hundreds of thousands of miles thick. 
In a year or two, however, it became 
clear to solar spectroscopists tha t the 
small simultaneous Doppler shifts in 
width and position of all the hydrogen 
lines that revealed gas motions on the 
sun were not shared by the yellow line .  
Its source must be a new substance� 
some new atom or a molecule of an 
unusual compound. The fact that it re
mained visible high above the edge of 
the disk suggested that it was a light 
atom, nearly as light as or perhaps even 

lighter than hydrogen . (How poor this 
argument was can be gauged from the 
fact that a strong green line of the solar 
corona, for decades called cOl'onium, 
was found about 1939 to emanate from 
iron 13 times ion ized . )  Lockyer chris
tened the new element helium from he
lias, the sun ,  but neither he nor anyone 
else used the name much. After all, 
there were a dozen unknown bright 
lines in the spectra of the prominences 
and of the stars; there was of course 
no theory whatever of atomic spectral 
wavelengths. 

That first even t in the history of heli
um is strange enough. The second is per
haps even stranger. I t  took place in 
London in the cold winter of 1894-
1895. The physicist Lord Rayleigh, 
working at his country home, had found 
that nitrogen separated from the air by 
removal of all the oxygen weighed a 
few parts per thousand more than pure 
n itrogen released from a nitrogenous 
compound such as ammonia. He accept
ed the offer of a London chemistry pro
fessor, \Villiam Ramsay, to analyze the 
nitrogen from air by the best methods 
available to the chemist. Ramsay found 
a gas fraction in the nitrogen sample 
that was even more inert than nitrogen
a residue that remained behind when 
nitrogen was carefully removed by high
temperature reactions. This gas the two 
investigators called argon, the inert one ; 
they described it, its spectrum and its 
physical properties at an exciting eve
ning meeting of the Royal Society in 
January, 1895. Henry Miers, Keeper of 
the Mineralogical Collection of the Brit
ish Museum, could not attend the great 
session,  but he wrote Ramsay a note in  
which he recalled that some years ear
lier an American geochemist had rather 
unexpectedly found a good deal of ni
trogen in a uranium mineral. Could that 
unexamined n itrogen have also been 
part argon? Ramsay wrote to America 
for a sample, and meanwhile he bought 
a gram or two of a related form of ura
nium ore from a London dealer. One 
evening late in March he saw the dis
charge tube containing the purified gas 
he had extracted glow, not with the 
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blue-gray of the argon spectrum but 
with bright yellow. He spoke of the gas 
as the hidden gas, krypton. (It was not 
what we now call krypton.) He could see 
at once that the color was not the yel
low of sodium; no other gas looked like 
that. Next morning a confirming wire 
came from Sir William Crookes, the 
expert spectroscopist to whom Ramsay 
had earlier sent a sample for a check: 
"Your crypton is helium." 

The stuff of the sun was here on the 
earth. It is curious that to this day the 
spectrum of the solar disk has revealed 
hardly a line of helium, although we 
know on other grounds that the sun is a 
quarter helium by weight. The electrons 
of helium are so tightly bound-hence 
the element's chemical inertia-that the 
modest temperatures of the solar disk 
cannot much excite the atom; moreover, 
the main lines helium can emit are deep 
in the ultraviolet. It is only high above 
the solar surface that some flow of en
ergy still not well understood imparts 
an effective temperature tens and hun
dreds of times higher than that of the 
surface. There helium does show up 
strongly, with many even of its tightly 
bound energy levels excited by the high 
temperature. 

This curious gas, second-simplest of 
the elements after hydrogen, was soon 
found to make up five parts per million 
of the air. Helium is present in all the 
exhalations of the earth-in the gases 
from volcanoes, hot springs and mineral 
waters-but never abundantly (usually 
only a part or two per thousand ). The 
earth as a whole is poor in helium; how, 
after all, could the light and uncombin
ing atoms of the stuff be held by the 
weak gravitational fields of our small 
planet? It leaves the atmosphere as 
steadily as it enters. Jupiter, Saturn, the 
sun and the stars are largely helium. 
The element is very rare on the earth but 
abundant in the cosmos. 

Now the story of helium becomes an 
American story, a story of pragmatism 
and prairie, of Congress and corpora
tion. The sophisticated metropolitan sci
ence of Europe fades into the distance, 
and we are in a rawer land. The inti
mate little book reviewed here cele
brates this frontier tale. The author, 
Clifford W. Seibel, lived through it him
self, beginning his work with helium in 
the days of Theodore Roosevelt and con
tinuing it up to the present, years after 
his retirement as chief of the helium 
branch of the U.S. Department of the 
Interior. . 

Clifford Seibel came in about 1909 
as a student to the University of Kansas, 
then "bleak and almost treeless; most 

of its thoroughfares ... still unpaved." 
There was a young chemistry profeSSor, 
himself a Kansas alumnus, Hamilton P. 
Cady. The chemistry department was 
new and ambitious, and for 10 years it 
had owned a liquid-air machine. This 
was no small piece of equipment; in
deed, it gave access to the same tech
nique that had made the young Ernest 
Rutherford willing to leave Cambridge 
for Montreal in those years. Cady had 
used the liquid-air machine brilliantly. 
In 1903 a "howling gasser " of a com
mercial well had been opened up by 
wildcatters hoping for oil, just a little 
north of the end of Main Street in the 
tiny town of Dexter, Kan. The gas 
roared out through an eight-inch pipe, 
and the jubilant citizens, with dreams 
of a future Pittsburgh in their heads, en
joyed the noise. There was an ugly ru
mor that the gas would not burn, but 
Dexter bravely scheduled a huge barbe
cue at which the mayor would ceremo
niously ignite the gas with a burning 
bale of hay. The gas actually put out the 
fire; the rumor proved to be precise. The 
Kansas state geologist sent a sample of 
the disappointing fuel to the university 
in Lawrence, and one Kansas chemist 
found the gas was mostly nitrogen. It 
was Cady, using the liquid-air and ad
sorbent-charcoal purification technique, 
who found two years later, in 1905, that 
the Dexter gas was 1.84 percent helium. 
Many more Kansas and West Texas 
gases were sought out and found to con
tain helium in amounts up to several 
percent. Cady wrote in 1907: "Helium 
is no longer a rare element, but a very 
common element, existing in goodly 
quantity for the uses that are yet to be 
found for it." 

Cady set young Seibel a thesis sub
ject when Seibel became instructor of 
chemistry in 1913. It was to reanalyze 
the gas wells to see if the helium con
tent had changed. It proved too hard to 
get the samples; instead Seibel analyzed 
one sample for all the rare gases. He 
read his paper to a meeting of chemists 
in Kansas City in 1917, a bit chagrined 
by its routine and inapplicable nature. 
He was by training a chemical engineer, 
and the U.S. had declared war a week 
earlier. 

Now the red and gold thread of war 
enters the weave of the story. In Sei
bel's audience sat another man with a 
missing key, a British chemist and a stu
dent of Ramsay's. He was Richard B. 
Moore, then superintendent of the ra
dium-production station of the Bureau 
of Mines at Golden, Colo. Moore had in 
his possession a letter Ramsay had writ
ten him two years earlier; he had hesi-
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U.S. Air Force 
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sities and Schools, highly mobi'le but 
stable, various options 
COElOSTAT MODEL 600 - Automatic 
with sun follower 
OTHER SPECIALIZED OPTICAL INSTRU
MENTATION AND COMPONENTS 
WRITE FOR DETAILS 
YARDNEY RAZDOW 
LABORATORIES, INC. 
ELECTRO-OPTICAL DIVISION 
377 Fifth St., Newark, New Jersey 07107 
PHONE (201) 484-2400 

tated to make it public in a still neutral 
America. "I have been [looking] for he
lium for our Government. . . .  The idea is 
to use helium for airships." Count Zep
pelin's dirigibles had terrorized London 
with their bombs, dropped from heights 
above the aircraft service ceilings of 
1914 and 1915. The great floating ships 
were, however, extremely vulnerable to 
ignition of the hydrogen with which 
they were filled. The Admiralty had in
telligence that the zeppelins would soon 
be using a nonflammable lifting gas. 
Only helium was a possibility. Britain 
must be ready with its counterweapon ; 
helium had to be found.  Ramsay found 
none in Britain , but by 1917 a pilot 
plant had been created at the University 
of Toronto and a larger one was under 
construction to use a small supply of 
Canadian natural gas only a sixth as rich 
as the Dexter gas. Seibel had then in 
his laboratory nearly the entire U . S .  sup
ply of helium, about half a cubic foot .  
He had sold a few small samples at the 
rate of $2,500 per cubic foot .  A zep
pelinful-3,000 or 4,000 cubic feet-was' 
hard to imagine, but fired by the energy 
of wartime the Bureau of Mines officials 
went to the Army Balloon Division and 
to the Army-Navy Airship Board with 
the proposal to take helium from the 
helium-rich gases of Kansas. 

To this day more than 90 percent of 
all the known U .S .  helium in natural gas 
is found in a region a couple of hundred 
miles in radius around Amarillo, Tex. 
One plant has also been opened in Sas
katchewan in the past few years. There 
is an independent Russian supply, 
about which nothing is said in the litera
ture .  Apart from a rumored single well 
in South Africa, there are no other 
known helium sources large enough in 
volume and high enough in content to 
rival the gas fields just west of the old 
Chisholm Trail from Abilene to Dodge 
City . The rest of the world imports 
American helium or recovers it from the 
air at high prices. Middle East gases, for 
example, contain only a few hundredths 
of the helium content of West Texas gas. 

The story of helium from 1917 on is 
a surprising precursor to the familiar 
tale of the Manhattan project. Seeking a 
new element under military guard and 
tight secrecy, building plant in haste 
on new principles, seething with con
Rict between the Government scientists 
and the corporate industrial engineers, 
breaking ridiculous governmental red 
tape before the exigencies of rapid inno
vation (the War Department contract 
did not explicitly cover "motor-pro
pelIed or horse-drawn passenger-carry
ing vehicles," and Seibel himself had to 

pay for the project's three cars until re
lieved by a special act of Congress)
the whole story appears in miniature . .  
The project spent less than $1 million, 
employed some 10 scientists and made 
enough helium-code-named "argon" un
til confusion set in-to filI the first ex
plOSion-safe dirigible, the Navy's C-7 
(shown in a fine period photograph a 
couple of months after the Armistice) .  

The years between the wars are the 
years of the establishment of the helium 
industry. It  was centered on Amarillo ; 
it was a self-sustaining Government 
near-monopoly ( there was a somewhat 
unsavory and unsuccessful effort to en
ter it privately in the Hoover adminis
tration) ;  it was technically efficient (it 
sold cheap He, 99. 995 percent pure) ,  
and it wisely conserved the few rich 
fields of helium-bearing gas. Almost its 
only customer, however, was the diri
gibles, and when they felI into the sea 
or were ripped in a line squall, helium 
felI too. The Nazi effort to make the 
dirigible economic, which worked so 
\VeIl and came to such terrible grief in 
the explosion of the Hindenbel'g, was 
hydrogen-based. In 1 937 Congress al
lowed the commercial sale of helium for 
the first time, but Secretary Ickes pre
vented the sale to the Third Reich. 

World War II brought the airship 
back; the Navy patrol blimps essential 
for troop convoys were helium-filled. 
The wartime production, with the usual 
story of forced growth, improvisation 
and devotion to success, leaped by a fac
tor of 20 or more over the maximum ca
pacity of the Amarillo plant. One Pan
handle rancher with a gas field yielding 
about 1 percent helium "had no desire 
to part with a single acre" of his 30-
square-mile ranch for a plant site . He 
was finalIy willing to exchange a few 
hundred acres for the gift of scrap lum
ber from construction .  

The Government-owned helium fields 
amount to only 10 years' reserve at the 
present large consumption . It  is no long
er airships that take helium . Most of it 
is used in space vehicles, mainly for 
pressurizing liquid oxygen and liquid 
hydrogen, and a large second use is in 
the welding of aluminum and stainless 
steel under a shielding flow of the inert 
gas. The total use in 1966 was about 
4,000 tons. Ahead lies a great growth in 
the use of liquid helium (the first com
mercial liquid-helium plants came into 
operation in the 1950's) ,  someday per
haps for cooling superconducting power 
cables as well as the present supercon
ducting magnets. The more wasteful 
uses may someday be abandoned, but 
undersea work, gas analysis and low-
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109 the best new books for business is 
the full-time job of the expert reviewer
analysts of the Executive Library Serv
Ice. These business-oriented editors ex
amine thousands of books every year 
and sift out the best ones for the busi
nessman. Then they summarize each 
selection in the monthly Executive 
Book Review, which is supplied to 
every ELS subscriber without extra 
charge. 

. And from that point on, ELS makes 
It as easy as possible for you to obtain 
and use your books. We get each book 
you order to your desk as fast as the 
post office will deliver it. And you can 
return it with the minimum of trouble. 
(Your book comes in a re-usable ship
Ping carton, complete with return label 
and the correct amount of postage.) 
You keep the book as long as you want. 
And If you decide you'd like it for your 
personal bookshelf, we'll sell it to you 
at a generous discount. 

