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EC5OOVL with Voltage Limit Control.. .2,000 volts.. . $1,295 EC500. . ,5000 volts.. . $1,195 

EC400. . . .1,000 volts . . . $895 

If you're doing advanced separations work, 
dependable power supply ought to be the least of 
your problems. 

It can be, too, with the new EC400 and EC500- 
both true constant power supplies which automati- 
cally compensate for changes in voltage or current. 

The EC400, at $895, offers you up to 1,000 volts 
maximum, 200 mA maximum current, and 200 watts 
maximum power. 

The EC500, at $1,195, gives you up to 2,000 volts 
maximum voltage-a must for highest resolution in 
techniques such as isoelectric focusing. Maximum 
current is 150 mA and maximum power is 300 watts. 

Both E-C power supplies have dual-range 
meters, positive safety interlock, and dual electrical 
protection. Both adapt easily to any type of electro- 
phoretic cell. Each is available with Voltage Limit 
Control at slightly higher cost. 

Set and forget. Isn't that what you want and 
need in a laboratory power supply? For technical 
information call 813-344-1644 collect or write . . . 
E-C Apparatus Corporation, 3831 Tyrone Blvd. N., 
St. Petersburg, FL 33709. 

A product of the Separations Specialists. 

'also available with 
Voltage Limit Contml 
as EC4WVL. . . $995 



Computers are being c a l l e d  upon t o  he lp  c rea te  t h e  "super ch ipst t  t h a t  w i l l  g i ve  
m i l i t a r y  e l e c t r o n i c s  system a t e n f o l d  increase i n  da ta  processing c a p a b i l i t y .  
Hughes i s  us ing  computer-aided design programs t o  develop Very High Speed I n t e -  
grated C i r c u i t s  (VHSIC) and the  systems i n  which these ch ips  w i l l  be used. 
Computer he lp  i s  e s s e n t i a l  because o f  t h e  tremendous amount o f  c i r c u i t r y  per  
u n i t  area. VHSIC ch ips  are as complex as 100 Los Angeles s t r e e t  maps p r i n t e d  on 
a thumb tack,  and they themselves are mere components o f  l a r g e r ,  more complex 
systems. Computer programs w i l l  he lp  engineers design, l a y  out ,  and t e s t  a 
ch ip .  They descr ibe an e n t i r e  system (a s i g n a l  processor, f o r  example) a t  many 
d i f f e r e n t  l e v e l s  o f  d e t a i l  s imul taneously  t o  p r e d i c t  t he  system's performance 
under var ious  opera t ing  cond i t ions .  

I n t e l s a t  V I  w i l l  become t h e  wor ld ' s  most s o p h i s t i c a t e d  commercial communications 
s a t e l l i t e  uDon launch i n  1986. The drum-shaped, s p i n - s t a b i l i z e d  s a t e l l i t e  w i l l  
have tw i ce  t h e  capac i ty  o f  I n t e l a a t  V. It w i l l ' b e '  ab le  t o  ca r r y  33,000 t e l e -  
phone c a l l s  and four  T V  channels simultaneously.  I t  w i l l  weigh more than 8200 
pounds a t  launch, measure 12 feet: i n  diameter, and deploy t o  39 f e e t  i n  he igh t .  
Hughes heads an i n t e r n a t i o n a l  team b u i l d i n g  I n t e l s a t  V I  spacecraf t  f o r  t he  
I n t e r n a t i o n a l  Telecommunications S a t e l l i t e  Organizat ion. 

A new sof tware system can t r a n s l a t e  nava l  t a c t i c a l  messages i n t o  understandable 
form. Messages w i t h i n  a command, c o n t r o l ,  and communications ( c3 )  system are  
t y p i c a l l y  hard t o  understand because they are  t ransmi t t ed  i n  telegram form and 
o f t e n  omit  sub jec ts ,  d i r e c t  ob jec ts ,  a r t i c l e s ,  p repos i t i ons ,  and punctuat ion.  
I f  grammatical e r r o r s  creep i n ,  messages can be rendered u n i n t e l l i g i b l e .  Whi le 
convent iona l  computer techniques c a n ' t  make sense o f  a garb led  message, a Hughes 
message understanding system c a l l e d  GRACIE can. Using a r t i f i c i a l  i n t e l l i g e n c e  
techniques, GRACIE understands genera l  desc r i p t i ons  o f  f l i g h t s  o f  a i r c r a f t  over 
ships, o f  a t tacks ,  and o f  encounters w i t h  h o s t i l e  ships. I t  cons t ruc t s  grammat- 
i c a l  sentences based on what i t  expects messages t o  be, r e f e r r i n g  when necessary 
t o  a " r u l e  bookt' o f  examples. I t  can be adapted f o r  o the r  than nava l  use. 

