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~ with fotce Afrplusl
The L2-65B has it.

This premier preparative instrument offers you

65,000 rpm, and up to 420,000 g—plus schlieren optics.
It has superb control of sample temperature for
~ sensitive density gradient work—plus a complete
selection of density gradient accessories. It accepts the
widest number of fixed angle and swinging bucket
rotors—plus the most advanced zonals.

But the biggest plus in a Model L2-65B is that
it is built by Beckman—the people who really know how
to harness centrifugal force.

For information on the L2-65B and other Beckman

_ ultracentrifuges, write Spinco Division, 1117 California

Avenue, Palo Alto, California 94304. Ask for Data File L.
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We began building computer-based systems before
we designed our first computer. By now we’ve built
more systems than almost anyone else. And more
real-time systems than most of our competitors put
together.

Some of our systems are for aerospace applica-
tions, like JPL’s systems complex that uses 50 com-
puters. Others are for biomedicine, seismology,
telemetry, test and check-out, or simulation. And
almost every one is unique.

This background lets you tell us your needs and
relax. We'll turn them into a working system. And

Iitisn’t there
just for looks.

our software experience assures that tailored pro-
grams will work.

We also save customers money. Our modular
hardware lowers engineering and construction costs.
And because our computers were designed with sys-
tems in mind, their cost/performance cuts costs any
time a high data rate or real-time requirement enters
the picture.

These developments didn’t happen overnight.
We’ve invested years in them. Because without sys-
tems, we might be just another

f

A Xerox Company, El Segundo, California.’
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Pollution that assaults
the lungs, the digestive tract, the ear
...and how effective
instruments can lead to abatement

The Until very recently, Molecular Rotational Resonance
{MRR) Spectroscopy often seemed like a brilliant
Lun S scientific breakthrough destined to remain an ivory
g tower curiosity for lack of a practical application

in the real world of quantitative analysis.

In its pristine form, MRR allowed the scientist to look into
molecular structure by measuring changes in the absorption of
microwave energy which result from transitions between rota-
tional energy levels in a polar molecule. Because differences exist
in the composition or geometry of individual molecular species,
there is a characteristic MRR spectrum for each molecule.
Absorption peaks are unique for each molecule and MRR readily
differentiates between them, even in a complex mixture, because
of its inherent specificity. In the usual case, measuring the frequency
of a single absorption line completely identifies the molecule.

MRR has recently been shown to be a practical quantitative
tool too. In a paper published in the Journal of Chemical Physics
(46, 3698, 1967) the response of the HP 8400B MRR Spectrometer
was shown to be linear with concentration from the lowest detect-
able limit to 1009,. More recent work with common air pollutants
(80,, NO,, hydrocarbons) has demonstrated that MRR gives a
quantitative response for each gas, even in the complex mixtures
that are commonly associated with air pollution samples. The
actual sensitivity limit for SO, has been determined at 3.5 nano-
grams without using concentration techniques (. . . this corresponds
to a concentration of 11.6 ppb in a one liter sample). To further
enhance its usefulness in the quantitative analysis of air pollutants,
most MRR experiments are carried out at low pressures—typically
10-15 4 Hg—a condition that greatly reduces the rate at which
the pollutants react with each other.

Precisely where the MRR Spectrometer fits into the pattern of
analytical chemistry is still being studied. Based on the work
reported above, it certainly should be considered for air pollution
analysis, especially for calibrating on-site air pollution monitors.
Results of experimental work in air pollution and other significant
analyses with the MRR Spectrometer are published regularly in
Molecules and Microwaves, a copy of which awaits your request.
The In the days before Rachel Carson’s Silent Spring, the

- only popular connection between pesticides and the

& ° human digestive tract was benign: one was
DlgeStlve reassured that large parts of the world would
Tract

be hungry, even suffer famine, except for the bene-

ficial effect of pesticides on agricultural production.
Nowadays, it’s more common to hear warnings from respected
scientific sources that pesticides constitute a real and present
danger to life on this planet because they are ingested as residues
in the food we eat and the liquids we drink.

