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ULTRAMICRO CHEMISTRY FOR
A MODEST INVESTMENT...

Model 151 Spectro-Colorimeter

Combination spectrophotometer-
colorimeter with continuously vari-
able wavelengths, 400 to 650 mu and
15 mu bandwidth. Equipped with 0.1
ml flow-through cuvette. Adapters for
use with standard macro cuvettes
also available . . . . . .. $475.00

Model 152 Microfuge

Miniature table-top centrifuge sedi-
ments blood cells in less than 60
seconds. Automatic shut-off timer.
Occupies 7” by 7” table space; stands
only 9” high. Price includes 1,000
microtesttubes. . . . . . . $155.00

81A

Model 153 Microtitrator

Exceptionally precise burette, accu-
rate to *=0.01 ul throughout full
range. Volumes read directly on large
dial face. Press of a button rezeroes
dial pointer after each titration. Built-
in vibrating stirrer for rapid mixing
and precise end points . . . $248.00

Model 154 Micromixer

Controlled vibration assures rapid
and thorough mixing of test-tube
contents. Tubes can be mixed singly
or five at a time simply by press-
ing a button. The shut-off timer is
automatic . . .. ...... $75.00

Beckmane

The inexpensive way to install a
small-sample service in your lab-
oratory is to purchase basic com-
ponents of the Beckman Ultramicro
Analytical System one at a time.
With just the precision Microtitrator
and two sets of volumetric ware,

for example, you are prepared to
run calciums and chlorides on
drop-size samples of blood.

Start out with the compact, trans-
istorized Spectro-Colorimeter, and
you have your choice of any of

the available photometric analyses.
Other components can be added

as needed.

No matter how you begin —either
with a selected group of components
or the complete Beckman/Spinco
Ultramicro Analytical System, you
get easy-to-operate instruments

that make accurate determinations
of small volumes a routine matter.

For more information on this
economical approach to ultramicro
chemistry, write Spinco Division,
Beckman Instruments, Inc.,
1117 California Ave., Palo Alto 5,
California.

Model 150 Ultramicro

Analytical System
Spectro-Colorimeter, Microfuge,
Microtitrator, Micromixer, and ten
clinical tests, complete with micropi-

pettes and chemicals and an Ultra-
micro Instruction Manual . $1,560.00

Spinco Division
Beckman Instruments, Inc.



Two Important Factors to Consider
When Ordering Research Biochemicals

Of course quality of product is still the prime factor.
And"N.B.Co. is world famous for its comp]ete stocks
of the finest quality and purest biochemicals. But
time and money are very important, too. Being able
to deliver your biochemicals almost instantly and at
economical prices have made N.B.Co. the world's

number one Research Biochemicals House. Our

Nutritional
Biochemicals
Corporation

21010 MILES AVENUE, CLEVELAND 28, 0HIO

stocks include over 300 Amino Acids ¢ over 90 Pep-
tides - over 200 Nucleoproteins, Purines, Pyrimi-
dines ¢ Miscellaneous Biochemicals ® Vitamins e
Enzymes-Crystalline, Purified e Growth Factors e
Steroid Hormones ¢ Biological Salt Mixtures and
Test Materials * Carbohydratés ¢ Purified Proteins
o Fatty Acids ¢ Antibiotics ¢ Alkaloids ¢ Glandular
Substances. ‘
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Basic Research at Honeywell
Dr. Finn Larsen
Vice President for Research

The Nature of Oxidation: Studies In The
High-Temperature Oxidation of Alloys

Under high temperatures, oxidation is accelerated. While
some pure metals deteriorate rapidly, certain of their
alloys oxidize much more slowly. Accurate prediction of
alloy oxidation rates, however, awaits development of a
reliable mathematical model. At Honeywell Research, new
techniques have produced data that make a start toward
a universally applicable theory.

With the single exception of gold, oxida-
tion limits the use of all metals at high
temperatures. This is true because the
products of corrosion do not have the
properties of the parent metal. In addition,
corrosive products occupy more space
than the parent metal they replace, affect-
ing dimensions and tolerances.

Corrosion is greatly accelerated by high
temperatures, putting serious limitations
on progress in heat generating equipment
such as internal combustion engines,
rockets, nuclear reactors and electrical
contacts.

At the present time the accepted method
of inhibiting corrosion is to apply a pro-
tective coating to the metal to prevent the
migration of oxygen atoms to the surface
of the material. This, however, is expen-
sive and in many cases not practical.

