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What did we learn from building the moon camera? 
We learned what a good camera as needed. in a matter of seconds. magazine slide for the same reason the Hasselblad system which in- 

we already had on earth. NASA needed simplicity of oper- again. cludes three basic cameras, eight 
Because the moon Hasselblad is ation. (Aren't there times when you, And it has a hinge to keep the interchangeable Carl Zeiss lenses 

basically our electrically-driven too, want to concentrate on your film back from floating off into ranging from 40 to 500mm, five 
Hasselblad 500 EL. subiect, not your equipment?) The space during weightlessness, interchangeable magazines from 12 

We also learned that NASA's 500 EL offered electrically-driven The earth Hasselbladdoesn'thave to 70 exposures, interchangeable 
photographic needs were much the automatic film advance and cock- any of these things because it viewfinders plus a large number of 
same as the needs of serious pho- ing of shutter. doesn't need them. specialized accessories. 
tographers anywhere. Most of all NASA needed fail-safe On the other., hand the earth We didn't have to push technol- 

NASA needed to bring back high- reliability. (After all, if you were Hasselblad has things the moon ogy to fantastic new limits to come 
resolution photographs. (Don't going on a long trip and didn't know Hasselblad doesn't have. Or need. up with the moon camera. We had 
you?) The Hasselblad 500 EL when you'd get there again, you'd Like interchangeable film transport been making such a product all 
offered the superb optics of Carl want insurance, too.) Since Hassel- mechanisms and interchangeable along. 
Zeiss lenses, plus the large 2?" blad had been the space camera viewers. Which only goes to show that 
square format. since 1962, there was no doubt that In its own way, the earth Hassel- when you constantly shoot for the 

NASA needed great shooting ca- it would perform reliably on the blad, with its reflex viewing system, moon, you stand a good chance of 
pacity. (Haven't you been in spots moon. is just as sophisticated as the moon making it. 
where you wish you'd had more There are, of course, some dif- Hasselblad. So rather than stand in For more information, see your 
film in your camera? Or could ferences between the moon and we of the astronauts' Hasselblad, Hasselblad dealer. For your free 
switch from black and white to earth Hasselblads. it would be equally appropriate for 48-page catalog on The Hasselblad 
color in mid-roll?) The 500 EL, with For one thing, the moon Hassel- the astronauts to stand in awe of System, write Paillard Inc., 1900 
its interchangeable backs, offered a blad has wings on the diaphragm your Hasselblad. Lower Road, Linden, N.J. 07036. 
large capacity magazine. Which and shutter speed rings so they can If you don't require an electri- 
meant that no film would have to be operated with bulky gloves on. cally-driven film advance, there are f-f A S S F 1 8 1 A D 
be loaded by the astronauts during It has an oversized shutter re- other Hasselblad bodies. All part of PaiJiard Incorporated: BolexHasselbladHermes. 
the entire moon flight. A fresh, pre- lease button for the same reason. 
loaded back could be snapped on It has a longer handle on the film 

The System 
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Mdssbauer Spectroscopy of Moon Samples: A. H. Muir, Jr., R. M. Housley, 
R. W. Grant, M. Abdel-Gawad, M. Blander.688 

MAGNETIC AND Magnetic Properties of Lunar Samples: D. W. Strangway, E. E. Larson, G. W. Pearce .. 691 
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Magnetic Studies of Lunar Samples: R. R. Doell, C. S. Grommc, A. N. Thorpe, 

F. E. Sen itle.695 
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G. A. Steigmann, C. Titulaer.717 

Luminescence of Apollo 11 Lunar Samples: N. N. Greenman and H. G. Gross.720 

Luminescence and Reflectance of Tranquillity Samples: Effects of Irradiation 
and Vitrification: D. B. Nash, J. E. Conel, R. T. Greer.721 

Thermal Radiation Properties and Thermal Conductivity of Lunar Material: 
R. C. Birkebak, C. J. Cremers, J. P. Dawson.724 
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Infrared and Thermal Properties of Lunar Rock: J. A. Bastin, P. E. Clegg, G. Fielder 728 
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Spacesuit for moonwear and portable life support system being tested in LTV Aerospace's space environment simulator. 

WHY DO ANYTHING 
Why sail Westward out of Renaissance Europe, at Why do anything? Why go to the moon, the 

ruinous cost, and risk falling off the edge of the planets, and the stars? 
world? To see what's out there. 