These are not mutually contradictory arguments so much as
they are accurate descriptions of both sides of the split personality
of pesticides. The only conceivable solution to this very human
dilemma is better control of the use of pesticides, and more
careful analysis of pesticide residues in foodstuffs.

Enter the gas chromatograph (GC). While the men engaged in
pesticide detection are many and far-flung, instrumentation for
this sensitive work falls almost solely on the GC. On this basis,
Hewlett-Packard has directed much research effort towards

perfecting both instrumentation and technique. Although pesticide
detection is still most often recorded in the nanogram range, an
HP GC--more than four years ago—separated a laboratory
pesticide sample at the picogram level. Most of this chemical
detective work is being performed on the HP Model 402 High-
Efficiency GC-—an instrument perfected especially for this and
other biochemical research. HP’s pesticide analysts prefer to use
this instrument equipped with an electron capture type of detector.
The latter employs a radioactive tritium source to produce elec-
trons whose capture by the pesticide molecules is a direct measure
of their presence. Recently, HP chemist-designers have perfected.
a new electron capture detector that employs a radioactive Ni%
source that is more stable at higher temperatures thereby holding
out a promise of more searching pesticide detection than the
older tritium type can accomplish.

Sometimes the inherent difficulty of pesticide analysis is re-
solved by improvements in technique rather than hardware. HP
chemists have developed special techniques for the analysis of
pesticide residues in many foodstuffs, and sample extraction
techniques for the analysis of bovine and human milk.

If you'd care to pursue this subject in more depth, write for
Applications Lab Report 1003, yours on request.

The Well played by a fine orchestra, Brahms can only be
described as beautiful. But reproduced too loud on a
Ear cheap phonograph, it’s noise. An increasingly wide-

spread and serious form of pollution, noise can make
us uncomfortable; prolonged loud noise damages hearing; very
loud noises can cause pain, psychosis and even death.

Obviously the time has come to control this form of 20th
century environmental pollution. When HP scientists turned their
talents to noise measurement, they ran into a very unusual
problem. Objectively sound is simply a matter of rapidly changing
air pressure, easy to measure with traditional sound level meters.
But noise is really not an objective phenomenon: what the ear
hears is a subjective sensation of loudness involving complicated
physiological and psychological mechanisms.

For an instrument to measure sound as the ear hears it, it must
imitate the unique properties of the ear. Take loudness level
which is traditionally measured in phons. Although the logarithmic
phon scale covers the large dynamic range of the ear—120 dB—
it does not fit a subjective loudness scale. The trouble is that a
noise that sounds twice as loud as another does not measure
double the number of phons. So a subjective measure of loudness
was developed by international agreement in which the unit is a
sone and whose scale corresponds closely to the subjective sensa-
tion of loudness. For example, the comparison between a jet
takeoff and a quiet conversation is 3:1 in phons (120 vs. 40). ..
and a much more realistic 60:1 in sones (256 vs. 4).

Neither is the frequency response of the human ear a straight-
forward thing: the ear responds differently to sounds of different




frequencies and loudness levels. Although there is a small varia-
tion from person to person, normal ears agree within a few dB
with the plot reproduced here (ISO Recommendation 226),
An even more significant Lond L
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critical bandwidths. This phenomenon has given rise to the Bark
scale: the audio range comprises 24 Bark, each of which equals
the ear’s critical bandwidth at a given center frequency.

Probably the most significant difference between objective and
subjective measure of loudness occurs when two sounds are
presented to the ear simultaneously. If the two sounds are widely
separated in frequency, their partial loudnesses simply add to
form the total loudness. But if they are not separated by a critical
bandwidth, one sound masks the other: the closer together, the
greater the influence. The noise analyst expresses this characteris-
tic quantitatively in terms of loudness density, in sones/Bark.