We know that when an oxide free sur-
face is exposed to ordinary air at room
tem%erature the upper layers of the metal
combine with the oxygen atoms to form
a thin film or scale (oxide). For further
oxidation to occur the thin oxide film
must be penetrated by either oxygen
atoms migrating down to the fresh metal
surface or by metal atoms migrating out-
ward to the air. In most cases, one of
these reactions predominates.

For about 40 years metallurgists have
worked with several classical equations
that predict the rate of oxidation. How-
ever, these equations apply rigorously only
under idealized conditions. They do not
fully equate the mechanical and micro-
structural features of a multizlayer oxide
or the dislocations-and stresses that affect
the oxidation process. .For example: Is
the oxide film ductile or brittle? A change
of temperature puts thermal stress on the
oxide and if it is brittle it will probably
break off. These properties modify the

1976

classical theory. All of these problems
multiply and each influence is changed
when an alloy is introduced.

Honeywell scientists hope to learn more
about these altering influences in order to
extend the classical equations. They are
analyzing multi-layer oxide scales with a
number of different laboratory methods
to build support for new, predictable be-
havior.

Multi-layer scales are caused by the
ability of metals to have multiple
valences. The balance between these layers
is controlled by temperature. When a
multi-layer scale exists, oxides are often
unable to relax the stresses that occur.
These stresses are caused by the differ-
ences in specific volume and the differences
in thermal coefficients of expansion be-
tween the oxide and the metal. When
they cannot be relaxed, stresses may build
ufp and affect the rate of oxidation. Also,
if external stresses are applied to the mate-
rial the rate of oxidation may be affected.

‘The approach to this study quickly be-
comes a mixture of metallurgy and physical
chemistry. One technique in studying rate
of growth of the scale has been to measure
the weight gain of alloys during oxidation.
Reliable data on oxidation has been ob-
tained in this manner.

To determine the direction of the mi-
gration of ions and also measure the
growth of individual layers, Honeywell
scientists are welding thin platinum wires
to a specimen prior to heating. These
marker wires give a point of reference to
the original surface. If oxygen ions are
moving inward, the wire remains outside
the surface. If cations are moving out-
ward, the marker wire will be under the
surface. This method has yielded valuable
new information on the formation of
oxides.

Microscopic examination also has been
helpful in identifying layers, and X-ray
diﬁIIJ'action has given positive identification
of the oxide phases.

Ideally we would like to completely in-
hibit even the first monatomic oxide layer.
At the present state of knowledge, this
seems unattainable. Our approach then
is to utilize the natural oxidation process
but control it. By doing this we permit
the formation of a thin film but seek to
make it impermeable to further ion mi-
gration.

In our experiments Honeywell scien-
tists have effected radical changes in
oxidation rates by changing the oxide’
microstructure through heat treatment of
its alloy. For example, with an alloy of
.87 Mg—.62 Cu, the oxidation rate can
be retarded and the resulting oxidation
reduced by a factor of ten with proper
heat treatment.

We now know that in a polycrystalline
structure, stress and mechanical proper-
ties affect both the rate and the mechanism
of oxidation. Also we know that the me-
chanical properties of the oxide have a
decisive effect on the tendency of the
oxide to either spall or adhere.

This is a start toward the derivation of a
general theory explaining the oxidation of
alloys. Though our research is basic at
this point in time, we expect it to_yield
many practical answers to assist the design
engineers working on high temperature
problems confronting today’s nuclear and
space projects.

If you are engaged in scientific work
relating to oxidation of metals and would
like to know more about Honeywell’s re-
search on this subject, you are invited to
correspond with Dr. J. A. Sartell, Honey-
well Research Center, Hopkins, Minnesota.

If you wish a recent paper, ““The Role
of Oxide Plasticity in the Oxidation
Mechanism of Pure Copper,”’ by Dr.
Sartell, write to Honeywell Research,
Minneapolis 8, Minnesota.

Honeywell
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UNEQUALLED PERFORMANCE! Ronnie Robertson can spin faster

on ‘ice skates than anyone in the world. 420
rpm to be exact. So fast, military scientists
have studied him for the biological effects of
centrifugal force.

In refrigerated centrifuges IEC’s HR-1
spins faster (18,500 rpm) while developing
more gravities (41,320 x G) than ever before
available in the standard price range. This
gives you the dependable force that means
faster, better separation under fully: con-
trolled temperature, hour after hour through
the entire lab day.

You can increase your work potential with
the HR-1 . . . send for Bulletin 0-61.

INTERNATIONAL @ EQUIPMENT CO.

