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From every aspect of performance, the L8 ultracentri- moisture from the chamber, an d t  Integrator for accu- 
fuges are unsurpassed. Whether you choose the 80,000- rately reproducing runs in sucrose gradients, and 
rpm Model L8-80, or the 70,000 or 55,000-rpm models, internal diagnostic systems for simple servicing. 
you get the most advanced drive system, programming For high performance rotors, no one comes close 
capability, over 40 rotors to choose from, and a host of to Beckman. There are two 80,000-rpm rotors: the 80 
built-in features which assure you top performance in Ti f d  angle which generates 602,000g at 80,000-rpm 
the years ahead. - highest force of any rotor -and the VTi-80 for rapid 

The Ultra-Smooth'" drive system is the most success- density gradient runs with such materials as steroid 
ful ever designed - a Erequency-controlled induction motor receptors. For the Model L8-70 ultracentrifuge, the 
that drives the rotor directly from inside the vacuum sys- 70,000-rpm Type 70.1 Ti rotor has an outstanding com- 
tem. Its smoothness is unsurpassed, and we warrant the bination of volume (163 mL) and force (450,000g) 
complete drive for 16 billion revolutions. for such separations as plasmid DNA. 

Programmability comes from microprocessor control Add a superb line of tubes and adapters, topped 
using the Memory-Pac'" module.You insert a Memory-Pac by the unique Quick-Seal" tubes for sure sealing with- 
in the L8 control panel, and out tube caps, and you can 

, seconds later it is pmgmmmed easdy see why investigators 
with whatever rotor speed, I 

the world over choose 
temperature, etc., you wish. Beckrnan ultracentrifuges. 
You're assured of error-free For more information, write 
duplicate runs with no time Beckman Instruments, Inc., 
spent in set-ups. Spinco Division, 1117 

I L8htures include palifornia Ave., Palo Alto, 
lDrv Cvde to q m v e  . 

. I  I A 94304. 
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ponderosa pine tree. Ponderosa pine 
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these squirrels, but only Ponderosa 
pines containing smaller amounts o f  
monoterpenes qualify as food source 
trees. See page 1273. [ R .  C .  Faren- 
tinos, National Oceanic and Atmo- 
spheric Administration. Boulder. Colo- 
rado 803031 



Baked Apple, 
Last Thanksgiving, a designer from 

Lynn/Ohio Corporation took one of 
the company's Apple Personal Computers 
home for the holidays. 

While he was out eating turkey, it 
got baked. 

His cat, perhaps miffed at being left 
alone, knocked over a lamp which started 



Tfire w h i c m o n  0th8 
unpleasantries, me ted 
'his TV set all over his 
~omputer. He thought 
his goose was cooked. 

But when he took the 
Apple to Cincinnati Computer 
mira bile dictu, it still worked. \ 

A new case and keyboard made it *% asgood -* as new 
L'S P~ 2, ' 3 1 1  
?."<a 

I '  

t.i ,* Nearly 1,000 Apple dealers have 
qomplete k4 service centers that can quickly 
fix just about anything that might go 
wrong, no matter how bizarre I 

d'  

So if you're lookin for a personal 
-0muuter w that solves ~ r o  % lems instead of I 



Where biiogical problems find answers, 

Two new ~nslruments from Vanan. the VISTA Chromatography Ser~es with /he 401 Dala Syslem and the DMS 90 U V - V I ~  Speclropholomeler 

Life scientists have trusted Varian instruments for decades- @ LC: Separate proteins by molecular size 
and for good reasons. The new Varian HPLC System for protein and peptide 

First,Varian offers the widest range of research and analytical chromatography gives you complete molecular-size exclusion, 

instrumentation available today; so you can select state-of-the- anion exchange, and reverse-Phase capabilities. For example, 
art performance to suit the needs of your laboratory. Second, you can separate proteins with a wide MW-range in minutes, 

Varian puts the operator first by making ease and speed of with excellent recovery of protein mass and enzyme activity. 

operation a design commitment; you benefit from the Circle No. 65. 
increased productivity. Most important of all, you can rely 0 UV-Vis: Measure enzyme activity at 0.0005 Almin 
on the accuracy of your results; they carry the authority of The new easy-to-operate Cary 219/210-PLUS 
long-standing leadership in scientific instrumentation. Spectrophotometer/ ComputerSystem offers f ul l y computerized 
In other words, we've earned the trust. And intend to keep spectrophotometry. All experimental data are accurately 
earning it. collected, processed, and reduced to give you final results 

The results you see here are examples of answers found to automatically. The superior optical performance that's part of 
problems in the biosciences-from instruments designed to the Cary tradition accommodates low enzyme activities just as 

make them all seem routine. easily as highly turbid samples. Circle No. 66. 

0 LC: Analyze nucleic acid constituents @ UV-Vis: Do derivative spectrophotometry 
The separation of nucleotides, nucleosides, and bases shown at the touch of a button 
was in a run in less than 90 The three- A derivative spectrum enhances spectral detail like the 
solvent capability of the Model 5000 Liquid Chromatograph shoulders on this BSA spectrum, and they are easy to do with 

was used to sequentially program two gradients. Flow the low-cost DMS 90 UV-Vis Spectrophotometer! Just touch 
programming was used to separate bases and nucleosides a button, and the microcomputer calculates true wavelength 
at a reduced flow during initial solvent gradient. derivative data- both first and second derivative. Circle No. 67. 

The Model 5000 is fully compatible with the new VISTA 401 0 AA: Measure electrolytes in tissue, cells, and fluids 
Chromatography Data System With the new Varian AA-875 Atomic Absorption Speclropholomeler, 
Circle No. 63. you can study toxicity, nutrlent and metabolic activities, and 

@ LC: Identify and purify peptides 
the therapeutic effects of some 67 elements. This 
AA spectrum shows a typical determination of chromium in 

With the Model 5000, peptide species differing in only a single urine, using the Carbon Rod Atomizer accessory, Sample 
amino acid are sharply separated by reverse-phase volume is 20 pl. Sensitivity: 6 pg Cr in the urine matrix; chromatography. Circle No. 64. precision: 10-20% RSD at 1 pg/24 hr sample level. Circle No. 68. 

SCIENCE, VOL. 



you'll find Varian instruments 

@ EPR: Study RBC internal viscosity The easy-to-read printout includes peak names, run conditions, 
In spin label studies of slow molecular motion, like investiga- and quantitative chromatographic data. All can be stored on 
tions of red-blood-cell internal viscosity and the effects of a floppy disk for instant retrieval and precise reproduction of 
chemotherapy on membranefluidity, thesaturation-transfer EPR the analysis. Circle No. 70. 
(ST-EPR) experiment has been proven extremely useful. 
The Varian E-150 Induction EPR Accessory now brings high @ NMR: Elucidate peptide structure 

sensitivity to dispersion s ~ - ~ ~ ~ ,  which makes it possible to use The exceptionally sophisticated software of the XL-200 

90°-out-of-phase first-harmonic (p' )  detection. This Superconducting NMR Spectrometer gives the researcher a 

technique offers easier interpretation and simulation and makes high dynamic range and unsurpassed data processing 
spectrometer adjustment less critical. capabilities. 

Using the E-150 accessory, the full range of reflection and induc- :2~2~~~0~"9'0","~2"071"62~2~24"3~0~,"d~~f2-~eCisi0n tion EPR experiments become available at the flick of a switch, acquisition and floating-point Fourier transform, Direct time allowing the scientist to select those parameters that 
optimize spectral sensitivity to slow molecular motions averaging allows automated variable-temperature experiments 

>7, > ICY8 sec). Circle No. 69. 
to be performed without resorting to organic solvents or 
presaturation of H20. You can observe temperature 

0 GC: Identify bacteria by methyiated fatty acids dependence of NH proton shifts and determine vicinal NH-CH 
Superb resolution achieved with the fused-silica capillary spin couplings-information which can help you determine 
column on the Model 3700 Capillary Gas Chromatograph and Peptide Structure in aqueous solution. Circle No. 71. 
the data presentation capabilities of the VISTA 401 Chroma- To have a representative contact you about any Varian 
tography Data System make bacteria fingerprinting a routine instrument, Circle No. 312. 
procedure. 

varian 
For 1mm.dlate assistance contact:. Florham Park. NJ (201) 822-3700 Park R~dge. IL (312) 825-7772 Houston. TX (713) 7831800 

LOS Altos. CA (415) 9688141 Or wr~te 611 Hansen Way. Palo Alto. CA 94303 In Europe Ste~nhauserstrasse. CH-6300 Zug. Sw~lzerland 
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Journal of Plant Growth Regulation 
- Please send me more information on Journal of Plant 

Growth R ulation. 
- Please senyme a sample copyof Journ~l of Plant 

Growth Regulation when the f~rst issue IS published. 
P l e a s e  enter my subscription for Vol. 1 

(4 issues), 1982, $72.00. 
The journal is available at a special rate to members of the Interna- 
tional Plant Growth Substances Association through the Association. 