The HP 8051A Loudness Analyzer is, in effect, a calibrated
electronic ear that takes all of these subjective reactions of the
human ear into consideration in measuring loudness based on
ISO Recommendation 532 (Zwicker’s Method). It listens to sound
through a calibrated microphone or tape recorder, automatically
produces a continuous spectral analysis and displays it as a
plot of loudness density vs. subjective pitch. The instrument also
computes and displays the total loudness of the sound, that is the
integral of the Zwicker diagram.

The instrument is a great help in noise abatement studies
because it shows how noise reduction techniques can be applied
most effectively. Its spectral analysis points the finger at the
most obvious sound-producing component, suggests what kind
of sound-absorbing material may be needed, offers quick before
and after comparisons of noise abatement programs.

A much more complex and versatile instrument for audio
spectrum analysis, the recently announced HP 80501A Audio
Data Processor combines the equivalent of a Loudness Analyzer
with a powerful HP 2115A Digital Computer. The 80501A
measures loudness with Kryter, Stevens, TALARM, SAE or dB
weightings depending on the choice of standard computer pro-
grams. Results are available immediately: for example, the
80501A yields a complete analysis of aircraft noise while the
plane is still overhead.

Our new 116-page Acoustics Handbook does justice to this
rather complex subject. For your copy, write to Hewlett-Packard,
1507 Page Mill Road, Palo Alto, California 94304. In Europe:
1217 Meyrin-Geneva, Switzerland.

|
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Look how practical, economical

plastic is adapting itself to your
needs. This uniquely designed
four-sided test tube rack is called
the Econo-Multi-Rack. It holds all
standard size test tubes from 6 to
25 mm. All you do is turn it to the
side that accommodates the test
tubes you're using. What could be
more convenient?

The L-130 Econo-Multi-Rack is
made of unbreakable, translucent
polypropylene. It's autoclavable
(at temperatures to 250°F), im-
mersible in any standard water

644

TEST TUBE

bath and resistant to commonly
used lab reagents. And it can be
disassembled for easy cleaning
and compact storage.

The Econo-Multi-Rack is just one
example of how careful design
and precision-molded plastics
can help make your laboratory
operations a little more conve-
nient, a little more economical.

Our labware line also includes
slide boxes in afull range of sizes.
The heavyweight is a sturdy, poly-
styrene 100-capacity slide box

\CZIF MARYLAND PLASTICS, INC.

9 East 37th Street, New York, N.Y. 10016

designed for solid protection and
fingertip accessibility. It comes in
black simulated grain with a num-
bered index system printed inside
the cover and on the moisture-

" resistant cork bottom. And for

operations where disposability is
required, or for just plain conve-
nience, our labware line includes
disposable graduated beakers
and funnels.

Find out how convenient plastic
labware can be. Request our
catalog. From your Econo-Ware
distributor.

w-3

SCIENCE, VOL. 165



there must be some awareness of the
transition periods of science in order
to develop perspective on the prog-
ress of man’s society. For example,
our chapter 13, “Transition from de-
terminacy to indeterminacy,” sets the
stage nicely for the transition from the
firm cause-and-effect attitudes of the
Newtonian period to more recent de-
velopments in thermodynamics and
atomic science.

We also use large lecture groups
and small recitation groups, and be-
lieve that the laboratory work should
be informal but involve individual ef-
fort as much as possible.

The most difficult aspect of any
course has to do with clarifying con-
cepts for the student. For this purpose,
integration of concepts and topics to
reveal common underlying features of
disciplines is very important. We utilize
several major themes, such as the prob-
ability concepts, the laws of thermody-
namics, and energy conversions. By far
the most effective theme for unifying
and for relating natural phenomena
with the personal world of the student
evolves from the concepts and tech-
niques associated with control systems.