An improved process o f  growing s i l i c o n  f o r  l a s e r  de tec to rs  prav ides t h e  h ighest-  
p u r i t y  s i l i c o n  a v a i l a b l e  i n  t h e  world. With the  f l o a t  zone c r y s t a l  process, a 
p o l y c r y s t a l l i n e  s i l i c o n  r o d  i s  heated i n  a vacuum chamber, producing a zone o f  
molten s i l i c o n  t h a t  passes from the  bottom t o  t he  t o p  o f  t he  r o d  severa l  t imes, 
thus removing i m p u r i t i e s  and p r o v i d i n g  f o r  growth o f  a h i g h l y  pure c r y s t a l .  The 
s i l i c o n  can be used f o r  l a s e r  seekers, des ignators,  t rackers ,  and range f i nde rs .  
Hughes developed t h e  process f o r  t he  U.S. Army and A i r  Force. 

Hughes Radar Systems Group has career o p p o r t u n i t i e s  f o r  engineers, s c i e n t i s t s ,  
and programmers. We design and b u i l d  many o f  today 's  most complex a i rborne  and 
spaceborne radar  e l e c t r o n i c s  systems, i n c l u d i n g  data l i n k s ,  e l e c t r o n i c  war fare 
systems, and d i sp lay  systems. We need s c i e n t i f i c  programmers, systems analysts ,  
microwave s p e c i a l i s t s  (antenna, rece ivers ,  t r a n s m i t t e r s ,  da ta  processors) ,  c i r -  
c u i t  designers (analog, d i g i t a l ,  RF/IF), mechanical designers, systems and t e s t  
engineers. Send resume t o  Engineering Employment, Dept. SE, Hughes Radar Sys- 
tems Group, P.O. Box 92426, Los Angeles, C A  90009. Equal oppo r tun i t y  employer. 
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Tier of smooth skirt clouds rims erup- 
tion column (about 2 kilometers in di- 
ameter) from Soufriere Volcano, St. 
Vincent, West Indies, 17 April 1979. 
The turbulent column, produced by the 
most powerful explosion of the 1979 
activity, was observed to rise at an 
average velocity of 50 meters per sec- 
ond to an altitude of about 18 to 20 
kilometers. The rising column appar- 
ently entrained and deformed preexist- 
ing subhorizontal layers of moist and 
less-moist air from lower altitudes and 
carried them to levels where the moist 
layers condensed to form the visible 
skirt clouds. See page 1105. [Photo- 
graphed by K.  C. Rowley. Univerdy  
of West Indies, from a low-flying air- 
craft piloted by Duncan Richardson] 
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Sinclair 2x81. - string and numerical arrays 
If you're ever . Mathematical and scien- 

going to buy a personal 1. tific functions accurate to 
computer, now is th 8 decimal places 
to do it. Unique one-touch entry 

The Sinclair ZX8 - -  - of key words like PRINT, 
is the most powerful, yet RUN and LIST 
easy-to-use computer . Automatic syntax error 
ever offered for any- detection and easy editing 
where near the price: ' . Randomize function 
only $149.95* completely assembled. 

" 
useful for both games and serious applications 

Don't let the price fool you. The ZX81 has . Built-in interface for ZX printer 
just about everything you could ask for in a per 1 K of memory expandable to 16K 
sonal computer. 164-page programming guide and operating 
A breakthrough in personal computers. manual 

The ZX81 is a major advance over the origi- The ZX81 is also very convenient to use. It 
nal Sinclair ZX80-the first personal computer to hook up to any television set to produce a clear 
break the price barrier at $200. 32-column by 24-line display. It comes with a 

In fact, the ZX81's 8K extended BASIC offers comprehensive 164-page programming guide 
features found only on computers costing two or and operating manual designed for both begin- 
three times as much. ners and experienced computer users. And you 

Just look at what you get: can use a regular cassette recorder to store 
Continuous display, including moving graphics and recall programs by name. 