To see what's over there. Somehow inevitably to make us more than we 

And to find a new world, green and virgin, rich are. To push back the edges as long as there are 

and full of gold. And full of hope. edges to push back. To find unimaginable new 

Why poke about under 19th-Century micro- answers, inexpressi ble new excitements, ineffable 
scopes, facing ridicule and hunger and the waste new hope. 
of a lifetime? 

To see what's down there. For whenever and wherever man has gone look- 

And to find new microworlds, full of cures and ing before, to see what was there, he has been 
knowledge of ourselves. And full of hope. right to do so. And he has never gone unrewarded. 

A qua/dy company of Ling-Temco-Voughi. Inc.  



OTHER PHYSICAL Apollo 11 Soil Mechanics Investigation: N. C. Costes, W. D. Carrier, R. F. Scott.739 
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Surface Properties of Lunar Samples: J. J. Grossman, J. A. Ryan, 
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Jeolco's line vs. competition's. 
We keep adding instruments. 

They keep adding words. 
so 

1966. 1967. 1968. 1969. Like the JEM-120. 
':; A routine replacement 

Four years. Twenty-four new 
Jeolco instruments. More new 00 for any 100KV (except ours). For slightly instruments than all our com- I 

petition combined. , more money, you get 
All types of instruments:trans- 20% more penetration. 

mission electron microscopes, 
scanning scopes, and probes. Like the JEM-200. 

Including our Our high-per- 
2A JEM-lOOB, lormance com- 
VVith full auto- pact. With an 
mation and .   accelerating 
the highest voltage of 

200KV and  
70% higher 
transmissive ,,, 

power. 
The extra 

power costs a 
little more. But then you 
Workalittle less. 

resolution in its class.(Our 
competition doesn't even Like the JXA-5. 
come close.) And our Our expert 
JEM-100U, with 27 high- X-ray analyzer 
resolution accessories. and micro- 

Including our brand-new probe. The 
JSM-U3. The super-compact ......... only probe 
scanning scope that shows A built that 
you solid specimens in depth. - can detect 

Including all the other Jeolco beryllium. 
instruments you may or may 
not already know. llllllWllllfll Now that 

Like the JEM-50B. you've met 
Our compact some of us on paper meet all of 
teaching electron us in person. 
microscope. At .: Just give us a call. Collect. 
an unbelievably Like the JEM-lOGO. (617) 396-6021. 
low price. It has Our super-sensitive, Or see a technical consultant 

K 20 times higher super-expensive scope. at one of our application cen- 
resolution than With an ultra-high ters. For a demonstration that 
an optical micro- transmissive power of 1 will help you decide exactly 

scope, but it's just as easy to use. a: lion volts. And an ultra- which Jeolco instrument to buy. 
, gentle way of handling 

the most delicate specimens. 

N#b#IAI#MA 
A INC ELECTRON OPTICS DIVISlON 

477 Riverside Avenue, Medford, Massachusetts 02155/Telephone (617) 396-6021 
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Suprasi I? 

Is making the 
rn 

- me brighter 

The Laser Ranging Retro Cube Prisms, the material for 
Reflector Package, placed on which was supplied by the Lunar Surface by our Amersil. 

Apollo 11 crew, is vastly Suprasil, already established 
enhancing our knowledge of as an optically superior 
the Solar System material, was still further im- 
The heart of this experimental proved to meet NASA's 
package is an array of 100 necessarily exacting. require- 
Suprasil (Fused Silica) Corner ments. An isotropic homo- 

geneity of better than 1 x 10.6 
per cm of pathlength was 
achieved with our Suprasil 
material, in order to facilitate 
the difficult task of finishing the 

.-,- corner cubes to the extreme 
accuracies required. 
The entire NASA-University of 
Maryland project is repre- 
sentative of Amersil's interest 
in cooperative development 
with firms such as Perkin 
Elmer, A. D. Little, Bendix, and 
Boxton Beel, each of whom 
participated inthisim portant 
and highly successful 
experiment. 