These involve feedback interrelation-

The first movies ¥ on the moon Mhese involvefeedback in
were shot with Kern Switar lenses. generally referred to as cybernetics
Anyone who uses Switar lenses on earth | win tis approach it becomes possivle

could tell you why.

Professional movie makers all over the earth have long
depended on Kern Switar lenses to deliver consistent
color accuracy and maximum sharpness from center
frame out. They have come to take for granted the
superb quality-control behind this consistency. So, to
them, the fact that these lenses survived all NASA’s tor-
ture tests will come as no surprise.

What may surprise some of them is the happy
news that the Switar 10mm, 26mm, 75mm, and 150mm
lenses now come equipped with pre-set diaphragm and
macro-focusing. And the 26mm now has an aperture of
$/1.1—almost a full stop faster than the ordinary—f/1.4.

Switar lenses are the ideal eyes for the world’s
most dependable 16mm motion picture camera: Bolex—
the pro camera that has proven itself from registration
claw on out.

Known as the one-man camera, the Bolex will do
anything you need it to do. Documentary and news film-
ing with the Vario Switar 86 OE automatic, through-the-
lens, light metering zoom. Close-up photography. Special
effects. Action filming with compact 100 foot load, spring
wind, and automatic threading. 12 continuous minutes of
shooting with 400 ft. load. Variable speed filming. Sync.
sound.

It's so versatile, and so dependable, it quickly be-
comes an extension of yourself. More than a camera.
More like a friend.

For the free 32-page 16mm Product Buying Guide,
write Paillard Incorporated, 1900 Lower Rd., Linden, New
Jersey 07036. Or for the name of your nearest dealer, call
(800) 553-9550, free. In lowa call collect (319) 242-1867.

BOL.E>XX

Paillard Incorporated: Bolex. Hasselblad. Hermes.

to relate situations to each other. The
relationships may involve events that
are in close proximity, or they may re-
late the past to the present and to the
future. The relevance of things, which
students complain is missing in college
instruction, is brought home by this ap-
proach, for the elements and the func-
tions that enter a situation or system
may intermix mechanical gadgets and
human activities. Feedback may be in
the form of a mechanical thrust or an
idea. When once the student learns to
analyze mechanical or social situations
in these terms he is not likely to regard
science as outside his personal interests
or capabilities. '

We avoid frontal attacks on the “sci-
entific” method, explanations, logic, or
symbolism. The halo that is usually ac-
corded the physical or “exact” sciences
falls away when we discuss how poorly
understood are their basic concepts. The
halo is restored when we show how
much has been accomplished despite
this lack of basic understanding, but in
the process the behavioral disciplines
and the humanities also gain stature. In
fact, science and the scientific effort
emerge as very human activities.

SCIENCE, VOL. 165



We completely share the Berkeley
conviction that “it is indeed possible
to teach significant aspects of modern
science to nonscience students and to
do so in a manner that is intellectually
stimulating, thought-provoking, and in-
teresting to the students.” We would
add that this can be done on very many
other campuses where the Berkeley-
RPI campus “advantages” may not
exist.

V. L. PARSEGIAN
Rensselaer Polytechnic Institute,
Troy, New York 12181

. .. A growing number of secondary
schools have been experimenting with
unified science classes for the past 15
years, and there is even a group of col-
lege and high school teachers organized
in a group called the “Federation of
Unified Science Educators.”

One of the greatest of all problems
in presenting unified science courses at
the secondary level is that parents do
not want their youngsters to take the
courses because they are worried about
College Board scores. If the colleges
and universities introduce courses of
this nature into their own programs,
perhaps this will help solve part of the
secondary schools’ problem.

LeoNarp C. BLESSING
Millburn High School,
462 Millburn Avenue,
Millburn, New Jersey 07041

University Self-Government:
Who Calls the Tune?