.' -9 
a 9:; I 



Order at no risk.* * 24 hours a day, 7 days a week. Have your 
We'll give you 10 days to try out the ZX81. If Mastercard or VISA ready. 

you're not completely satisfied, just return it to These numbers are for orders only. If you just 
Sinclair Research and we'll give you a full refund. want information, please write: Sinclair Research 

And if you have a problem with your ZX81, Ltd., 2 Sinclair Plaza, Nashua, NH 03061. 
send it to Sinclair Research within 90 days and "Plus sh~pping and handling Price ~ncludes connectors for N and cassettePAC adaptor, and 

FREE manual 
we'll repair or replace it at no charge. "Does not apply toZX81 krts 

Introducing the 2x81 kit. 
If you really want to save 

money, and you enjoy buildin 
tronic kits, you can order the 
in kit form for the incredible 
of just $99.95." It's the sam 
featured computer, only you put it 
together yourself. We'll send com- 
plete' easy-to-follow instructions new surtnrm.; xtroatr M r m n s  lllr >rllctale I ~ K  MEMOR. ntuuurs. 

On how YOU Can assemble your has published pre-recorded Printer MI rk with our Like any powerful, full 
0(81 in just a few hours. All you programs on cassettesfor a 8 1  I~WIII ue availadein the fledged computer, theZX81 

your 2x81. We're constantly near future and will cost less is expandable. Sinclair's 16K 
have to supply is the soldering iron. coming out with new pro- than $100. memory module plugs r~ght 

A leader in microelectronics. P rams, so we'll send you our onto the back of your ZX81 
atest software catalog with Cost IS $99.95, plus sh~pp~ng 

The 2x81 represents the latest your computer. and handllng 
technology in microelectronics. 
More than 10,000 are sold every 
week. In fact, the ZX81 is the fastest 
selling personal computer in the 
world. 

we urge YOU to place your TO order call toll free : 800-543-3000 
order for the ZX81 today. ~ ~ m m ~ ~ ~ m ~ m = = = = - = ~ m r n m m m m ~ - = a  

To order. 
To order, simply call toll free. 

Or use the coupon below. Remem- 
ber, you can try it for 10 days at no 
risk.* * The sooner you order, the 
sooner you can start enjoying your 
own computer. 
Call toll free 800-543-3000. 

I Ask for operator #509. In 
Ohio call: 800-582-1364; in Can- 
ada call: 513-729-4300. Ask for 
operator #509. Phones open 

Ad Code 06NC04 I Price* Qty. Amount 

ZX81 $149.95 

ZX81 Kit 99.95 
16K Memory Module 99.95 
Shipping and Handling 4.95 $4.95 

TOTAL 

MAILTO: Sinclair Research Ltd., 
One Sinclair Plaza, Nashua, NH 03061. 

City State Zip- 



EDGE 
#3 in a series of reports on new technology from Xerox 

Xerox introduced thefirst xerographic copier, Model 
914, in 1959. The 914 and xer raphy weregreat surprises to I the world They revealed and t en satisfied an immense latent 
demandfor plain paper copying. And they su rised scientists 
and engineers by demonstrating practical app $ ications ofphys- 
ical henomena that had not been thought to have much prac- 
tica f value. They used largepage-sized sheets o f  
semiconducting selenium to capture entire images by the he- 
nomenon ofphotoconductivity What's more surprising, t [ ey 
found a practical use for "static electrification; which is the 
transfer o f  electric charge that occurs when, for example, one 
rubs a cat on a dry day 

This fundamental rt ofthe xerographic process was 
not at all understood scienti ically Early technology work was 
by trial and errm 

P" 
Some vears am a few of us in Xerox Research 

became aware ;hat as ;he demands on 
increased, trial and error methods of 
would become increasingly risky. 
deliberate research program on the fundamentals of the 
xerographic process. 
THE XEROGRAPHIC PROCESS 

A xerographic image-a co y-is made of 
about 100 million carefully arranged \ its of pigmented 
plastic called toner particles. The whole xerographic pro- 
cess is simply the means of arranging toner particles into 
faithful patterns, then transferring the patterns to paper 
and making them permanent by melting. 

