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One of a series briefly describing GM's research in depth 

Lead cymbals 
and hysteresis loops 

Lead isn't exactly the cymbal maker's dream 
material. But then, not everyone wants a material 
that resonates, peals, or hums. 

Lead isn't the engineer's dream material, either. 
It lacks strength and weighs too much. 

A curious phenomenon being explored by GM 
Research physicists could give engineers what they've 
never had before: a material with the noise 
damping qualities of lead and the physical strength 
of steel. The phenomenon, called magnetomechanical 
damping, originates with the tendency of 
magnetic domains to line up when a ferromagnetic 
material is stretched or squeezed. 
What happens, apparently, is that vibrations shuffle 
domain boundaries and cause a cyclic variation 
in the magnetization of the material; the material is 
cycled through a small magnetic hysteresis loop, and 
part of the vibrational energy is converted into heat. 

What excites us now is our finding that some 
iron-silicon alloys with usable tensile strengths 
(e.g., 70,000 psi) can give very high damping. This 
damping occurs at strain values associated with audible 
vibrations, and it's relatively independent of frequency. 
But we need to learn much more before we can tailor 
alloys for specific applications; for instance, how 
do magnetic domain walls interact with static and 
dynamic strain? What are the detailed effects of 
crystallographic orientation and of specific impurities? 
Still, the spirit of science thrives on unanswered 
questions. 
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It takes a pretty 
special instrument 
package to give 
you simple, 
high-performance 
liquid scintillation 
counting. 

Only the Mark I 
Liquid Scintillation 
Computer 
has what it takes. 

Model 6860 (Ba'33 external standard) 
Model 6863 (1a1226 external standard) 

Everything about our Mark IT Liquid Scintillation Computer 
is there to help you cut down on your work load. To let you handle 
all sample types and energies, quickly and easily. To give you 
unmatched counting accuracy and system reliability. 

Here are just some of the reasons why the Mark I has what 
it takes for your kind of work: 

1. Exclusive, all-electronic data computer with integrated 
microcircuits. 

2. Three separate, identical counting channels. 
3. 150-sample capacity with temperature control. 
4. All operating controls located on front panel within easy 

reach. 
5. Automatic external standardization with choice of Ra226 

or Ba'33 standard. 
6. Three scalers with 0.2 ,usec resolution. Crystal-controlled 

timer. 
7. Preset time, preset count, and preset time/preset count 

control on all three scalers. 
8. No high-voltage adjustments necessary. 
9. Reproducible, positive-step discriminators and amplifier 

attenuators with dynamic ranges to cover any beta spectrum. 
10. Individual background subtracters on each counting channel. 
11. Low-count reject on each counting channel. 
12. Foolproof sample-changing and index numbering. 
13. Automatic counting of preselected sample groups. 
14. Repeat counting for best statistical accuracy and reproduci- 

bility comparison. 
15. Built-in data conversion for card punch, tape punch, electric 

typewriter, and Teletypewriter. 
16. Wide selection of data listing sequences. 
17. Continuous presentation of number of sample being counted. 
18. Calibration and operating logic designed for the individual 

convenience of multiple users. 
19. Set-up for single-, dual-, or triple-labelled samples. 
20. Guaranteed performance specifications. 

Call your Nuclear-Chicago sales engineer or write to us for the 
complete details on the Mark I. NUC:.-5-25. 

NUCLEAR-CHICAGO 
CORPORATION 

349 East Howard Avenue, Des Plaines, Illinois 60018, U.S.A. / Donker Curtiusstraat 7, Amsterdam W, The Netherlands. 
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BOTANICAL SCIEN ES ~ The eggs of the grasshopper, Romalea 
microptera, are yellow when first laid, 

IA DICL SCINCES N) OEI1TI R (Nd)but through the action of a secretion 
A air Hastings U yd. F. Rich,r >added to them at oviposition, they sub- 

sequently tan to a dark brown. The 
NAiO||N ANO MUl ATIO l STATITICS ~Uthree eggs were dissected from the 

ovary of a gravid femnale. The eggs on 
either end have undergone localized 
tanning as a result of being spotted 
and streaked with secretion; the center 
egg is an untreated control (Actual 

o ortheAnm o eneasoe iin 1848and r tinsize, 7 mm). See page 95. [Thomas 
Eisner, Cornell University] 



Corning announce' 

glass pipet. 
Now there are three new standards ii 

and one of them is what you shoul4 

New CORNING? Disposable Glass Pipet: all the 
advantages of sterile glass with a throw-away price 
Here's the disposable pipet you've been waiting for: 

Glass-cotton plugged and sterile, yet economical 
enough to use once and throw away. You get top 
convenience that saves time and dollars. 
You reduce possibility of cross-contamination. 

New PYREX? brand Tempered Tip Pipets: 
totally new technique gives tip uniformity 
Here are the first tempered-tip borosilicate pipets 
to give you complete tip uniformity. Uniformity that 

New super-strength COREX? Pipets: 
last so long they cut replacement costs 50% 

Glass-but priced from just 71/2 to 101/2 ? 
apiece, depending on quantity. 

Glass-inert, clean, non-permeable. 
Glass-accurate, clear, with large and legible 

markings. 
Glass-won't warp in storage. 
Glass-borosilicate. 

eliminates cleaning problems and carry-over 
contamination problems. 

We temper our borosilicate pipets without heating' 
the glass to its softening point. This eliminates the 
chance of deforming the inner tip surface and creating 
a hard to clean shelf. 

That's because COREX pipets are totally, 
chemically strengthened so they outlast their 
borosilicate counterparts by six times in lab service. 

That's why we promise you six times the life from 
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the disposable 

glass pipets, 
be using. 

This new No. 7078 cotton plugged disposable 
serological pipet, 1 ml x 1 / 100, comes to you 
in handy completely sealed bags-25 sterile pipets 
per bag. No chance of contaminating an entire case 
to get at just a few pipets. 