Check enclosed Charge American Express VISA 
!J Mastercard 
Card number 

Expiration Date 

Plant Cell Reports 
- Please send me a sample copy of Plant Cell 

Reports when the first issue is published. - Please enter my subscription for Vol. 1 
(6 issues), 1981, $100.00. 

Subscriptions are entered with prepayment only and are filled as 
issues are published. Postage and handling are included in the 
subscription price. Prices quoted are payable in U.S. currency or 
its equivalent and are subject to change without notice. 

Name 

Address 

! Signature 

C~tylStatelZ~p j Amount enclosed $ 

Return to: Springer-Verlag New York, Inc. Dept. S3750,44 Hartz Way, Secaucus, NJ 07094 
! ------ b 
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Bectoh Dickinson 
:FACS Systems 
ADVANCES IN INSTRUPrNTATION 

The FACSTM 
Analyzer is now 
available as the 
world's newest and 
most innovative 
flow cytometer. The 
system measures 
individual cells si- 
multaneously for 

FLUORESCENCE Intensity and color 
(using mercury-arc illumination) and for 
SIZE (as measured by electronic volume) 
at up to 1,000cells per second. Data analy- 
sis and display rapidly provide a distribu- 
tion of measured propertiesforevaluation 
of cellular subpopulations. 

Instrumentation Firsts 
The FACS Analyzer System is a highly ca- 
pable laboratory instrument of the highest 
quality. It represents two very important 
firsts in instruments generally available for 
flow cvtometrv: sufficient fluorescence 
sensitivity isobtained using a mercury-arc 
light source to enable very low level 
immunofluorescence measurements, and 
these two fluorescence measurements are 
obtained sirnultaneouslv with cell volume. 
These features are provided at surprisingly 
modest cost for an instrument of such ca- 
pabilities. Continuing operating costs are 
low due to the simplicity of design and use 
of mercury-arc illumination. Ease of oper- 
ation is another direct result of the design. 

Highest Sensitivity and Resolution 
FACSAnalyzer measurements have been 
documented for sensitivity to as few as 
30.000 fluorescein molecules Der cell.This 
is of paramount importance in measure- 
ment of lower-level immunofluorescence 

signals, and represents the greatest sensi- chromosomes. Potential research applica- 
tivity thus far achieved using a non-laser il- I tions range over virtually all biology and I 
lumination source in a commercial flow I medicing I 
cytometer.TheAnalyzer volume measure- 
ment is sensitive to particles as small as 
1.6 microns diameter. Resolution attain- 
able meets or exceeds that stated for test 
samples; that is, 2.0 to 2.5 percent coeffi- 
cieA of variation in fluorescence and the 
same in volume. Resolution of this degree 
is of im~ortance in cell kinetics data 
representing DNA content per cell. Analy- 
sis is available with several size flow 
orifices toenableoperation with awideva- 
riety of samples. 

Advanced Applications 
Since the introduction 
of the first FACS Cell 
Sorter, the number of 
Instruments in use and 
their contributions to 
active research have 
steadily accelerated. 
Hundreds of 
publications have ap- 
peared in the scientific 
literature. There are 
several annual, inter- 
national meetings 
devoted to this technology. FACS analysis 
is now a major research technique in can- 
cer immunology, hematology, cell kinetics, 
pathology, biochemistry, general im- 
munology, and quantitativecytology. Cells 
and substances of interest include DNA 
and RNA, lymphocytes, leukocytes, plate- 
lets, antigens, immunoglobulins, en- 
zymes, viruses, chemical agents, and 

Advanced Features 
FACS Cell Sorter features are of proven 
importance in diverse applications world- 
wide. Many are incorporated in the FACS 
Analyzer. Major features include the two 
fluorescence measurements made s~mul- 
taneously with electronic cell volume on 
individual cells. Mercury-arc lamp il- 
lumination is standard, with filter sets for 
use with numerous fluorescent probes. 
Fluorescence and volume sensitivity are 
provided for immunofluorescence studies, 
and fluorescence and volume resolution 

for cell kinetics work. 
Both logarithmic and 
linear signal ampli- 
fiers, front panel com- 
pensation for two- 
fluorescence emission 
overlap, third parame- 
ter gating, and ratios 
of any two parameters 
for analys~s enable 
easy operation of so- 
phisticated functions. 
Separate Sensor 

and Analysis Units enable operation of the 
Sensor Unit with existing FACS Cell 
Sorters. 

FACS Systems 

I 490-8 Lakeside Drive 
Sunnyvale, California 94086 
(4081 738-8558: TWX 91 0 338 2026 . , 

Antwerpse Steenweg 277 
2800 Mechelen, Belgium 
01 5129.01.43; Telex 846 72096 
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1 This symbol 
I means faster 

measurement 
SF- 
development, . . 

The familiar HP-IB (Hewlett-Packard Interface Bus) 
symbol is HP's way of identifying instruments and com- 
puters that conform to the IEEE-488 standard. But it 
means much more than just bus architecture and 
system compatibility. The HP-IB symbol also stands for 
the documentation and support that helps you get 
a measurement system operational in weeks instead 
of months. 

Five reasons why you'll save time and effort. 
Choose HP when you need a measurement system 

and you get these advan- - 
tages: 1) All devices and all 
documentation come from 
a single source which 
means consistency in 
design and documentation. 
2) Every member of the 
HP-IB family of instruments 
and computers - over 140 
in all - is designed for 

r 
L 

and tested to rigid HP-IB standards of compatibility. 
3) Just as important, every HP-IB device comes with 
complete and comprehensive documentation that's 
easy to follow andconsistent in its approach to 
implementation. You'll receive service manuals and 
operating manuals that typically include a guide to the 
implementation of computer based systems. 4) You 

1174 

can choose from more than 100 HP application notes. 
Many of these will teach you how to accomplish 
specific measurements in conjunction with the con- 
trolling computer. Software examples are included in a 
number of these to help you get to a solution even 
faster. In fact, one of these examples may be just what 
you need for your exact application. And many HP 
application notes list the results of performance tests to 
help you verify proper system operation. 5) HP also 
offers training, system engineering support and on-site 
service . . . assistance from start to finish. But these 
aren't the only reasons HP is the logical choice for 
measurement system development. 

Over ten years of experience to call on. 
When you design and build a measurement system, 

you can have the confidence of working with the com- 
pany that was there when the need for a standard was 
realized. HP invented the 3-wire handshake technique 
and ever since then we've been designing and building 
HP-IB compatible components. By choosing an HP 
instrument or computer, you get the benefit of over 10 
years experience in interface bus architecture, and how 
it can best be implemented. 

Choose from a wide variety of computers. 
With more than 140 different HP-IB instruments and 

computers to choose from, you can configure the 
measurement system that's just right for your application. 
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WfllY BUY 
AOlNl!OCLOlNl~LS ROH Til t  
qm DIIOC~F~IIC~~LS 

COfiMIMIlY! 

Making biologically active radiochemicals 
for research requires a company-wide 
quality control discipline of the strictest 
kind. 

Our large, multi-disciplined staff assures 
you of thoroughly evaluated, carefully 
specified, state-of-the-art monoclonal 
anti bodies. 

There are many, from technical consulta- 
tion with our staff to documented assay 
results included with each shipment. 

Our current offering of monoclonal anti- 
bodies has been selected in response to 
your research needs and requests. New 
monoclonals will be introduced continu- 
ously to meet these needs. 