surface. Usually this is done with a spray of sitive ions 
&om a wire or point at high voltage. In dar IK ess sele- 
nium is a good electrical insulator so the electric charges 
are stable. Next, the image ofa document to be copied is 
rojected onto the photoconductor discharging it in 

fight-struck areas and leaving charge patterns corres- 
ponding to the black letters and marks of the original 
document. Finally this latent electrostatic image is devel- 
oped by attracting oppositely charged toner particles to 
it. Here is where static electrification becomes crucial. 
Toner particles get their charges by repeated rubbing 
against the surfaces of larger particles called carrier beads. 
A carrier bead with toner is shown in the picture. When 
the process is working pro erly each toner particle car- 
ries the electric charge of a t out 20,000 electrons. 

 he proc&s works as ~ O ~ ~ O W S :  Erst, a photocon- Thephotoshw~s a sin Ie carrier bead with toner clinging by electrostatic orce. A I dunor, a papermthin layer of selenium On xerqra hic copier mi& hold about three kil rams ofcarrier which itw f binds 
50 to ~ & ~ r a n r s  of oppositely charged totter. 8 e  combination is a xerographic 

aluminum, is given a uniform electric charge on its top developer. 
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THE CHARGE SPECTROGRAPH 
The trouble was that we had no way to make 

certain that a xero aphic develo er was in fact working B R properly. We cod not measure t e char e on individual 
toner particles to be sure that all of them ktd the right 
charge. We suspected that wrong-charge particles might 
often be present and re onsible for poor copy quality T and for at least some oft e dirt contamination of xero- 
graphic equipment. A reversed-sign particle will go in 
exactly the wrong lace-the white areas-and only a f small percentage o these in the whole toner po ulation 
can produce a visible flaw. A particle with no cRarge is 
uncontrollable. By measuring charge distributions on 

Toner Partick toner we auld character- 
Pulled In Here ize xerographic developers 

inde endently of co ier 
harlware. we hTialso 
that charge distrl utions 
would eventually provide 
insight into the physical 
mechanisms re onsible r for static electr ~cation. 

With these things 
in mind, E.W. Connors, 
R.E Koehler and I built 
the char e spectrograph 
sketche here. 

To Pump 

d 
It's a kind of low- 

speed wind tunnel with 
a uniform electric field across thk direction of air flow. 
Toner particles are stripped from carrier beads with a tiny 
air jet and introduced on the axis of the instrument. As 
they move downward with the air flow, they are pulled 
laterally by the electric field according to their charge and 

.............. 
Electron Charges ................ 

............. ................ ........... I I Per Particle 

Example 1. The charge distribution on the 10 micron size class of tonerparticles. 
This is a fairly sharp distribution. 

Example 2. Charge on the 10 micron tonerparticles in a worn-out developer. Note 
the reverse-sign and uncharged toner: 

size and finallv caught on an exit frlter for examination. 
Afterwards. the fdcr is removed and the drift distance 
aid size of &ch toner article is read through a micro- 
scope by an automate S analysis system. 

kerimental results are in the form of distribu- 
tions or hisiograrns, which are plots of the fractions of 
the toner particles having various charges. Here we show 
only a particular size category, the toner particles with 
measured diameter of lO+l  micron. The first example is 
free of low-charged or reverse~harged toner particles. 
This xero aphic developer performs well in equipment. 

T f e second distribution is from a developer that 
has been used to make too many co ies. This developer is 
worn - . .  out; the charge-exchanging c Lr acter of its carrier 
surfaces has changed. 

And in Gses that we haven't shown by example, 
the charge on each toner particle is proportional to its 
surface area: and in some others, it is proportional to 
toner diameter. These and other regdarikes, once seen, 
beg for explanation. These explanations lead to com- 
pletely new developer designs which work as predicted. 

The most satisfying outcome is that we are 
beginning to understand the underlying physics well 
enough to formulate rules for the design of xerographic 
materials. 

Over many years we have examined hundreds 
of develovers under rnanv conditions of use. A few have 
already gbne to market k d  others are on the way. 

The charge spectro raph is only one example of a how we can make xerograp y work even better in 
future generations of copiers and printers. During the 
past ten years people have sometimes said that xero- 
graphy was a mature technology. We never believed it. 

ABOUT THE AUTHOR 
R.B. Lewis is a member of Xerox Corporate 

Staff specializing in elec- 
1 

tronic printing strate P The work described ere 
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Our future depends on your answer, because the labeled 
compound you'll be needing tomorrow is what we should be 
working on today. Otherwise we'd be followers, not leaders. 
How do we get the answer? By being involved in biological 
research ourselves. By hearing papers and giving papers. 