The shelf pack gives you 10 of these 25-piece packs. 
A case brings you two shelf packs-500 pipets in all. 

We put the same amount of tempering for extra 
strength in the tip, yet still keep complete control of 
glass consistency. 

And we're doing it in new PYREX brand Tempered 
Tip Pipets- all the most popular types and sizes 

COREX pipets, and why they can save you 50% of 
whatever you're paying now for replacements. 

Are COREX pipets a premium product? Youbet. 

Try them now. Enjoy all the proven benefits of a 
glass pipet with new throw-away convenience. 

And CORNING Disposable Glass Pipets are 
combinable for discounts with your PYREX and 
COREX labware orders to save you even more dollars, 

of Bactis, Mohrs, serologicals, Folin-Wus, micros, 
volumetrics, and Ostwald-Folins. 

For the extra strength of a tempered-tip 
borosilicate, without any compromise in cleanability, 
order new PYREX brand pipets today. 

They're a totally new standard in pipet 
performance and pipet value. 

More major labs are proving it every day. 
Shouldn't you? 

Order the new standards in glass pipets-Disposables, PYREX brand Tempered Tips, 
COREX super-strength pipets-from your CORNING labware dealer. They're all combinable for quantity 
discounts, or write for more information to Laboratory Products Dept., Corning Glass Works, 
9304 Crystal St., Corning, N. Y. 

THE NEW STANDARDS COME FROM CORN ING 
LABORATORY PRODUCTS 
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Books from Daunders 

New (4th) Edition! Turner/GENERAL ENDOCRINOLOGY 
By C. DONNEI:IL TUIRNER, Ph.D., Duqucsne University 

In this thorough rcvision the author prcsents endocrinology on a truly bio- 
logical level, incorporating significant material from recent literature on the 
sulject. The central theme of this New (4th) Edition is the reciprocal 
interrelationship of the nervous and endocrine systems. Dr. Turner draws 
no sharp line between tliese two coordinatory systems. IIe covers them as 
a single cntity-the neuro-cndocrine system. In keeping with this thesis more 
space has been devoted to the problem of how hormones act upon the cen- 
tral nervous system to detcrmine and condition reproductive behavior. 'o 
totallv up-date thlis text two new1 chapters have been added on the pituitary 
gland: The Pars Inte-rmedia and a T Vertebrate Pigment Cells, and the Neuro- 
hypophvsical Principles. A chapter on 'Thle Science of Endocrinology h-as 
been added. 
About 650 pages, illus. About $9.75. New (4th) Edition-On Press. 

New! Moore/THE SEX CHROMATIN 
Edited 1b Kr,:inII L. MiooRm:, University of NManitoba. WVith contributions 
by 23 authorities. 

Th1is new volume delineates the role of the sex chromiatin in biology and 
medicine. Coverage includes: 'Morphological characteristics of the sex chro- 
matin-Staining affinities and cvtochemical properties-Development of 
clinical tests-Sex clromatin in embryos and fetal membranes; transplanted 
tissues; tumors. 
About 400 pages, illus. About $16.50. New-On Press. 

New! Fawcett/THE CELL: ITS ORGANELLES and INCLUSIONS 
By DON WV. FA\C:1'rT, Ml.D., IIarvard Mecdical School 

Using 240 carefully selected electron micrographs, this superb atlas pro- 
\ides you with a superb view of the form, topographical relations, and 
functional significance of the principal fine structural components of the cell. 
438 pages, 240 illus. on 190 full-page plates. $11.00. Published January, 1966. 

New (9th) Edition! Harrow and Mazur/BIOCHEMISTRY 
By BENJAXIIN IIARROW, Ph.D., Emeritus: and ABRAIxIANr MAiUR, Ph.D., 
both City College, City University of New York 

Extensively rewritten, this Newv (9th) ]Ldition gives the student a sound, 
timely introduction to the basics in biochemlistry . . and their application. 
The logical organization of the mCaterial fosters student understanding. The' 
initial 13 chapters present a solid core of biochemistry: chemical structure 
and reactivity and degradation. The second half surveys the major areas 
of application of modern biochemistry. 
About 525 pages, illus. About $8.25. New (9th) Edition-On Press. 

W. B. $AUnDERS CmRny West Washington Square, Philadelphia, Pennsylvania 19105 

2iij.^ _Turner-Endoerinology, about $9.75 H-arrow & Miazur-Biochlemistry, about $8.25 
Fawcett-Thc Cell, $11.00 Moore-The Sex Chromatin, about $16.50 
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What do these ultraviolet accessories have in common? 

The DU-2 Spectrophotometer... 
They extend the measurement The DU-2, an improved version 

capabilities of this wide-range ultra- of the old reliable DU that is in 
violet instrument. Add a flame use in almost 30,000 laboratories, 
accessory, reflectance attachment, incorporates all the time-proven 
fluorescence attachment, thermo- advantages of the DU and more. 
spacer, cell compartment (shown The DU-2 offers greater precision 
above), or one of the many other and improved operating conven- 
available accessories and enhance ience in measuring the transmit- 
the application, range, sensitivity, *tance or absorbance of liquid, gas, 
and convenience of the Beckman or solid samples. Its extended wave- 
DU-2 Ultraviolet Spectrophoto- length permits analyses in the very 
meter. These high-performance useful range from 190 to 1000 m,. 
accessories are also compatible with It provides added scale expansion 
existing DU Spectrophotometers. range from 90 to 100% T. And, the 

new design of the DU-2 stresses 
operator convenience and easier-to- 
read controls. 

If your applications requirements 
are in fluorescence, reflectance, 
flame emission, reaction rate, 
atomic absorption, microanalysis, 
or column chromatography moni- 
toring-there's a Beckman accessory 
to help your DU or DU-2 do the 
job. To learn more about the versa- 
tile, high-performance DU-2 Spec- 
trophotometer and Ultraviolet 
Accessories, contact your local 
Beckman Sales Engineer or write 
for Data File LUV-466. 

