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This story begins with the period at the end of this sentence. 
The robotic arm above can locate a hole that size and 

accurately insert a pin, once or thousands of times. 
Today, IBM robotic systems controlled by computers are doing 

precision work on complex, tedious or even hazardous tasks. Using 
special sensors in the ''grippe$ they are assembling complicated 
mechanisms, rejecting defective parts, testing completed units and 
keeping inventories. 

Communication between the system and its computer is made 
possible by the most advanced robotic programming language yet 
reported. The language and the robotic systems it controls are 
part of our continuing commitment to research and development - 
a commitment funded with more than $8 billion over the past 
seven years. 

IBM robotic systems can improve productivity, worker safety 
and product quality. 

And that's precisely why we're in business. =--= =_=. 
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Venus flytrap in its native habitat in the 
sandy, mineral-poor soil of North Car- 
olina's Green Swamp. The species, 
which is a candidate for endangered 
species status, is often sold as a novelty 
because of its rapid leaf movements 
which are due to very rapid acid 
growth. See page 1120. [S. E. Williams. 
Boyce Thompson Institute for Plant 
Research. Cornell University, Ithaca. 
New York 148531 
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The Dispersion Analysis 
Exhaust d ispmia neara roadmy is influenced by the 
turbulace and heat generated by mmOvlng vehicles. Findings 
at the Geneva1 M o m  Research Labwatorzes huvefmviikd 
a new understanding ofthe dispmian @mess. 

B Y USING the conservation- 
of-mas equation, one can 

k r i b e  the dispersion of gaseous 
molecules in the atmosphere. The 
equation includes terms for advec- 
tion, diffusion, sources and sinks. 
Advection is the transport of air 
parcels by the m a n  win& diB+ 
is due m a 8 y  to tufbulent m*. 
But the equation is useful only if we 
have information about the wind 
and temperature fields in the atme 
sphere. Specifically, our abdity to 
predict vehicular exhaust cmcen- 
trations near a road depends cm 
knowledge of the effects of vehiaes 
on these fields. 

The conservation-of-mass 
equation for the mean concentra- 
tion of any species, C, is 

where Ui is t2re.rnean *d whcity 
d Kij is tk eddy &%d~@ tten- 
sor. n?ls equation applies w k n  the 
length scale of mixing is small 
compared to that of the variation of 
the mean concentration. Near a 
road, this corntition is met if the 
aver- h e  for the concentra- 
tion and wind velocity is much 
longer than the time interval of ve- 
hicular passage. For a straight 
roadway, a long averaging time 
allows one to assume spatial uni- 
formity in the dW30n pwaflel to 
the 4, aad to igmw the spatial 
derivatives in that direction. 

The input information for Kij 
and the mean crossroad and verti- 
cal wind components @& a road- 
way became available as a result of 
a large-scale expe~iment con- 
ducted by the General Motors 
Research Laboratories. The ex- 
~eriment has ~rovided an under- 
&anding of,the influence of moving 
vehicles on mechanical turbulence 
and bmpmty near a d m y .  Dr. 
David t 3 m k  was for 
the de&gn of the e q m b e n t  and 
the andpis  of the data. The' experi- 
ment, which duplicated a heavily 
traveled, level roadway, was con- 
ducted under meterakxbl condi- I tions minimizing &pp&m. 

Moving vehicles affect the 
I mean c ~ r c &  and vertical wind 

components in the following ways. 
Vehicles act as an obstacle to the 
m a n  wdd, causing it to slow and 
move w?mfd as it a ~ m h s  the 
vehicbmd h m  m 3% leaves 
the r d .  In additim, whkks  re- 
lease heat, which causes a net u p  
ward motion. It was established 
that the increase in the mean verti- 
cal wind c m o e n t  due to the ex- 

1 haust heat &4--(BrV),". where U is 
the c r m d  w i d  component. 