  -. ANEDNIL 

685 RAMSEY AVENUE 
HILLSIDE, NEW JERSEY 07205 70 



In the vacuum chamber at from edge to edge. This is truly 
the Lunar Receiving Laboratory, a an instrument designed for the 

When lunar rock Zeiss Zoom Stereomicroscope IV scientist. 
was used to make the first micro- Combine these features with 

vas first stuclieci, The operation was time-critical, working distance, the many 
scopic studies of lunar material, the compactness, stability, long 
since the material had to be class- sories available, and the mechan- the Zeiss 
ified and distributed to other lab- cal and optical precision of the 

? 1 oratories for many experiments zoom system (which guarantees Stereom icroscope that had to be completed before unusually realistic depth percep- the end of the quarantine period. tion and great definition at all 

.1k I is no room for error. and you'll see why Stereo IV is the 
as set up like L11I5. such a time-critical opera- points over the entire zoom range), A great safety factor was added by microscope chosen by scientists 

use of the unique Zeiss Beam when time is critical. 
Splitter (one of the many optional Special Free Offer-We have 
attachments), which made simul- reproduced six of the most spec- 
taneous viewing and photography tacular Apollo 11 photographs in 
possible. The scientists could full color on a high quality paper. 
therefore be assured of photo- If you would like copies of these, 
graphing exactly what they saw. or more information on Stereo IV, 

And since the most severe write Carl Zeiss, Inc., 444 Fifth 
critic of any optical system is the Avenue, New York, N. Y. 10018. 
photographic film, high optical 
quality is a necessity. Stereo IV Nationwide Service 
easily passes the film test. Attach - 
the camera, and you are insured W W 
photomicrographs with great defi- U hU 

5tereo iv equipped with nition, evenly illuminated, sharp 
optional beam splitter, . - 

camera attachment and . THE GREAT NAME IN OPTICS 
auxiliary viewing tube. 

ATLANTA, BOSTON, CHICAGO, coLuMBus, DENVER, HOUsTON, KAN5A5 CITY, LOS ANGELES, PHILADELPHIA, 5AN FRANCISCO, SEATTLE WASHINGTON, D.C. 



CaiComp puts the sun out 
in 31 minutes flat. 

It's not doomsday, exactly, but What's more, CalComp micro- He can help you with just about 
it's almost as weird. film drawings can be viewed sepa- any graphic problem under the sun. 

What you're looking at is a rately, like ink and paper drawings. Including the sun. 
drawing of what a radio telescope Or in sequence for time-lapse  
sees when it looks at the sun. motion picture studies. 

A computer-controlled Cal- CalComp is the leader in com- TEACH YOUR COMPUTER TO DRAW. 
Comp 835 plotterdrew it on micro- puter graphics. california computer Products, Inc. 

Dept. MI-i 305 N. Muller Street 
film for The Aerospace Corporation With sales, service and soft- Anaheim, california 92803 

in Los Angeles. ware in 34 cities. And 
The people at Aerospace need the greatest variety of 

a large quantity of sun complexion plotters in the world. 
maps like this one for their study of Including compact K 

the sun's radio burst mechanism. drum plotters. Giant 
And by using our 835 plotter, flatbed plotters. And in 

they get them fast. our 800 series, plotters 
In fact, the 835 can draw at a that draw not only on 

rate of 100,000 plot increments a microfilm, but on micro- 
second. Because it draws with film andpaper. 
modulated light. On microfilm. So if you have a computer that 

(With achoiceoffivefullyauto- can't oraw, call your nearest Cal- 
matic microfilm camera options.) Comp man today. 

SCIENCE, VOL. 167 



The Zeiss Photomicroscope II equipped with optional viewing screen. 

A Zeiss Photomicroscope, diness of the stand, with its built- 
The Zeiss and Neofluar objectives and a pro- tion elements, eliminates chances equipped with Planapochromat in 35 mm camera and anti-vibra- 

screen (one of the many of blurred photography. 
Photom icrosco H at the Lunar Receiving Laboratory Photomicroscope, all light-micro- optional attachments), was used And, of course, with the 

for the first histological studies on scope techniques are possible and in N A SA 's the mice and Japanese quail that convenient to employ: brightfield, 
II. had been injected with moon dust. darkfield, fluorescence, polariza- LI This time-critical operation had to tion, phase contrast, and Nomar- lunar n Istoiogy iau be completed before the end of ski interference contrast-for both 
.1k the quarantine period. Never be- reflected and transmitted light. 

fore had the classic techniques Where rapid-succession, per- w as set up I Ike LII been applied to such an exotic fectly exposed photomicrographs 
end. are required and highest perform- 

The optical quality and the ance is demanded, the Zeiss 
automatic photographic capabil- Photomicroscope is called for. 
ity of the Photomicroscope in- Special Free Offer-We have 
sured the reliability and time-say- reproduced six of the most spec- 
ing the circumstances dictated. tacular Apollo 11 photographs in 
And the operator's colleagues full color on a high quality paper. 
could observe everything simul- If you would like copies of these, 
taneously on the large, bright or more information on the Zeiss 
viewingscreen. Photomicroscope II, write Carl 

Since both exposure control Zeiss, Inc., 444 Fifth Avenue, New 
and camera are fully automatic, York, N.Y. 10018. 
and camera-focusing is accom- Nationwide Service 
plished simply by focusing the 
microscope, everything is easy. 
The stability of the Photomicro- ZLmiu scope is another factor. The stur- 

THE GREAT NAME IN OPTICS 

ATLANTA, BOSTON, cHiCAGO, COLuMBus, DENVER, HOuSToN, KAN5A5 CITY, L05 ANGELES, PHILADELPHIA, 5AN FRANCISCO, SEATTLE, WASHINGTON, D.C. 