HUMAN 
Anti-human Lyt 1 * 
Anti-human Lyt 2* 
Anti-human Lyt 3* (Pan T) 
Anti-human la 
Anti-human IgE 

VIRAL 
Anti-murine leukemia virus gp70 
Anti-murine leukemia virus p15 (E) 

MOUSE 
Anti-mouse Thy 1.2 
Anti-mouse Thy 1.2, biotin labeled 
Anti-mouse Thy 1.2, fluorescein labeled 
Anti-mouse Thy 1 . 1  
Anti-mouse Lyt 1 . 1  
Anti-mouse Lyt 1.2 
Anti-mouse Lyt 2.1 
Anti-mouse Lyt 2.2 
Anti-mouse Lyb 2.1 
Anti-mouse Lyb 2.3 
Anti-mouse TL 

ALSO: Anti-horseradish peroxidase 
In addition w e  offer over a dozen monoclonal anti- 
body reagents - ~odinated, enzyme conjugated, 
and fluorescein conjugated. This family is growing 
fast, too. 
To keep you informed of latest developments in our 
monoclonaI program, let us put your name on our 
special monoclonals mailing schedule and send you 
our product line brochure. 

"lnd~cates order of clone   sol at ion, not target cell function 

No t  for use in humans or clinical diagnosis 

New England Nuclear 
549 Albanv Street Boston Massachusetts 02118 
Call toll free: 800-225-1572 Telex: 94-0996 
(In Massachusetts and International: 617-482-9595) 

NEN Chemicals GmbH: 0-6072 Dreieich, 41/. Germany, Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, Lachine Que. H8T 3C9; Tei. 514-636-4971, Telex 05-821808 
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Chemical Literature Is Growing, 
And So Is CA SELECTS" 

Now, 16 New CA SELECTS Topics To Choose From! 
If your research concerns one of these areas, we now have the ideal current-awareness publication for you. Pick your 
topic, and for just $75 per year, CA SELECTS will bring you abstracts of the relevant chemistry-related literature every 
other week. 

Order from this list of new topics today. Or ask for our complete catalog of CA SELECTS publications. 

Amino Acids, Peptldes, & Proteins 
Abstracts on subjects such as chemistry and uses of amino acids, peptides, 
& proteins; synthesis of amino acids, peptides, & proteins. Excludes bio- 
chemical aspects. 

Antioxidants 
Abstracts on subjects such as chemistry of antioxidants; new uses of an- 
tioxidant materials. 

Coatings, Inks & Related Products 
Abstracts on subjects such as decorative and protective coatings; lac- 
quers, varnishes, enamels; inks, vehicles, drying oils, pigments. 

Cosmetic Chemicals 
Abstracts on subjects such as the manufacture and use of compounds for 
cosmetics; the formulation of mixtures of cosmetic interest. 

Distillation Technology 
Abstracts on subjects such as extractive distillation; molecular distillation; 
distillation as a unit process. 

Epoxy Resins 
Abstracts on subjects such as macromolecular compounds with multiple 
epoxide rings; applications of epoxy resins. 

Fats & Oils 
Abstracts on subjects such as isolation, manufacture, properties, anal sis 
uses of natural fats and oils; synthesis and manufacture of synthetic anabgs: 
Inorganic Analytical Chemistry 
Abstracts on subjects such as detection and determination; analytical ap- 
paratus and techniques. 

Novel Sulfur Heterocycles 
Abstracts on subjects such as preparation of new ring systems containing 
sulfur; newly-discovered andlor published compounds containing known 
sulfur-heterocycle moieties. 
Organic Analytical Chemistry 
Abstracts on subjects such as detection and determination of organic ma- 
terials; reagents, techniques, apparatus. 
Plastics Fabrication & Uses 
Abstracts on subjects such as processes for fabricating polymers; molding, 
extruding, laminating, impregnating. 

Plastics Manufacture & Processing 
Abstracts on subjects such as manufacture, testing, formulation of poly- 
meric materials; natural resins of industrial interest; plastics additives. 

Radiation Damage (Material Aspects) 
Abstracts on subj?xts such as radiation damage on materials, properties; 
formation of color centers and defects. Excludes radiation biochemistrv, 
photochemistry, and radiolysis. 

Subatomic Particles 
Abstracts on subjects such as baryons, mesons, leptons; experimental 
and theoretical high-energy processes involving such subatomic particles. 
Excludes exotic atoms, hypernuclei, and particle interactions used in in- 
vestigating the atomic nucleus. 
Synthetic High Polymers 
Abstracts on subjects such as organic and physical chemistry of linear and 
branched synthetic polymers; kinetics and mechanism of polymerization; 
manufacture of monomers; properties of polymers. 

Inorganic Chemicals & Reactions 
Abstracts on subjects such as chemical properties, synthesis; applications, 
reactions. Keep Your Chemical Knowledge Growing With CA SELECTS 

CA SELECTS: 1981 ORDER FORM 

Name: 
CA SELECTS Topic Quantity Price 

Address: I 

Telephone: 

Please send me a one-year subscription to the CA SELECTS topic(s) 
I've indicated. I will receive 26 issues for $75.* 
Payment enclosed Bill me 
Please send me your catalog of all CA SELECTS Topics. Total $ 

Make checks payable to Chemical Abstracts Service. 
Prices subject to change without notice. 
'Prices vary in UK, the Republic of Ireland, W. Germany, Japan & France. 

Chemical Abstracts Service, 
A Division of the American Chemical Society 

Send To: Chemical Abstracts Service 
Accounting Dept. SMA 
P.O. Box 3012 
Columbus, OH 43210 USA 

I s m - D - - - - - - - - - - - m  
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1% Movable bat MeaeweraePt. a 1:2.5X range which means any 

The measuring spot ~ o u  pi& intermediate magfloation can 
is projected into tibe binocufm be otatailkiarE At its lowehlt sett&l& 
tube. It can be moved to a repre- Wide of 
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I 
exposure for it. This is a major 
advantage for fluorescence, In a matter of seconds, for- 
darkfield esld polwized light mats ean be changed from 
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ANNOUNCING 
THE NEW 

AAAS SCIENCE 
0 easy-to-read, 13" x 26" wall COVER ":::' 14 striking full-color reproduct~ons 

of Science covers, with detailed CALE N DAR ~ ~ ~ ~ y A ; ; z ; l e  contributors 

dates of A 4 A S  meetinqs, symposia, - - 

FOR 1982 
and conferences 
legal holidays 
AAAS membership information 
large blocks for making notations 

Special Offer 
Regularly 55.00, Me 5th annual AMS Science Cover Calendar is yours for only 54.50 if you 
order before October 1st. You save an additional 10% on orders of 5 or more copies, 
bringing the price down to 54.00 each. 
So, don't miss your chance to get 10-20% off the 1982 /MAS Science Cover Calendar. Send 
for your copy- and extra copies for your friends - today1 

I . - m m m r l l l . r ~ r  ' please mail me (1-4 copies) of the 1982 Science Cover Calendar @ 54.50: 
'I 

I 
Name Address 

City -State Zip 
I 

(5 or more copies) of the 1982 Science Cover Calendar @ 54.00: 
I 

Address 

City- State Zip 

I 
All orders must be prepaid Please allow 6-8 weeks for delivery 
Mail to: MA.5 Calendar, Dept. C82, 151 5 Massachusetts Ave., NU! Washington, DC 20005. 

I 
I 

r r c r r - - - - I I I I - m I I - b  
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See things 
vouve never seen before 
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GO WITH 
THE 

LEADER 
Buy the American Weigh. bright red "g" illuminates to confirm a stable 

These new Brainweigh'" balances provide reading and the microprocessor will display "error" 
unmatched value and flexibilitv-in the school, in if the balance is overloaded. 
the laboratory, on the production line. They offer 
advanced microprocessor technology and the strict Operation You'll Appreciate. 
attention to quality that you've come to expect from Positive, well-positioned control bars are easily 
Ohaus. reached for taring and range selection-yet out of 

We have listened carefully to users, and the way to avoid accidental contact. There's no 

designed in the most wanted operating features. ' guessing what the controls do, or how they operate. 