Free 60-day trial offer 
Get acquainted with the advantages of 

having a books-by-mail library at your 
command. Subscribe now to ELS and 
begin to borrow books immediately 
from our complete Executive Library. 
J n 45 days you will be billed for a year's 
subscription - but you may cancel 
your subscription at any time during 
the following 15 days, return the books 
you have borrowed, and owe nothing. 
You'll have full borrowing privileges 
for a full 60 days; and you may borrow 
as many books as you wish during that 
period - subject only to the regular 
membership limitation of three books 
at any one time. 

FREE BONUS BOOK! If you in
clude a check or money order for 
$22.50 with your subscription order 
you will receive FREE your choice of 
one of these three important books -
yours to keep. 

1. ROBERT'S DICTIONARY OF INDUS
TRIAL RELATIONS 
(List price $10.85) 

2. THE MANAGEMENT FUNCTION 
(List price $9.75) 

3. MANAGEMENT COMMUNICATION 
ON CONTROVERSIAL ISSUES 
(List price $14.50) 

You can still exercise your option to 
cancel during the first 60 days - with 
full refund guaranteed - and keep your 
bonus book. Enter your 60-day trial 
subscription today by filling out and 
retl!rning the coupon below. 

�---------- FREE 60-DAY TRIAL .---------

EXECUTIVE LIBRARY SERVICE, Dept. SA-9 
1231 25th Street, N.W., Washington, D. C. 20037 

E:J �Iease enrol� me, without charge or ob� 
lIgatIOn, as a trIal subscriber to the Execu
ti�e Library Service. I understand that you 
wII � �end me by return mail a catalog de
s�nbmg the Executive Library, the Execu
tIve

. 
Book Review recommending current se

lectJo�s. and that I may begin to borrow 
�electl?ns and exercise full membership priv-
l1�ges Immediately. After 60 days I will re
mIt $22.50 for a one-year subscription, or 
return any books I have borrowed and owe 
nothing. 

o Enclosed is my check for $22.50. I under
stand that I still have full cancellation and 
refund rights, after exercising full member
ship privileges for 60 days. Please send me 

NAME _ ____ _ 
(Pleas�'-print) 

TITLE ______________ _ 

ORGANIZATION ___________ _ 

ADDRESS _____________ _ 

by r�turn 
.
mail a catalog describing the Ex

ecutIve Library, plus the Executive Book 
Review recommending current selections. 
My FREE BONUS choice selected from 
�he three important books described above, I 
IS (check one)' 0 1. 0 2. 03. I under-

I stand that I may keep thiS book, whether or CITY STATE ___ .IP___ I 
not I cancel my ELS subscnptIon. I 

------------------------------ � 
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Authoritative works 
on space research 
-past, present, and 
future 

WILLY 
LEY 
ROCKETS, MISSILES, 
AND MEN IN SPACE 

A completely revised edition, 

containing nearly fifty per cent new material, 

of Rocke/s, Missiles, all.d Space Travel 

"Filled with fascinating detail. . . .  Ley is un

excelled in explaining the technology of rockets 

and the orbital mechanics of space flight." 

-Book World 

"Every field has a best reference book for 

laymen, and this is the one for those interested 

in the history of space flight. "-HOIIS/OII Post 

57 photographs, 85 lille dralVillgs, illdex $10.95 

RICHARD 
S. LEWIS 

APPOINTMENT ON THE MOON 
The Inside Story of America's 

Spacc Venture 

Richard Lewis, who was an eye-witness to 

much of the history he is reporting here, gives 

us the first full-scale account of the events that 

led President Kennedy to make his 1961 call 

for a manned lunar landing-and of the con

sequences that flowed from that decision. His 

book includes descriptions of all the manned 

orbital flights in the Mercury and Gemini proj

ects; a full analysis of the Apollo fire; detailed 

information on Mariner. Ranger, Surveyor, and 

Lunar Orbiter; and a dramatic re-creation of 

the first flight of Saturn 5. 32 pages of ph% 

graphs, 4 pages ofdralVillgs, illdex $10.00 

THE VIKING PRESS 
625 i\1ac:lison Avenue, New YOI'k 10022 
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temperature research are steadily in
creasing. Blimps and high-altitude bal
loons use as much as the big rigid ships 
ever did, but lifting is now only a few 
percent of all the demand. (Toy balloons 
take one part in 500, and they are well 
worth it!) 

A new plan was put in operation by 
Congressional action in 1962. The nat
ural gas of the region has long been 
piped afar to warm the cold Northern 
cities. So much gas is burned that even 
its few-parts-per-thousand average heli
um content is enough to double the he
liUln content of the atmosphere of the 
Northeast on a cold winter day, as the 
helium Rows unburned out of millions 
of burners. Under long-term contract 
the Covernment undertakes to buy 
crude helium (50 to 70 percent He, the 
rest main ly nitrogen) from four firms in 
the petroleum industry, which remove 
the helium from the natural gas en route 
from Panhandle fields to the cities. They 
pipe the crude helium down to Amarillo, 
where it is injected into the Government 
reserve field and so saved from wastage 
into the air. Storage is in the Bush Dome 
of the Cliffside field, a porous rock struc
ture sealed off 3,500 feet below the sur
face ; helium can be pumped in centrally 
and the stored gas withdrawn at the 
edge . Over a period of 22 years about 75 
years' supply (at pres en t rates of con
sumption ) will be conserved. Some firms 
are also making, and selling the 99.995-
percent-pure helium as well. The pro
gram is to pay for itself. Now it receives 
money from the Treasury; as the sales 
increase the money will be repaid . The 
sale price is fixed at 3.5 cents per cubic 
foot. Both Covernment and private sales 
are currently growing. We export about 
2 percent of the helium produced .  Can
ada produces about the same amount. 

Helium owes its uniqueness to its sta
bility and to its lighbless. It is tightly 
bound in both the atomic and the nu
clear sense ; in it the first electron shell 
and the first nucleon shell are filled. Yet 
it is a small and light strncture, orlly four 
nucleons and two electrons. That is why 
it is a radioactive by-product, and why 
it is a quantum liquid. The helium on 
the earth, in the air and in natural gases 
is most certainly not the "child of the 
sun"; rather it is the slow product of 
the decay of uranium and thorium in the 
earth's crust over the span of geologic 
time .  The gas wells contain helium be
cause the rocks have lost it. The Texas 
wells are underlain by a layer of broken 
and heated granite, the Amarillo wash,. 
whereas those, say, of the Middle East 
lie over an enormous layer of sedimen
tary rock, poorer in radioactivity, sealed 

and younger. This seems to be the ex
planation for the Panhandle )lear-lilo
nopoly on gas-well helium in high abun
dance, going up to a record 8 percent. 
Thus the helium we own and use, the 
helium Dr. Seibel and his colleagues 
turned from a sensational curiositv of 
the laboratory into an industrial l;rod
uct, is not truly the helium of the cos
mos. The stars are rich in helium, made 
within the stars, or indeed within the 
ancient cosmic fireball itself; our earthy 
helium is a secondary derivation , a leg
acy passed on from the rare radioactive 
elements, which themselves were in
herited by the solar n ebula from an ex· 
ploding star somewhere in the galaxy 
five billion years ago. Helium is new to 
man, and the substance itself is new, 
earth-born, although its kin on the sun 
are the oldest composite structures in 
the universe . 

Short Reviews 

ILLUSTRIOUS IlIrMIGRANTS: THE INTEL-

. LECTUAL MIGRATION FRo�r EUROPE 

1930-41, by Laura Fermi. The Univer
sity of Chicago Press ($7 .95) . An old
fashioned shibboleth of the schoolroom 
is the .notion that the Renaissance could 
be dated to the fall of Constantinople in 
1453 because the scholars were driven 
from Byzantium to seek refuge in Eu
rope. One never heard just who those 
Hellenistic patriarchs were, or what they 
did for western Christendom . The sus
picion arises that they mainly wrote his
tories so that later historians would give 
full credit to their period. About 1930 a 
threat to life and to scholarship sharper 
than the scimitar of Islam, the crooked 
cross of the Third Reich, was chieRy re
sponsible for driving out of Europe a 
whole wave of intellectuals, luminaries 
in every field, who came mostly to the 
U .S .  in the decade before war sealed 
the ports of the Continent with barbed 
wire . 

This is the story of these men and 
women , written by one of them, in the 
graceful and generous style she has 
made her own. America had of course 
always been a land of immigrants, but 
the red scare and the racism of the 
1920's had effectively closed the doors 
by 1927, on the infamous principle of 
quotas of national origin, ostensibly 
aimed at increasing the Row of northern 
Europeans. Under this law some loop
holes could be found, and people suffi
ciently talented or rich or with friends 
could gain limited entry. "I have seen 
with my own eyes visas refused to 
an entire peasant family .. . because the 
youngest daughter, who ought to have 
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AtLast! Everything you want to know about 
'science in one handy 2,005 page reference volume 

The first copies of the new Fourth 
Edition of Van Nostrand's Scientific Ency
clopedia are now ready, 

If you mail the coupon below, you can 
not only get a copy for ten days' free ex
amination . . .  but, if you decide to keep it, 
you can also save $5.25 at the special 
pre-Christmas price. 

Thirty-six of the nation's top scientific 
authorities helped prepare this giant ref
erence work. They wrote more than 1 6,500 
articles and 1 25,000 definitions in fields 
from astronomy to zoology. 

Van Nostrand's Scientific Encyclope
dia has been designed for use by both 
professional and layman alike. The lawyer 
faced with a problem in aeronautics, the 
engineer who needs the answer to a ques
tion in chemistry or navigation, the phy
sician who is interested in botany or 
photography, the businessman, the student 
in school or college, and teachers rely on 
the accurate, comprehensive treatment of 
functional scientific knowledge in this 
mammoth work. 

Easy to use. 
Made for you to understand. 

Each entry begins with an easy-to-under
stand explanation of basic principles, then 
proceeds gradually to more detailed, more 
advanced information , plus all the latest 
research findings and developments. An 
ingenious cross referencing plan enables 
you to study every phase of a subject. 

All this information is  enriched with 
illustrations and photographs that show 
you the actual inner workings of machines, 
the beauty of plants and animals, even the 

fluorescing effect of ultra-violet light on 
ordinary rocks. 

If we had published this giant work in 
the usual encyclopedia format, it would 
have run into several separate volumes at a 
much higher price per set. But thanks to 
our one-volume format, we can offer you 
your own copy at the pre-Christmas price 
of $37.50, an extra saving of $5.25 over the 
regular, low price. 

Naturally, a one-page announcement 
couldn't give you more than a small idea of 
this work's vast scope and usefulness. So 
we invite you to see for yourself how valu
able and convenient your own copy of Van 
Nostrand's Scientific Encyclopedia can be. 
Mail the coupon without any money for 
ten days' free examination. When it  ar
rives, turn to any subject, follow it from 
simple basics to the most recent discoveries 
-and see how it makes science under-
standable and meaningful. . 

After using it for ten days, you may, if 
you wish, return the book without obliga
tion. If you decide to keep it, you may pay 
on easy terms described in the coupon. But 
act now to be certain of receiving your 
copy at the special pre-Christmas price. 
Send the coupon to : D. Van Nostrand Co., 
Dept. SA-9, 120 Alexander St . ,  Princeton, N.J. 

Hight at  your fingcrtips-
The whole fascinating world of science 

A E R O N A U T I C S · J ets,  planes, missiles, instru
ments, fuels . 
N U C L EA R  S C I E N C E · FrOlll H-I3ombs to can
cer treatments. 
E L E C T R O N I C S  A N D  RADIO • The "how" and 
"why " of radio, TV, semicunductors, tran
sistor circuitry . 
P H O T O E L E C T ll O N I C S  • Lasers, luminescence, 
photoconductivity .  
C O M P U T E R S  & C O M P U T E R  T E C H N O L O G Y  

. D a t a  p r o c e s s i n g ,  a n a l o g  a n d  d i g i t a l  
computers. 
ROCKE'fllY • Space travel, planetary explora
tion, satellites. 
P H Y S I C S · Basic laws that govern gases, liq
uids, solids, heat, light, e lectricity .  
C H E M I S T R Y  • Clear explanations of mole
cules, formulas, processes, etc. 
M A T H E M A T I C S · Arithmctic, algebra, geOlll
etry, trigonometry. 
HOTAl\"Y • Evcry facet of plant life, algae, 
fungi, ferns, Howers, agriculture, trees. 
M E D I C I N E · Anatom y ;  circulatory, nervous, 
muscular, skeletal system s ;  hormones, tran
q u i l i z e r s, s t e r o i d s ,  p s y c h i a t r y ;  c a n c e r  
c h e m o t h e r a p y ;  d i s e a s e s, s u r g e r y ,  o r g a n  
transplants. 
A S T R O N O M Y  A N D  N A V I G A T I O N · Earth, sun, 
1110011, solar system, constellations, stars,  
galaxies,  nebulae. 
l\I E T A L L U R G Y  • Properties of metals, alloys. 
G E O L O G Y · Oceanography, earthquakes, vol
canoes , etc . 
M I N E R A L OG Y ·  Types of rocks, lllinerals , gems. 
M E T E o n O L O G l."  • C l i m a t e ,  w e a t h e r  f o r e 
casting. 
P H O T O G R A P H Y · Filnls, cameras , lenses, in
dustrial applications. 
Z � O L O G Y  ·

0 
A n i m a l s ,  b i r d s ,  f i s h ,  i n s e c t s ,  

nl1croorgalllsms. 
E N G I N E E R I N G · How nlachines work. How 
bridges, dams, aqueducts and highways are 
built .  Electrical power. Thousands of other 
subjects . 