Ii. 6901 W. Sunrise Boulevard 

Ft. Lauderdale, Florida 33310 

I'd like to see the actual test results that 

show why the Sigma 5 came in second in 

your price-performance comparison. 

Name ______________________________ 

Company 

Address____________________________ 

SYSTEMS Engineering Laboratories 
6901 W. Sunrise Boulevard 
Ft. Lauderdale, Florida 33310 

I'd like to know more about SYSTEMS 86. 
And about how the new SYSTEMS 88 can 
give me true multi-processing capability 
in a real-time application. 

Name_____________________________ 

Company 

Address___________________________ 

:. : .'I .gg . City State Zip 
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How cryogenic storage can be a 
lifesaver for the bioscientist 
Thegradualerosionofabioiogicalproperty from +15'C to -70C and back. The sys- 
that is being maintained as a preservative tern, perhaps with the addition of a protec- ogenic a 
measure in the frozen state at a tempera- tive additive, has presumably been weli refrigerator 
ture of -70'C or higher is an occurrence prepared not only for a passage to and biological 
with which workers in the biosciences in- from the solid state but also for a storage necessity? 
evitably become familiar. Often marvels of period in that state. Yet, if the return to Some bioscientists find cryogenic preservation an 
ingenuity are exercised in preparing a sys- + 15'C is delayed for weeks, or months or indispensable tool for storing many materials of 
tem for the potentially dangerous phase years, these or other desirable and essen- biological origin in a potentially viable or functional 
transition. The bioscientist is able to show tial properties may be irretrievably lost, state for prolonged periods. For instance, tissue 
that, as the temperature of the basically what has happened? why? cultures may be so stored without the risk and expense 
aqueous medium is lowered, enzyme activ- 
ity, membrane integrity, or cellular The ptecise mechanisms by which entities attendant on subculture. 
morphology has survived the excursion of biological origin undergo degradation 

with time in a frozen environment have not LINDE cryogenic refrigerators 
10000 been delineated intermsof their chemistry. The nonfunctioning enzyme system, the in -n c,h'w'nc all and sizes fertile sperm cell, the hemolyzed erythro- come i 

cyte, and other biologicai disasters never- Union Carbide's LINDE 
theless attest to their reality. Clearly, as 

LOG PLOT OF 2870 yrs. the cryobiologists probethe basicsof their division produces a full 
TEMPERATURE AND field one can expect definition of reactions line of cryogenic ref rig- - 

HALF-LIFE of great interest, conceivably of wholly erators, dewars, and con  
new concepts in chemistry. There are port trolled-rate freezers. 
tents, perhaps, in wang's dimerization of These low-temperature 
1,3 dimethyl thymine in frozen environ- 

1000 ments, a photoreaction that proceeds at a liquid nitrogen units, 
negligible rate in the liquid state. available with racking 

systems for easy 
At present known only by their workings, a storage and retrieval, 
loss of activity or other form of biological can solve your preserva 
integrity, these degradative reactions are tion problems. 
temperature dependent, and it is on this 
relationship that the success or failure 
of a frozen storage operation may depend 

100 For over a century we have known that a decline in temperature of 1O'C decreases 
the reaction velocity by approximately 
1/2 or 2/3, but those of you who remember 
your problems in chemical kinetics will 
recall the awe-inspiring influence of tem- 
perature on the specific reaction rate as 
expressed byArrh 

K=Ae/RT 
is The effect of temperature on K, the spe- 
* 10 cific reaction rate, is exerted exponentially 

through the Boltzmann factor. If the stor- 
age temperature used permits significant r?--? 