INSTRUMENTS, INC. 

SCIENTIFIC AND PROCESS 
INSTRUMENTS DIVISION 

FULLERTON, CALIFORNIA . 92634 

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; 

GLENROTHES, SCOTLAND; TOKYO; PARIS; CAPETOWN; LONDON 



NEW AUTOMATIC 

TECHNIQUE 
REDUCES ENZYME 

ANALYSIS COSTS 
You can do all of your reaction kinetics 
experiments on this one instrument, and 
still have a double-beam, scanning UV- 
Visible Spectrophotometer for bilirubin, 
barbiturate and salicylate analyses. 

The Automatic Multiple Sampling System 
using Perkin-Elmer's Model 202 Spectro- 
photometer, saves you vital laboratory 

analysis time in clinical serum studies. 
Kinetic reactions may be studied spectro- 
photometrically, on a production scale of 
hundreds of analyses per day, at a mini- 
mum cost per analysis. 

The analysis proceeds at a fixed wave- 
length of light. The wavelength you select 
is held constant while the decrease in ab- 
sorbance of one of the reactants is re- 
corded as a function of time. 

Perkin-Elmer's Automatic Multiple 
Sampling System features... 
- A double beam, direct absorbance re- 
cording spectrophotometer with analytical 
accuracy of ? .01 absorbance units; 
C A unique dot readout system that pro- 

vides, on one chart, a complete continuous 
record of absorbance as a function of time 
for a batch of 5 samples plus a separate 
reference blank; 
* A thermostated sample compartment, 
with temperature control within ? 0.50C 
from 20? to 500C plus automatic sample 
positioning; 
* An adjustable time interval betweeri 
sample readings of 3 to 120 seconds. 

For more information about this new en- 
zyme analysis technique plus details on 
the Perkin-Elmer Model 202 Spectro- 
photometer write to: Instrument Division, 
Perkin-Elmer Corporation, 723 Main 
Avenue, Norwalk, Connecticut. 
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the new digital projection scale is the clearest and sim- 
plest yet developed 

A new series of 

Top Pan Balances 
with a unique 
easy- reading 
digital 
projection scale 
(series 2200) 
The new Sartorius Series 2200 Top Pan Balances have 
many significant advantages including: * improved accu- 
racy/capacity ratio as compared to previously available top 
loaders * auxiliary coarse scale for rapid loading and taring 
* single control knob for both coarse- and fine-taring * all 
models equipped for "weighing below" * loading capacity 
of all models (except #2205) may be increased by ex- 
changing a Sartorius bowl for the regular weighing pan. 

MODEL 2201 2202 2203 2204 2205 2206 

CAPACITY 
Weighing Range 5000 g 5000 g 3000 g 1000 g 160 g 10b0 g 
Max. Load 

with Taring 8000 g 7000 g 5000 g 1600 g 170 g 3000 g 

OPTICAL RANGE 1000 g 1000 g 1000 g 100 g 10 g 1000 g 
One Scale Div. 

(digital) 1 g 1 g 1 g 0.1 g 10 mg 1 g 
Readability 0.1 g 0.1g 0.1 0.01 g 1 mg 0.1 g 

PRECISION ?0.01 g ?0.05 g ?0.05 g ?0.005 g ?0.5 mg ?0.05 g 

TARING 
Zero Adjustment 

of Optical Scale 1000 g 1000 g 1000 g 100 g 10 g 1000 g 

PRICE $850. $795. $695. $675. $760. $495. 



There is a Sartorius Balance for every laboratory need. 

TaramaticC-the exclusive Sartorius single-knob 
mechanical taring system. Facilitates taring up to 
capacity with built-in weights. 

Pre-Weighing-a unique secondary measur- 
ing system which uses a torsion spring to determine 
the coarse weight of any mass instantly and automati- 
cally. Eliminates trial-and-error weight dialing. 

All-digital laboratory balances, 
including five models with mechanical taring (Taramatic) 
and two with automatic pre-weighing. 

Model 2401 2402 2403 2404 2431 2432 2433 2462 2463 

Capacity 200 g 200 g 100 g 100 g 200 g 200 g 100 g 200 g 100 g 

Optical Range 10 g 1 g 1 g 100 mg 10g 1 g g Ig g 

Readability 1 mg 0.1 mg 0.1 mg 0.01 mg 1 mg 0.1 mg 0.1 mg 0.1 mg 0.1 mg 
Precision ?0.3 mg ?0.05 mg ?0.05 mg ?0.01 mg ?0.3 mg ?0.05 mg ?0.05 mg ?0.05 mg ?0.05 mg 
Taramatic No No No No Yes Yes Yes Yes Yes 

Pre-Weighing No No No No No No No Yes Yes 

Price $605 $735 $615 $875 $685 $815 $695 $890 $770 

series 
2600 

All-digital research balances, 
including two models with mechanical 
taring (Taramatic) and 
one with automatic pre-weighing. 

series 

2700 

All-digital student balances, 
including the first 
low-priced balance 
with automatic 
pre-weighing (Model 2743). 

Model 2603 2604 2632 2662 

Capacity 100 g 100 g 200 g 200 g 

Optical Range 1 g 100 mg 1 g 1 g 

Readability 0.1 mg 0.01 mg 0.1 mg 0.1 mg 

Precision ?0.05 mg 0.01 mg ?0.05 mg ?0.05 mg 

Taramatic No No Yes Yes 

Pre-Weighing No No No Yes 

Price $830 $1125 $1050 $1195 

Model 2703 2743 

Capacity 100 g 100 g 

Optical Range 1 g 1 g 

Readability 0.1 mg 0.1 mg 

Precision ?0.1 mg ?0.1 mg 

Pre-Weighing No Yes 

Price $495 $550 

For more complete information please fill out and return this coupon- or write us a postal card. 