You'll get precision that matches your task, ind the Nothing to get in,the way of convenient, precise 

convenience and operating simplicity you require- operation. Even the calibration setting is up front, 

at a very affordable price. easily accessed and simple to adjust. With other bal- 
ances vou need a service call; with Ohaus vou need 

Features of the Future-Now. only a'screwdriver and calibration mass. ' 

Advanced microprocessor circuitry makes these 
balances simple to operate; reliable in constant use. 
They have built in standard features that are costly 
options with others. Variable integration mode on all 
models allows you to choose extended weighing 
time to cancel out vibration or compensate for an 

Traditional Ohaus Dependability-Standard 
Nobody builds balances to last like Ohaus. 

Everything inside is a little'better, tougher and 
stronger than it has to be. All the new Brainweigh 
balances are made with an appreciation of how de- 
manding the real world is. They give you the sensi- 
tivity you need and the toughness you demand. 

Ohaus-The American Weigh 
Put any of the 

new Brainweigh 
electronic 
balances against 
any other balance 
regardless of price 
or manufacturer. 

You'll be 

Ohaus Bralnweigh Electronic Balances 
Model Capacity x Readability Prlce 
B3000D 30001300 g x O.llO.M g %1,895. 
B1500D 15001150 g x O.llO.M g %1,595. 
B300D 300130gx0.MI0.0Mg %1,795. 
B5000 5000 g x 0.1 g %1,695. 
81500 1500 g x 0.1 g %1,395. 
0500 500 g x 0.01 g %1,695. 
8300 300 g x 0.01 g %1,395. 

Easy Reading. impressed with 
Stop squinting at the competition and see what our brand of American ingenuity. Send today for 

readability is all about. Ohaus features a big, bright complete descriptive literature on the full line of 
L E D  display that's angled for easy reading-up close Brainweigh balances. Just call us and. ..Ask for 
or across the lab. There's no glare, no guesswork. A Ohaus. 

Ohaus Scale Corporation 
29 Hanover Road, Florham Park, N. J. 07932, (201) 377-9000 
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@ KELVINATOR 

Kelvinator has three ways to meet your cold room chro- 
matography needs: One, two and three door refrigeration 
units, packed with features designed especially for chro- 
matography applications. 

Every Kelvinator refrigeration unit is constructed with an 
extra-thick layer of Urethane foam insulation for energy sav- 
ing operation. Large tempered thermopane glass doors offer 
excellent visibility, close quietly and have superior insulating 
qualities. 

Each cabinet comes equipped with a vapor proof duplex 
receptacle mounted inside, access portholes for attaching 
optional recorders and other equipment, heavy duty adjust- 
able shelves and brilliant fl~orescent lighting. A wide selec- 
tion of optional accessories is also available. 

. I - I - -  - - - -- 
f - - - - - ,  ,y I., 7- 

In addition to offering the finest convenience features, 
every chromatography cabinet shares in Kelvinator's long 
tradition of dependable service. An exclusive Five Year 
Compressor Warranty Prograd and world wide factory rec- ~ & ~ ~ ~ a ~ o ~  
ommended service network assures customers of first rate Kelvinator Commercial Products service when and where it\ needed. 

621 Quay Street, 
When your needs call for cold room chromatography Manltowoc, Wisconsin 54220 

equipment, remember . . . Kelvinator means refrigeration. TWX-910-260-3507, Ph 1-800-558-7627 

*Details of the Kelvinator Five Year Compressor Warranty Program are available 
by contacting Kelvinator Commercial Products. Manitowoc. Wisconsin. @g/ A Division of White Consolidated lndusrries, I ~ c .  

I QUALITY REFRIGERATION FORTHE LABORATORY ( 
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AAAS CHAUTAUQUA 
SHORT COURSES 

The AAAS Office of Science Education announces the schedules of the 
1981-82 Chautauqua Short Courses for College Teachers. 

Thirty short courses will be held at twelve 
Regional Field Centers throughout the 

United States. 

For further information (course descriptions, 
applications, etc.) please write or call: 

American Association for the Advancement 
of Science 
Office of Science Education 
1776 Massachusetts Avenue, N. W. 
Washington, D. C. 20036 
(202) 467-4465 

Field Centers 

Western Circuit 
OGC-Oregon Graduate Center for Study and Research, Nicholas 

J Eror, Department of Mater~als Sc~ence, 19600 N W Walker 
Road, Beaverton, Oregon 97006 Tel (503) 645- 1 121 

A N A S a n t a  Ana College, David Dobos, Divis~on of Soc~al Science, 
17th at Bristol. Santa Ana. Cal~forn~a 92706 Tel (714) 667-3279 

UUT-University of Utah, E Allan Dav~s, Department of Mathema- 
t ~ c s ,  Salt Lake C~ty.  Utah 841 12 Tel (801) 581-5809 

TXA-University of Texas at Austin, James P Barufaldi, Sc~ence 
Educat~on Center. EDB 340. Aust~n. Texas 787 12 Tel (5 12) 47 1 - 
7354 

Central Circuit 
UIA-University of Iowa, Robert E.  Yager. Science Education Cen- 

ter, 450 Physics Building, Iowa City. Iowa 52240. Tel: (319) 353- 
492 1 . 

PAR-Parkland College, Delores C .  Schoen. Life Science Division. 
2400 W. Bradley Avenue. Champaign. Illinois 61820. Tel: (217) 
35 1-2465. 

DAY-University of Dayton, George K .  Miner. Chautauqua Field 
Center. Department of Physics. Dayton. Ohio 45469. Tel: (513) 
229-2327. 

CBC-Christian Brothers College, John Edward Doody. Division of 
Science and Mathematics. 650 East Parkway South. Memphis. 
Tennessee 38104. Tel: (901) 278-0100, ext. 290. 

Eastern Circuit 
UGA-University of Georgia, W. R .  Zeitler. Department of Science 

Education, Athens. Georgia 30602. Tel: (404) 542-1763. 
TUCC-Temple University, Leonard Muldawer, Chautauqua Short 

Course Program. Barton Hall BA-407. Philadelphia. Pennsylvania 
19 122. Tcl: (2  15) 787-7668. Cour.\e.\ \\,ill he c.onduc~tec1 cct Temple 
U ~ l i r ~ e r s i y  Cerlrer Ci!\, (TUCCI.  

POL-Polytechnic Institute of New York, Bernard J .  Bulkin. 
PolytechniclWcstchestcr. 456 North Street. White Plains. New 
York 10605. Tel: (914) 949-1775, 

HAM-Hampshire College, Arthur H. WestinglJim Matlack. 
Chautauqua ProgramICA. Amhcrst. Massachusetts 01002. Tel: 
(41 3) 549-4600, ext. 562. 
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Schedule of Classes 

1. Astronomy Bizarre 
R EDWARD NATHER Unlverslty of Texas at Austln 

12-1 4 Nov./TXA 

16. Geneticsand Society, A Dynamic Interaction 
ROBERT F MURRAY JR Howard Unlverslty 

15-17 MarIPAR; 24-26 Mar.lUGA 

2. Advances in Coherent Optical Sclenceand Engineering 
BRIAN THOMPSON Un~verslty of Rochester 

16-17 Nov & 11-12 Mar.itUCC 

17. Ethical Issues in Death and Dying 
THOMAS L BEAUCHAMP Kennedy lnst~tute Georgetown 
Unlverslty 

22-24 Nov.ITXA; 10-12 Mar./TUCC 

3. Qualitative Physics 
VICTOR F WEISSKOPF Mi l  

24-26 Mar.lHAM 
18. Arms Uncontrolled. Causes and Remedies of the Arms Race 

EVERETT MENDELSOHN Harvard Unlverslty 
18-20 Mar.lUIA; 19-21 Nov.IPAR 

4 The Personalltlesof 20th Century Physlcs Thew 
Interactions and Struggles 
MAX DRESDEN SUNY Stony Brook 

12-14 NovIPAR; 25-27 MarlCBC 

19. Soft Energy Paths: Howto Enjoy the Inevitable 
AMORY LOVINS and L HUNTER LOVINS Frlends of the Earth 

4-6 Mar.lUUT 

5. Historical Foundations of Modern Science 
DUANE H D ROLLER Un~verslty of Oklahoma 

18-20 Mar.l/UIA 

20. Energy and Soclety 
GEORGE TSONGAS Portland State Un~vers~ty 

9-10 Nov & 8-9 Mar./DAY; 12-13 Nov. & 11-12 Mar.lHAM 

6, Industrial Organic and Pharmaceutical Chemistry 
in College Chemistry Teaching 
HAROLD WITTCOFF Koor Chemicals Israel and Unlverstty of 
Minnesota 