23/4 yrs. biological decay, that is to say, an undesir- Union Carbide CorporatIon ably high degradative reaction velocity, Linde Division 
one can slow the process effectively. How I rs 
effectivelycan be seen in almost any text of 

C0 physical chemistry. Daniels, for example, I RO. Box 264 o cites a first-order reaction in which the Radio City Station, New York, N.Y. 10019 
4' 

half-life is increased by a factor approach- ing 10,000 as the temperature is lowered from - 75'C to - 100'C. Such considera- 
128 days tions are necessarily important when ma- I I would like additional information: 

terials of biological origin, many of which LI LN2 refr 
are intrinsically unstable, are to be stabi- igerators El Temperature/level controllers 
lized for indefinitely prolonged periods at  El LN2 dewars El Liquid nitrogen storage and supply 
reduced temperatures. Remember, too, 
that the frequency factor, A, diminishes I Name___________________________________________ I 
with decreasing temperature. (Please Print orType) 

0.1 Among the procedures by which the sci -________________________________________ 
entist may capitalize on the relationships I Street I 

16 days inherent in the Arrhenius equation to pro- 
vide maximum stability to systems of bio- Oily State Zip Code_____ 
logical interest, the use of cryogenic fluids I 
in appropriate storage equipment offers a 
relatively simple solution. Liquid nitrogen, I??I 
abundantly available, is a boiling liquid, 
- 196C, at atmospheric pressure. An idea 
of its potential effectiveness as a refrig- 

0.01 eratingagentcan be seen from the diagram 
below. Here we postulate a reaction with 
a haif-lifeof onedayatO'C and a reduction 
of reaction rate by one half for each iO'C 

1 day decline in temperature. CRYOGENIC 
REFERENCES: 
Danieis, F.: Outlines of Physicai Chemistry, New m PRODUCTS 
York, John wiley & Sons, Inc., 1948, P. 367. 
Wang, 5. Y.: Photochemical Reactions in Frozen 

Temp.ratur.,0C Fed. Proc. 24(2) Part lll:S-71-9, Mar-Apr., 1965. Carbide Corporation. 
Soiutions. Nature 190:690-4, 1961. UNION CARBIDE CORPORATION, LINDE DIVISION, 0.001 -200 See also: Wang, SY.: Photochemical Reactions 270 PARK AVENUE, NEW YORK, N.Y. 10017 70 -100 of NucleicAcid Components in Frozen Solutions. LINDE and UNION CARBIDE are registered trademarks of Union 
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Sangamo' S expanding 

recorder/reproducer capabilities 

provide faster tracks to knowledge 

For this mind-expanding age, Sangamo switching from intermediate band to wide- SANGAMO 
has developed a far-out family of extremely band to whatever-band you want. And Springfield Illinois 62705 
sophisticated recorders/reproducers. Each one set of electronics prevents family The innovators in 
type, from the lightweight portable (which squabbles between laboratory and portable tape instrumentation 
outperforms most heavyweights) to tower- models 
ing laboratory models, is programmed for Whatever your field-industrial med- 
flexibility. ical military or educational Sangamo _____ Interchangeable circuit modules permit tapeabilities help improve your capabilities. 
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Big future for little circuits 

Bell Laboratories engineers have 16 resistors in the silicon chip (under phone use gave us some problems: 
developed a special TOUCH TONE the pencil point), and 19 resistors and Tailoring the resistance of thin film 
Trimline handset that suggests great 8 capacitors made with tantalum film resistors so that the resistance 
possibilities for designers of future on the substrate. capacitance product remains con 
telephones In this one the musical Much of Bell Laboratories' inte- stant despite changes in temperature. 
tones you hear when you push the grated circuit work combines tan- Designing oscillator circuits whose 
buttons are generated by two oscilla- talum thin-film circuits (for precision outputfrequencies are notaffected by 
tors in a hybrid integrated circuit passive components) and silicon inte- varied loadings due to differing cable 
(one combining tantalum and silicon grated circuits (for active devices). To lengths between telephone and cen- 
technology) unite the two, we invented beam tral office. Finding an encapsulantto 

Such tiny, inexpensive circuits leads-small gold conductors which adequately insulate closely spaced 
free designers from limits imposed by are formed as an integral part of the conductors in high humidity 
bulky cotlyto assemble discrete silicon circuit. They allow us to bond To customers who use them 
components which restricted the the silicon to the tantalum circuit in a handsets with this new circuit will 
type and complexity of circuit func- simple one-shot operation. We've seem like other TOUCH TONE Trim- 
tions that could be designed into a also developed a chemical-metallur- line sets-though a trifle lighter But 
telephone handset N&w designers gical system which fully seals off and this new telephone technology opens 
can think of people first of what is protects the vulnerable parts of the the way to greater freedom for design- 
easy' to use knowing that the elec- circuit from environmental damage. ers and even better telephones 
tronics can be made to fit The So, we don't need costly vacuum- for Bell System customers 

postage stamp size, rugged inte- tight enclosures. From the Research and 

grated circuit above for instance, The extreme operational and Development Unit of ? contains 14 transistors a diode, and environmental conditions of tele- the Bell System Bell Labs 