2 ,000 pages 
2 ,000 illustrations, 16 pages of full-color 

drawings and photographs 

SPECIAL PBE·CHBISTMAS PRICE SAVES YOU $5.25 
, D. Van Nostrand Company, Inc. 

Dept. SA-9, 120 Alexander Street 
Princeton, N.J. 08540 
Send me for 1 0  days' free examination the 
Fourth Edition of Van Nostrand's Scientific 
Encyclopedia. If fully satisfied, I will remit $7.50 
plus shipping costs,  and the balance of the 
pre-Christmas price in four monthly payments. 
Otherwise, I will return it and owe nothing. 

City . State Zip 

o SAVE. Check this box if you enclose full 
payment of the pre-Christmas price ( $37.50 ) 
with this coupon. We then pay all shipping. 
Saple return-refund guarantee. 
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Malnutrit ion, Learning, and Behavior 
ed ited by 
Nevin S .  S c r i m s h a w  a n d  John E .  G o rd o n  
T w o  t h i rds of  t h e  w o rl d ' s c h i l d re n  s u ffer  
from p rote i n  defi c i e n cy,  a d i sease of 
massive p ro p o rt i o n s  recog n i zed i n  u n 
d e rdeveloped c o u n t ries as w e l l  as i n  t h e  
u rb a n  s l u m s a n d  ru ra l pove rty a reas o f  
i n d u s t r i a l i z e d  n a t i o n s .  T h e  m a j o r  c o n c e rn 
of t h i s  b o o k  is t h e  extent to w h i c h  c h i l 
d re n  w i t h  p h ys i c a l  g rowth ret a rd a t i o n  
exh i b i t i m p a i red l e a rn i n g  a n d  b e h av i o r. 
F o r  l a b o rato ry s t u d i e s  w i t h  e x p e r i m e n t a l  
a n i m a l s  ove r a l o n g  per iod h ave reve a l e d  
t h at severe m a l n u t r i t i o n  not o n l y  stu nts 
g rowth but also affects c e n t ra l  n e rvous 
syste m deve l o p m e nt .  These p a p e rs by 
l e a d e rs i n  t h e  f i e l d s  of  pediatr ics,  the 
b i o l o g i c a l  s c i e n c e s ,  g e n e t i c s ,  soc i o logy,  
a n t h ro p o l o g y ,  psyc h o l ogy,  a n d  n u t r i t i o n  
s h o u l d  c o n c e rn a n y o n e  w h o  des i res t o  
ra ise t h e  q u a l ity of  h u m a n  l i fe t h ro u g h 
o u t  t h e  wor ld .  
$1 2.50 

Single-Cel l  Prote in  
ed ited by 
R i c h a rd I .  Mateles  and Steven R .  Tan
n e n b a u m  
T h e  u s e  of s i ng l e-c e l l  p rote i n  de rived 
from u n i c e l l u l a r  o rg a n is m s  such as bac
ter ia ,  yeasts,  a l g ae ,  a n d  fungi  is  a prom
is ing a n s w e r  to t h e  problems of deve l o p
i n g  l ow-cost p rote i n  sou rces fo r a l l ev i a
t i o n  of p rote i n  m a l n u t r i t i o n .  T h i s  vol u m e 
b ri n g s  toget h e r  for t h e  f i rst  t i m e  a g reat 
d e a l  of  res e a rc h  p e rt i n e n t  to t h e  p re s e n t  
a n d  p rojected use of s i n g le-ce l l  p rote i n  
a s  a food o r  food s u p p l e m e n t ,  a n d  i n 
c l u des d is c u s s i o n s  o n  t h e  soc i a l ,  p o l i t i 
c a l ,  a n d  psyc h o l o g i c a l  i m pact  t h e  d e 
ve l o p m e n t  of  s u c h  a f o o d  s o u rce wo u l d  
have.  
$16. 00 

2 5 6  

been in fourth grade, [was] a second
grader. . . .  In our own case . . .  our seven
year-old daughter's unsuspected . . .  eye 
defect" was surmounted because "a con
sular official whispered . . .  that Fermi 
had received the Nobel Prize . American 
law had become a terrible snob." There 
were, however, Americans such as the 
Menningers of Topeka, Alvin Johnson 
of the New School for Social Research 
and Varian Fry who set themselves to 
succor refugees, particularly after the 
fall of France, when many made their 
second or third or fourth jump ahead of 
the secret police of more than one re
gime.  The number of these refugees is 
hard to fix, because of course the defini
tion is uncertain . Mrs. Fermi studies a 
sample of about 2,000 well-known peo
ple, and it would be reasonable to esti
mate that some 20,000 professionals 
came here as refugees, a capital How in 
their education alone that must run to a 
couple of billions of 1968 dollars. 

This work is not the study of an event 
but of people . What refugees they were ! 
It is hard to form a picture of what 
American thought would have been if 
they had never come. For the critical 
there is Herbert Marcuse, from the fa
mous Frankfurt school of sociology; for 
the theological, Paul Tillich . The mathe
maticians of course include Hermann 
Weyl and Kurt Godel and Richard 
Courant, and that most brilliant propo
nent of the nuclear imploSion ,  the com
puter and the theory of games, John von 
Neumann . The physicists are too well 
known to list, but one cannot omit Ein
stein , the symbol, or Szilard, whose 
mark as a refugee and a rescuer, as a 
political goad, as a chain-reaction inven
tor and as a biologist is all but prover
bial. Then there are the Serkins and 
Landowska and poor Bartok . (The now 
popular composer died almost unrecog
nized in New York in 1945.)  The French 
artists mostly returned to Paris, but in 
New York during the war one could 
meet Leger and Ernst, Duchamp and 
Mondrian and a dozen more in the 
French Canteen. Our great buildings 
are designed by Mies van del' Rohe and 
Gropius, our hydrogen bomb by Ulam 
and Teller, our psychoanalysis is polar
ized among Alexander and Bettelheim 
and Erikson, our new scientific publish
ing firms were formed by energetic lead
ers from Leipzig and Amsterdam. Our 
great telescopes were manned by Baade 
and Minkowski. The list is long, and the 
anecdotes are by turns touching and 
charming, particularly to the generation 
of Americans who remember the years 
before the war. 

Two questions are faced interestingly. 

'Vhy were there so many excellent 
scholars among the Hungarian refugees? 
I t  is an old query, for which one wry 
hypothesis suggests the dubious answer 
that Hungarians are the advance party 
of a long-planned invasion from Mars. 
Here we are told that old Hungary and 
Budapest, her capital, formed a middle 
class late, and that it was concentrated 
in that splendid city and was very 
strongly Jewish ; there were five times as 
many Jews in Hungary as in Germany 
in relation to the population.  Can an
other fruitful wave occur? No, the au
thor thinks . It was a kind of vacuum 
that was filled in that decade;  now 
the world is too small, too well linked 
and too busy. "The cross-fertilization of 
ideas . . .  is achieved less by settlers from 
distant lands than by airplane travelers 
with return tickets in their pockets ." 

This is an optimistic book, a contribu
tion to a singular chapter in the history 
of American science and learning. 

" rrORREY CANYON" POLLUTION AND 

MARINE LIFE : A REPORT BY THE 

PLYMOUTH LABORATORY OF THE MA

RINE BIOLOGICAL ASSOCIATION OF THE 

UNITED KINGDOM. Cambridge Univer
sity Press ( $9.50) . "Kuwait crude oil is 
a dark brown liquid smelling like diesel 
fuel and having the consistency of heavy 
engine oil." One Saturday morning in 
March, 1967, the 970-foot Torrey Can
yon, bearing about 117,000 tons of the 
oil, ran aground on the Seven Stones off 
Land's End at 17 knots and tore open 
six of her tanks. After six weeks she was 
a sunken wreck, emptied of her oil . This 
is the story of where the oil went and 
of what it did, illustrated with maps, 
graphs and good but discouraging color 
photographs. 

Oil at sea is shaken with water like a 
salad dressing, first to form an emulsion 
resembling softened butter, sometimes 
the color of chocolate and sometimes 
more like yellow pea soup . Volatile 
fractions evaporate and the stuff floats 
more sluggishly . Stranded, it sticks te
naciously and darkens in a couple of 
days to a dead black. At sea it moves 
quite predictably with the wind, at a 
uniform 3.3 percent of wind velocity. 
This is close to the measured behavior 
of the sea surface itself. Air mapping of 
the big patches yielded these data. Fifty 
thousand tons leaked out in the first 
week, and the tanker broke open in a 
storm to release about 50,000 more on 
the eighth day; most of the rest burned 
when the tanker was bombed after 10 
days. 

Abotit a quarter of all the oil came 
ashore in Cornwall, in Brittany and in 
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RANDOM 
MQOS! OlCll 

ENOUSH LANGUAGE COlJ.,��� EDITI 

Now there are four major college dictionaries. This is the new one. 
What dates a dictionary? The dynamics of the language. 

For example : "access time", a phrase having to do with 
computers. You'll find it on p. 8 of our new College Edition. 
You won't find it in the others. 

Nor will you find another college dictionary with as 
many as 155,000 entries. 

Included in that grand total are 13,000 new words and 
expressions-scientific, general, technical, and slang-of which 
more than 7,000 are exclusive with us. 

Our College Edition also contains more than : 
7,000 biographical entries . . . 30,000 sample sentences and 
phrases . . . 40,000 etymologies . . .  5,000 synonyms and 
antonyms. In its 1,600 clearly legible pages you'll find more 
than 1 ,500 elucidating illustrations.  

Abridged from the massive Random House Dictionary 
of the English Language, our completely new College Edition 
is the most authoritative, most comprehensive storehouse 
of information on the English language ever published as 
a one-volume desk dictionary. Like its sire, it will come to be 
known as the one "that caught up with the English language" .  

You'd think it would cost more than $6.95. It does. 
The thumb-indexed edition is a dollar more. 
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S Oxfo r d� 
Bentley and Driver 's 
Textbook of 
Pharmaceutical Chemistry 
EIGHTH EDITION 
Revised by L . M .  ATHERDEN, Bath University 
of Trchnology. Brought fu l l y  up to date in its  
eigh th edit i o n ,  th is  wide ly  used textbook i n 
c l u d e s  new chapters o n  the derivatives of  
pyrrol id ine and fu ran, pyrazol e  and im idazole,  
phenoth iazine, azep ine,  and on the steroid s .  
Added to th is e d i t i o n  is  the su bstance o f  t h e  
United Stales Pharmacopoeia not  incl uded i n  
the British Pharmacopoeia. 49  illustrations. 

Paper, $ 1 3 .45 

An Introd uction to 
the Theory of  Superconduc tivity 
By CHARLES G .  KUPER, Israel Instilule of 
Technology. Th is book explains the theory o f  
su  percond u c t i  v i t  y fo r engineers, a p p l  ieJ p h  ys
i c ists. and other users. The reader i s  assumed 
to be' fa m il iar with Four ier  tran sfo r m s  and 
classical  thermodynamics .  Part [ describes the 
Ginzburg-Landau phenomenological  t h e o r y .  
P a r t  I r p r o v i d e s  a deeper understanding w i t h  
a s traightforward a c c o u n t  of  t h e  Bardeen
Cooper-S chr idfer m i croscopic theory.  (Mono
graphs on the Physics and Chemistry of Ma· 
lerials . )  $9.60 

Theory of Crystal Dislocations 
By F . R . N .  N A B A R R O ,  Unil'ersity of Witwa· 
tersrand. I n  providing a comprehensive survey 
o f  o u r  present knowledge of  t h e  theory of  dis·  
locat i o n s  i n  crystals ,  the  author  examines the 
geo m etr ical  and elast ic  properties  of d i s l o ca
tions i n  a c o n t i n u u m  and i n  a crystal, t h e  
i n teract i o n s  of  d is l ocations with point  defects 
and with s u r faces, and the effects of  d i s l o ca· 
tions o n  the electrical ,  magnetic, thermal,  and 
optical properties of  crystal s .  A thorough ac· 
c o u n t  of  the geom etrical and elastic properties 
of  crystals and a more selective survey of  the 
other  p h y s i cal effects o f  d is location are a lso 
p r o v i d ed .  (International Series of Monographs 
on Physics . )  $30.25 

Theoretical Elasticity 
SECOND EDITION 
By A . E .  G R E E N ,  University uf Newcastle-upon. 
Tyne; and W. ZERNA, Technische Hochschule, 
Hanover. This  book is pr imari ly  concerned 
with  three aspects of  elasticity theory : fi nite 
elastic deformations,  complex variable meth
ods for two·dimensional  problems for iso·  
tropic  and aeolotropic bodies, and shel l  theory .  
Topics d i scussed inc lude a summary of  ten
sors,  an account  o f  the general theory of  elas· 
ticity fo r finite deformations,  the classi cal i n ·  
fi n i t e s i m a l  theory f o r  i s o t r o p y  and aeolotropy,  
solutions of  special problems most ly  for in·  
compressible isotropic  bod ies, and a theory of  
smal l  deformations superposed o n  fin ite de· 
format i o n s .  lIlustrated. $16.80 
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the Channel Islands. The French navy 
sank a fifth of it at sea by loading it 
with powdered chalk when it had lost 
the volatile fractions; a special ship 
sucked up 1,000 tons of the oil ;  most of 
the rest probably evaporated. At sea the 
oil-water mix killed thousands of sea
birds, but it had no other important 
effects. Drifting ashore, however, the 
material represented a disaster for long 
stretches of beach . The main economic 
task was to rescue the Cornish beach 
resorts by removing the dreadful layer
enough of it to stretch 30 feet wide and 
an inch deep for 125 miles. This was 
done by vigorously disperSing the layer 
with special nonfoaming (not house
hold) detergents, which when sprayed 
onto the oil can turn it from its buttery 
state into a whitish milky layer by mix
ing in a much larger volume of water in 
droplets so small that with good luck 
the mix is stable. Then the stuff is 
washed out to the open sea by the tide 
and the waves, to disappear months later 
when the b.acteria of the sea have oxi
dized the last tiny droplets. 