Division of Brinkmann Instruments 

?*= |: ~ [Cantiague Road, Westbury, L. I., New York 11590 

Please send me additional information 
concerning: Name_ 
O Series 2200 (Top-Pan) Balances 
1D Series 2400 Balances Position or Title 
[1- Series 2600 Balances 
LI Series 2600 Balances Institution____ 
-O Series 2700 Balances 
L I would be interested in having a demon- Address 

stration of the Sartorius Model 
in my laboratory without obligation. City ....S. State Z. C.__ 

A 

series 

2400 



Eleclrode 

cratlsman 

al work... 

This is Walter Mack. He's been with 
Beckman for 18 years. He's helped 
to produce thousands of quality 
electrodes. He may be working on 
your electrode now. 

Skilled, experienced artisans like 
Walter Mack handcraft every Beck- 
man electrode to provide you with 
the kind of quality machines cannot 
duplicate. It is this unmatched quality 
which assures you of the best possible 
results from your electrodes for pH, 
ORP, or specific ion measurements. 

There are over 100 standard 
electrodes available from Beckman 
-each incorporating the pride and 
experience of 30 years of electrode 
production. Obtain a copy of the 
Beckman Electrode Catalog by re- 
questing Data File LpH-366. 

Order Beckman for quality 
with the personal touch. People like 
Walter Mack assure you of the 
finest performance from each and 
every electrode. 
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ideally their ages should be related ex 
ponentially, "such that whatever the 
youngest unit age (A), others would bN 
A2, A3, A4, and so on." G. G. Simp 
son (4 Feb., p. 517) correctly notes 
the difficulty that arises if the uni 
chosen is 1, and observes that if A 
equals /2 year, or its equivalent, 182 
1/2 days, the difficulties are "too much 
to cope with even for a paleontologist"! 

The series above is correct for prop- 
erly chosen values of A, such as 2 
weeks or 2 months. Obviously if the 
unit time is 1 (1 week, 1 month, 1 
year), then the series should be A, 
2A, (2A) 2, (2AY), and so forth, in time 
units suitable to the longevity of the 
animal. [See "Temporal design of geri- 
atric research," J. Amer. Geriat. Soc. 
13, 501 (1965).] It is important to 
note that if the unit chosen leads too 
soon to unusual ages, then the young- 
est animal is too old to yield data re- 
garding its early life. The first 10 per- 
cent of the life span may give the most 
definitive information concerning the 
aging process. 

N. 0. CALLOWAY 
Veterans Administration Hospital, 
Tomah, Wisconsin 54660 

The many biological changes whose 
rates are inversely proportional to the 
age of the organism led Calloway to 
suggest, essentially, that in appropriate 
studies the animals employed should 
be chosen so that their ages are dis- 
tributed exponentially. Simpson ob- 
serves that choosing ages A, A2, A3, 

. leads to several anomalies. These 
however are easily resolved. 

Time is not measured absolutely 
but as the difference of two clock 
readings. Thus it is perfectly reason- 
able to start our clock at t 1. Let- 
ting t' = log, t with a > 1, we have 
a reasonable time scale. If t is taken 
to be the age of an organism when it 
comes into being, its logarithmic age 
at that time is 0. At time a its loga- 
rithmic age is 1, and at time aW its 
logarithmic age is n. Since we started 
our clocks at t - 1 the difficulties in- 
volving fractional times do not arise. 
The logarithmic age and the time are 
monotone increasing functions of each 
other. 

It might be thought that differing 
time scales would radically affect the 
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If a and b are different bases, 
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Hence the times measured on the loga- 
e rithmic scales are proportional. If we 
e change the linear time scale, that is, 

if t' - at and have a base time t = b, 
s 
t 0gblogt (logba + 1) (logabt' - !og,a), 

so the time scale is linearly magnified 
and displaced. 

1 As Simpson observes, the actual age 
of organisms chosen to be linearly dis- 
tributed on a logarithmic scale rises very 
rapidly. But this is as it should be; 
organisms do change much more rap- 
idly when they are young than when 
they are older. ... In order to de- 
velop a reasonable time scale the base 
time may have to be very small. In 
practical terms, this difficulty is easily 
overcome by not insisting that the 
base time be the time of first observa- 
tion. 

Finally, any difficulty involved in 
calculating log,,x is resolved by the 
formula 

log,x l oglOx. 
log10l 

ROBERT M. LEVY 
Cour ant Institute of Mathemiatical 
Science, New York University, 
New York 10012 

I believe that there is a way of ac- 
complishing what Calloway is wisely 
getting at but preferable to either his 
or Levy's approach. One could equate 
the maximum age, the highest avail- 
able age, or the highest age desirable 
or relevant for a particular study with 
100 on a graphic log scale. On that 
scale 1 would then designate the point 
from which one counts age, normally 
birth or hatching, as in Levy's ap- 
proach. Then decide how many steps 
(stages, samples) one wants and lay 
them off on the graphic scale at equal 
distances between 1 and 100. That 
will give a true and accurate exponen- 
tial series adjusted to the significant 
biological cycle of any organism. If 
one wishes to study or emphasize just 
part of the cycle, one can select this 
and put the desired number of equi- 
distant steps within it. This does not 
depend on the base of the logarithmic 
scale, so one can ignore the value of 
Levy's a, or for purposes of calcula- 
tion set a - 10, handiest because of 
available tables. 
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FLEXIBILITY AT THE 

TOUCH OF A BUTTON- 

THE MODEL 257 

Here is a high-resolution double- 

grating infrared spectrophotometer 
that gives you flow-chart recording 
and automatic control features not 
found in any other instrument in its 
moderate price range. The Model 257 
offers' 

* A wider range of scan speeds: 5, 12, and 
48 minutes per run. 

* Automatic reset-at the end of the run, 
monochromator automatically returns to 
4000 cm-'. 

* Abscissa expansion, by factors of 2.5 and 

10X, to spread out the close, sharp bands 

typical of grating spectra-particularly in 
the analysis of gases. 