Scientist or statistician? Some new computer 

developments are changing things for the better 

To the -laboratory scientist, the promise of the computer is relief 
from a growing burden of rather boring statistical work. He is 
much less interested in the computer's nanosecond-speed and the 
bit and word-size of its memory than in its ability to accumulate 
data, plot graphs, make long calculations and generally perform 
the non-creative tasks that increasingly are reducing his effective- 
ness as a scientist. 

Given the chance, the computer can live up to its promise. But 
in all too many laboratories, the computer doesn't even stand the tribution data more precisely and in much less time-about 10 
chance of a trial because it creates new problems that some scien- minutes-than TBP distillation. The new method employs the 
tists consider to be worse than the old. Chief among these is the HP 7600A Chromatograph System which is capable of automatic 
complexity of putting the computer to work in the laboratory- unattended operation from sample measurement and injection 
programming it, mastering the instrument-computer and the through GC analysis and digital readout of integration data. 
man-machine interfaces-which, to the scientist, is often a greater The recipe for simulated distillation with the 7600A is rela- 
drudgery than the manual data gathering and calculations that tively simple. After installing a non-polar column of limite4 effi- 
the computer eliminates, ciency (most of the methyl-silane silicone rubber phases are 

Two mbre or less recent advances in technology will make the satisfactory), set the GC for a linear program of 6 to 100C/min- 

computer more readily acceptable to the reticent scientist. The ute starting at - 200C, load the sample tray with as many as 
first is the small, instrument-oriented digital computer, a rela- 36 different calibration and analytical samples, even of widely 
tively low-cost ($l0,000-$20,O00) machine with easy-to-use con- diverse boiling ranges up to 10000F.. . and push the start but- 
trols, often pre-programmed to do a specific job . . . as in the ton: the rest is automatic.. 
lunar sample analysis experiment described later. Second is the The 7600A automatically injects the samples and prepares a 
growing popularity, at lower and lower cost, of shared-time com- punched tape record of the GC retention time and area measure- 
puter leasing, which reduces the physical presence of the com- ments at precise time intervals. Complete sets of programs pro- 
puter in the lab to nothing more complex than a typewriter-like vided with the 7600A enable any of the principal time-sharing 
keyboard. When coupled with the availability of packaged pro- computer services (including the HP 2000A Time-Shared System) 
grams developed by instrument manufacturers for a specific ana- to read the punched tape data, determine the initial and final boil- 
lytical purpose-as in the simulated distillation article described ing points of each sample, assign boiling temperatures to each 
next-shared-time computers will satisfy increasingly larger data point and print Qut the analysis report of boiling point dis- 
numbers of scientists, tribution of each sample at 1% increments. 

In both cases, the scientist can capture the advantage of the No knowledge of computer programming is required by the 
computer without suffering its complications. Use of the computer analyst. At each stage of the computer-performed calculations, 
requires nothing more complex than answering a computer-initi- the computer asks for the information it requires and the opera- 
ated dialogue in English and mathematical terms that are already tor answers by typing the requested number or word on the tune- 
familiar to the analytical technique in question.., and entering share terminal keyboard. 
the answer on a keyboard that requires no more than a "hunt The precision of the 7600A Simulated Distillation method with 
and peck" typing skill. wide boiling range samples is greater than is possible by any dis- 

tillation method. Its speed-an average of 10 minutes per sample 

Shared-Time A far cry from the alembic used by the 16th -completely outclasses distillation methods. 
century alchemist, the artful glassware used This new automated Simulated Distillation method is ex- 

Computer by the modern oil chemist for True Boiling Point amined in much more meaningful detail in Vol. 2, No. 3 of 
(TBP) distillation nevertheless employs the same Analytical Advances. Request your copy today. 