The Cornish beaches were cleaned, 
but at a cost that was heavy in labor and 
shore life . Ten thousand tons of deter
gent were used. It  was the detergent, 
not the oil itself, that proved toxic to a 
wide variety of intertidal plant and ani
mal life on the rocky coast of Cornwall. 
Where there is a shellfish industry and 
no seaside resort, it is best to put up 
with the awful smear for a while, to do 
some local steam cleaning or to keep the 
oil offshore with floating booms. The 
cleaned rocks seem to be quickly reset
tled by green algae, luxuriating in the 
absence of the animals that usually 
browse on them . As this report states, 
however, "oil on sandy beaches indeed 
presents an inh'actable problem." The 
treated oil sinks into the sand and is 
uncovered much later. 

The text ends : "We are progressively 
making a slum of nature and may 
eventually find that we are enjoying the 
benefit of science and industry under 
conditions which no civilized society 
should tolerate ."  We have been warned. 

BIO-MEDICAL TELEMETRY : SENSING 

AND TRANSMITTING BIOLOGICAL IN
FORMATION FROM ANIMALS AND MAN, 

by R. Stuart Mackay. John Wiley & 
Sons, Inc. ($12.50) . A field so patently 
lying athwart the usual boundaries of 
academic research is sure to attract un
usual minds. This fascinating and help
ful text, part practical handbook, part 
survey and review, is a clear demonstra
tion. It is dedicated to T. O. M . ,  who 
turns out to be the author's pet ocelot, 

and it devotes a chapter to the charming 
use of telemetry as a zoo exhibit, one 
example being the provision of a tem
perature signal the visitor can pick up 
on his transistor set (or the zoo's), the 
signal coming from the inside of a cai
man that "has swallowed a . . .  transmit
ter that . . .  does not harm [it ) . "  

The field i s  about a decade old ;  the 
author, a pioneer, begins the book with 
the simple, small and reliable circuit he 
used then . The book continues (at a 
level of detail that would probably en
able a fairly experienced amateur to 
complete the work) to cllSCUSS the basic 
transistor circuitry used for these in
triguing studies. The detail goes beyond 
circuits to battery sizes and uses, to the 
plastics and potting compounds and ce
ments and ways of assembling the lit tle 
broadcasters to keep them working in an 
alligator's stomach or a rabbit's eye. If 
you want to use a commercial receiver, 
as is often economical, select one by 
"entering a radio store with a small 
transmitter ."  The transmitters come in 
marvelous variety; one sits on the back 
of a cockroach (a rather sturdy one) ,  sig
naling by means of accelerometer wheth
er the beast is walking, running or mere
ly sitting and breathing. Another, quite 
standard, is about the size of a navy 
bean , has a range of half a meter and has 
a lifetime of three months with the small
est commercial battery. It has been used 
to monitor the temperature of the hu
man brain through the skull. A flexible 
box of plastic con taining tiny coils, all in 
a volume two millimeters in diameter 
and one millimeter thick, signals pres
sure from the eye of a rabbit. The flexing 
of the box lid moved the coils, whose 
resonant frequency was measured by an 
outside scanning oscillator that could 
detect the changing load. 

There are even more ingenious, if not 
as simple, schemes. One Belgian group 
runs a tiny funicular railway along a 
nylon thread in the gastrointestinal 
tract, pulling thermometers and other 
sensors to the site of choice . Another 
group has made a kind of artificial flag
ellate, a small magnet enclosed in a rub
ber coat with a rubber tail. This device 
will swim along the blood vessels under 
the impetus of a biased oscillating mag
netic field . Grizzly bears and whales 
with external transmitters represent the 
other end of the range of problems that 
have been tackled ; transponders, pas
sive radar reflectors with frequency
shift possibilities, and many another 
trick still remain to be worked out thor
oughly. There is even a table of bow 
much drug to use to induce a Bengal 
tiger to hold still for the broadcast in-
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Ca n 2,289 man-yea rs 
of experience with 
a l u m i n u m  be disti l led 
i nto th ree vol umes? 

Change f o r  the better with 
Alcoa® Aluminum 

T h at i s n ' t  poss i b l e ,  b u t  96 A l c o a  
s c i e n t i sts a n d  e n g i n ee rs h ave packed 
a g reat d e a l  o f  i n fo r m a t i o n  i nto t h ese 
th ree n e w  v o l u mes.  The books a re a 
1 , 920- page refere n c e  o n  t h e  p r o p e r
t ies a n d  a p p l i c at i o n s  of a l u m i n u m .  
They c o n ta i n  8 8 9  i l l ustrati o n s  a n d  301 
t a b l e s .  Even t h e  w r i t i n g  and e d i t i n g  
w a s  n o  overn i g h t  task, tak i n g  m o re 
t h a n  25 ,000 m a n - h o u rs i t s e l f .  

m ALCOA 

I f  you h ave a p ro b l e m  t h at 's  n o t  i n  
t h e  books,  c a l l A l coa.  W e  l ead t h e  
w o r l d ' s  l i g ht-metal  i n d u st ry i n  
rese a r c h  a n d  deve l o p m en t .  

A l c o a  h as d ec l i n ed a l l  roya l t i es ,  
a l l ow i n g  t h e  books to se l l  at $46 
a set.  To buy a set or one vo l u m e ,  
w r i te B o o k  D e pt . ,  A m e r i c a n  
S o c i ety f o r  M etals ,  [ A] Metals  P a r k ,  O h i O  44073. ".,",_m 
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The woven building: 

5 times as tal l  as the 
Empire State Building. 
The weavers i n  Lowe l l ,  Massachusetts 
h ave been famous fo r over a centu ry .  
But  no c h a m b ray, g i ng h a m ,  o r  vo i l e  they 
ever loomed h o l d s  a can d l e  to the i r  
l atest t r i u m p h .  

I t 's  a weave o f  boron filament. 
N ew p rocess i n g  tec h n i q ues co u l d  make 

boron a key m ate r i a l  of the futu re. 
Po u n d  fo r po u n d ,  it's got five t i m es the 
tens i l e  strength of stee l .  In f i l ament fo r m ,  
i t  can be co m b i ned with m e t a l s  o r  p l ast i c s  
to p r o d u c e  a stron ger ,  m o re r ig i d  
stru ctu ral framewo rk, a t  about ha l f  the 
weight  of c u rrent ones. For b u i l d i ngs,  
br i dges,  a i rp lane frames. 

Right now, Avco 's Space Systems 
Division is  deve l o p i n g  a new tec h n i q u e  
fo r "weavi n g "  b o ron (or  a n y  othe r  
f i l am ent) . N o t  the k i n d  o f  weav i n g  y o u  
m i g h t  do w i t h  cotto n - b o r o n  i s  f a r  t o o  stiff 
to be i ntermeshed i n  the convent i o n a l  
way. But  by arran g i n g  the fi l a m ents i n  a 
spec i a l  3-D pattern , with strands r u n n i n g  

i n  th ree d i rect ions ,  e a c h  perpen d i c u l a r  to 
the others, u n i q ue structu res s u d d e n l y  
become a rea l i ty.  

And Avco sc ient ists are hot on the trai l 
of some othe r  asto n i s h i n g  new space-age 
m ate r i a l s  as wel l .  In fact, m ate r i a l s  
resea rch i s  one of Avco's g rowth f i e l d s  
of the futu re. Al l i n  a l l ,  Avco i s  deeply 
i nvolved in no l ess than 21 of the a reas 
Forbes d esc r i bed recently as the ones 
on the th resho l d  of the g reatest dynam i s m  
ove r the next 1 5  years. 

L i ke space exp l o rat i o n .  And a i rc raft 
eng i nes. And b roadcast i n g ,  i n s u rance,  
f i nance and medical  researc h .  

I n  a way, t h e  cu rrent te rm,  "cong lo
m e rate" ,  doesn 't rea l ly desc r i b e  us 
accu rately.  

How about a h e re-and-now company 
with one foot f i rmly p l anted in  the future? 

�I 

Aveo is 50,000 people moving ahead i n  a dozen g row i n g .  expanding businesses.  Aveo Corporat ion,  750 Thi rd Ave . ,  N.  Y.,  N .  Y. 10017. An equal opportunity e m ployer. 
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SOURCE BOOK IN 
CHEMISTRY, 1 900- 1950 
Edited by Henry M. Leicester 
The growing interdependence of the sciences ,  says Mr.  
Leicester, has led to the creation of many new border
line sciences. Chemical physics and biochemistry, for 
example, are now sciences in their own right - chem
istry has become a link between physics and biology. 
This new volume, a continuation of A Sow'ce Book in 
Chemistry, 1 4 00-1 900, contains selections from 90 
classic papers in all branches of chemistry. The topics 
include everything from microanalysis and the use of 
the ultra-centrifuge to applications of quantum me
chanics in chemistry and the structure of nucleic acids. 
In many instances the papers explain the circum
stances under which a particular discovery was made 
- information that i s  customarily lacking in textbooks. 
432 pages ; 24 tables ; 38 figures ; 8 illustrations. $ 1 1 .95  

Previously published volumes in the series 

From Frege to Glidel : A Source 
Book in Mathematical Logic, 
1 879-1 931 
Edited by Jean van Heijenoort. 

$18.50 

Source Book in Astronomy, 
1900-1950 
Edited by Harlow Shapley. 

$ 10.00 

A Source Book in Chemistry, 
1400-1900 
Henry M. Leicester and Herbert 
S. Klickstein. 4 t h  Printing. 

Source Book in Geology, 
1900-1950 

$9.00 

Edited by Kirtley F. Mather. 
$ 1 2.50 

A Source Book in Greek Science 
M o rr i s  R. C o h e n  a n d  I. E .  
Drabkin .  3rd Printing. $9.00 

A Source Book in Physics 
W i l l i a m  F r a n c i s  M a g i e .  8 t h  
Printing. $ 10.00 

A Source Book in the 
History of Psychology 
Edited by Richard J. Herrn
stein and Edwin G. Boring. 2nd 
Printing. $ 13.75 

HARVARD UNIVERSITY PRESS 

stalJation . The law is here too : British 
regulations limit an entirely intel'l1al 
radio transmitter to a power of five milli
watts . 

The volume is an exemplar of book 
design. 

frDAR ASTRONOMY, edited by John V. 
Evans and Tor Hagfors . McCraw

Hill Book Company ($19 .50) . Even 
more than extragalactic astronomy and 
high-energy physics, radar astronomy is 
a sophisticated science practiced at only 
a few installations,  scattered from the 
Mojave Desert to the Crimea. Big dish
es, high power and the elegant and in
Sightful treatment of data are the indis
pensable equipment of those who would 
conduct an active astronomy, touching 
with a microwave finger the planets and 
the sun, and mapping the moon about as 
wel! as the optical competition can (but 
the moon, after all, yields real samples 
these days ) .  The radar-echo in tensity 
falls off with two inverse-square laws, 
out and back ; if it takes no petty dish to 
see airplanes, how can one be intrepid 
enough to aim for Mars? This book, the 
product of the noted group of workers 
at the Lincoln Laboratory of the Massa
chusetts Institute of Technology, sets 
out the entire subject in four categories :  
the fundamentals of the treatment o f  the 
signal to extract information in time, in
tensity, frequency and polarization ; the 
nature of the problems to be studied, to 
learn both of surfaces and of distances 
and motions ;  a review of results in the 
various fields, and a knowing survey of 
the choice and design of the radar sys
tems used. The methods are complex 
and expensive; they have to be. The sig
nal power from Mars is about the same 
fraction of the transmitted pulse power 
as a few atoms are out of the mass of a 
gram of matter. This heroic measure
ment demands repetitions with careful 
timing-tens of thousands of pulses add
ed in phase to beat the noise . It expends 
a peak power equal to that of a whole 
town in the brief outbound pulse ; it 
uses digital sampling and elaborate nu
merical data treatment instead of the 
more familiar physical filters to define 
its bandwidths and respon se curves.  All 
of this has grown out of the military 
needs of missile detection and the more 
peaceful problems of space-tracking. 

The book is an advanced text;  its 
many authors and uneven detail do not 
make it easy reading, but there is prob
ably no better entry into the field. The 
epoch of writing is a bit uncertain ; the 
text was formally closed about two years 
ago, and much has happened since that 
time. The best radar moon pictures are 
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JOHN WILEY & SONS, Inc. , Dept. 1 4  � 605 Third Avenue,  New York, N. Y. 1 00 1 6  ® 
I would like to receive information about books pub·  

l ished by Wiley in the field of 

Name 

Address 

City. State lie 

Please send me the following books on ten·day approval. 