1284 SOLDIERS FIELD ROAD, BOSTON, MASS.
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. Sources n/sec-cm? Reaction n/sec-cm?  Reaction
many elements can be accomplished
with great rapidity using a purely AN-400 2x10e O-T 2x107 DT
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tron activation. The method requires
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How To Let Go and Still Hold the Line

Although the demand for mathematics teachers with Ph.D.’s has
greatly increased in recent years, the supply, contrary to the familiar
economic law, has been diminishing. Enrollment in mathematics
courses is growing much faster than total enrollment in college, with
the greatest growth in advanced courses. At the same time, although
the number of new Ph.D.s turned out each year has also grown,
with so many mathematicians going into government or industry, the
number becoming teachers is not even enough to balance annual
losses. This surprising situation was reported by Edwin Moise, of
Harvard University, in the April issue of the American Mathematical
Society’s Notices. Moise was speaking for a special committee of
mathematicians, What is also surprising is that the committee goes on
to suggest that the remedy does not necessarily lie in redoing the entire
value structure of American society, but in redoing some of the values
entertained by the mathematical community.

To get a doctorate in mathematics, the candidate must now pass
preliminary examinations and then write a dissertation offering some
new and interesting mathematical proofs. The idea behind this pro-
cedure is that to teach mathematics you have to be a creative mathe-
matician yourself. The committee questions this assumption. It sug-
gests an alternative program of study in which the creative dissertation
is replaced by ‘“a scholarly dissertation which could be historical,
critical, or philosophical,” with history understood to include very
recent history. Such research, it is claimed, would also be sensible
preparation for effective teaching and would result in something of
value to the mathematical community. To distinguish the new program
from the traditional one, there would also be a new graduate degree
in mathematics, the Doctor of Arts.

Official groups of the American Mathematical Society and of the
Mathematical Association of America have approved these sentiments
in principle, but not all mathematicians are so happy about the pro-
posal. Some criticisms are expressed in a letter to the editor in the
June issue of the Notices. One criticism is that there has not really
been a study of why, with B.A.’s in mathematics comparatively plenti-
ful, Ph.D.’s are so scarce, and that such a study might well show that
the hurdle is not the dissertation but the preliminary examinations.
A second criticism is that the introduction of a new program of study
would mean the introduction of class distinctions among mathemati-
cians, with the upper and lower classes regarding each other with
condescension on the one side and envy on the other.

The proposal does have a certain appeal, however. In another field,
no necessary connection is expected between being a good novelist
and being a good teacher of literature. A key question about the
proposal is whether its proponents really mean it when they say that
the new kind of dissertation would be both preparation for teaching
and a contribution to scholarship. If so, then why not accept the
new dissertation but drop the idea of a new “Doctor of Arts” degree,
and let the Ph.D. degree serve here as well? The number of additional
teachers that would result is not known, but the idea would then
seem quite worth pursuing. Differences in status we will always have
with us. There are differences now regarding universities, supervisory
professors, and dissertation topics. But neither these differences nor
those between creative and scholarly work need be shouted from roof
tops to be appreciated.—J.T.



Packard
Auto-Gamma®
Spectrometer
System

This new narrow console version of the Packard AUTO-GAMMA
Spectrometer System automatically counts and records data obtained o i ;
from as many as 100 test tube samples. The completely transistorized A sliding cover over loading com-

instrument is only 224 feet wide, conserving valuable laboratory space. partment makes a convenient coun-
ter for handling racks of test tubes.

Automatic sample counting, as provided by this spectrometer system,
is not only of great advantage where large numbers of samples are han-
dled, but is equally advantageous when counting small numbers of low
activity samples or a few samples of moderate activity. Blanks and
standards can be included with samples for background checks and
calibration. The complete series can then be counted a number of times
for statistical accuracy. The sample number, time and scaler count are
automatically recorded by a digital printer.

Where work being done does not justify the use of an automatic instru-
ment, the manual AUTO-GAMMA spectrometer is available. It includes
the same spectrometer and well-type scintillation detector, and should . . i

the need arise it can easily be converted to automatic operation. Controls are arranged for maximum

: $ g : visibility and ease of operation.
For more information call your Packard representative—or write for > %

descriptive literature.
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accept pen, pencil, ball point pen or typewriter marking. Colorimeters — Nephelometers — Fluorimeters—

Bio-Colorimeters — Comparators — Glass Stand-
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the HITACHI HS-6 ELECTRON MICROSCOPE

The Hitachi HS-6 permanent magnet Electron Microscope provides
a continously variable magnification range of 2000 to 28,000X!
Focusing is.achieved by altering the magnetic flux of the objective
lens leaving the accelerating voltage
unchanged.