Helps GC basic technique: boil and condense. To this day, 

Simulate TBP distillation remains the only accepted way Dedicated Some of the most respected scientific teams in 
to establish the basic marketing specification of the U.S. and eight foreign countries are perform- 

Distillation petroleum products ... and it leaves a lot to Computer ing analytical investigations on the lunar mate- 
be desired. Those who refine petroleum prod- rial returned to earth by the Apollo 11 

ucts don't like it because it takes so long: TBP distillation of a Extracts hidden crew. Among the 100-odd investigations 
wide-boiling distillate can take as long as 100 hours, and the re- information from scheduled by NASA, a nuclear mag- 
sults are useless in controlling the operation of a refinery. Those netic resonance (NMR) analysis will 
who buy petroleum products don't like it because the method is Lunar sample be conducted by a Jet Propulsion Labo- 
not very reproducible, especially as it applies to the initial and ratory team headed by Dr. S. L. Manatt. 
final boiling points. Those who perform the distillation don't like Its goal is to characterize hydrogen nuclei in lunar material and 
it for both of these reasons and because the procedure itself is a attempt to establish whether any of it can be traced to free or 
long and boring task. crystalline water molecules presently on the moon's surface. The 

A group of scientists at HP's Avondale Division have devised JPL scientists will also be on the lookout for heav' hydrogen 
a completely automatic method that employs gas chromatogra- whose presence will allow some conclusions about the history of 
phy (GC) to simulate distillation and produces boiling point dis- the moon's surface and about the effect of the solar wind. A study 



of oxygen-17 may give them important clues about the current 
chemical environment of the moon (from surface samples) and 
about the presence of a lunar sea or ocean in the distant past 
(from core samples). 

Present-day commercial NMR spectrometers are capable of 
# accomplishing, unaided, the work assigned to the JPL team with 

a creditable degree of success. But when you're analyzing sam- 
ples that cost about a million dollars a gram to acquire, you're 
not satisfied with anything short of the best possible performance 
from your analytical instruments. 

In the JPL team's quest for enhancing NMR sensitivity, they 
devised a system that combines the NMR spectrometer with a 

 frequency synthesizer and signal analyzer under the control of a 
small digital computer, the HP 21 lSA, dedicated to this task 
alone. 

The computer-con- 
trolled system ex- HP 2115A 
tracts very weak Digital Computer 
NMR signals from 
heavy noise, enhanc- 
ing instrument sensi- 

* tivity as much as 100 
*  times. It also per- 

forms fast Fourier 
Transforms of the HP 5100 NMR HP 540 
NMR signal, con- Frequency Signal 
verting it from time Synthesizer Spectrometer Analyzer 
to frequency domain, 

v- for a further increase in sensitivity of another order of magnitude. 
Here's how it works: the computer digitally sweeps both the 

frequency synthesizer and signal analyzer through programmed 
frequencies. Synthesizer output excites the NMR spectrometer 
which develops noise-covered resonance spikes for each nucleus 
in the lunar sample; under computer control, the frequency syn- 
thesizer also shifts NMR excitation between the resonance and 
transition frequencies of the nucleus under observation, thereby 
permitting measurement of relaxation or resonance decay timesi 
The NMR output signal is fed to th signal analyzer which ex- 

 tracts the data from the noise and presents a calibrated display 
of the average signal at all times. The computer then processes 
the waveform, converts it from time to frequency domain by 
Fourier transformation and displays the result immediately in 
analog as well as digital form. End results of computer-controlled 
signal averaging and Fourier Transform is to increase spec- 
trometer sensitivity as much as a thousand-fold. (Photo courtesy 
of NASA.) 

Detailed information on HP Signal Analyzers and Computers 
is available on request. Write to Hewlett-Packard, 1507 Page Mill 
Road, Palo Alto, California 94304. In Europe: 1217 Meyrin- 
Geneva, Switzerland. 

HEWLETT& PACKARD 

ANALYTICAL INSTRUMENTS 00971 



Using a dig lid computer for simulation? 
ThEn di IS free E6o1I may not just be free. 
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Simulating dynamic systems by .oo  * (E mphasis supplied by EAL hybri& 
to be one of the most impnr 
V SlOPOd. studied  feasiblilty 

Computer simulation lets you ind t performance of a proposed nuclear 
complex systems and products   the r fully..expanded third-generation 
resources to building theiti. 11 suIt. , What they learn d was that an EAT 
At less money. With least max  , optimize power-generation per 

  fhree ears sooner and $3 million cheaper. 
But, good as a digital compute is foi  4 
a better way: a hybrid omputer 

combines an analog cornuter  Pnwt nI RAT'? Pioneer and 1eder in analog/hybrid oni 
it tatwn More installations. More experience. And inure 
advantages with a digital'c6mputer s accuracy, logic Zld larnu varnished k6w'.'how thai anyone in the business 
memory.. we Fre 
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THE ADVANCEMENT OF SCIENCE The Moon Issue 