I agree to pay for the books within ten days or return 

them in good con ditio n .  (Wiley pays postage on orders 

accompanied by rem ittance.)  

0 F 526 1 7  Lengye l ,  LAS ERS 1 25 pages $6.95 

0 F 52625 Lengye l ,  PHYS I CS 3 1 1  pages $9.95 

0 F 73695 Ross, LAS E R  405 pages $1 5.95 

0 F 08230 B l o o m ,  LAS ERS 1 72 pages $8.50 

0 F 36665 Heard,  LAS E R  489 pages $ 1 5 . 95 

0 F 82084 Steele ,  LAS ERS 267 pages 
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• 

preclse exposure 
control is no longer 
a professional secret 

Br ight sky, dark  subject? Tr icky, h igh
co ntrast l ight s ituat ions l i ke this make  
p rec ise  exposure d ifficu l t ,  even  for  p ro
fess iona l  photogra phers .  But now, the 
new M i no lta S R-T 1 0 1 35mm s ing le  l e ns 
ref lex,  with exc l us ive "Contrast Light 
C o m p e n s a t o r " ,  m e a s u r e s  e x p o s u r e  
through t h e  l e n s  for perfect contro l  
under any l ight condit ions .  This 
p r e c i s i o n  i n s t r u m e n t  a s s u r e s  

Latest Scientific 
I nformation 
From USSR 

Subscribe 
Now for 
1 9 6 9  
Russian Sc ientific 

.Magazines and Journals 
i n  Russian i n  many fields 

• Acoustics • Cybernetics 

• Aerona utics 

• Atomic Energy 

• Automation 

• Biology 

• Ana lytica l  

Che mistry 

• Biochemistry 

• Biophysics 

• Col loids 

• Engineering 

• Geogra phy 

• Geology 

• Mathematics 

• O ptics & 
Spectroscopy 

• Thermodynamics 

Write for  com plete 1 969 cata log 

listing many more Russian scientific 

per iodicals and books i n  your field. 

FOUR CONTINENT BOOK CORP. 
Dept.  736,  1 5 6 FI FTH AVE., NYC 1 00 1 0  

2 64 

superb p icture q u a l ity w i th a wor ld

famed Rokkor l e ns .  And with unmatched 
hand l i ng ease ,  i t 's  no wonder the ex 
pe rts at Modern  Photography c a l l  the  
SR-T 1 0 1  "a ha rd-to -beat  comb inat ion  of 
q u a l i ty and  conve n i e nce" .  Prices sta rt 
under  $245, p l us  case .  See your M i no l ta 
d e a l e r  or write for free l i terature to 

M i n o l t a  C o r p . ,  2 0 0  P a r k  Ave n u e  
S o u t h ,  N e w  York ,  N .  Y .  1 0 0 0 3 .  

� �Every important 
aspect of 

oceanography"* 

by JOHN BARDACH 
F r o m  t h e  a u t h o r  of  D O W N 
STREAM : A Natural History of 
the R iver - "a fine new book de
scribing the oceans' astonishing 
richness and how close they are 
now to mankind's grasp. D r. 
Bardach is a most sophisticated 
marine scientist . . .  He manages 
to cover every important aspect 
of oceanography in a succinct 
3 0 0  p a g e s . " - * E D W A R D  T_ 
C H ASE, New Rep u b lic. "A sober, 
well-written and very informa 
tive book . . .  greatly enhanced 
by well-chosen illustrations ." 

- MARSTON BATES, 
N.Y. Times Book Review. 

With many illustrations · $6.95 

At all  bookstores 

� or order from Dept. 1 4  
[IJ Harper eJ Row 
1 8 1 7 49 E. 33rd St., N. Y. 10016 

not here . Here, however, is what our 
knowledge of the curious spin of V�nus 
and Mercury and of our distance from , 
the sun , of a still uncertain new test for ' 
the gravitational delay of photons mov
ing past the sun and of many another 
remarkable result rests on. The entire 
complex structure remains vulnerable to 
subtle unseen errors such as unexpected 
defects in the computer circuit, as the 
same group learned during the past 
year . The book is a somewhat rough but 
genuine sample out of a scientific world 
marked by big organizations, technical 
virtuosity and large ideas . Like the ra
dar systems, the book is expensive. 

'rHE BIOLOGY OF THE STRIPED SKUNK, 
by B. J. Verts . University of I llinois 

Press ($7 .95) . Mephitis mephitis, the 
striped skunk, is found all over the U .S .  
and  southern Canada, except for the dri
est desert. "Chicago" means in Fox In
dian "the place of the skunk." Forty or 
more years ago the skunk was hunted 
for its long-haired pelt, but nowadays 
the trade has fallen off by a factor of 
1 00. This book is an interesting account 
of a five-year field survey of skunks 
based on field trappin g and radio track
ing in two rural Illinois counties .  The 
task was a public health one : the skunk 
is host to rabies , and a doubling in the 
count of rabid skunks was reported 
the year this study began . Unlike bats, 
skunks do not seem able to spread the 
disease by biting without showing seri
ous symptoms .  Nor can biting alone 
maintain the epidemic among skunks;  
there are few such infections, and dur
ing three months of the year, just when 
the disease is most prevalent, the skunks 
are mainly holed up in their dens . There 
may be some other way to maintain the 
latent virus ; the problem is still not 
solved. No other animals appear to in
fect the skunks.  

The power of the skunk's butyl mer
captan musk (which has been detected 
20 miles at sea) seems to have strongly 
affected skunk behavior .  Skunks are in
trinsically pretty clever; they feed large
ly on insects and grubs, although they 
also take small mammals, carrion, grains 
and fruits. They have been seen scratch
ing on a hive to bring out some bees. 
They are gallant lovers, but the male is 
foreign to the family and a menace to 
his young. They are night creatures, 
sometimes foraging all night long, mov
ing mostly within a region half a mile 
across .  Their senses of sight, hearing and 
smell all appear to be poor, so that two 
skunks may pass each other at close 
range without indicating any awareness 
of it . Maybe this is just "single-minded-
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BY ROBERT 
JAY LIFTON 

Revo l u tionary I mmortal i ty 

Mao Tse-tung and the Chinese 

Cultural Revolution 

A u n i q u e  effort to u n d e rstand the 
C h i nese revo l u t i o n  a n d  its 

leader f rom a psy c h o l o g i c a l  
sta n d po i nt-w ith an e n g ross i n g  

perso n a l  p o rtra i t  of M ao .  The 
author i s  P rofessor of  

Research i n  Psyc h i at ry at Yale .  
Coming in October. 

C l oth $4.95 ; V i n tage Book 
paperback $ 1 .95 .  

Death i n  Life 

Survivors of Hiroshima 

"One of those rare works 
dest i ned to bear  witness and 

change the l ives of those 
w h o  read i t ."-SAUL MALOff ,  

Newsweek. "A s i g n i f i cant  
c o n t r i b u t i o n  to the ato m i c  age . "  

-ALDEN WH ITMAN ,  N e w  York Times 
C l ot h  $1 0 

BY OSCAR LEWIS 
La Vida 

A Puerto Rican Family in 

the Culture of Poverty-
San Juan and New York 

W i n n e r  of the 1 967 N at i o n a l  
B o o k  A w a r d .  " L a  Vida i s  
u n q uest i o n a b l y  o n e  of t h e  m o st 
i m po rtant b o o ks p u b l i s h e d  i n  
the U n ited States t h i s  year . . .  
T h e  R i o s  fam i l y  m akes [Lew i s ' ]  
d i a l e c t i c a l  c o n c e pt of t h e  
c u l t u re of pove rty u n bearably  
rea l . "- M lcHAEL HAR R I N GTON , 

The New York Times 
Book Review 
C l oth $ 1 0 ;  V i ntage B o o k  
paperbac k $2.95 

Children of Sanchez 

" I n d e e d ,  both s o c i o logy and 
psyc h o l ogy stan d  to benefit  from 
a study in w h i c h  soc i a l  
s u r ro u n d i n g s  a n d  e m o t i o n a l  
p r o b l e m s  are so c l ear ly 
i n te rtw i ned . " -RoB ERT W .  WH ITE ,  
Scien tific A merican 
C l oth $ 7 . 50 ; V i ntage B o o k  
paperback $ 2 . 9 5  

P e d r o  Martinez 

"What Lew i s  has ac h i eved i s  the 
f i rst f u l l - l e n gth p i c t u re of an 
i n te l l i gent ,  p o l i t i c a l l y  a l e rt 
peasant a n d  the events i n  h i s  
l i fe t h at d r i ve h i m  toward a 
rej e c t i o n  of h i s  soc i a l  o r d e r . "  
-MARV I N HAR R I S ,  Sa turday Review. 
I l l u strat i o n s  by A l b e rto Bel t ran . 
C l oth $ 8 . 75 ;  V i ntage B o o k  
pape rback $2.95 

V i l l age Life in  Northern I n d i a  

"Th i s  i s  . . .  l i ke m o s t  of Lew i s '  
work ,  p rovocative a n d  . . .  
i nterest i n g  . . .  The exce l l e n t  
photo g ra p h s  w h i c h  i l l u strate t h e  
book are o n e  of i t s  m o s t  p l e as i n g  
a n d  i n stru ctive feat u re s . " -
M .  E .  O P L E R ,  A merican A n thropology 
V i n tage Book paperback,  $2.45 

Now at your bookstore 

RAN D O M  H O U S E  

2 6 5  
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If you see a new use 
for high intensity lamps . .  . Iet GE 

help you bring it to light. 

emOSkOP' "om ;"" , m;,�� 

a complete 
vestpocket 
optical system 

We w e n t  to Wetz l a r ,  Germany (wor ld c a p i t a l  
of f i n e  o p t i c s )  to  f i n d  s u c h  perfect i o n  a t  s u c h  
a p r i c e .  Re move t h e  E M O S K O P  from its f itted 
l e a t h e r  c a s e  a n d  it is a 3 0 x  m i c r o s c o p e .  
A t w i st o f  t h e  w r i st converts it  to a 3x te le
s c o p e  ( i d e a l f o r  t h e a t e r, f i e l d  or s k y )  o r  
a u n i q u e 3 x  t e l escope- I o u p e .  A n o t h e r  c h a nge 
and you h a ve your c h o ice of 5x,  l O x  or  1 5 x  
m a g n ify i n g  g l a sses.  The perfect vest-pocket 
c o m p a n i o n  for exact i n g  profess i o n a l s  a n d  
sc i e n t i sts  a n d  a l l  t h ose w h o  w i s h  to obse rve 
a nyth i n g  c l ose l y  a n d  c l e a r l y .  A most d i s
c reet opera g l a s s .  If you ma ke a fet ish of 
q u a l ity,  the E M O S KO P  w i l l  do you p ro u d .  
Coated l e n ses,  f u l l y a c h ro m a t i c ,  a bso l u te ly  
f l a t  f i e l d .  M o d e r n  P h otogra p h y  Magazine ca l l s  
t h e  E M O S K O P  " . . .  the only magnifier worthy 
of  the name." 
o S e n d  me t h e  E M O S K O P .  I e n c lose $ 1 5 .9 5 

( $ 1 4 .9 5  p l u s  $1 postage a n d  i n s u ra n ce) . 
Ca l if .  re s i d e n t s  a d d  5% t a x .  Ref u n d  w i t h 
i n 1 0  days if  not d e l ighted . 

N a me _________________________ S_A __ 9 

A d d ress. ________________________ _ 

_____________________ Zi p ________ _ 

��� �
r
a
a

s
n
h���;;'841 l 1 haV8rhl-II's P h o n e  ( 4 1 5 )  9 8 1 -5688 
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Look at  GE's  tungsten halo
gen Quartzline® lamps for 
pinpoint projection lighting 
needs. Like our new 2-inch 
E J M  a x i a l  system with 
varied projection uses. 21  
volts. 150 watts. 

Precision rim reference 
built into the dichroic con
d e n s e r - r e f l e c t o r  l a m p .  
Combination lamp-holder
socket. 

Write now for specs on 
the EJM or other axial sys
tem lamps,the EJ L and EJJ. 

You ' l l  also get a free  
catalog on GE Quartzline® 
" .  the o r i g i n a l  a n d  m o s t  
varied line o f  halogen-cycle 
lamps. 

Write to : W. F. Albrecht, 
P h o t o  L a m p  D e p t .  S A ,  
G e n e r a l  E l e c t r i c ,  N e l a  
Park, Cleveland, O.  441 12.  

G E N E R A L . E L E C T R I C  

THEORY AND APPLICATIONS 
OF HOLOGRAPHY 

By J O H N  B .  DEVELIS 

Depadment of  Physics, Merrimack College, 

and Technical Operations, Inc. and 

G E O R G E  O. REYN O L DS, 

Technical Operations, Inc. 

Now, the wea lth of theoretical,  ex perim enta l, 

a n d  a p p lication a l  knowle d g e  of holog r a p h i c  sys

tems to d a te is com bined in a sin g l e  volume.  

I n  a n  organized,  unified treatment  of th is  rapid ly  

g rowin g field,  a l l the known h o l o g r a m  systems a re 

d iscussed, developed,  a n d  a n a lyzed.  f u l l  descrip

tions of the more a d vanced a p p l ications a re a lso 

inc luded.  