4-6 Nov.IDAY; 11-13 Nov.lPOL 

21. Science, the Media, and the Public 
SHARON DUNWOODY Unlverstly of W~sconsln and 
CAROL ROGERS Off~ce of Cornrnun~cat~ons AAAS 

28-30 Mar./UIA; 15-17 Nov./TUCC 

22. Cognition qnd Teaching 
RUTH DAY. Duke Untverstty 

4-6 Mar.lUUT; 28-30 0ct.lCBC 

7. Chemlcal Phenomena. Presentationsand Explanations 
BASSAM Z SHAKHASHlRi Un~vers~ty of Wlsconsln 

25-27 Feb.lTXA; 12-14 Apr.lUIA 

23. Patterns of Problem Solving 
MOSHE RUBINSTEIN UCLA 

7-9 Dec.lANA; 11-13 Mar.lUUT 

8. Thermodynamics. Art, Poetry, and the Environment 
HENRY BENT North Caroltna State Un~verstty 

8-10 Mar.lPAR; 11-13 MacIPOL 

24. Combinatorial Problem-Solving in the Mathematical 9. Plate Tectonics: History of. Evidence for, and Function as Sciences 
ALAN TUCKER SUNY Stony Brook 

5-7 AP~.~/UGA; 19-21 Nov./TUCC 

Rock-Generating Machine 
PETER J WYLLIE Unlverslty ol Ch~cago 

19-21 Nov.IUUT; 4-6 Mar.lPAR 

25. Calculusfor Non-Majors in the Physical Sciences 
ROBERT ROSENBAUM Wesleyan Unlvers~ty 

19-20 Nov. & 18-19 Mar.lHAM 

10. The Evolution of'Lifeon Dynamlc Earth 
JAMES VAL ENTINE Unlverslty of Californ~a Santa Barbara 

8-10 Mar./OGC; 15-17 Mar.lANA 

26. Computers as an Aid in Learning Sclence 
ALFRED M BORK Unlvers~ty of Caltforn~a lrvlne 

22-24 Mar./OGC; 16-17 Nov. & 25-26 Mar.lANA 
11. Cosmology~>Protobiology~>Biology 

SIDNEY FOX Untvers~ty of M~arnt 
16-17 Nov. & 15-16 Feb.lPAR; 19-20 Nov. & 18-19 Feb.lDAY 

27. Microcomputer lnterfac~ng In the Undergraduate Laboratory 
ALBERT S WOODHULL Harnpshlre College 

29-30 Oct. & 25-26 Feb.lHAM 
12. L ~ f e  in theoceans 

EUGENIE CLARK Un~vers~ty of Maryland 
3-5 Mar.lUQA 

28. Microcomputers in the Laboratory 
ROBERT TINKER Techntcal Educat~on Research Centers 

9-10 Nov. & 25-26 Feb.lPAR; 12-13 NQV. & 1-2 Mar.lDAY 
13. Ecology and Evolution in the Tropics 

JOHN KRICHER. Wheaton Colleqe 
29-31 Mar.2TTXA; 29-31 Mar.214GA 

29. A Laboratory Lecture Approach to Microcomputer 
Education 
DAVID G LARSENand PAUL E FIELD Vlrglnla Polytechnic 
lnstltute 

25-27 Mar.lUUT; 12-14 Nov./CBC 

14. Ecology of Terrestrial Mlcrocommunities 
DANIEL DINDAL SUNY Collegeof Envlronrnental Sclenceand 
Fnrpcfrv 

15. Immunobiology: Evolut~onary. Developmental and 
Molecular Perspectives 
RICHARD GOLDSBY. Unlverslty of Maryland 

30a. Introduction to Microcomputers and Microprocessors 
ROGER CAMP Iowa Slate Unlverstty 

10-1 2 Mar.lUIA 

30b. lntroduction to Microcomputers and Microprocessors 
ROGER CAMP jowa State Unlre.s.1) 

15-17 Mar.1UIA 

'Course will be conducted at the Unlverslty of Oklahoma 
2Course will be conducted at Ossabaw Island Georq~a Appl~cat~onsshould besent to the Unlversltv ol Georq~aOR the Unlvers~tvol Texas but not to both 
'Coarse * oecona-cteoatt?e .e.s t V  ol p - e r l i ~  co R c P eoras App cat o ? s l r c ~  ~-e.to R coanot? i~ ,g n sanossno.. Obe sent10 D, Man-e Gornez D ,ectcr 
Resc,.ce Center lor Sc ence an0 Eng neer ng n D-erto R cc ,n vets t v  cl P-erto R co R c P eoras P,e,tc R co 00931 
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Photographers call it underexposure. We call it absorb- 
ance inability. The first you get from too little light, the 
second from the wrong kind of light. But the result is 
the same; there are things there but chances are you 
don't see them. 

A good way to get around this problem is to use 
the Uvicord SII detector from LKB. 

This new and improved version of one of the most widely used LKB products, (since 
1958 we've sold a good twenty thousand Uvicord detectors) can monitor at 206,225,254,280, 
313,365 or 405 nm. Just choose the wavelength that will give you the best result for your 
sam~le. If the 254 and 280 nm filters let you see nothing and 206 too much, the new 225 nm - 
fil& will be perfect. For peptides, for i n k c e .  

Uvicord SII also has a unique high inten- New Uvicord S 11 
sitv  lam^ (av. life 6,000 hrs.) which, combined 
wiih the short wavelength hters, & give you 
up to two hundred times greater sensitivity. 

Get in touch with LKB for a demonstra- 
tion. We think you'd be interested in a couple of 
other new Uvicord SII features like the variable 
time constant filter and it's indicator for base- 
line adjustment. 

Head office: LKB-Pmdukter AB Box 305 S-16126 Bromma Sweden. Tel. 08-980040 telex 10492. Main US sales office: LKB Instruments Inc. 12221 Parklawn Drive 
Roekville, MD 20852. Tel. 301-i)812510. 'telex 23089682. CK sales office: LKB Instruments Ltd. 232 Addington Road, S. Cmydon, surrey CR2 8YD, ~ngland: 
Tel. 01.6578822, telex 264414. Other sales offices in: Athens (for Middle East). Copenhagen. Ghent. The Hague. Hong Kong. Munich, Paris, Rome. Turku. Vienna. 
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Some day soon most research animals, personnel, and 
research programs will be protected this way* 

What is a "Ventilated Animal RackJJ? 
It is a portable, totally enclosed animal rack with four 
separate, independent, isolated-from-each-other chambers. 
Low velocity air enters each chamber; makes a single pass 
over the cages, and is exhausted by negative pressure 
directly to the main exhaust system. This special rack (VR-1) 
most effectively isolates the animals from the animal room. . . 
and the research personnel from the animals. 

What are the benefits to the animals? 
There are many. Cross-contamination IS substantially 
decreased because air from an infected animal goes to the 
exhaust system wlth an absolute minimal exposure of the 
other animals. Anlmal stress is also significantly reduced: the 
enclosed environment is quiet; drafts and thermal and 
humidity fluctuations are greatly minimized; and animals can 
be easily observed without induclng stress. The success of 
this environment is attested to by the fact that the total 
number of animals born to a species that breeds poorly 
(DBA/2J mice) is increased and the percent survival is also 
appreciably higher: Additional evidence: judging by accelera- 
tion of weight gain, newly arrived animals housed in this 
system become acclimated more rapidly, Further evidence? 
Even multiple species can be successfully housed in the 
same rack. 

What are the benefits to the 
research workers? 
Since the air in the rack is exhausted into the main exhaust 
system and does not re-enter the animal room itself, research 
workers are effectively isolated from animal dander or other 
allergens, odor; pheromones, microorganisms, and food and 
bedding dust. Even wlth the doors of the unit open, the 
direction of air flow tends to be from the room and into the unit 
which helps to contain contaminated air w~thin the unit. 
Result: virtual elimination of allergic reactions and generally, a 
cleanec safer; odor-free work environment for the research 
people. 