Science serves its readers as a forum for the 
presentation and discussion of important issues 
related to the advancement of science, including The successful Apollo 11 mission placed experimental equipment on 
the presentation of minority or conflicting points th 
of view, rather than by publishing only material e moon and brought back 22 kilograms of lunar materials. The samples 
on which a consensus has been reached. Accord- presented unique scientific opportunities, but they also prese.;ted potential 
ingly, all articles published in Science-including 
editorials, news and comment, and book reviews problems. One was the possible contamination of the earth from the 
-are signed and reflect the individual views of the moon. Less talked about, but more real, was the possibility of a black 
authors and not official points of view adopted by 
the AAAS or the institutions with which the authors market in lunar specimens. Even more likely was the hazard of a wild 
are affiliated. scramble for publication immediately after samples became available. 

Editorial Board It was necessary to ensure receipt of the materials by qualified investi- 
gators and to prevent flagrant duplication of effort. While many kinds 

1970 of approaches were to be encouraged, excessive allocation or destruction 
GUSTAF 0. ARRHENIUS RICHARD C. LEWONTIN 
FRED R. EGGAN ALFRED 0. c. NIER of a limited supply was to be avoided. 
HARRY F. HARLOW FRANK W. PUTNAM In meeting its responsibilities in these matters, the National Aeronautics 
MIlTON HARRIS 

and Space Administration employed the power of government wisely. In 
1971 the choice of investigators and the allocation of samples it followed the 

THOMAS EISNER NEAL MILLER 
AMITAI ETZIONI BRUCE MURRAY advice of groups of highly qualified scientists, including the Lunar Sample 
EMIL 1-IAURY JOHN R. PIERCE Analysis Planning Team (see page 449 of this issue). These groups did 
DaNIEL KOSHLAND, JR. their work well. They selected a distinguished body of American scien- 

Editorial Staff tists and responded generously to qualified applicants from abroad. To 
Editor 

PHILIP H. ABELSON ensure proper custody of samples and orderly procedures with respect to 
Publisher Buainess Manager publication, NASA released materials only after suitable contracts had 
DAEL WOLFLE HANS NusseAuM been signed. One provision was that investigators were not to divulge 

Managing Editor: ROBERT V. ORMES information prematurely; instead, all were to participate in a Lunar Sci- 
Assistant Editors: ELLEN E. MURPHY, JOHN E. ence Conference held at Houston, Texas, from 5 to 8 January. On arrival 

RINGLE at the meeting, each principal investigator was to submit a written report. 
Assistant to the Editor: NANCY TEIMOURIAN In accord with its goal to publish these articles promptly in a journal 
News Editor: JOHN WALSH of wide circulation, NASA negotiated with Science. Our decision to 
Foreign Editor: DANIEL . GREENBERG5 publish these reports was a close one. The material was to be four times 

News and Comment: LUTHER J. CARTER, PHILIP M. the volume of a usual issue. There were worrisome problems of quality 
BOFFEY, JOEL R. KRAMER, ANDREW HAMILTON, control, coupled with the difficulty of handling a large number of reports 
NaNCY GRUCHOW, SCHERRAINE MACK on a tight schedule. There was also the financial burden. On the positive 

Research Topics: ROBERT W. HOLCOMB side was the fact that the examination of lunar samples was a unique 
Book Reviews: SYLVIA EBERHART event and that Science with its broad international circulation (120 coun- 
Editorial Assistants: JOANNE BELK, ISABELLA tries) could best serve as publisher. A small but nontrivial aspect was the 

BOULDIN, ELEANORE BUTZ, GRAYCE FINGER, NANCY challenge that the task presented to the staff of Science. 
HAMILTON, CORRINE HARRIS, OLIVER HEATWOLE, The financial question was resolved by a contract with NASA on 
ANNE HOLDSWORTH, MARSHALL KATHAN, PAULA 
LECKY, KATHERINE LIvINGSTON, MARGARET LLOYD, essentially a no-loss, basis, the best quality in 
VIRGINIA NUESSLE, PATRICIA ROWE, LEAH RYAN, Lots no-gain Obtaining possible 
SCHMITr, BARBARA SHEFFER, RICHARD SOMMER, YA the manuscripts while avoiding excessive length took some doing. For 
LI SWAIGART, ALICE THEILE, MARLENE TUCKER, MARIE most investigators, the time between receipt of samples and submittal of 
WEBNER 

manuscripts was only 3 months. The natural tendency was to make 
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S.W.3, England (Telephone: 352-9749) measurements until the last moment and then to throw together an article 
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