The buoyancy flux, B, is propor- the first traffic lane. When the wind 
tima1 to the he& emb&m rz%e of and traffic are in the same diec- 
the vehicles. tion, the high shear region occurs 

Moving vehicles aim en- in the median of the mad. h these 
hance both turbulence intens high shear regions, large eddies are 

generated and t u rbuh t  mixing is 
- intense. The red lines in Figure 1 

r e ,  due to the exhaust trans- 
port by these large eddies. Dr. 
Chock's madel is the first to predict 
this occurrence. 

tion, the length scale of the traffic- Under all combinations of 
induced turbulence was assumed wind speeds and directions, the 
t o  be comparable ttfw4iicle predictions based on the model 
kightz1.5 p. -. . $. z, . ,, . r- - compare favorably with the mea- 

- sured tracer concentrations. There 
is little systematic bias with respect 

SING THE vast data base to wind direction. 
compiled during the experi- . "In light of this new model, u 

ment, Dr. Chock was abb to spec- exhaust dispersion near a roadway 
ify Kij and the mean crossroad and can now be predicted with reliabil- 
vertical wind *components, and ity," says Dr. Chock. "This is of 
solve the equation numerically. To importance for environmentally 
test the model, half-hour measure- sound road planning, and opens the 
ments of a tracer gas were used to door to the investigation of disper- 
map out experimentally the ex- sion on city streets, where the pres- 
haust dispersion under variotsme- ence of tall structures introdu~es 
teorological conditions. The case even further complexity." 
where the wind speed is low and the' , . .-: 9 - .. 

, 1: : wind direction is nearly perpendici , : . . 
ular to the roadway is represente+._< , ' >. 

by the blue lines in Figure 1. Botw 
the model 4 the experiment she#* 
the same dispersion pattern. The 
peak cmcep1tration is on the down 
wind roadside. 

When the wind is nearly par 
allel to the road, the situation is 
much more complicated. Figure 2 , 
shows that when the w!nd and . 
traffic flow on the upwind lams o p  

I pose each other, a high shear re ' , ' 
: . gion occurs immediately upwind of & 2- 

versity of Chicwo. Edis thesis con- 

I 

Free University of ~ s s e l s ,  he did 
research work an the d y q m i a  of 
critical phenomena'. Re' &d &Hi- 
tional postdoctoral .vork in: *' 
fields of solidistate physidS $uH 
dynamics. 

Dr. Chock joined the cor- 
poratim in 1972, He IS k @ & ~  cxi &he 
GM atmospheric modcliqg group, 
His current resemtz Ww@,in, 
clude the phenomena of i m o -  
spheric transport a d  reactiw- 
and the statistical study of tin 

-series data. 

al Motors 



Nucleic Acid Purification 1983 
BRL has simplified the art of nucleic 
acid purification with NACSTM- 
the Nucleic Acid Chromatography 
System. 

Introducing NACS'" a family of four 
ion-exchange chromatography resins. 
designed to provide every research 
lab with easy-to-use analytical and 
preparative methods for purifying 
and analyzing nucleic acids. 

NACS is a complete system which guar- 
antees quality results in the purification 
of a wide range of nucleic acids: super- 
coiled DNA * DNA restriction fragments 
 oligonucleotides genomic DNA- RNA 
molecules separated DNA strands 
and large M.W. single-stranded DNA. 
The gravity flow grade resin is also use- 
ful for mini columns/batch methods- gel 
extraction/electroelution*sample "clean 
up" and clone screening. 

Today, the art of nucleic acid purifica- 
tion demands simplicity. The NACS sys- 
tem delivers it. 

As simple as loading a pipette tip. 
With the BRL NACS 52 resin, nucleic 
acid purification today can be as simple 
as loading a pipette tip and adding your 
sample. In just minutes your purification 
is complete. The simplicity of NACS-52 
saves you time and money. 

Proven results. The NACS system 
guarantees the highest resolution purifi- 
cation of nucleic acids-whether you 
are using a simple gravity flow 
set-up, peristaltic pump or HPLC sys- 
tem. NACS resins glve you excellent re- 
coveries with a high degree of purity 
and no cross-contamination. And, nu- 
cleic acids purified on NACS retain their 
biological activity. 

An applications manual. To ensure 
successful use of NACS in your lab, 
BRL has developed the NACS Applica- 
tions Manual which provides step-by- 
step protocols and periodic updates for 
a wide range of NACS applications. The 
manual is included with each NACS 
Starter Kit. 

Circle No. 327 on Readers' Sewice Card 

To learn more about NACS. BRL In- 
vites enquiry on all aspects of this re- 
markable new system. For a complete 
description of the NACS system and 
specific applications, please call our 
Technical Services Department. An il- 
lustrated 6-page brochure is available 
on request. 