What are the benefits to research programs? 
Because this system greatly reduces the chance of cross- 
contamination, and because it provides a much less stressful 
environment generally (e.g., it tends to reduce the amount of 
animal handling required), the chances of jeopardizing 
expensive research programs are substantially minimized. 

'Many of tnese systems are a ready nstalled In major researcn nstit-t'ons.. 
and conversion to tnese ventilated animal racks's accelerating. 

Are there other benefits? 
The air velocity is variable and is separately adjustable for 
each shelf. The system offers a choice of bottle watering or a 
specially designed upfeed serpentine automatic watering 
configuration that eliminates stagnant water; permits flushing 
during the day, and significantly minimizes contamination. 
This rack also permits excellent space utilization since 
multiple species can be safely housed in the same room. 
Cleaning is easy; VR-1 can be handled by most standard rack 
washers. The unit is quiet. And, in summary, it is a most 
effective isolation system that can actually divide a room into 
multiple separate, isolated environments. 

From Lab Products, Inc.-The leader in 
environmental control products 
Lab Products now offers the widest selection of systems for 
environmental protection: five Stay-CleanTM laminar flow 
systems; IsosystemTM housing system consisting of a dispos- 
able filter cap, cage cover; and plastic cage; Enviro-GardTM 
filter system with permanent filter bonnets; and See- 
ThroughTM suspended cage systems with a special filtering 
system. We are now likely to have at hand solutions to virtually 
all of your environmental problems. 

For more information 
Why wait for "some day soon". . .write or call Lab Products, 
Inc., 365 West Passaic Street, Rochelle Park, N.J. 07662 or 
complete the coupon. (phone 201 /843-4600) 

11111111111111111= 

rLab Products, lnc 
1 365 W. Passaic street 

1 
I Rochelle Park, N.J. 07662 

* C  I 

I I would appreciate: 
I 
I I Additional information on your VR-1 Ventilated Animal I 

Rack. I El Information on your other environmental control I products. 
I 

I Your 68-page catalog of animal housing and care 
I 

systems and accessories. I 
I tl Seeing your local representative-Please call and set up I I an appointment: I 
I I AreaCode Number Ext. 

I 
I 

3 Name I 
1 Title i 
I Organization I I I Address 

I 
I 
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Cann rnstmments, ror over twenty years the leader in instrumentation roi 
accurate weight measurements at the microgram level, now providt 
choice of balances for your specific applications. 