* Time drive, to permit the quantitative de- 
termination of kinetic changes in a sample, 
at one significant frequency, over a period 
of time. 

* Variable slit control, allowing very nar- 
row slits for high resolution, as well as the 
wide openings required for energy-limited 
analyses such as by ATR and micro- 

sampling. 

* Visual mode and frequency indicators: 

you always have a positive indication of 
mode of operation and frequency position. 

The Model 257's large f/ 5 aperture enables 

you to obtain accurate spectra even with 

very small samples. You can vary the slit 

program to suit the requirements of the 

analysis. Or you can keep the frequency 
fixed and record the changes in transmit- 
tance as a function of time. 

You have a choice of three recording 
speeds-plus an extra-fast speed control 

that lets you move quickly from one spec- 
tral region to another. 

You read your results on a flow chart 

recording system (linear transmittance vs. 
linear frequency) which is continuous in 

presentation. The chart is synchronized with 
the monochromator drive, and both start 
with a single pushbutton. 

At the end of the run the monochromator 

setting automatically returns to the start 

position while the operator tears off the 

completed chart prior to recording the next 

spectrum. The chart is pre-calibrated; no 

alignment is necessary to start a new re- 

cording. You can make forty complete re- 

cordings on a single roll of chart paper. 
Because of the unique positive sprocket 
drive, abscissa accuracy is unaffected by 
humidity or temperature fluctuations. 

For full details and sample spectra, write 
The Perkin-Elmer Corporation, 723 Main 

Avenue, Norwalk, Connecticut. 
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Science serves its readers as a forum for 
the presentation and discussion of impor- 
tant issues related to the advancement of 
science, including the presentation of mi- 
nority or conflicting points of view, rather 
than by publishing only material on which 
a consensus has been reached. Accordingly, 
all articles published in Science-including 
editorials, news and comment, and book 
reviews-are signed and reflect the indi- 
vidual views of the authors and not official 
points of view adopted by the AAAS or 
the institutions with which the authors are 
affiliated. 
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Graduate Student Support 
Universities are limited in their ability to provide maximum educa- 

tional opportunities for all students in graduate school because the 
several forms of support for graduate students often carry restrictions 
as to the kind of work or service the student may render. Recipients of 
many federally supported fellowships and traineeships are free from any 
service obligation associated with that support. Some students who are 
employed as research assistants get substantial research experience but 
no teaching experience and no period of time free from service require- 
ments. Still others serve as teaching assistants throughout their gradu- 
ate years. 

The decision as to how each student will spend his years of working 
for the doctorate is therefore often determined by the source of his 
financial support rather than by what would be educationally most 
beneficial. Ideally, whether in a particular year he works as a teaching 
assistant, as a research assistant, or as neither should depend upon his 
previous experience, his present stage of development, and his future 
plans. One student might do well to spend the first year or two as a 
teaching assistant, benefiting from the opportunity teaching provides of 
clarifying one's ideas and consolidating one's grasp of his field. Then, 
when he had completed his course work and while plans for the dis- 
sertation were maturing and the work was being started, he might spend 
a year or two as a research assistant. Finally, a year or so free from 
any service obligation would provide an opportunity for doing the in- 
tensive work of completing the dissertation and preparing for doctoral 
examinations. For another student it would be better to start with a 
fellowship year, and for others, still different sequences or patterns 
would be more appropriate. 

Such individual planning is made difficult, however, by the regulations 
which govern the federal programs that now provide a large fraction of 
the support for graduate students. The length of tenure varies. Recipients 
of some forms of federal support are limited in the amounts of service 
they may render. Some forms of support are available only to students 
in certain fields. 

Federal agencies have been quite flexible in pioneering new forms of 
support for scientific research and education. One direction of change 
has been to give the receiving institution much greater responsibility for 
deciding how research money can most usefully be employed. Federal 
funds for the support of graduate students have reached such a size as 
to make one ask whether comparable modifications in programs for 
graduate student support might not increase their educational value. 

Suppose the presidents of several universities that now receive sub- 
stantial funds for fellowships, traineeships, and research assistantships 
were jointly to approach the major federal science 'agencies with this 
proposal: "For the next five years we would like to receive approxi- 
mately the same amount for the support of graduate students that we 
would receive under the present arrangements, but with freedom to 
arrange, for each student who receives some part of this support, the 
program that seems best for him, using, each year, funds from whatever 
source seems appropriate. If you approve this experimental program, 
we will keep full records for each student who receives any portion of 
his support from federal funds. Periodically we will review the records 
with you so that we may jointly judge whether these experimental ar- 
rangements seem beneficial and should be continued." If a few good 
universities were to propose such a plan, they should be given the oppor- 
tunity to try it.-DAEL WOLFLE 
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:rom large volume preparative work to 
;ophisticated density gradient tech- 
iiques with analytical capabilities, IEC 
)laces at your service advanced instru- 
nentation, including computer designed 
'otors that never need derating, and 
;xceptional combinations of g-force and 
rolume that not only reduce sedimenta- 
:ion time very significantly, but often do 
he work of two conventional instruments 
)perating simultaneously. 

f you are working anywhere in the 
jltracentrifuge spectrum, IEC's capabili- 
:ies offer you special advantages that 
nay well re-orient your entire thinking 
ibout equipment in this field. Two new 
advanced ultracentrifuges plus a full 
;eries of interchangeable rotors handle, 
n the preparative phase, up to two full 
iters at 28,500 g, and in the density 
gradient/analytical phase, up to 25.2 
nl at 405,900 g. 

rhe strip chart recording below shows a 
sedimentation pattern of ribosomal 
aggregates called polysomes. They are 
nade up of 80s ribosomal particles. It 
s evident that aggregates consisting of 
3s many as 10 ribosomes can still be 
recognized as a single peak in the 
presence of larger and smaller aggre- 
gates. The fact that polysome peaks 9 
and 10 are separated indicates that the 
instrumentation is capable of resolving 
:wo macromolecular objects of equal 
Jensity and similar shape which differ 
in mass by as little as 10%. 