Th is wel l - i l lustrated a n d  documented book is the 

resu lt  of extensive resea rch, expe rimentation, and 

investi g a tion b y  the a u thors. They p resent both 

previous work and new d iscoveries in terms of 

b a si c  physica l conce pts. 

" . . .  this monograph achieves its goal; that  is, If 
presents a sub;ect of current interest in both a co

herent and monochromatic fashion which can be 

understood and useful to both the advanced student 

and the research worker. Because o f  the consisfency 

o f the nomenclature and symbolism, it should be of 

use longer than ;s usual for such works." 

American Journ a l  of Ph ysics, April 1 9 6 8  
1 96 p p  6 4  Diagrams & Graphs 

1 6 1  iIIus $ 1 2.95 
ORDER O N  I O-DAY FREE EXAMIN ATION 

WRITE DEPT. A- I 90  

Addison-Wesley I THE SIGN OF 
PUBUSHING COMPANY, INC, EXCELLENCE 

fleading. M ... achunttl.OI861 

ness," the author remarks . Skunks are 
unobtrusive, and docile except to�ard 
their own kind in the breeding season. , 
They try to flee the lights of the oncom
ing cars that kill so many of them, but 
they are seldom fast enough. Then the 
skunk faces the fierce intruder and tries 
its one defense : it stamps its feet, arches 
its back and lifts its tail. 

This is a study in considerable depth, 
which will be of interest both technical
ly and to the general reader concerned 
with wild animals . It clearly provides in
sight into the long-term consequences of 
owning a strong deterrent. 

]\!J.AGNETIC RECORDING IN SCIENCE 

AND INDUSTRY, edited by Charles 
B. Pear, Jr. Reinhold Publishing Cor
poration ($ 19 .50) . This modern hand
book reviews tape recording on the 
practical engineering level in a dozen 
expert chapters aimed at users, design
ers and those who would enter the field . 
There is not much for the high-fidelity 
fan ; the aim is not music. This year there 
will be sold a few million miles of thin , 
strong plastic tape, coated with needle
shaped ferromagnetic crystals of Fe20S 
a few microns long and aligned during 
the coating. It is the state of magnetiza
tion of these crystals that computers 
read and write, from which video pro
grams flow and ( the smallest use of all) 
audio records are made in homes and 
schools. How the tape is made, how 
linear signals are coaxed from this high
ly nonlinear magnetic stuff, how in a 
few milliseconds the jittery tape reels 
of the computers get up to speed and 
manage to stop again, and a bookful of 
similar genuine feats of the modern 
technique (the basic idea being as old 
as the century) are told in this volume. 
Good references. 

CONTINENTAL DHIFT SECULAR Mo-
TION OF THE POLE

'
, AND ROTATION 

OF THE EARTH, edited by William Mar
kowitz and B. Guinot. Springer-Verlag 
New York Inc. ($7 .20) .  At the turn of 
the century four special stations were 
established around the 40th parallel in 
Europe, America and Japan. (There is 
now a fifth in the U .S . S .R . )  By making 
precise and repeated observations of s tar 
positions they could fix the direction of 
the earth's axis of rotation to one part 
in 50 million . The results show that in 
that time the crust of the earth has 
moved with respect to the pole of ro ta
tion by about 10 meters . Meanwhile it 
has become possible for the geophysicist 
to measure the magnetic latitude of an
cient rocks. He falls short of the astrono
mer's directional accuracy by a factor of 
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I M P R O V E M E N T :  
1957 :  Sa les  Vo l u me = $382 , 5 1 2 ,000 
1967 :  Sa les Vo l u me = $955 ,455 ,000 
1 9 7 7 :  Sa les Vo l u me = ?  

We d o n ' t  know the a n swe r, but it wi l l  i nvolve more 
I M PROVEM ENT.  

N C R  a l ways has been gu ided by the i m p rove ment 
concept:  methods,  q u a l ity, materi a l s ,  peop le .  That 's  
w h y  we h o l d  p rofe s s i o n a l  s e m i n a rs ,  p rov i d e  a d ·  
va nced ed u cat i o n ,  eva l u ate a m a n  a t  regu l a r  i nter· 
va l s .  We know that peop l e  m u st be ready for the 
next step u p .  

W e  know a lso that a n  e m p l oyee' s  expectat ions 
from his  wo rk m u st be 'known a n d  met.  

What about you? Do you see a c l i mate for self
i m p rovement i n  you r p resent j ob? I f  you a re a n  engi-

".-;'; -, . 
"�""  

neer's engineer ,  can you s e e  the sometimes m yth
i c a l "tec h n i c a l  l a d d e r " ?  I f  y o u  a re m a n a g e m e n t  
oriented , i s  there room f o r  you ?  

I f  y o u  a re a p rofess iona l  person with a m i n i m u m  
o f  a BS d eg ree i n  E l ectron ics,  Mechanics ,  C h e m i c a l  
E n g i n e e r i n g ,  Chem istry a n d  resea rch ,  deve lopment 
o r  m a n ufactu r ing engineer ing backgro u n d ,  write to 
u s . See if  we can meet you r expectat ions.  

By the way;  we a re i nterested in  what you have 
done,  but we a re m o re i nte rested i n  what you want 
to d o !  I M PROVE? S u re !  You wi l l  have to, to stay u p  
with N C R .  Write to: 

T. F. WA D E  
E X E C U T I V E  A N D  PRO FESS I O NAL PLAC E M ENT 
TH E NAT I O N A L  CAS H R E G I ST E R  C O M PANY 
MAI N & K STR E ETS, DAYTO N ,  O H I O  45409 

An Equal  Opportun ity Employer 

THE N AT I O NAL CAS H  R EG I STER COM PA N Y  ® DAYTO N ,  O H I O  45409 
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If your newest brainchild 
needs compact high intensity 
light . . .  GE has just what 
you're thinking of. 

How about the DYS? A new 
halogen-cycle lamp in the GE 
Quartzline®. 2 'h inches high. 
120 volts. Rated life of 75 hours. 
Can be operated in any position. 

Its small bulb lets you get 
close to the 600-watt coiled 
coil filament with your 
condenser or reflector. 

All that plus precision 
filament location. Stable 
color temperature. No bulb 
darkening. 

For complete specs on 
the G E Quartzline® write to : 
W. F. Albrecht, Photo Lamp 
Dept. SA , General Electric, 
Nela Park, Cleveland, 
Ohio 441 12. 

G E N E R A L . E L E C T R I C  

BRAIN -TO- BRAIN COM BAT 

PROPAGANDA 
Another GAME for THINKERS from 

WFF 'N PROOF Publishers 

learn the techniques profes

sionals use to mold public 

opinion: QUOTA liON out of 

Context, Rationalization, Tech

nica� Jargon, The Bandwagon 

Appeal, Faulty Analogy, plus 

50 others, 

Authored by stage and screen star, l O R N E  

GREENE. and Robert Allen, Director o f  Academic 

Games Program, Nova University. Bosed on the 

book, THINKING STRAIGHTER, by Professor 

George H. Moulds. 

Autotelic (self-motivating) materials designed 
by university professors and other subject· 
matter specialists to teach and challenge. 
WFF 'N PROOF, Box 71-UW. New Hoven, Conn. 06501 
Enclosed is $ ______ _ Please send: _PROPAGANDA (social studiesJ 

_WFF 'N PROOF (logic) _ WFF (beginners' logic) _EQUATIONS (mathematics) _ON-SETS (set theory) _CONFIGURATIONS (geometry) _REAL Numbers (arithmetic) _TAC-TlCKLE (pure strategy) 

Prices include postage and handling. 

Nome 

City State 

Returns Guaranteed Dealer Inquiriel Invited 

$5.50 
6.50 
1 .50 
3.50 
4.50 
4.50 
1 .75 
1 .25 

lip 

A N EW DIMENSION IN EDUCATION 

2 6 8  

A Her i t age  of Light  
BY LORIS S .  R U S SELL 

The first detailed technological h istory 
of domestic lighting in  North America.  

The 1 9 th century opened in  candlelight 

and closed i n  the glare of electricity. 
Between came a rich assortment of 
lamps to burn grease, whale oil, lard, 

burning fluid,  kerosene and gas.  

Dr.  Russell  documents the p rogress with 
scientific precision, using photographs, 
diagrams, specimen descriptions, U . S .  
a n d  Cana dian patent p apers, a n d  con
temporary records, including Scien t ific  
A merica n .  T h e  orientation is  C a nadian 
but  the technology is internationa l .  352 

pages.  More than 2 0 0  i l lustrations.  

$ 1 8 . 5 0  

ul'\I\'ERSITY O F  TORONTO PRE S S  

a million o r  s o ,  but h e  studies a time in
terval 10 million times longer ! Both as
tronomer and geophysicist are probably 
seeing the same motions :  the continents 
drift an inch or two each year over the 
quasi-fluid interior. The relative motions 
are easiest to discern in the ancient 
rocks, but the motion as a whole is 
easier to perceive in the contemporary 
data from telescopes .  

This brief book presents papers and 
summaries from a meeting that was held 
last year partly to confront the two 
groups of workers. Most of the papers 
concern the long and splendid series of 
astronomical measurements ; a few take 
up new methods (satellite-tracking and 
corner reflectors on the moon for spot
ting by laser ranging), and there are two 
excellent and not very technical brief 
reviews of the geophysical background 
by G. D. Garland and by S .  K .  Runcorn. 

It is a pity that the results of the new 
long-base-line radio interferometry, ex
ploiting the natural hydroxyl masers in 
the sky, were too late for the meeting. 
These may well add new power to the 
work. 

THE MEASURE OF MAN : HUMAN F AC-

TORS IN DESIGN, by Henry Dreyfuss .  
Whitney Library of Design ($13. 95) .  
The second edition o f  a portfolio o f  suc
cinct and up-to-date information on how 
big Americans are, including man and 
wife and kids ; how far they reach, how 
strongly they grasp, how well they read 
dials, climb ladders, see out of the corner 
of their eyes, breathe cleansed or dirty 
air. The work is mainly presented in 30 
page-sized charts, with two full-size 
blueprints of dimensioned figures,  Joe 
and Josephine.  Although they cannot 
compare in mastery of line with Leonar
do's man in dimensional arcs , these 
pages are useful and often attractive.  
Well known to designers, they deserve a 
wider diffusion among readers in science 
and engineering. 

A FIELD GUIDE TO VVILDFLOWERS OF 

NORTHEASTERN AND NORTH-CEN

TRAL NORTH AMERICA, by Roger Tory 
Peterson and Margaret McKenny. 
Houghton Mifflin Company ($4. 95) . 
Here at last is the guide to wild flowers 
of this well-known series .  Peterson's 
clear visual sense of how the unfamiliar 
is to be recognized is as useful here as it 
has been for decades in the recognition 
of birds. The book's apparatus and or
ganization are a model of how to do it;  
the drawings are good, but there is an 
air of skimpiness in the use of color that 
is a disappointment. 
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Heredity, 
Evolut ion, 
and Soc iety 
I.  MICHAEL LERNER, 

University of California, Berkeley 

Ready this month, 368 pages, 

86 illustrations, ( 68-25409 ) ,  

$8 .00 ( tentative ) 

An understanding of genetics and evolutionary thought - and their 
implications for human society - should be part of the cultural equipment 
of every college and university graduate today. This book will 
provide students and other readers with a background for the momentous 
questions that relate to these subjects and now confront all of us. 
Covering an array of topics never before brought together in a 
single book, the author emphasizes the social, political, and psychological 
ramifications of the biological principles governing heredity and 
organic evolution. Professor Lerner first sketches,. in broad strokes, the 
vast panorama of life on this planet, particularly as it is 
understood in terms of Darwinian thought. He then discusses the newly 
discovered transmission mechanism of genetics and the formal 
mechanics of heredity as established by Mendel and extended by many 
others. Next he considers the genetics of populations and the 
ways in which evolutionary forces, including man-made sources of genetic 
variation, act upon them. Human inheritance is taken up, 
with particular attention given to genetic problems of race and to the 
consequences of various human mating systems. The final part 
of the book is concerned with the social issues raised by the science of 
genetics, including the portentous prospect of manipulation 
of human genetic resources. 

From your bookseller, or from 

• 
W. H. Freeman and Company 
660 Market Street. San Francisco, California 94104 
Warner House, Folkestone, Kent, England 
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A D D I S O N -W E S L E Y  P U B L I S H I N G  
CO M PA N Y ,  I N C .  

Agency : L .  K.  frauk Company,  I n c .  

A D D R ES S O G R A P H  M U LT I G R A P H  
C O R P O RAT I O N  

Agency : T h e  Griswul d - Eshleman C o .  

2&6 

. . 1 8 ,  1 9  

A D V A N C E D  T EC H N O LO G Y  C O N S U LT A N T S  
C O R P O RAT I O N  1 36 

Agency : Molesworth Assoc iates 

A L L E N - B R A D L E Y  C O M P A N Y  
Agency ; F C llsho l t  AdVCriisi l lg,  l ll c .  

49 

A L N O R  I N ST R U M EN T  C O M P A N y  . . . . . . .  226, 227 
Agency : Waldie a l l d  B riggs I n c .  

A L U M I N U M  C O M PA N Y  O F  A M E R I CA 
Agcll c y : F u l l e r  &. S m i t h  &. Hoss I n c .  