Cahn Series-20 Automatic 
Electrohalanceso: Select the 

bfiicrobalances 
one that best fits vour needs. Cahn Toploading Millibal- 
~~~~~d and in design, ancesC9: Fast accurate weighing 

Series-20 Microbalances are of small samples. Used widely 

used whenever accurate in biomedical and biological 
research, quality control and 

checkweighing applications. 

I 0.00001 g (10 microgram) 
sensitivity 
Fast, accurate weighing 

' No s~ec ia l  environment 

highly precise weighings are 
required. Examples include 
quantitative and instrumental 
analysis, filter weighing, 
standards preparation, 
1,iological samples, etc. 

0.0000001 g (0.1 inicrogram) 
sensitivity 
Automatic weighing 
Exclusive "No Penalty" tare 

required 

L 

ide 

The TA 450 : A Microprocessor 
Controlled Toploading A 
lytical Balance at the pric 
mechanical balance. The TA 450 
combines the precision and 
accuracy of the classical ana- 
lytical balance with the speed 
and ease of operation of a 
electronic toploading ball 

na- 
:e of a 

Ln 
mce. 

Circle Reader Service Card 
No. 381 

Portable, use on any 
reasonably flat surface 
Five inodels to choose fr~ 
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0.0001 g (0.1 milligram) 
sensitivity 

CI Unique "Stayput" airhcn.1 tnr 

easy access to tl 
chamber 
Full range (+ or - )  nu 
button tare 
Push-button stc 
call of weighing 
Two year warra 
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- 
TECHNICON 

7" 

Apply to Technicon's Program of 
Grants for Research. 

Technicon's Program of Grants for Who is eligible? 
Research in Biomedical and Industrial Grants are available to scientists at 
Instrumentation, now in its 8th year, colleges, universities, medical centers 
provides benefits to both industry and and other non-profit research 
participating universities. University institutions worldwide. 
scientists acquire the funds needed for 
their research, and the sponsor may get Categories: 
a start on a new product. The university Technicon is interested in supporting 
may also benefit from royalty payments research that can be applied to the 
on patents, and researchers can enjoy following end uses: 
seeing their research applied in New instruments or procedures for 
important ways. diagnostic medicine including, but not 

limited to, laboratory medicine. 
New instruments or procedures for 
diagnosis of internal organs, 
measurement of physiological 
functions, and monitoring of patients. 
Veterinary diagnostic instruments. 
lnstruments and methods for the 
automated analysis of industrial, 
agricultural, and environmental 
materials. 

How to proceed: 

Do not send a proposal at this time. 
Write to one of the following addresses 
for further information and a 
Preliminary Submission Form: 

In all countries outside of Europe and 
the Mediterranean area: 
Technicon Research Grants Program 
c/o Morris H. Shamos, Ph.D. 
51 1 Benedict Avenue 
Technicon Instruments Corporation 
Tarrytown, NY 10591 

In Europe and the Mediterranean area: 
Technicon Research Grants Program 
c/o John Barclay, M.D. 
Compagnie Technicon S. A. 
International Division 
39, Boulevard de la Muette 
951 40 Garges-les-Gonesse, France 
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The Brinkmann Centrifugal Grind~n jes~gned 
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500 cc, even volumes as large as 5 liters using 
the accessory collection chamber. To facilitate 
r a ~ i d  introduction of large amounts of samnle 
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M ~ c r o m e r i t ~ c s  N a t e r l a i s  
Analysls Laboratory is available 
for complete characterization of 
the physical properties of your 
materials. Our advanced, particle 
technology instrumentation can 
determine: 

Particle Size Distribution 
(100 to  0.1 y m  diameter) 
Sieve Analysis (500 to 45 urn) 
Specific Surface Area 
(R.E.T. surface area) 
Pore Volume, Size, and 
Shape by physical adsorp- 
tion and/or mercury intru- 
sion 
Chemisorption for 
catalytic and reaction 
properties 
Density, bulk and true 
Contact or Wetting Angle 
Electrophoretic Mobility 
and Zeta potential 

Micromeritics prompt, con- 
flidential analytical services are 
available to  provide an extension 
of your in-house capabilities to  
handle those occasionally high 
demands for analyses and there- 
fore eliminate your need for ad- 
ditional technicians andlor instru- 
mentation. Our lab is widely used 
by government and Industrial 
facilities and universities for both 
infrequent and continuing ma- 
terials characterization require- 
ments. I 
For more information, contact 
Micromeritics Instrument Corp., 
5680 Goshen Springs Road, 
Atlanta, Georgla 30093 U.S 
(404) 448-8262; Telex 70-7450. 

S f ~ I v n g  Your U a t e r , a s A n a i b s ~ s  Prnhlpms I 
I 
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the capital costs of construction). Even 
the City of Cambridge subsidizes federal 
research programs, since Harvard's lab- 
oratories are exempt from real estate 
taxes. 

I have always been puzzled about the 
manner in which universities are reim- 
bursed for the costs of research. The 
federal government sponsors research at 
a variety of institutions. At least for 
private industry and the federal labora- 
tories essentially all the costs are reim- 
bursed, and in private industry, at least, 
the level of indirect support is substan- 
tially greater than it is at typical universi- 
ties. Much of this research is of a kind 
that is not appropriate to universities, 
but there are at least a few areas (for 
example, plasma physics) where univer- 
sity, federal, and industrial researchers 
compete for the same funds. Why then, 
in some cases, are all costs reimbursed in 
a rather straightforward manner, but in 
the case of universities it is only with the 
greatest difficulty (at least that is the 
impression one gets) that less than the 
entire amount can be recovered? 

In my opinion, universities are under- 
funded in both direct and indirect catego- 
ries by some factor. This issue will be 
particularly vexing in the coming years, 
when university finances will be in bad 
shape generally. Yet we as a society face 
critical technical issues and research 
problems of a kind traditionally ad- 
dressed in the university environment. 
Weakening the universities in any way 
cannot help. 

HERBERT GURSKY 
HarvardlSmithsonian Center for 
Astrophysics, 60 Garden Street, 
Cambridge, Massachusetts 02138 

. . . Brown's analysis rests on the use 
of a percentage of either the direct re- 
search support as a total of federal re- 
search support or of the indirect costs as 
a total of federal research support. The 
former appears to be declining, the latter 
rising, thereby proving the hypothesis. 
What Brown does not point out is that 
the universities are trying to maintain a 
high level of research at a time when 
outside funding is not keeping up with 
general growth in university costs. At 
Washington University, a recent analy- 
sis showed that the indirect cost of feder- 
ally sponsored research taken as a per- 
centage of the total university budget has 
remained constant over a 10-year 
period.. . . 

Brown states that universities have no 
incentive to minimize indirect costs. In- 
direct costs in universities are allocated 
across three pools: organized research; 
instruction and departmental research; 

and other institutional activities. Very 
few costs are allocated only to the re- 
search pool. Therefore universities do 
indeed have a significant incentive to 
minimize overhead since, depending 
upon their research activities, they are 
responsible for paying a significant por- 
tion of it. 

Brown raises a number of important 
issues, some of which we can all agree 
on: that the current environment is 
fraught with excessive regulation; that 
there is a tendency for accounting princi- 
ples to be applied without an understand- 
ing of the research process; and that the 
requirement for 100 percent effort re- 
porting is without merit. However, in an 
effort to solve these problems, it is es- 
sential that we recognize the complexity 
and individuality of our universities. The 
currently recognized accounting princi- 
ples have evolved in part because of a 
recognition that these essential differ- 
ences in our universities make a unique 
contribution to our society. Attempts to 
oversimplify the determination of indi- 
rect costs could lead to pressures on 
universities to fit all university work and 
faculty responsibilities into a standard 
mold. This could result in a uniformity 
that most faculty members would resist 
just as strenuously as they now do the 
effort reporting requirements. 

SAMUEL B. GUZE 
Department of Psychiatry, School of 
Medicine, Washington University, 
St. Louis, Missouri 63110 

Brown performs a valuable service by 
exposing the increasing proportion of the 
federal research budget that has been 
consumed by indirect costs over these 
past few years. If these trends continue, 
a linear least-squares projection-which, 
by the way, accounts for 97 percent of 
the variance-indicates that we shall at- 
tain Nirvana on 17 November 2048. On 
that landmark date, only 67 years hence, 
the entire research budget will be allocat- 
ed to indirect costs, and none will remain 
for the conduct of research! I recom- 
mend that, after that date, indirect costs 
be justified as necessary to support the 
preparation of new proposals for re- 
search that might have been carried out 
if any funds had remained for actual 
research. 

JOHN W. DONAHOE 
Department of Psychology, 
University of Massachusetts, 
Amherst 01003 

The letters of Guze and Gursky raise 
several points that require further 
discussion. 

Guze overstates, then challenges, my 
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"Our 3 SorvalKentrif - @ .  

55years of r e l i a b i l i t y - ~ 0 1 t h :  
- 

Dr. Claude A. Villee, Andelot 
Professor of Biological Chemistry 
at Haward Medical School says: 
"Our department has been oper- 
ating two Sowall@ Superspeed 
Centrifuges for 20 years and a 
third for 15 years. Performance 
has been so satisfactory that when 
we required another centrifuge, we 
called Du Pont for a new RC-58:' 

Dr. Villee's world-renowned 
research is conducted in the Lab- 
oratory of Human Reproduction 
and Reproductive Biology. This 
10-year-old interdisciplinary 
center has the long-term goal of 
better understanding the biolog- 

ical problems in reproduction 
ultimately related to population 
changes. Research is directed to- 
ward expanding knowledge of the 
molecular responses of target 
cells to steroid sex hormones and 
gonadotropins. 

"Centrifugation of cells and 
tissues is routinely required to sep- 
arate fractions for further analysis:' 
continued Dr. Villee, "and 
centrifuge reliability is of utmost 
importance to us. Malfunctions 
could mean loss of valuable 
samples and repetition of costly, 
time-consuming procedures, as  
well as  interrupting the work flow 

Our four refrigerated SorvalP 
Centrifuges are used daily by our 
staff and research associates:' 

More than 30 years of experi- 
ence and innovative engineering 
mean that you can expect the 
same reliability and outstanding 
performance for every centrifuge 
in the SorvalP line-from tabletop 
to ultracentrifuges. Get our latest 
brochure on the RC-5B and other 
models you may need. Call us, or 
write: Du Pont Company, 
Biomedical Products Division, 
Room X38542, Wilmington, DE 
19898. 

Call DuPont for centrifuges you can rely on: 800-441-7493 

Sarvall" Centrifuges 
mu..n.".on 
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Careers in 
Biotechnology 

REeEARCH 
SCIENTISTS 

Industrial Applications of 
Recombinant DNA 

and Genetics 

The Genetics Division is con- 
tinuing to experience expansion 
and seeks to add to its staff of 
highly qualified scientific 
personnel. 

The aim of BRL Genetics is the 
application of recombinant 
DNA genetics and microbial 
physiology to the development 
of economically important pro- 
karyotic and eukaryotic micro- 
organisms. 

In addition, the Division en- 
courages iis scientists to publish 
independent research in recog- 
nized scientific journals and 
attend scientific meetings. 
Also opportunities exist for 
scientific interaction with other 
BRL divisions, including Cell 
Biology and Enzymology. 

BRL Genetics currently has 
openings for senior and junior 
scientists (M.S. & B.S.) skilled 
in the following areas: 

DNA Cloning 
Gene Overexpression 
via Promoter Manipul- 
ation 

@ Genetic and Recomb- 
inant DNA Expertise 
in Yeast 
Microbial Physiology 

@ Cellular Biology and 
Immunology 
Virology 

If you have expertise in one or 
more of these areas, and would 