One of the outstanding features of the
Hitachi HS-6 is the guaranteed resolu-
tion of 20 Angstrom Units or better.
The simplicity of operation, mechanics
and circuitry makes the HS-6 an ideal
Electron Microscope for the researcher

Hlustrated is a microphotograph of . . . .
Cu-phthalocyanine, taken at 30,000X in medical and biological fields.

electronic magnification with the
HSél LEASE TERMS ARE NOW
AVAILABLE

You are cordially invited to visit our new Midwestern sales office, located
just 20 minutes from downtown Chicago, at 1103 Westgate Ave., Oak
Park, lIllinois.

ERB & GRAY SCIENTIFIC, Inc.

Exclusive Hitachi distributors for the United States

5927 Riverdale Avenue 1103 Westgate Avenue
New York 71, New York i Oak Park, lllinois

854 South Figueroa Street
Los Angeles 17, California
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accessory applications information
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terfere with other, independent efforts
aimed at the same goal. While such in-
dependent studies are unlikely to at-
tain the national attention that would
be given to a more massive attack,
they may well turn out to be more im-
aginative and bolder in conception and
method of attack. Such independent
studies should be encouraged, not dis-
couraged, by the existence of a large
and coordinated effort.

An Observation

A most encouraging aspect of the
three conferences was the ease and sat-
isfaction with which scientists, repre-
senting all of the major scientific dis-
ciplines, and educators, representing
teacher education, administration, and
the classroom, were able to reach
agreement about needs for improve-
ment of early science education and
ways of bringing about that improve-
ment. It was heartening to both scien-
tists and educators to find such a high
degree of agreement upon the im-
portance and the feasibility of the
task. The general spirit of the confer-
ences was one of enthusiastic ac-
ceptance of joint responsibility and
confidence that a large-scale, coordi-
nated, and cooperative attack would
produce major improvements in sci-

ence education at the elementary and .

junior high school levels.

Reference

1. The background papers appear as articles by
the authors in School Science and Mathe-
matics (Apr., May, and June 1961).
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Brazil)
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meeting, Washington, D.C. (International
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Washington 12)
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mones by Immuno-Clinical Means, Ciba
Foundation Colloquium (by invitation
only), London, England. (Ciba Founda-
tion, 41 Portland Pl., London, W.1)

27-1. Macromolecular Chemistry, in-
tern. symp., Montreal, Canada. (Organiz-
ing Committee, P.O. Box 816, Sarnia, On-
tario, Canada)

28-29. Linguistic Soc. of America,
Austin, Tex. (A. A. Hill, Box 7790, Uni-
versity Station, Austin 12)

30-2. Soil Conservation Soc. of Amer-
ica, Lafayette, Ind. (H. W. Pritchard, 838
Fifth Ave., Des Moines 14, Iowa)

30-3. International Psycholanalytical
Congr., 22nd, Edinburgh, Scotland. (Miss
C. de Monehaux, 53 York Terrace, Re-
gents Park, London, N.W.1, England)

31-4. Biophysics, 1st intern. congr.,
Stockholm, Sweden. (B. Lindstrém, Dept.
of Medical Physics, Karolinska Institutet,
Stockholm 60)

31-4. Differential Equations in Non-
Linear Mechanics, Air Force Acad., Colo-
rado Springs, Colo. (J. P. Lasalle, 7212
Bellona Ave., Baltimore 12, Md.)

31-11. Physics of the Solar System and
Re-entry Dynamics, conf., Blacksburg,
Va. (Bureau of Public Relations, Virginia
Polytechnic Inst., Blacksburg)

31-12. Electric Power and Problems of
Nuclear Power, seminar, U.N. Economic
Commission for Latin America, Mexico,
D.F. (A. Dorfman, Chief, Energy and
Water Resource Program, Avenue Provi-
dencia 871, Santiago, Chile)

August

1-26. Functional Analysis, 8th Amer-
ican Mathematical Soc. summer institute,
Stanford, Calif. (P. D. Lax, AMS, 190
Hope St., Providence 6, R.I)

2-5. International Conf. of Pure and
Applied Chemistry, 21st, Montreal, Can-
ada. (R. Morf, Hoffmann-LaRoche, S.A.,
Grenzachterstrasse 124, Basel, Switzerland)

3-5. Canadian Chemical Conf. and Ex-
hibition, 44th, Montreal. (Chemical Inst.
of Canada, 48 Rideau St., Ottawa 2, Ont.)