Bethesda Research Laboratories, Inc. 
PO Box 6009 Ga~thersburg. MD 20877 
Telex 908750 BRL GARG 
To Order: (800) 638-8992; 
In Maryland (301) 840-8000 
Technical Services: (800) 638-4045 

BRL Bethesda Research Laboratories GmbH 
Offenbacher Strasse 113 
6078 Neu lsenburg West Germany 
Telex 417699 BRLNI D 
To OrderlTechnlcal Services: 06102-3206 

BRL Bethesda Research Laboratories (UK) Ltd. 
PO. Box 145 Sclence Park 
Cambr~dge CB4 4BE United Kingdom 
Telex 818710 BRLCAM G 
To OrderlTechnlcal Services: (0223) 315504 
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Introducing 
digital storage p 

for Tek 5000 Seri 
scope 

Now you can have Doicwmmtation is easy 
the benefits of digital and complete. Connect 
Sti0"p" by the 

simgle 
the SDlO to an X-Y re- 

addit on oftheTek MO corder or use your exist- 
plu in to any %k ing camera: either way, 
Se& scope. The 5D10 you automatically obtain 
is powerful testimony to vital waveform and CRT 
the tong-term value of readout as part of your 
Tek's unique plug-in records. 
cowapt: nothing else the toll-- 
gives you so much number below for 
capability at an afford- m m  inm&mw 
able price. the 5010. Or talk to 
With the 5P1Q,&t y(~1~YeFSSalq Repna- 
crItkMl I-SoR is sentative smn. Count 
al@a-nwnerk#ly on fektr~rtix to keep yw 
dkp"ydm dU CRT, ccumnt, at the'mst r e -  
inc ud ng Instrument sonabb cost, now and in 
WtOngT19, WW vW-:; tk$ut~%, - 
and trfgger puint. Re- m,%m !--, 

I 
sults are acourate to 
kl%. Storage js auto- 
matic, for as long as you U.S&.* k e ,  Australia, 

Gem& 8 South America, like. Features such a$ -~ 
cursors, pre-trigger and T,tmix, Sq, 
stared reference wave- +ZQ, mx *%- 

forms help make short porn, 
worh of your measure- 
ment tasks. 
Tht~ SDIQ is a @mtW 
biofeedback analysis. 
To Visual Evoksd TeMSflclix Ew~pe P.V. 

P w x 8 % 7  - *- ' 1 I,, ~mste,, 
electrode based * ; ThcJ&m@Wds b&k&.kbdt~~~dh w j m p  
of oBher applbtions;. 
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I A new generation of microscopes with 
t!Wimmced optical engineering and ergonometric de"Si-az - - 
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the first joint meeting of: 

the Genetics Society of America 
the Society for the Study of Evolution 
the American Society of Naturalists 

the Stadler Genetics Symposium 
june 12-16,1983 

at washington university 
st. louis, missouri 

symposia 
MOLECULAR EVOLUTION I 
Gerald M. Rubin 
Douglas E. Berg 
David Hogness 
Charles F. Aquadro 

IMMUNOGENETICS 
Donald C. Shreffler 
Lee E. Hood 
Jack L. Strominger 
William Stone 

MOLECULAR EVOLUTION II 
Nicholas W. Gillham 
Stephen J. O'Brien 
Victoria Finnerty 
Mary Lou Pardue 

CHROMATIN STRUCTURE 
AND GENE EXPRESSION 
Sarah C.R. Elgin 
Charles R. Cantor 
Steven K. Beckendorf 
Jim Hicks 

MOLECULAR EVOLUTION Ill 
Mart~n Kre~tman & Rlchard 

C Lewontin 
Susumu Tonegawa 
Patr~ck Argos 
Charles Yanofsky 

HUMAN EVOLUTION 
Alan R. Templeton 
M~chael R Rose 
L.L. Cavalli-Sforza 
Timothy White 

GENETIC EPIDEMIOLOGY MASS EXTINCTIONS 
C Robert Clonlnger Davld M Raup 
Newton E Morton David Jablonsk~ 
Lars and Gunhlld Beckman Ernest L Lundellus. Jr 
James V Neel Dan~el S S~mberloff 