C1.s 

1.0 

0 5 10 
Effluent volume (ml) 

direction of sedimentation 

Typical of the work for which this instru- 
mentation is intended is the concentra- 
tion and isolation of viruses, enzymes 
and proteins; preparation of mitochon- 
dria; separation of microsomes, bac- 
teriophage and subcellular fractions; 
determination of sedimentation coeffi- 
cients; the separation of particles dif- 
fering in sedimentation rates and the 
separation of various macromolecules 
differing only slightly in density. The 
400,000 plus g-capabilities of this 
equipment can also open many new 
areas of biological study. 



ROTORS... No derating - eve 
I EC has developed computer-designei 
titanium and aluminum rotors whicl 
never require derating regardless o 
hourly or cyclic use. You purchase ; 
single set of the rotors you require 
there are no later costs for replace 
ment. Keep them free from corrosiol 
and they are guaranteed unconditionall) 

The swinging bucket rotors are of th, 
six bucket design, allowing multipl( 
sample studies to be performed 'simul 
taneously. Slotted ball and socket con 
struction makes loading and unloadini 
easy without danger of disturbing thi 
gradient. Increased length-to-diamete 
ratio of the bucket has greatly im 
proved resolving power, and measure 
ment of band widths and movements 
Compared with old-style short buckets 
the range of gradient/analytical studie: 
is considerably expanded. In addition 
these new advanced-design rotors offe 
definite advantages in capacity at higt 
g-levels. As a result, this IEC instrumen 
tation often increases efficiency by a: 
much as a factor of two, over previouw 
equipment. The SB-405 rotor, for ex 
ample, develops 405,900 g at 60,00( 
rpm with a capacity of 6x4.2 ml. ThE 
SB-269 rotor swings 6x14 ml tc 
269,400 g. 

A new series of fixed angle rotors repre 
sents considerable advancement in the 
preparative phase, offering greatly in 
creased capacities and g-forces. ThE 
low inertia A-28 is a new concept ir 
preparative rotor design. It will accel 
erate two liters to 14,000 rpm in three 
minutes, developing 28,500 g and decel 
erate to rest in ten minutes. This 
performance results in significant speed. 
up in large volume preparative work. 
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Forthcoming Events 

April 

8-9. American Soc. for Artificial In- 
ternal Organs, Atlantic City, N.J. (B. K. 
Kusserow, Dept. of Pathology, Univ. of 
Vermont College of Medicine, Burling- 
ton ) 

8-9. Pennsylvania Acad. of Science, 
42nd annual mtg., Lehigh Univ., Bethle- 
hem. (J. J. McDermott, Franklin and 
Marshall College, Lancaster, Pa. 17604) 

8-11. Animal Toxins, intern. svmnp., At- 
lantic City. N.J. (F. E. Russell, Box 323, 
Los Angeles County General Hoskpital, 
1200 N. State St., Los Angeles, Calif.) 

9. Paleontological Research Inst., semi- 
annual mtg. Ithaca, N.Y. (The Institution, 
109 Dearborn PI., Ithaca. N.Y. 14850) 

10-11. Microcirculatory Soc., 14th conf., 
Atlantic City, N.J. (H. J. Berman, Dept. 
of Biology, Boston Univ., Boston, Mass. 
02215) 

11-13. Institute of Electrical and Elec- 
tronics Engineers, Region 3. cony., Atlanta, 
Ga. (M. D. Price, Dept. 72-14. Zone 400, 
Lockheed-Georgia Co., Marietta. Ga.) 

11-13. Comparative Hemoglobin Struc- 
ture, intern. syimp., Salonika. Greece. (Sec- 
retary. P.O. Box 201, Salonika) 

11-15. Aeronoiic Studies of Lower 
Ionosphere, conf., Ottawa, Ont., Canada. 
(W. Pfister, Air Force Cambridge Research 
Laboratories, Upper Atmosphere Physics 
Laboratory. L. G. Hanscom Field, Bed- 
ford, Mass.) 

11-15. American Assoc. of Cereal 
Chemists, New York. N.Y. (R. J. Tarleton, 
The Association, 1955 University Ave., 
St. Paul. Minn. 55104) 

11-16. Federation of American Soci- 
eties for Experimental Biology. 50th an- 
nual mtg., Atlantic City, N.J. The follow- 
ing societies will' meet in conjunction with 
the FASEB; information may be obtained 
from FASEB, 9650 Rockville Pike, Beth- 
esda, Maryland 20014: 

American Physiological Society 
American Soc. of Biological Chemists 
American Soc. for Pharmacology and 

Experimental Therapeutics 
American Soc. for Experimental Pa- 

thology 
American Inst. of Nutrition 
American Assoc. of Immunologists 
12-13. Frontiers in Food Research, 

symup., Cornell Univ., Ithaca. N.Y. (W. F. 
Shipe, Dept. of Dairy and Food Science, 
Cornell Univ., Ithaca) 

12-14. Generalized Networks, intern. 
symp., New York, N.Y. (H. J. Carlin, 
Polytechnic Inst. of Brooklyn, 333 Jay 
St., Brooklyn, N.Y. 11201) 

12-14. Remote Sensing of Environment, 
4th symp., Univ. of Michigan, Ann Arbor. 
(Extension Service, Conference Dept., 
Univ. of Michigan, Ann Arbor 48104) 

12-15. Quantaum Electronics, intern. 
conf., Phoenix, Ariz. (J. P. Gordon, Bell 
Telephone Laboratories, Murray Hill, 
N.J.) 