In response to Herbert J. Spiro’s re-
quest for establishing self-government
in the university communities (Letters,
23 May), I am reasonably sure that
within the college communities the tal-
ent is available for self-government.
However, his plea is rather (deliberate-
ly?) naive and Utopian: Give me what
I want and leave me alone to do my
own thing with no strings attached.

University self-government is cer-
tainly feasible in a small, privately
funded university which may operate
as a separate, independent, closed sys-
tem. The problem comes about when
state or federal tax money is used for
operation. John Q. Public-Taxpayer is
not likely to consent to a scheme of
taxation without representation, and
would not willingly hand over a bag
of money and grant blanket authority
to operate a university without also

stipulating the range of responsibility
and demanding that the administrators
be held accountable. Whoever pays the
piper calls the tune!

Within a democracy power is vested
in the majority. In extreme situations
of difference of opinion, 49.9 percent
of the people may be dominated by
50.1 percent with the majority will ex-
pressed through the established chan-
nels of political action. Spiro recom-
mends that various officers be elected
by and held accountable to their con-
stituents—a sound principle of political
democracy, but who are these consent-
ing constituents in his plans, where do
the represented taxpayers fit in, and
who are in fact being governed?

FINN LunNDE
Post Office Box 192,
Auburn, California 95603

Humanitarian Research

In Langer’s report of the West
Coast version of the 4 March protest
(14 Mar., p. 1176), I was puzzled by
various criticisms of scientific govern-
ment-sponsored research at Stanford
and M.I.T. One student claimed, “The
purpose of the people-sniffer and the
bomb is to kil! people. That’s what

_it’s all about.” If those critics will take

a good look at the agricultural research
programs, they will find few, if any,
students or professors expressing dis-
content over the U.S. government
research programs, mainly because
those who are in agriculture are
dedicated to increasing the production
of food and fiber for mankind the
world over.

I am spending 2 years in Iran help-
ing develop livestock feed so Iran can
eventually produce enough meat and
milk to feed her own population.
Everywhere my colleagues are striving
to increase crop and livestock produc-
tion, and I believe the United States is
doing more than any other nation in
this humanitarian effort. And incident-
ally, many results of research in the
physical and biological sciences have
been applied beneficially toward in-
creasing world food harvests.

If American professors and students
think they have grievances, let them
come to foreign lands for a visit. The
United States will then look like the
Garden of Eden.

JosepH MuR
Box 13, Andimeshk, Iran
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For the mini-price of $90, you can choose
from three compact, well regulated, con-
stant voltage/current limiting laboratory
power supplies. And, for only $25 more, 3
additional models are available with con-
stant voltage/constant current. We call
them BENCH supplies.

These stable battery substitutes are pack-
aged in molded, high-impact plastic cases
with an interlocking feature for stacking.
They can be rack mounted with an ac-
cessory kit.

Check the following specs for proof of
quality at no sacrifice in performance.

Outputs ...................... 0-10V @ 0-1A, 0-25V
@ 0-.4A, 0-50V @ 0-.2A

Regulation .................. 4 mV, Load or Line
Ripple ........cccoevevuennen. 200 uV rms/1mV p-p
(DC to 20 MHz2)

Stability ............ 0.1% +5 mV for 8 Hours
SiZe .ot 3%”H x 5v4"W x 77D
HEWLETT lﬁﬁf PACKARD

POWER SUPPLIES

108 Locust Avenue

Berkeley Heights, New Jersey 07922 531901




GILSON ESCARG@T

VOLUMETRIC FRACTION COLLECTOR

- VOLUME MEASUREMENT DIRECTLY
The flrSt IN THE SNAP TUBES No carryover from tube to tube,
in a SerieS Of eliminating the need for drop counter or timer.

DISPOSABLE 15 ml. POLYPROPYLENE

exceptlonal SNAP TUBES  They snap together to form a flexible

chain and snap apart to remove individual tubes.

sample
; : A SINGLE FRACTION COLLECTOR
handllng | ACCOMMODATES 100, 200, or 400

deV|CeS SNAP TUBES

SMALL SIZE* 1034”x173"
(28 cm. x 45 cm.)
Model VFC Fractionator
with 100 tubes.