STADLER GENETICS STADLER GENETICS 
SYMPOSIUM I SYMPOSIUM II 
Colin L. Law &John W. Snape Henry McQuade 
Herbert Stern Arnel R Hallauer 
Dan~el L Hartl Barbara Sears 
Richard Broglie Ronald L Phillips 

Please send me registration information for EVOLUTION 83, the 1983 joint 
meeting of the GSA, SSE, and ASN : 

I Date 

Name -- 

Last First Initial 

I Institution 

I Mailing Address 

I Please mail I this coupon to: 
Evolution '83 
George Johnson 
Department of Biology 
Washington University 
St. Louis, Missouri 63130 

Graduate Student P h d . / M . D .  - 
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32 Daily nucleotides [ PI: 
You pick the day. 
We're pleased 
to announce that 
a new and better 
production method 
enables us to make 
our dNTe [ cw-~~P I -  
and ATF [Y -~~P I -  
available from 
stock every day 
at catalog 
specifications. 

Now you can 
order any day for 
shipment within 
24 hours. Or order 
Thursday for Monday delivery You'll 
get the purest and most stable 
32P nucleotides available. 

Ready when you are 
ATE [ Y - ~ ~ P ] -  
>7000Ci/mmol Tricine 

9 
16 
23 

1000-3000Ci/mmol Tricine 
1000-3000Ci/mmol Aqueous 
1 0-50Ci/mmol Aqueous 
2-1 OCi/mmol Aqueous 
dNTE [CY-~~P I -  
>600Ci/mmol EthanolZTricine 
>600Ci/mmol Tricine 
-3000Ci/mmol Tricine 
Circle No. 360 on Readers' S e ~ ~ c e  Card 

10 

M 
31 

@ New England Nuclear" 
a Du Pont company 

HPLC makes the 
difference 

M T W T F  

11 
6"87"B189 

25 

By introducing 
preparative HPLC 
technology into our 
manufacturing pro- 
cess, we not only 
improved production 
efficiency, but purity 
and stability as well. 
In fact, extensive 
testing convinces us 
that no other manu- 
facturer can match the 
reproducibility and 

reliability of these nucleotides. 

12 

26 

Send for our complete 32P nucleo- 
tides listing. 

13 
PO 
17 

Not for use in humans or clinical diagnosis 

New Ensland Nuclear 
549 ~ l b a n v  Street. Boston MA 02118 
Call toll free 800-225-1572, ~elex94-0996 
Mass and Internat'l 617-482-9595 
Europe: NEN Chemicals GmbH, D-6072, W Germany 
Postfach 401240, Tel (06103) 803-0, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, Lachlne, Que H8T 3C9 
Tel 514-636-4971, Telex 05-821808 @ 1982 NEN 



The - Nilgene - * Metabolic Cage V 

p e s  mu &ta you can bust. 
~slksn)one who has one. 

This is the cage that's won enthusiastic endorsement 
in Europe, the U.S. and Japan, as the metabolic cage 
that works. Here's why: 

The Nalgene cage features a unique cone design 
that effectively separates feces from urine. 

Its ingenious feed and water systems prevent 
contamination of collected samples. 

And, no other cage offers you 
more convenience. 

Collection tubes for urine and 
( I c "  

feces insert into the bottom of the 
cage and can be 

removed with a simple twist, without dismantling any 
part of the cage, without disturbing the animal. 

All parts exposed to excreta can be repeatedly 
autoclaved. 

The cage is designed to slide easily into a single 
cage stand or 12-cage rack. 

Interchangeable components let you 
?F"" - adjust for different size rodents, up 

to 300g, and a fourth model 
will accommodate animals 
up to 850g. 

Free color 
brochure 
and user list. 
There are over a thousand 
Nalgene metabolic cages already in 
use in the U.S. and Canada. Send for our 
user list. Discover for yourself how the Nalgene 
metabolic cage can make your job easier. And give you 
reliable. uncontaminated s a m ~ l e s .  

Ask for our brochure and user list today. Jus t  call your lab supply 
dealer or write to: Nalgene Labware Department, Nalge Company, Box 365, 
Rochester, N.Y. 14602. 