be available for a position in 
198 1, please forward resume1/ 
C.V. to: 
J. Wamstad 
Department G1 

BETHESDA RESEARCH 
LABORATORIES 

Box 577,8717 Grovemont Circle 
Gaithersburg, Md. 20760 

A suburb of Washington, D.C. 

An Equal Opportunity Employer, 
M-F-H A 

article's point that ". . . there is inade- 
quate incentive for universities to be 
cost-efficient with respect to indirect 
costs of grant-supported research," es- 
pecially by comparison with direct costs. 
In my view this is a clear and fundamen- 
tal flaw in the federal indirect cost poli- 
cy. Direct costs of National Institutes of 
Health (NIH) grants undergo a prospec- 
tive three-step review by study sections, 
institute councils, and NIH intramural 
personnel, and specific items are cut that 
are inadequately justified as necessary to 
the proposed research. Indirect cost 
rates are approved in the renegotiation 
process, where the review is largely ret- 
rospective, and there would naturally be 
great reluctance in disallowing, for ex- 
ample, indirect cost funds for salaried 
persons already hired. More important, I 
am informed by federal personnel who 
conduct these negotiations that it is not 
feasible to determine whether any given 
item of indirect costs is justified as part 
of an efficient operation, or even wheth- 
er it is needed at all. They can only 
determine whether an item falls within 
accepted definitions of indirect costs. If 
a similar approval system were applied 
to research equipment, for example, an 
investigator could purchase any equip- 
ment desired, providing only that he 
could demonstrate at a later date that it 
fell within the definition of research 
equipment. It would not be necessary to 
show that it improved the efficiency of 
his research or even that it was needed in 
any way for his research. Clearly this 
would be an unsound policy that would 
lead to obvious abuses. Yet that type of 
policy is currently applied to indirect 
costs, where the consequences are less 
obvious. Under these conditions it is 
hardly surprising that many university 
administrators are reluctant to accept a 
change of policy. There is no adequate 
information on the percentage of indirect 
costs of federally supported research 
that is actually covered by universities. 
It undoubtedly varies greatly but is prob- 
ably small in most cases. Even if a 
university paid as much as 25 percent of 
its total indirect costs, it could not realis- 
tically be expected to be as careful and 
efficient about costs of 25 cents on the 
dollar as about costs it must pay in full. 
This inevitably seems an important fac- 
tor behind the steady upward spiral of 
indirect costs. 

Under regional uniform indirect cost 
rates, as proposed in my article, univer- 
sities would have strong incentives to 
place as many costs as possible in the 
"direct" category. Rather than a "seri- 
ous defect" of the proposal, as stated by 
Gurskv. this is an advantage because the 

direct costs are much more stringently 
controlled. Administrative excesses in 
shifting costs could be prevented rather 
simply by defining costs that cannot be 
put into the "direct" category. Some 
definitions of direct and indirect costs 
are necessary under any policy and are 
currently provided by Circular A-21 of 
the Office of Management and Budget 
(OMB). 

Guze expresses the belief that diversi- 
ty among universities requires diversity 
of negotiated indirect cost rates. This 
view seems more emotional than logical, 
since significant diversities rest primarily 
upon faculty and upon university poli- 
cies. This view also ignores history, un- 
less Guze considers that the desired di- 
versity among universities has existed 
only since 1966, when the current indi- 
rect cost policy became effective. Guze 
got - on to predict that faculty members 
will -esist my proposal as strongly as 
they now resist effort reporting. In fact, 
the response of nonadministrative facul- 
ty has been strongly supportive, the let- 
ters of Jaffe and Donahoe being typical 
of many I have received. Opposition to 
date has been almost exclusively from 
among those like Guze and Gursky, who 
have long held administrative posts. 

Instead of diversity among universi- 
ties, the more basic issue is, What policy 
would treat all universities the most fair- 
ly in reimbursing their indirect costs? 
Defenders of the current policy often 
assume that it does this very well, but I 
doubt it. Based upon differing goals and 
educational policies, universities will in- 
evitably hold differing views concerning 
the desirability of seeking maximum in- 
direct cost rates. Also, among the uni- 
versities that do seek maximum rates, 
there will inevitablv be differences in 
diligence and abilities that are applied in 
the negotiations. All these factors will 
result in inequitable indirect cost rates. 
So it is not at all clear that regional 
uniform rates would be any less equita- 
ble than the current policy. Certain in- 
equities would probably occur in both 
cases, with the nature of the inequities 
probably differing somewhat under the 
two policies. In short, it appears that 
equity considerations cannot be decisive 
in rationally comparing these two poli- 
cies. On the other hand, my proposal 
would remove or alleviate most of the 
serious problems that have developed 
under the current policy, as described in 
my article. These perceived advantages 
of the proposal seem to require particu- 
larly close attention, since they offer a 
much more decisive basis for evaluating 
the proposal in relation to current policy. 

In Gursky's letter many statements 
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need correction or comment. He says I 
would ". . . allow a single, indirect rate 
for all universities . . . ." Instead, my 
proposal is for uniform rates within each 
geographical region that has reasonably 
uniform fuel costs. He also says that my 
proposal would ". . . eliminate account- 
ability to the government." On the con- 
trary, it would eliminate only the need 
for specific cumbersome mechanisms 
that the universities must now use under 
OMB Circular A-21 in demonstrating ac- 
countability for indirect costs. The basic 
accountability to all major groups affect- 
ed by indirect costs would, of course, 
remain. And accountability to the federal 
government would continue to be as- 
sured by the information required from 
universities in establishing regional indi- 
rect cost rates. Since Gursky seems im- 
pressed that his university pays for some 
faculty salaries, it should also be noted 
that federal grant policy reimburses fac- 
ulty salaries for the portion of time spent 
on grant-supported research. That policy 
pertains even for tenured faculty, whose 
salaries might be regarded as the exclu- 
sive responsibility of the university. This 
important and complex salary issue was 
not discussed in my article because 
grant-supported faculty salaries are nor- 
mally charged to direct costs. 

Gursky says he has always been puz- 
zled by the different indirect cost policies 
applied to federal research at universities 
and in private industry. But why? As 
mentioned in my article, universities 
have always accepted faculty-initiated 
research as a primary responsibility and 
in former times paid both the direct and 
indirect costs of much of that research. 
Also, universities are nonprofit institu- 
tions. Unless Gursky's ihstitution has 
given up its avowed dedication to facul- 
ty-initiated research, and its nonprofit 
status as well, it hardly seems eligible for 
the same indirect cost rates as private 
industry. 

Finally, Gursky implies that my pro- 
posal would weaken the universities. In- 
stead, this proposal would stimulate a 
healthy competition between universi- 
ties in the efficiency of using their indi- 
rect cost funds. Through this, and a 
variety of other factors that were de- 
scribed, indirect costs would be reduced. 
More federal research funds would thus 
become available to support the direct 
costs of research. These changes, aug- 
mented by others that were cited, should 
considerably strengthen, not weaken, 
the universities. 

KENNETH T. BROWN 
Department of Physiology, 
University of California, 
San Francisco 94143 
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Genetic Effects of Atomic Bombs 
The evaluation of the genetic implications for humans of increasing 

exposures to  ionizing radiation and complex chemicals presents one of the 
most difficult epidemiologic issues ever faced by biomedical science. In an 
article in this issue we report the results of a 34-year follow-up study of 
children born to  the survivors of the atomic bombings of Hiroshima and 
Nagasaki. We found no clearly statistically significant effects of parental 
exposures on the offspring characteristics which we studied, but the various 
indicators of possible genetic damage all are in the direction expected if an 
effect was indeed produced. On the basis of the enormous body of data 
concerning the genetic effects of radiation on experimental organisms, we 
feel there can be no doubt that some genetic damage was sustained by the 
survivors of the bombings; hence we have taken the findings in their 
children as  the basis for an effort to  estimate the genetic doubling dose of 
acute radiation for humans. This involves assumptions concerning the 
contribution, in each generation, of spontaneous mutation to the indicators 
in question. Although we feel that we have been suitably conservative in 
this regard, these assumptions may have to be altered as  understanding of 
human genetics improves. Despite the duration of the study and the expense 
and labor involved, we can only regard the present estimate as  preliminary. 

The estimate of the genetic doubling dose for humans is 156 rems. This is 
approximately four times higher than the estimate in current usage based 
largely on experiments with selected strains of mice. Accordingly, the 
estimate has the kinds of implications for regulations regarding permissible 
exposures, and for legal actions brought on the suspicion of genetic damage 
from inadvertent exposures, that are certain to  elicit discussion. 

Where d o  we go from here? Certainly, all possible efforts must be made to 
improve the data base on which the estimate rests. These include not only 
continuing studies along the lines described in the accompanying article, but 
the application of a number of new techniques for screening for protein 
variants. Time, however, is running out. The cooperation of the citizens of 
Hiroshima and Nagasaki has been magnificent, but because both parents 
must be available for study in case of a suspected mutational event, the 
sample size is shrinking year by year. 

Should similar studies be undertaken on other populations of children at 
suspected genetic risk from parental exposures? It must at this point be 
clear to any responsible government official that the issues are highly 
complex; there are no easy answers to  the question of induced, transmitted 
genetic damage. In particular, the relevance of positive findings in the body 
cells (say, lymphocytes) of exposed persons to the prediction of transmitted 
genetic damage in their offspring is highly ambiguous. Chromosomal 
damage has been obvious in the lymphocytes of survivors of the atomic 
bombings, but the demonstration of corresponding genetic damage has been 
difficult. 

On the basis of present knowledge, it seems unlikely that any other study 
can be more revealing than that in progress in Japan. On the other hand, so 
widespread and pervasive are public concerns, and so  great their impact on 
government actions and regulations, that a case can be made for additional 
studies of carefully selected groups. The issues are now as much social and 
political as  scientific. There is, in this context, no such thing as  a 
"negative" study; every epidemiologically sound study helps put the 
problem in perspective. The issue of credibility is major; in some quarters 
any government-financed, government-directed study will be suspect. We 
recommend that a blue-ribbon committee, of wide representation, be 
appointed by either the executive or the legislative branch to consider the 
entire issue of additional studies. In these deliberations, the opportunities 
for international collaborative efforts should not be overlooked. The human 
and financial coyts, reckoned in various ways, of no t  conducting additional 
studies may far outweigh those of continuing to tcy to  extrapolate from 
present knowledge.-JAMES V. NEEL, Department of Human Genetics, 
Univer ~ i t v  of' Mirhimr? .M~dird-,Fchonl A na*A rhnr dR1 OQ 
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