By asking and being asked. 
But it is not enough that we be simply innovators. If you have 
pinned your reputation on an original avenue of investigation, 
and one of our new labeled compounds is included in your 
protocol, we both have a lot at stake. Knowing this, we do 

the worrying, and double and triple test that chemical 
well before it gets to you. 

New products make news. New products that consistently live 
up to expectations make lasting relationships. 

The NEN extras are the biggest 
bargain in labeled chemicals 

@ New England Nuclear" 
a Du Pont company 



number of alternatives in a proposed 
.ule indicated EPA's lack of a favored 
ipproach, and certainly the absence of a 
>redetermined outcome. The issue be- 
'ore EPA is not whether lead is good or 
)ad but whether the current regulatory 
5pproach is the most appropriate way to 
ichieve our goal of reduced lead expo- 
sure, since in the long term continued 
growth in unleaded gasoline use will re- 
sult in a reduction in the use of lead in 
gasoline. 

With regard to the meeting between 
the administrator of EPA and represen- 
tatives of the Thriftway company, Mar- 
shall does not indicate that a report 
of the inspector general of EPA, after 
an investigation requested by Repre- 
sentative Moffett, failed to find any 
wrongdoing on the part of the adminis- 
trator. As established in guidelines that 
have been in existence since 1979 (44 
Fed. Reg. 58953, 12 October 1979), one 
Factor used to determine whether or not 
any penalty is appropriate for violation 
of the lead standard is economic hard-, 
ship. My staff is evaluating the claim 
of economic hardship presented to the 
administrator, and we will treat Thrift- 
way in accordance with our existing 
guidelines and appropriate enforcement 
procedure. 

As EPA's assistant administrator in 
charge of this program, I cah assure 
Science's readers that no decision has 
been made on whether changes to the 
lead phase-down regulations are appro- 
priate. We plan to make a sound decision 
based on the record before us; we invite 
readers to supply any information they 
believe would be helpful in enabling us to 
reach a well-founded decision. 

KATHLEEN M. BENNETT 
Ofice of Air, Noise and Radiation, 
Environmental Protection Agency, 
Washington, D.C. 20460 

Science Instruction and Religion 

In response to the letters by J. C. 
Hickman and R. M. Joyce (16 Apr., p. 
242) concerning the teaching of evolu- 
tion, I do not advocate mixing religion 
with science instruction or teaching the 
assertions of Genesis literalists. I do 
advocate teaching concepts of evolution 
in a manner that avoids unnecessary 
strife and misunderstanding. Most of 
some 40 million American Christian 
"fundamentalists" still take a dim, if not 
hostile, view of Darwinian evolution, 
largely because they mistakenly perceive 
its emphasis as anti-God. This impres- 
sion can rather easily be corrected. 

Judge Overton (19 Feb., p. 938) makes 
the essential point as follows: "The the- 
ory of evolution assumes the existence 
of life and is directed to an explanation of 
how life evolved. Evolutiotl does not 
presuppose the absence of a creator or 
God. . . ." I would add that concepts of 
creation and evolution are quite compati- 
ble if evolution is viewed as a creative 
process continuing over many millions of 
years. Individual writers or lecturers 
could, of course, say much more about 
divergent beliefs or theories concerning 
origins, depending on the audience. The 
integrity of science is not compromised 
by stating that the ultimate origins of 
matter and life are unknown and open to 
conjecture. Indeed, evolutionary scien- 
tists, among whom I count myself, could 
well take greater care in separating facts 
from conjecture. 

W. H. HILDEMANN 
Department of Microbiology and 
Immunology, School of Medicine, 
Center for the Health Sciences, 
University of California, 
Los Angeles 90024 

Journal Prices 

James E. Heath (Letters, 14 May, p. 
684) raises several important points re- 
garding the cost of new journals; howev- 
er, the problem of the cost of journals to 
institutional libraries applies equally to 
established journals. The majority of re- 
search journals (old and new) impose 
higher subscription rates to libraries than 
to individuals. Publishers seem to forget 
that their relationships with libraries are 
symbiotic. The researcher/scholar re- 
quires the collections and services of 
libraries in order to research a topic, 
produce a paper, and provide the pub- 
lisher with publishable material. Why 
then do publishers seek to punish that 
which provides them with their income? 