Forthcoming Events 

April 

8-9. American Soc. for Artificial In- 
ternal Organs, Atlantic City, N.J. (B. K. 
Kusserow, Dept. of Pathology, Univ. of 
Vermont College of Medicine, Burling- 
ton ) 

8-9. Pennsylvania Acad. of Science, 
42nd annual mtg., Lehigh Univ., Bethle- 
hem. (J. J. McDermott, Franklin and 
Marshall College, Lancaster, Pa. 17604) 

8-11. Animal Toxins, intern. svmnp., At- 
lantic City. N.J. (F. E. Russell, Box 323, 
Los Angeles County General Hoskpital, 
1200 N. State St., Los Angeles, Calif.) 

9. Paleontological Research Inst., semi- 
annual mtg. Ithaca, N.Y. (The Institution, 
109 Dearborn PI., Ithaca. N.Y. 14850) 

10-11. Microcirculatory Soc., 14th conf., 
Atlantic City, N.J. (H. J. Berman, Dept. 
of Biology, Boston Univ., Boston, Mass. 
02215) 

11-13. Institute of Electrical and Elec- 
tronics Engineers, Region 3. cony., Atlanta, 
Ga. (M. D. Price, Dept. 72-14. Zone 400, 
Lockheed-Georgia Co., Marietta. Ga.) 

11-13. Comparative Hemoglobin Struc- 
ture, intern. syimp., Salonika. Greece. (Sec- 
retary. P.O. Box 201, Salonika) 

11-15. Aeronoiic Studies of Lower 
Ionosphere, conf., Ottawa, Ont., Canada. 
(W. Pfister, Air Force Cambridge Research 
Laboratories, Upper Atmosphere Physics 
Laboratory. L. G. Hanscom Field, Bed- 
ford, Mass.) 

11-15. American Assoc. of Cereal 
Chemists, New York. N.Y. (R. J. Tarleton, 
The Association, 1955 University Ave., 
St. Paul. Minn. 55104) 

11-16. Federation of American Soci- 
eties for Experimental Biology. 50th an- 
nual mtg., Atlantic City, N.J. The follow- 
ing societies will' meet in conjunction with 
the FASEB; information may be obtained 
from FASEB, 9650 Rockville Pike, Beth- 
esda, Maryland 20014: 

American Physiological Society 
American Soc. of Biological Chemists 
American Soc. for Pharmacology and 

Experimental Therapeutics 
American Soc. for Experimental Pa- 

thology 
American Inst. of Nutrition 
American Assoc. of Immunologists 
12-13. Frontiers in Food Research, 

symup., Cornell Univ., Ithaca. N.Y. (W. F. 
Shipe, Dept. of Dairy and Food Science, 
Cornell Univ., Ithaca) 

12-14. Generalized Networks, intern. 
symp., New York, N.Y. (H. J. Carlin, 
Polytechnic Inst. of Brooklyn, 333 Jay 
St., Brooklyn, N.Y. 11201) 

12-14. Remote Sensing of Environment, 
4th symp., Univ. of Michigan, Ann Arbor. 
(Extension Service, Conference Dept., 
Univ. of Michigan, Ann Arbor 48104) 

12-15. Quantaum Electronics, intern. 
conf., Phoenix, Ariz. (J. P. Gordon, Bell 
Telephone Laboratories, Murray Hill, 
N.J.) 

12-16. Society for Applied Mathematics 
and Mechanics, annual scientific mtg., 
Darmstadt, Germany. (F. Reutter, Gesell- 
schaft fur Angewandte Mathematik und 
Mechanik, Templergraben 55, 51, Aachen, 
Germany) 

12-29. Soil Conservation, 1st Pan Amer- 

12-16. Society for Applied Mathematics 
and Mechanics, annual scientific mtg., 
Darmstadt, Germany. (F. Reutter, Gesell- 
schaft fur Angewandte Mathematik und 
Mechanik, Templergraben 55, 51, Aachen, 
Germany) 

12-29. Soil Conservation, 1st Pan Amer- 
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ican congr., Saio Paulo, Brazil. (J. Abra- 
mides Neto, avda. Francisco Matarazzo 
455, Caixa Postal 8366, Saio Paulo) 

13-15. Institute of Environmental Sci- 
ences, 12th annual tech. mtg. and equip- 
ment exp., San Diego, Calif. (The Insti- 
tute, 34 S. Main St., Mount Prospect, 111.) 

13-15. Use of X-Rays in Medicine and 
Industry, public health conf., Univ. of 
Miami, Coral Gables, Fla. (M. Dauer, 
Div. of Radiological Physics, Jackson Me- 
morial Hospital, Univ. of Miami, Miami, 
Fla.) 

13-16. Geological Soc. of America, 
southeast section. Univ. of Georgia, 
Athens. (L. D. Ramspott, Dept. of Geol- 
ogy. Univ. of Georgia, Athens 30601) 

13-16. American Orthopsychiatric 
Assoc., 43rd annual mtg., San Francisco, 
Calif. (M. F. Langer, The Association, 
1790 Breadway, New York 10019) 

13-16. National Soc. for Programmed 
Instruction. natl. conv., St. Louis, Mo. (M. 
Arky, 714 Kingsland, University City, 
Mo. 63130) 

13-16. American Radium Soc., annual 
mtg., Phoenix, Ariz. (J. L. Pool, Memorial 
Soc., 444 E. 68 St., New York 10021) 

13-16. National Council of Teachers of 
Mathematics. 44th annual mtg., New 
York, N.Y. (J. D. Gates, 1201 16th St., 
NW, Washington, D.C. 20036) 

14-15. British Biophysical Soc., spring 
mtg., Oxford, England. (D. Noble, Balliol 
College, Oxford) 

14-15. Molecular Interactions and the 
Crystallography of Ceramics, Univ. of 
Nottingham, Nottingham, England. (S. C. 
Wallwork. Dept. of Chemistry, Univ. of 
Nottingham, University Park, Notting- 
ham) 

14-16. Association of Southeastern Biol- 
ogists, Raleigh, N.C. (M. Y. Menzel, Dept. 
of Biological Sciences, Florida State Univ., 
Tallahassee) 

14-16. American Cleft Palate Assoc., 
Mexico City, Mexico. (C. G. Wells, Park- 
er Hall. Univ. of Missouri, Columbia) 

14-16. Eastern Psychological Assoc., 
New York. N.Y. (M. A. Iverson, Queens 
College, Flushing, N.Y. 11367) 

14-17. American Assoc. of Endodontists, 
23rd annuai mtg., San Francisco, Calif. 
(J. F. Bucher, 6828 Winterberry Lane, 
Bethesda. Md. 20034) 

14-19. American Dermatological Assoc., 
Hot Springs, Va. (R. R. Kierland, Mayo 
Clinic, Rochester, Minn.) 