Clrcle No. 283 on Readers' Servlce Card 
SXBRON Nalge 



Theventilated Animal Rack: 

What is a "Ventilated Animal Rack"? Are there other benefits? 
It IS a portable, totally enclosed an~mal rack w~th four 
separate, Independent, ~solated-from-each-other chambers 
Low veloc~ty alr enters each chamber; makes a s~ngle pass 
over the cages, and IS exhausted by negat~ve pressure 
d~rectly to the main exhaust system Th~s spec~al rack (VR-1) 
most effect~vely ~solates the an~mals from the an~mal room 
and the research personnel from the an~mals 

What are the benefits to the animals? 
There are many Cross-contam~nat~on is substant~ally 
decreased because alr from an infected an~mal goes to the 
exhaust system with an absolute minimal exposure of the 
other an~mals. Animal stress is also s~gn~f~cantly reduced: the 
enclosed env~ronment is auiet: drafts and thermal and 
hum~d~ty fluctuat~ons are greatly m~n~m~zed, and an~mals can 
be eas~ly observed w~thout ~nduc~ng stress The success of 
th~s env~ronment IS attested to by the fact that the total 
number of anlmals born to a specles that breeds poorly 
(DBA/2J m~ce) IS Increased and the percent surv~val IS also 
apprec~ably h~gher Add~t~onal ev~dence judglng by accelera- 
t~on of we~ght gain, newly arr~ved an~mals housed In th~s 
system become accl~mated more rap~dly Further ev~dence? 
Even mult~ple species can be successfully housed In the 

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 racl 
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 w~dest select~on of systems for 
envlronmental protect~on f~ve Stay-CleanTM lam~nar flow 
systems, lsosystemTM hous~ng system cons~st~ng of a d~spos- 
able f~lter cap, cage cover; and plast~c cage, Env~ro-GardTM 
f~lter system w~th permanent f~lter bonnets, and See- 
ThroughTM suspended cage systems w~th a spec~al f~lter~ng 
system We are now l~kely to have at hand solut~ons to v~rtuall! 
all of your envlronmental problems 

same rack 
For more information 

What are the benefits to the Why wa~t for "some day soon" wr~te or call Lab Products, 

research workers? lnc ,255 West Spr~ng Valley Avenue, Maywood, N J 07607 
or complete the coupon (phone 201 /843-4600) 

S~nce the air In the rack IS exhausted Into the main exhaust 
system and does not re-enter the an~mal room Itself, research 11111111111111111111 

workers are effectively ~solated from anlmal dander or other rLab Products. lnc 
I 255 West Spring Valley Avenue 

1 
ABC I 

allergens, odor; pheromones, mlcroorganlsms, and food and 
bedd~ng dust Even w~th the doors of the un~t open, the I Maywood, N J 07607 

I I would appreciate 
I 

d~rect~on of air flow tends to be from the room and lnto the un~t 
wh~ch helps to conta~n contam~nated air wlthln the un~t 

I 
I Addltlonal lnformatlon on your VR-I Vent~lated Anlmal I 

Result vlrtual ellmlnatlon of allerglc reactions and generally, a Rack 
cleaner; safer; odor-free work environment for the research I nformat~on on your other env~ronmenta control 

1 products 
I 

people I Your 68-page catalog of anlmal houslng and care 
I 

systems and accessorles I 
What are the benefits to research programs? I Seelng your local representat~ve-Please call and set up I I an appointment I 
Because th~s system greatly reduces the chance of cross- 
contam~nat~on, and because ~t prov~des a much less stressful 

I I AreaCode Number 
I 

Ext I 
environment generally (e g , lt tends to reduce the amount of I Name 
anlmal handl~ng requ~red), the chances of jeopardlzlng I 
expenslve research programs are substant~ally m~n~m~zed I T~tle I 

I ~ r g a n z a t ~ o n  I I I Address 
I 
I 

Many of these systems are already Installed In major research lnstltutlons L ZIP 1 and conversion to these vent~lated an~mal racks IS accelerat~ng 111111111111111111 
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INTRODUCES 
CARBOHYDRATE ANTIGEN 19-9 
RADIOIMMUNOASSAY 
AVALUABLE RESEARCH TOOL USING 
MONOCLONAL ANTIBODIES FOR 
DETECTION AND MANAGEMENT OF 
GASTROINTESTINAL CANCERS 
CA 19-9'" RIA is an in v m  radioimmunoassay for the 
measurement of CA 19-9'" in serum or plasma. 
THIS NEW TUMOR MARKER HAS DEMONSTRATED.. . 
...W FALSE POSITIVE RATES 