A M E R I C A N  Z I N C  I N ST I T U T E  
Agency : Basford I n c urporated 

259 

225 

A M O C O  C H E M I CA L S  C O R P O R AT I O N  228 
Ag('ll c y : D '  Ar<:)' Adv..:rt is ing Cumpany 

A M P E X  C O R P O R AT I O N  
Agen c y : A l h e r t  J a y  Hoscnthal  & Company 

A S T RO N O M I CS ,  I N C . ,  D I V .  OF T H E  
C R A FTO O L  C O .  

Agcnl'y : C h elsea Advert is ing,  I n c .  

AVCO C O R P O R AT I O N ,  T H E  
Agency : M C C U I I Il/l T S l\'i , l u c .  

B A N K O F  N EW Y O R K ,  T H E  
Agen c y : Dorem u s  & COlHpany 

B A U SC H  & L O M B  I N C O R P O RA T E D  
Agen c y : W u l ff Assut: i a tcs,  J u t: . 

B E L L  & H O W E L L  C O M P A N Y  
Ageu('Y : M c C a ll l l · E ricksol l ,  I ll c .  

B E L L  T E L EP H O N E  L A B O RATO R I ES 
Agency : N. W. Aycr & SOli ,  I n c .  

B E N D I X  C O R P O RAT I O N ,  T H E  
Agency : MacMull us,  J o h n  & A d a m s ,  I n c .  

B ES E L E R ,  C H A R L E S ,  C O .  
Agcll c y : L e s t e r  Harrison Advertis ing,  I n c .  

B O X T O N  B E E L  

1 67 
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B U R L E I G H  B R O O K S ,  I N C .  4 1  

Agcll c y : E .  T .  Howlll'd COl l lpany,  l l l c .  

B R O W E R  L A B O RATO R I ES ,  I N C . 
Agcll q : S I a n  H ml l e r - D i rt:c t iuns 

B U R R O U G H S  C O R P O R AT I O N  
Agency : C a m p L e l l · E w a l d  CUl l lpany 

16  
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C A L I FO R N I A  C O M P U T &R P RO D U CT S ,  I N C . 1 55 
Agellc y :  Carson/HuLerts/i n c .  

C A N O N  U . S . A . ,  I N C .  
Agen c y : Kameny Associates,  I n c .  

C A N R A D  P R EC I S I O N I N D U ST R I ES ,  I N C .  
A g l.' l I c y : H ubert  C O l i C  A d v t: r t i s i llg,  I n c .  

C E LA N ES E  C O R P O RA T I O N  
Agency : M a c M a l l u s ,  J o h n  & Adams, I n c .  

C E L E S T R O N  P A C I  F I C ,  I N C .  
Agency : DOl l  W etl vcr & Asso c i a t e s ,  I n c .  

C H R I ST I E  E L ECT R I C  C O R P . 
Agency : Len Woolf  C o .  

C O L E M A N  I N ST R U M EN T S  D I V I S I O N ,  
T H E  P E R K I N - E L M E R  C O R PO R AT I O N  

Agency : Mandabach a n d  Simms,  I n c .  
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C O R N I N G  G L A S S  W O R K S  
Agcncy : R u m r i l l . H o y t ,  I n c .  

C R I T E R I O N  M A N U FACT U R I N G C O M PA N Y  
Agency : E q u i t y  Advert is ing Agen c y ,  I n c  . 

C R O U S E- H I N D S C O M PA N Y  
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C U RTA C O M P A N Y  
Agcncy : Eastman A d v e r t ising Agency 

D I G I T A L  EQ U I P M EN T  C O R P O R AT I O N  
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Agency : The Scott Cumpany 

EAST M A N  K O D A K  C O M P A N Y  
Agency : R u m r i l l · H o y t ,  l 1H ' .  
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EAT O N  Y A L E  & T O W N E I N C  . . I n s i d e  B a c k  Cover  
Agcncy : AIcl d r u rn  a n d  F'ewsm i l h ,  J n c .  

E D M U N D  SC I ENT I F I C  C O .  274 
Agellcy : Walter  S .  C h i l l i('k Company,  I n c .  
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AgCIH'y : P h i l i p  S t ugel  Company I n c .  
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F I RST N AT I O N A L  C I TY B A N K . I n s i d e  Front  C o v e r  
Agency : B a t t e n ,  B a r t o n ,  D u r s t i n e  & O s b o r n ,  I n c .  

FO R D  M O T O R  C O M P A N Y  
Agency : Grey Advert i!; i l lg ,  I n c .  

F O U R C O N T I N EN T  B O O K  C O R P .  
Agl'lI c y : l\ 'l i e h a e l  F a i n  Advert ising 

1 45 

264 

F R E E M A N ,  W. H . ,  A N D  C O M P A N Y . 24 2 ,  243 , 269 

G A F  C O R P O R A T I O N  . B o c k  Cover 
Agcllcy : Daniel  a u tl Charles,  I n c .  

G A M M A  SC I EN T I F I C ,  I N C O R P O R A T E D  
Agency : BarHes · C hu m p/ AJvcrtis iug 

G A R R A R D ,  B R I T I S H I N D U ST R I ES C O R P . ,  
A D I V .  O F  AV N ET ,  I N C .  

Agen c y : C o l c  F i s c h e r  Hogow, I n c .  

G E N E R A L  DY N A M I C S/ FO RT WO RTH 
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On pu rpose, of cou rsel Ou r high 
reflective coatings, with reflectivity 
in excess of 96%, provide tremen
dous efficiencies for office copying 
machines and projectors. For ex
ample, a four-mirror optical system 
using 96% Donnelly mirrors can 
provide a 55% brighter picture than 
those commonly used today. 

Donnelly Beam Splitter Coatings, 
engineered in the range of 20% to 
60% reflectivity, are the key to the 
"Heads-Up" system now being de
veloped by aircraft manufacturers. 
This system permits pilots to see 
instrument readings reflected onto 
the windshield while keeping their 
eyes focused on the runway. 

Our anti-reflective coatings (H.E.A.) 
with less than 0.5% reflectivity, find 
their use in glass covers for air
craft instruments. These covers 
eliminate distracting glare which 
otherwise would obscure the read
ings. These are only a few of our 
many capabilities. Please write 
for details. 

DONNELLY 
Glass Technics Division 

Holland, Michigan U.S.A. 
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Steven H. Lerman in Proceedings ot 
the Society of Photo-Optical Instnt
mentation Engineers, Boston, MaTch, 
1968, edited by Henry F. Sander (in 
press). 

HOW IMAGES ARE DETECTED 

QUANTU;\OI EFFICIENCY OF DETECTORS 

FOR VISIBLE AND INFRARED RADIA

TION. R. Clark Jones in Advances in 
Electronics and Electron Physics: Vol. 
II, edited by L. Marton. Academic 
Press, 1959. 

PHOTO-ELECTRONIC IMAGE DEVICES: 

PROCEEDINGS OF THE THIHD SYMPO

SIUM HELD AT IMPERIAL COLLEGE, 

LONDON, SEPTEMBER 20-24, 1965. 
Edited by J. D. McGee, D. McMul
lan and E. Kahan. Advances in Elec
tronics and Electron Physics: Vol. 
XXII. Academic Press, 1966. 

THE THEORY OF THE PHOTOGRAPHIC 

PROCESS. C. E. K. Mees. Third edition 
edited by T. H. James. The Macmil
lan Company, 1966. 

ELECTRO-OPTICAL PHOTOGRAPHY AT 

Low ILLUMINATION LEVELS. Harold 
V. Soule. John Wiley & Sons, 1968. 

LASER LIGHT 

BHILLOUIN SCATTEHING IN LIQUIDS. G. 
Benedek and T. Greytak in Proceed
ings of the IEEE, Vol. 53, No. 10, 
pages 1623-1629; October, 1965. 

Two-MAGNON LIGHT SCATTERING IN 

ANTIFERROMAGNETIC MNF 2' P. A. 
Fleury, S. P. S. Porto and R. Loudon 
in Physical Review Letters, Vol. 18, 
No. 16, pages 658-660; April 17, 
1967. 

ULTRASHORT LIGHT PULSES. A. J. De
Maria, D. A. Stetser and W. H. Glenn, 
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With Coleman's low-cost Model 75 Laser, your school 
can use and teach coherent light technology 
Coleman Instruments provides the perfect 
device for fascinating studies in coherent 
light, monochromaticity, diffraction and 
other optical phenomena. Its full name: The 
Perkin-Elmer Helium-Ne on Gas Laser, 
Coleman Model 75. 

The laser head is detachable from the 
solid-state power supply for ease in perform
ing demonstrations in physics. A tripod may 
be used, but is not required. An experiment 
manual is now available. Nominal 1.5 milli
watt output (minimum 1.0 mw) makes the 
laser as safe as other laboratory light sources. 
Model 75 emits a continuous, TEMoo single 
mode, red (63281\) beam in the visible spec
trum that throws an intensely bright spot 

for hundreds of feet. Actual beam divergence 
is less than 0.4 milliradians half-angle. 

Behind this instrument is the vast laser 
research experience of The Perkin-Elmer 
Corporation. Highly skilled Delmar Scien
tific glassblowers shape the laser tube, 
sealing on pure quartz resonator reflectors. 
Anticipated tube life is 4000 hours; warranty 
covers one full year. There are no external 
optics, no complex adjustments, no mainte
nance. Just flip the switch, press the start 
button, and you've entered the laser era. 

Only $295 brings you Coleman Model 75, 
complete with operating directions. For full 
information, send for Coleman Bulletin 
SA-3I6. 

Write to Coleman Instruments Division, The Perkin-Elmer Corporation, 

42 Madison St., Maywood, Illinois 60153 PERKIN-ELMER 
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Dramatic Breakthrough In Audio-Visual Enjoyment 
Adds a spectncular new dimen
sion to t he world of music and 
entertainment. Now you can 
actually see your favorite mu

sic�l1 selection translated into fantastic patterns of beautHul color--each 
individual note crea,Ung its own unique, twisting, radiating shape ... each 
shape dancing and prancing, whirling and swirlin� in perfect time ldth 
the music. Science, 3.rt and electronIcs combined with dramatic results. 
Attachf's in seconds to your radio. talle recorder, hi-fi or stereo with two 
atli�atl)r c!lps. Can be used on small Rerecns, large walls, stages and whole 
auditoriums. Loads or fun! \Vonder!ul for parties! Practical. too! Unlim
ited special etTeets (or bands, dances, clubs, saLes meetings. trade shows
put zip Into classroom or private music instruction and appreciation. 
Available in Cabinet Model, Tube Unit, 8" and 12" sets or build your own 
MusicVision* with our low-cost Do-It-Yourself Kit.-all you'll need is a 
light source. If you don't bave one. the versatile Edmund 35mm 500 Watt 
Project.or i� a terrlflc bargain, Order by stock numbers Hsted below. Mon
ey-back Jruarantee. Complete information in nf'W catalog avallablf' Septem
ber 10. If you want additional det,ails now, send 2ilt In coin for fully illus
trated, 16-page Booklet No. 90965 "Introduction to MusicVision.*" 

GET FREE CATALOG 
148 Pages! More than 4,000 

UNUSUAL 
BARGAINS! 

Completely new. 
Enormous vari
ety ot telescope's, 
microscopes, bi
noculars, m ag-
nets, magnifiers, 
p h o t o  c o m p o 
n e n t s ,  lenses, 
p r isms, optical 

instruments, parts and accesso
ries. Write tor Free Catalog "8". 
NAME 

ADDRESS 
CITY 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

STATE ZIP I 
,------------, 

WOODEN SOLID PUZZLES 
Here's a fascinating assortment or 
12 different puzzles to provide 

hours or pleasure and stimulate 
ability to think and reason. A ni
mals and geometric forms. Take 
them apart and reassemble them. 
Lots of fun for the whole family
young and old. Will test skill, 
patience and ability to solve prob
lems. Order yours now. 
Stock No. 70,2055., .53.50 Ppd. 

WALNUT VENEERED 
CABINET MODEL 
Stock No. 85.1815.599.50 F.O.B. 
8" DO-IT-YOURSELF KIT 
Stock No. 71.0095 .. 522.50 Ppd. 
8" SET (Motlondlzer, color wheel, 
apertures) 
Stock No. 71,0305 .. 545.00 Ppd. 
12" SET (same as above w/larger 
lVlotlondlzer) 
Stock No. 71,0325 .. S57.50 Ppd. 
500 WATT 35mm PROJECTOR 
(for above set s) 
Stoek No. 71.0575 .. 524.50 Ppd. 
*Patent Pending. 

QUALITY LOW-COST STROBE 
Genuine electronic strobe create'S 
psyclwdelic or old-time movie ef
fects. Terrific for parties, experi
ments ... for combos, night 
clubs. dances, exhibit,ions. Best 
party ice-breaker ever-"rreezes" 
the aetion and "unfreezes" gue:'Jts. 
Practical too-check action or 
moderate-speed machinery. Xe
non lamp gives one million flashes. 
6 J-f" dlam. retlector. Uses reg. 
110-120 volt A.C. current. Hand
some solid walnut cabinet. 9 Ys'" x 
9%" x 4". Send for Bulletin #75-
describes other startlingly new 
unique lighting effects. 
Stock No. 70,9895 .. S79.95 Ppd. 