14-20. Geodetical Measuring Technique 
and Instruments, conf., Budapest, Hun- 
gary. (F. Raum, Preparatory Committee 
of the Conference, Technika Haza, Sza- 
badsag ter 17, Budapest 5) 

15-16. Iowa Acad. of Science, Pella. (G. 
W. Peglar, Dept. of Mathematics, Iowa 
State Univ., Ames) 

15--16. Montana Acad. of Sciences, 
Missoula. (L. H. Harvey, Univ. of Mon- 
tana, Missoula 59801) 

15-17. American Soc. of Internal Medi- 
cine, New York, N.Y. (A. 0. Whitehall, 
3410 Geary Blvd., San Francisco, Calif.) 

16-18. Lateral Line Detectors, intern. 
conf., New York, N.Y. (P. H. Cahn, Stern 

ican congr., Saio Paulo, Brazil. (J. Abra- 
mides Neto, avda. Francisco Matarazzo 
455, Caixa Postal 8366, Saio Paulo) 
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ment exp., San Diego, Calif. (The Insti- 
tute, 34 S. Main St., Mount Prospect, 111.) 

13-15. Use of X-Rays in Medicine and 
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Div. of Radiological Physics, Jackson Me- 
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ogy. Univ. of Georgia, Athens 30601) 

13-16. American Orthopsychiatric 
Assoc., 43rd annual mtg., San Francisco, 
Calif. (M. F. Langer, The Association, 
1790 Breadway, New York 10019) 

13-16. National Soc. for Programmed 
Instruction. natl. conv., St. Louis, Mo. (M. 
Arky, 714 Kingsland, University City, 
Mo. 63130) 

13-16. American Radium Soc., annual 
mtg., Phoenix, Ariz. (J. L. Pool, Memorial 
Soc., 444 E. 68 St., New York 10021) 

13-16. National Council of Teachers of 
Mathematics. 44th annual mtg., New 
York, N.Y. (J. D. Gates, 1201 16th St., 
NW, Washington, D.C. 20036) 

14-15. British Biophysical Soc., spring 
mtg., Oxford, England. (D. Noble, Balliol 
College, Oxford) 

14-15. Molecular Interactions and the 
Crystallography of Ceramics, Univ. of 
Nottingham, Nottingham, England. (S. C. 
Wallwork. Dept. of Chemistry, Univ. of 
Nottingham, University Park, Notting- 
ham) 

14-16. Association of Southeastern Biol- 
ogists, Raleigh, N.C. (M. Y. Menzel, Dept. 
of Biological Sciences, Florida State Univ., 
Tallahassee) 

14-16. American Cleft Palate Assoc., 
Mexico City, Mexico. (C. G. Wells, Park- 
er Hall. Univ. of Missouri, Columbia) 

14-16. Eastern Psychological Assoc., 
New York. N.Y. (M. A. Iverson, Queens 
College, Flushing, N.Y. 11367) 

14-17. American Assoc. of Endodontists, 
23rd annuai mtg., San Francisco, Calif. 
(J. F. Bucher, 6828 Winterberry Lane, 
Bethesda. Md. 20034) 

14-19. American Dermatological Assoc., 
Hot Springs, Va. (R. R. Kierland, Mayo 
Clinic, Rochester, Minn.) 

14-20. Geodetical Measuring Technique 
and Instruments, conf., Budapest, Hun- 
gary. (F. Raum, Preparatory Committee 
of the Conference, Technika Haza, Sza- 
badsag ter 17, Budapest 5) 

15-16. Iowa Acad. of Science, Pella. (G. 
W. Peglar, Dept. of Mathematics, Iowa 
State Univ., Ames) 

15--16. Montana Acad. of Sciences, 
Missoula. (L. H. Harvey, Univ. of Mon- 
tana, Missoula 59801) 

15-17. American Soc. of Internal Medi- 
cine, New York, N.Y. (A. 0. Whitehall, 
3410 Geary Blvd., San Francisco, Calif.) 

16-18. Lateral Line Detectors, intern. 
conf., New York, N.Y. (P. H. Cahn, Stern 
College, Yeshiva Univ., 253 Lexington 
Ave., New York 10016) 

17-20. Electron and Ion Beam Science 
and Technology, 2nd intern. conf., Amer- 
ican Inst. of Mining, Metallurgical, and 
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Student Center (St. Paul Campus) 

Northrop Memorial Auditorium 

enjoy study this 
summer at the 

university 
of minnesota 

MINNEAPOLIS 

FIRST TERM: June 13 - July 16 
SECOND TERM: July 18 August 20 

A full range of undergraduate 
and graduate courses. 

. . workshops 
. . professional institutes. 

Distinguished faculty . . 
outstanding library and 
research facilities. 

Recreational and cultural 
opportunities. 
Music ... theatre... 
museums . .. sports. 
For bulletin, write to 
Dean of Summer Session 
6642 Johnston Hall 
University of Minnesota 
Minneapolis, Minnesota 6442 f. . 

Scott Hall 

I 

quartz and 

For high-purity requirements we now offer four 
models of unique all-quartz and all-glass stills. 
Throughput rates range from 0.4 to 4.0 liters/hour; 
prices range from $185 to $995. 

BRINKMAN N 
I N STRU M E NTS 
CANTIAGUE ROAD, WESTBURY, N.Y. 11590/ED 4-7500 
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