REFRIGERATION Escargot Fractionators can
be operated continuously in a
refrigerator or cold room.

*If you want the ultimate
in small size, ask about
our Mini-Escargot Frac-
tionator. Over-all dimen-
sions are 13”"x14” (33 cm.
X 36 cm.) with 200 tubes.

Model VFC

Write or phone
GILSON MEDICAL ELECTRONICS, INC.
3000 West Beltline Highway

Middleton, Wisconsin 53562

Telephone: 608/836-1551

: ! The Gilson Snap Tube makes possible
] this original approach to sample
handling. Have you ever before seen

400 15 ml. samples carried about
in one hand? It is now possible with
the Gilson Snap Tubes. They make

EUROPEAN Manufacturing Plant: Gilson Medical Electronics even manual methods more efficient.
(FRANCE) 69, Rue Gambetta = 95—Villiers-Le-Bel, France |magine what they can do when
automated.

—-
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The University as a Five-Legged Animal*

I have come to think that the really complete University should be a
sort of five-legged animal. The left hind leg is scholarship—the knowl-
edge of everything that a man has done or written or thought. The left
front leg is teaching—the transmission of this knowledge to the next
generation. The right hind leg is creativity—the generation or discovery
of new insights or new knowledge in literature and the arts and the
sciences. And the right front leg is public service—the application of
all this knowledge in writing and consulting and inventing, for its value
to industry and government and the public.

(From this point of view the real gap between “the two cultures” is
not between the sciences and the humanities but between the creation-
minded sciences and humanities and the storage-oriented sciences and
humanities. Creative humanists, from Chaucer to Goethe and Browning,
were making fun of storage-minded academics and pedants long before
scientists appeared on the scene. The weakness' of the humanities de-
partments in not having enough top-rate creators and inspirers of the
young continues to be one of the sad facts of university life today.
Newton could do his lifework at a university now, but Mozart and
Michelangelo and Shakespeare would more likely be working in New
York lofts.)

To go on with our analogy, the fifth leg of the complete animal is
innovation-—the trunk of this wise elephant, let us say, reaching forward
to grasp the future. By innovation I mean a different kind of public
service—not the kind that simply meets the requests of existing industry
or government or the military, but the kind that enlarges the achieve-
ments of man and transforms societies. I mean not merely achievements,
such as atomic energy and radar, that generals did not even know
they wanted, but input-output matrices and Keynesian economics, that
show us how to avoid economic dislocations and depressions; or theories
of information and feedback and competitive decision-making and
operations analysis, that change our whole approach to problems of
communication and conflict and organizational structure; or the applica-
tion of chemistry and biochemistry and the new biology to effect
spectacular reductions in disease and mental illness. Thinkers in industry
and government, of course, have also been generators of innovation,
from television to the Peace Corps, but recent studies have shown that
the major innovative ideas are perhaps ten times as likely to be born
in the intellectual centers of the great university communities. The
universities are coming to be not only repositories of knowledge and
trainers for the future but places where the most important contribu-
tion may be the search for new understanding and the combining of
ideas into new patterns.

In many schools, one or more of these five legs is missing. The
undergraduate colleges are weak on research and public service and
so have trouble getting faculty and funds, while the great research
schools are often weak on teaching and have trouble with their neglected
students. But the schools that are weak on systematic innovative thinking
are betraying in a deeper sense the society that supports them and that
can find in no other place the new solutions and the new trained leaders
it needs in facing the complex and terrible new problems of the next
10 years.—JOHN PLATT, Associate Director, Mental Health Research
Institute, University of Michigan, Ann Arbor

#* Adapted from an address presented before the Midwest Conference of College Administra-
tors, Ann Arbor, October 1968.
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