ORDER BY STOCK NUMBER' SEND CHECK OR MONEY ORDER' MONEY-BACK GUARANTEE 

EDMUND SCIENTIFIC CO. :�R�INEG��;��: J�������O� 

by SIR BERNARD LOVELL 

With all the bite of a novel by C. P. 
Snow and all the candor of The 

Double Helix, the director of Jod
rell Bank presents his first-person, 

behind-the-scenes account of how 

the world's largest radio telescope 

came into being against overwhelm

ing odds. "A real-life technological 

thriller . __ a fascinating record of 

scientific, academic and governmen

tal cooperative discord." - Book-of

Ihe-Mollth Club News. "A fasci

nating chronicle of the obstacles the 

innovator must fight against." 

-ROBERT JASTROW 
With 24 pages of photographs_ $5.95 

At all bookstores 
or from Dept. 14 

tfj Harper eJ Row 
1817 49E_33rdSt.,N.Y.I0016 
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THE JOHN R_ MILES CORPORATION 

CELEBRATES ITS TWENTIETH ANNIVERSARY 

120 YEARS OF SERVICE IN THE FIELD OF OPTICS I 
Founded February 9, 1948, the Company fur

nishes a service which is unique, because it de

velops practically all optical devices, and 

provides Engineering and Consulting services. 

The plant in Elk Grove Village was built in 1965. 
It houses the Engineering Offices, Optical 

Laboratory, Computer Facility, Instrument Shop, 

etc. 

The Corporation is particularly proud of its 

professional status, which precludes production 

manufacturing and sales of products, and thus 

makes possible a singular devotion to the 

service of its clients. Its clientele is nationwide, 

including many well-known organizations. 

THE JOHN R. MILES CORPORATION 

95 KING STREET, ELK GROVE VILLAGE, 

ILLINOIS 60007 

JOHN R. MILES, PRESIDENT 

PHONE 312-437·5190 

Jr., in Science, Vol. 156, No. 3782, 
pages 1557-1568; June 23,1967. 

TRANSVERSE STIMULATED EMISSION IN 

LIQUI�S. J. L. Emmett and A. L: 
Schawlow in The Physical Review, 
Vol. 170, Second Series, No. 2, pages 
358-362; June 10, 1968. 

APPLICATIONS OF LASER LIGHT 

LASEHS AND ApPLICATIONS. The Anten
na Laboratory of the Department of 
Electrical Engineering of the Ohio 
State University, edited by W. S. C. 
Chang. Ohio State University, 1963. 

TIlE LASEl1. William V. Smith and P. 
P. SOI·okin. McGraw-Hill Publishing 
Company, 1965. 

LASERS AND THEIR ApPLICATIONS. Kurt 
R. Stehling. World Publishing Com
pany, 1966. 

P110CEEDlNCS OF THE SYMPOSIUM ON 

MODEHN OPTICS, NEW YOHK, N.Y., 
MAHCH 22, 23, 24, 1967. Edited by 
Jerome Fox. Polytechnic Press of the 
Polytechnic Institute of l3rooklyn, 
1967. 

1967 CONFERENCE ON LASEH ENGINEER

ING AND ApPLICATIONS. IEEE Journal 
of Quantum Electmnics, Vol. QE-3, 
No. 11; November, 1967_ 

THE CHEMICAL EFFECTS 
OF LIGHT 

LIGHT-SEKSITIVE SYSTEMS: CHEMISTRY 

AND ApPLICATION OF NOKSILVER HAL

IDE PHOTOGRAPHIC PROCESSES. Jaromir 
Kosar. John Wiley & Sons, 1965. 

TIm MIDDLE ULTHAVIOLET: ITs SCIENCE 

ANI) TECHNOLOGY. Edited by A. E. S. 
Green. John Wiley & Sons, 1966. 

ENEHGY TRANSFER FROM HIGH-LYING 
EXCITED STATES. Gisela K. Oster and 
H. Kallmann in Journal de Chimie 
Physique et de Physico-Chimie Bio
logique, Vol. 64, No.1, pages 28-32; 
January, 1967. 

PHOTOPOLYMERIZATION OF VINYL MON

m .. IERS. Gerald Oster and Nan-Loh 
Yang in Chemical Reviews, Vol. 68, 
No. 2, pages 125-151; March 25, 
1968. 

FLASH PHOTOLYSIS AND SOME OF ITs 

ApPLICATIONS. George Porter in Sci
ence, Vol. 160, No. 3834, pages 1299-
1307; June 21,1968. 

HOW LIGHT INTERACTS 
WITH LIVING MATTER 

CHEMISTRY AND l3IOCHEMISTRY OF 

PLANT PIGMENTS. Edited by T. W. 
Goodwin. Academic Press, 1965. 

PHOTORECEPTORS. Cold Spring Harbor 
Symposia on Quantitative Biology: 
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Vol. XXX. Cold Spring Harbor Labo
ratory of Quantitative Biology, 1965. 

PLANT BIOCHEMISTRY. Edited by James 
Bonner and J. E. Varner. Academic 
Press, 1966. 

THE CONTROL 
OF THE LUMINOUS 

ENVIRONMENT 

AMEHlCAN BUILDING: THE FORCES THAT 

SHAPE IT. James Marston Fitch. 
Houghton Mifflin Company, 1948. 

PRIMER OF LAMPS AND LIGHTING. vViI
lard Allphin. The Chilton Company, 
1959. 

ARCHITECTURAL LIGHTIKG GRAPIlJCS. 

J. E. Flynn and S. M. Mills. Reinhold 
Publishing Corp., 1962. 

DESIGN WITH CLIMATE: BIOCLIMATIC 

ApPROACH TO ARCHITECTURAL RE

GIONALISM, SOME CHAPTEHS BASED 

ON COOPERATIVE RESEAHCH WITH 

ALADAR OLGYAY. Victor G. Olgyay. 
Princeton University Press, 1963. 

THE AESTHETICS OF FUNCTION. James 
Marston Fitch in Annals of th� New 
York Academy of Sciences, Vol. 128, 
Part 2, pages 706-714; September 27, 
1965. 

THE PROCESSES OF VISION 

THE KINETIC DEPTH EFFECT. H. vVal
lach and D. N. O'Connell in journal 
of Experimental Psychology, Vol. 45, 
No.4, pages 205-218; April, 1953. 

THE RELATION OF EYE MOVEMENTS, 

BODY MOTILITY AND EXTERNAL STIM

ULI TO DREAM CONTENT. \,yilliam 
Dement and Edward A. Wolpert in 
journal of Experimental Psychology, 
Vol. 55, No. 6, pages 543-553; June, 
1958. 

THE SENSES CONSIDERED AS PERCEPTUAL 

SYSTEMS. James J. Gibson. Houghton 
Mifflin Company, 1966. 

COGNITIVE PSYCHOLOGY. Ulric Neisser. 
Appleton-Century-Crofts, 1967. 

MATHEMATICAL GA?\1ES 

DIGITAL RECKONING AMONG THE AN
CIENTS. Leon J. Richardson in The 
American Mathematical Monthly, Vol. 
23, No. 1, pages 7-13; January, 1916. 

MATHEMATICS AND THE FOLKWAYS. 

Martin Gardner in The journal of Phi
losophy, Vol. 47, No. 7, pages 177-
186; March 30, 1950. 

THE AMATEUR SCIENTIST 

STANDARD METHODS OF CHEMICAL 

ANALYSIS. Wilfred W. Scott. D. Van 
Nostrand Company, Inc., 1939. 

Outstanding orders for the Lockheed 1011 make up that backlog. 
Additional on-going Lockheed programs include the Rigid Rotor 
AH-56A Cheyenne and commercial derivatives. ASW aircraft. 
and supersonic aircraft development. 

Lockheed has a huge backlog of opportunity in: Aerodynamics. 
Propulsion. Structures. Stress. Weights. Flight Controls. Reliability, 
Acoustics. and Design Engineering (structures. power plant 
installation. transmission. maintenance). 

These positions require an appropriate degree and experience. 

Send your resume to: Mr. E. W. Des Lauriers. Professional Placement 
Manager. Dept. 2909, 2411 N. Hollywood Way. Burbank. California 91503. 
An equal opportunity employer. 

Engineers: You're looking at a 2.6-billion-dollar 
backlog of opportunity. 

Look into it! 

LOCKHEED
CALIFORNIA 
COMPANY 

A Division of Lockheed Aircraft Corporation 

: Nome 
I 
I Address 
I 

ThiS 10114," 
ASTRONOMICS 

NEWTONIAN 
TELESCOPE 

with 
equatorial 

head 
is also available in 

4lh", 6", 8¥2" and 
11 %" apertures 

Also in Cassegrain 
form. They are 

described 
in the ! 

28.PAG£ ASTRf!!.� I 
TELESCOPE HANDBOOK 

Telescopic Design - Telescopic 
Performance - Optics and 

Observation _ Catalog of 
Telescopes and Accessories 

----------------� 
ASTRONOMICS, INC. 

Div. of The CroHcol Co. 
Wood·R;dge. N.J. 07075 

(201) 933·7800 

:_�i!r _________ !t:!:. ______ �J!.,.;.�;!.I 
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To scientists throughout the world, Miles Laboratories in Elkhart, Indiana has meant advanced 

products for research in Molecular Biology since 1961. 

Recently over 800 life-scientists from many parts of the world attended the second annual Interna

tional Symposium in Molecular Biology sponsored by Miles Laboratories. These meetings bring together the 

world's foremost authorities on the inter-relationships of nucleic acids (DNA and RNA) and the Genetic 

Code to all the processes occurring within the living cell. 

Through the Research Products Division, Miles Laboratories serves the scientific community by gen

erating critical materials required by researchers in health and nutrition-molecular biologicals, immuno

chemicals, isotopically labeled compounds, enzymes, and protein building blocks. 

For a summary of the proceedings and abstracts from the 1968 Symposium entitled: "Transfer of 

Genetic Information in Protein Synthesis; Synthesis, Structure, and Function of Transfer RNA," write 

Miles Laboratories, Inc., Research Products Division, Elkhart, Indiana, U.S.A., 46514. 

In case you didn't know, we also make professional pharmaceuticals (Ames diagnostic reagents), electronic medical 

instruments, chemicals and proprietary pharmaceuticals such as ALKA-SELTZER and ONE-A-DAY (brand) vitamins . 

.. 
MILES MILES LABORATORIES, INC. Elkhart. Indiana 
... 

276 

© 1968 SCIENTIFIC AMERICAN, INC



AUTOMATION: a safer way to dispose of "radioactive atomic waste� 
The idea turned us on. 
Nuclear power plants generate "radioactive atomic waste" 
along with electric power. Eaton Yale & Towne technol

ogists engineered and constructed a fully automated 

system for "no hands" disposal of this waste. All opera

tions go on behind shielded walls, with periscope viewing. 

The waste from atomic reactors is mixed with cement in 
drums, sealed and moved by an overhead system into 
rooms for "cool down" periods of up to two years. The 

drums are then trucked in thick-walled burial vaults to 
government areas for deep-trench burial. 0 In a different 

field, our technologists designed an automated system to 

INC . Applying advanced technology 

unload and load giant C-141 cargo planes. Complete turn

around time: an astonishing 20 minutes! 0 Practical 
application of advanced technology is what Eaton Yale & 

Towne engineers do best. Special emphasis is given to 

the dynamics of materials movement, 

transportation, control systems, metal

lurgy, construction, security systems, 
and to products for your comfort, con

venience and safety. 0 For more about 

Eaton Yale & Towne, write today for 
our 28-page book, "PANORAMA." 

.... ___ .... to bring you exciting new products 
100 ERIEVIEW PlAZA • ClEVElANO.OHIO 44114 
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You can see the dangers in these waters from two miles up 
but you might not see them from two feet away. 

This is a photograph of a coast line taken with a 

special kind of GAF Anscochrome® film that's used 
to prevent mistakes in navigation. 

See those two long, innocent-looking sand bars 
jutting into the water? Their most dangerous 
parts are actually hidden below the sUltace. 

You can see them in this photograph, but a vessel 
might not see them until it's too late. 

And that's precisely the whole idea behind this 
GAF Anscochrome film. 

The U.S. Coast and Geodetic Survey is using 
this aerial film light now to take cleal; sharp 
photographs through the water of coastal sea floors. 

So the danger spots will show up on a marine 
chart, instead of in newspaper headlines. And the 
same technology that makes this aelial color film 
possible is used in the makiIig of GAF's popular 
family of Anscochrome color films, including 
Anscochrome® 500, the world's fastest color film. 

Thanks to our film know-how the future of 
photography, whether it's in the sky, or on the 

ground, is very very bright. 
But of course, the future is GAF's business. 
And it's a good business. In the past three years 

our devotion to the nlture has tripled the size of GAF. 
It has also created exciting new products for home 
and industry including: nature-proof Ruberoid® 
building materials and high-styled floor covelings; 
advanced Gafa,x copiers; new Anscochrome® color 
films, automatic cameras and projectors; and hundreds 
of chemicals that are revolutionizing everything fi'om 
detergents to deodorants. 

Because our name belonged to the past and not 
the nlture, we've changed it. General Aniline & Film 
Corporation is now GAF COlvoration. 

It's as simple as saying G . . .  A ... F. Three letters 
that spell the future. 

Our initials are now our name. 
G A F Corporation, New York, N. Y. 10020 
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