Normal Population < 0.5% 
Heavy Smokers < 1.8% 
Pancreatitis, rectal polyps and 
inflammatory bowel disease <3% . . . HIGH ASSOCWKIN WITH GI CANCERS 
High sensitivity and specificity for pancreatic cancer. 
Improved performance for detection of pancreatic, liver and 
stomach cancers. ... USEFULNESS AS A PROGNOSTIC MONrtOR FOR 
COLORECTAL CANCER 
Clinical studies indicate CA 19-9'" levels may be elevated in 
some patients 6 to 18 months prior to Carcinoembryonic 
Antigen for the prediction of colorectal cancer recurrence. 
CA 19-9'" provides additional as well as confirmatory 

1 
information for prognostic management of colorectal 
cancer patients when paired with Carcinoembryonic 
Antigen. 

. . . POTENTIAL TO BROADEN THE SCOPE OF CANCER 
RESEARCH 
This new tumor marker which is sensitive for gastrointestinal 
malignancies and with low false positive rates affords a new 
tool for studies in such areas as chemotherapy protocols or 
testing of cancer diagnostics. 

CA 19-9'" RIA IS AVAILABLE FOR RESEARCH USE. CARBOHYDRATE ANTIGEN 19-9'" (CA 19-9'") 

CENTOCOR 

CU\CTOCOR 
CENTOCOR. Inc.,244 Great Valley Parkway, 

Malvern, PA 19355 USA 
Circle No. 334 on Readers' Service Card 

SPECIAL EVALUATION OFFER 
To take advantage of this special offer, simply purchase one 
CA 19-9'" RIA kit for $385.00 (FOB Malvern, PA, U.S. Dollars) 
and CENTOCOR'" will ship another kit at no charge!* 

HOW TO ORDER: 
By phone: (800) 345-2401 Continental USA. 

(800) 342-2842 PA only. 
(215) 296-4488 All others. 

By telex: 834823 MARN 
By mail: CENTOCOR Inc., 244 Great Valley Parkway, 

Malvern. PA 19355 USA. 

'Offervalid until December 31. 1982 
North America Only. 

SCIENCE. VOL. 218 
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The John D. and Catherine T. 

MacArthur Foundation 

I invites applications for 
participation in 

a Research Network on 

Determinants 
I and Consequences 
/ of Health-Promoting 
1 and Health-Damaging 

Behavior 
This network will focus on the biological, behav- - 
ioral. and sociocultural determinants and conse- 
cpedces of health-promoting and health-damaging 
behavior. Emphasis will be on achieving a better 
understanding of the processes underlying the 
development of these behaviors. Applicants must 
represent a research group which is currently con- 

- - 

ducting research relevant to these issues. 

Additional selection criteria include: 
Evidence of a productive collaboration 
among investigators 
Research excellence 
The range of behaviors and levels of 
analysis employed 

To be eligible for consideration, please send us the 
following by  February 1,1983: 

1. A letter no more than three pages in length 
describing your group's current research as i t  
relates to this network. 

2. Current curriculum vitae for the principal 
investigator and other senior investigators in the 
research group. 

Research groups from up to twenty institutions 
will be invited to submit a complete application. 
Of these, five or six research groups whose activi- 
ties effectively complement one another will be 
selected to participate. 

Please send your letter to: 
Dr. William Bevan 
Director, Health Program 
MacArthur Foundation 
140 S. Dearborn St., Suite 700 
Chicago, IL 60603 

Note: This is the & scientific journal in which this 
announcement will appear. 
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for high-quality photomicrography. 
Compact, convenient-MC 63 Attachment Camera 

It's the small camera with the large it unequalled stability and freedom 
field. And it's perfectly human en- from vibration. Accepts both 35mm 
gineered for the utmost convenience. and 4 x 5" camera backs. 
Ex~osure control is fullv automatic. 
~ o c u s i n ~  for both observation a 
camera is through the binocular 
tube. Controls are few, clearly 
marked,and readily accessible. I 

The unusualcompactness gives % 

The great name in optics 

- 
- Qdr 

- - Three ways 
to choose from. 