5-9. International Rorschach Soc., Sth
congr., Fribourg-en-Brisgau, Germany. (A.
Friedemann, Chemin des Pécheurs 6,
Bienne, Switzerland)
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6-10. Occupational Medicine and Tox-
icology, 3rd Inter-American conf.. Miami,
Fla. (W. B. Deichmann, School of Medi-
cine, Univ. of Miami, Coral Gables, Fla.)

6-12. Atmospheric Ozone and General
Circulation, symp., Arosa, Switzerland.

(H. U. Duetsch, 20 Carl Spittelerstrasse, ;

Ziirich 53, Switzerland)
6-12. Chemical and Thermodynamic
Properties at High Temperatures, symp.,

Montreal, Canada. (N. F. H. Bright, Natl. ;

Research Council, Ottawa, Canada)

6—12. International Congr. of Pure and
Applied Chemistry, 18th, Montreal,
Canada. (L. Marion, Natl. Research Coun-
cil, Ottawa 2, Canada)

7-9. Guidance and Navigation Conf.,
American Rocket Soc.. Palo Alto, Calif.
(J. J. Harford, ARS, 500 Fifth Ave., New
York, N.Y.)

7-9. International Committee of Electro-
Chemical Thermodynamics and Kinetics,
13th meeting, Montreal, Canada. (N. Ibl,
Eidg. Technische Hochschule, Laborato-
rium fiir Physikalische und Elektrochemie,
Universitiitsstrasse 6, Ziirich 6, Switzer-
land)

7-9. Space Age Astronomy, intern.
symp., Pasadena, Calif. (D. W. Douglas,
Jr,, Douglas Aircraft Co., Inc., Santa
Monica, Calif.)

7-10. National Medical Assoc., New
York, N.Y. (J. T. Givens, 1108 Church
St., Norfolk, Va.)

7-11. High Temperature Chemistry and
Thermodynamics, symp., Montreal, Can-
ada. (L. Brewer, Dept. of Chemistry, Univ.
of California, Berkeley)

7—-11. Seminar on Fast and Intermediate
Reactors, International Atomic Energy
Agency, Vienna, Austria. (IAEA, 11 Kirt-
ner Ring, Vienna 1)

8-11. Poultry Science Assoc., State Col-
lege, Pa. (C. B. Ryan, Texas A & M Col-
lege, College Station)

8-16. Society of Protozoologists, Prague,
Czechoslovakia. (N. D. Levine, College
of Veterinary Medicine, Univ. of lllinois,
Urbana)

10-16. International Congr. of Bio-
chemistry, Sth, Moscow, U.S.S.R. (N. M.
Sissakian, Leninsky prospekt, 33, Moscow,
B-71)

10-16. International Union of Bio-
chemistry, 4th general assembly, Moscow,
U.S.S.R. (R. H. S. Thompson, 1UB, Dept.
of Chemical Pathology, Guy's Hospital
Medical School, London, S.E.1, England)

12-19. Fast Reactions, summer school,
Cambridge, England. (Secretary of the
Summer School, Dept. of Physical Chem-
istry, Lensfield Road, Cambridge)

13-18. Microchemical Techniques. in-
tern. symp., University Park, Pa. (H. J.
Francis, Jr., Pennsalt Chemical Corp.,
P.O. Box 4388, Chestnut Hill Post Office,
Philadelphia 18, Pa.)

13-18. Theoretical Aspects of Magneto-
hydrodynamics, seminar, University Park,
Pa. (Conference Center, Pennsylvania
State Univ., University Park)

13-19. International Assoc. of Applied
Psychology, 14th congr., Copenhagen,
Denmark. (Congress Secretariat, 19 Sankt
Pederstraede, Copenhagen K.)

13-19. Training for Research in the
Processes of Vision. Ist intern. conf.,
Rochester, N.Y. (Office of Public Informa-
tion, River Campus Station, Rochester)
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FISHER’'S NEW INTEGRATING RECORDER
GIVES YOU ACCURATE PEAK AREAS You

make gas chromatographic analyses faster, easier, surer. Auto-
matically, the new Recorder precisely computes the areas under
each peak on the chromatogram . . . gives you an accurate figure
for determining the concentration of each compound. Quiet, 1-mv
Integrating Recorder has ‘‘gear shift’”” for different chart speeds
...variable counting rates of 10, 20 or 40 chart-widths a minute. ..
adjustable zero . . . rapid pen response. It's the perfect partner for
the Fisher Gas Partitioner. Get free Bulletin FS-220 from your
Fisher branch, or write Fisher Scientific Company, 139 Fisher Build-
ing, Pittsburgh 19, Pa.
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