% First way: 
MC 63A 
w~th electron~cally con- 
trolled shutter for fully 

13= automatlc exposure 
-.. Shown wlth camera back 

for 4 x 5" Polarold@ or o* 3 1/4 x 4 1/4" f~ lm 

Second way: 
MC 63C 
w~th bullt-~n automatlc - exposure control and 
manually released shut- 
ter The most economical 
way Shown w~th 35mm 
camera back 

Quality service-Expert dealers. rP 

Third way: 
MC 63 
wlth electronically con- 
trolled shutter for fully 
automatic exposure, 
automatic film advance, 
and manual override. 
Shown with motor-driven 
35mm camera back. 

Carl Zeiss, Inc., One Zeiss Drive,Thornwood, N.Y. 1059p.. (914) 747-1800. Branches: Atlanta, Boston, Chicago, Houston, 
Los Angeles, San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6. (416) 449-4660. 

For literature circle reader service number 317 
For a demonstration circle reader service number 318 
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publishing only material on which a consensus has been 
reached. Accordingly, all articles published in Sci- 
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views of the authors and not official points of view 
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Decline in Industrial Engineering 
As president of a university with a school of engineering and as a director 

of large manufacturing corporations, I am more and more convinced that 
the steady decline of some of our major industries, such as steel, automo- 
biles, energy, and mass transportation, is closely related to our lack of 
competitiveness in engineering in these fields. 

Excessively high wages, union work rules, and unreasonable government 
regulations are usually offered as reasons for the difficulties of these 
industries. I argue that the quality of management and the quality of en- 
gineering are at the root of some of our most serious problems, at least in the 
crucial fields mentioned above. An excessive proportion of executives are 
products of business schools and are not technically oriented, and an 
excessive proportion of our engineers are inadequately trained. 

These inadequacies in training begin in our high schools, where the 
teaching of mathematics and physical sciences is degenerating. Low salaries 
and low prestige are driving qualified teachers, particularly science teach- 
ers, into other fields. 

In West Germany, France, Switzerland, Japan, and the Soviet Union, 
students typically arrive at engineering schools with a solid background in 
advanced calculus and theoretical physics. They usually have 7 years of 
postsecondary education before being hired by industry. In the United 
States, students are hired after only 4 years of college, the first year of 
which is often remedial, to make up for the deficiencies of our secondary 
school system. This provides at best only 2 years of training for engineering. 

The appetite of industry for engineers at present is such that there is 
relatively little financial reward in spending a fifth year getting a master's 
degree or going on to a Ph.D. in engineering. As a consequence, industry 
receives few people with an advanced education in engineering and the 
supply of faculty for engineering schools is becoming more and more 
precarious. While a great deal of educational effort is expended by compa- 
nies to train recently graduated engineers for their first job, this does not 
make up for the fact that continuing education for engineers is primitive as 
compared, for example, to the postgraduate education that hospitals, 
universities, and medical associations provide for health professionals. 

The effects of these shortcomings are already visible. Our nuclear plants 
are poorly designed, and it is in large part because of this (not just regulatory 
changes) that there are more and more expensive change-orders. Because 
relatively little attention has been paid in this country to the probes upon 
which the cybernetic systems in the steel industry should be based, steel 
companies are arranging for Japanese engineers to install the process 
controls that they have been unable to plan internally. Domestic companies 
seem incapable of engineering such relatively simple projects as subway 
cars; both New York and San Francisco have selected French cars for their 
systems. Foreign automobiles, particularly Japanese ones, are preferred by 
a large part of our population, on the basis not of price but of better design. 

At the same time, an Administration that wants to "reindustrialize 
America" and "rearm America" is eliminating all funds for engineering 
education and most funds for science education from the budget of the 
National Science Foundation. The small instrumentation program launched 
by the Department of Defense and the modest gift program from industry 
made possible by the new tax laws are not satisfactory substitutes. 

We need to restructure our secondary school science curriculum and 
make it possible to support engineering schools for a fifth year of training. 
We need support for training and salary supplementation for mathematics 
and physics teachers in high schools. We need equipment for both high 
schools and schools of engineering. Only a massive effort to improve 
science education in our high schools and engineering education in our 
universities can keep our young people competitive with young engineers in 
other advanced industrialized ~ ~ ~ ~ o ~ s . - J E A N  MAYER, President, Tufts 
University, Medford, Massachusetts 02155 
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