As journal prices escalate, libraries are 
forced to cancel more and more sub- 
scriptions, thus providing poorer collec- 
tions for the scholar. Although the li- 
brary market accounts for only a small 
income, without this reliable base in- 
come publishers cannot exist. Witness 
the demise of many secondary publica- 
tions and publishers, and falling circula- 
tions. Increasing prices without an 
equivalent increase in quantity or quality 
is not the answer. 

NINA J. ROOT 
Department of Library Services, 
American Museum of Natural History, 
Central Park West at 79th Street, 
New York 10024 
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- 
he Contmuation Method 
The need to solve systems of polynomial equations arises in pursuits ranging 
from geometric optics to chemical kinetics. A pructical method of solution, 
developed at the General Motors Research Laboratories, provides desgners of 
mechanical parts with a new capability 
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Two equations in two unknowns I 

Zhe three pairs of paylleI p k v s  of G(x) = 0 
m l w  tnto the pambohd, ell8psotd and cylinder 
&F(x) = 0. 

L, 

~hree euuatiom in three unknowns I 

C LASSICALLY difficult non- 
linear equations-those made 

up of polynomial expressions-can 
now be solved with reliabilitv and 
speed. Recent advances ih the 
mathematics of continuation 
methods at the General Motors 
Research Laboratories have practi- 
cal implications for a wide range of 
scientific and engineering prob- 
lems. The immediate application 
at General Motors is in mechan- 
ical design. The new method finds 
all eight solutions to three quad- 
ric equations in a few tenths of a 
second-fast enough for computer- 
aided design on a moment-to- 
moment basis. Algorithms based 
on this method are critical to the 
functioning of GMSOLID, an interac- 
tive design system which models 

le geometric characteristics of 

automotive parts. 
Systems of non-linear equa- 

tions have been solved for many 
years by "hit or miss" local 
methods. The method developed at 
General Motors by Dr. Alexander 
Morgan is distinguished by being 
global and exhaustive. Local 
methods depend on an initial esti- 
mate of the solution. They proceed 
by iterative modifications of this 
estimate to converge to a solution. 
However, ,success is not guaran- 
teed, because there are generally 
no practical guidelines for making 
an initial choice that will ensure 
convergence. Reliability is further 
compromised when multiple solu- 
tions are sought. 

Global methods, by contrast, 
do not require an initial estimate of 
the solution. The continuation 
method, as developed by Dr. Mor- 
gan, is not only global, but also 
exhaustive in that, assuming exact 
arithmetic, it guarantees conver- 
gence to all solutions. The conver- 
gence proof rests on principles 
from the area of mathematics 
called differential topology. 

Here is the way continuation 
works. Suppose we want to solve a 
system F(x) =O.  We begin by gen- 
erating a simpler system G(x) = 0 
which we can both solve and con- 
tinuously evolve into F(x) = 0. It is 
important that we select a G prop 
erly, so the process will converge. 
Dr. Margan has devised a method 
for selecting G which gives rapid 
convergence and reliable computa- 
tional behavior. He first applied a 
theorem established by Garcia and 



Zangwill to select G. However, the in the curvature of the final shapes THE resulting algorithm could not in each figure. 
achieve the speed and computa- In figure 1, the four dots on MAN 
tional reliability necessary for sev- the left plane represent the set of BEHIND 
era1 applications. Next, he utilized simultaneous solutions to the sys- THE some ideas from algebraic geome- tem of equations G(x) = 0. The four 
try-"homogenous coordinates" dots on the right plane represent 
and "complex projective spacen-to the set of simultaneous solutions to Dr. Alexander 
prove a new theorem for selecting the system of equations F(x) = 0. M o r g a n  i s  a 
G. The result of Dr. Morgan's The dashed lines represent simul- Senior Research 
efforts is a practical numerical taneous solutions to intermediate Scientist in the 
method based on solid mathe- systems whose graphs would show 
matical principles with innate reli- the evolution from one configura- 
ability. tion to the other. With the addition 

Reliability is the critical ele- of a third dimension in figure 2, the 
ment for mathematical methods number of dots representing simul- gradu 
embedded in large computer pro- taneous solutions doubles. Repre- versity m 
grams, because errors may not sentation of the transitional points, 
become evident until after they as  in figure 1, would require a 
have ruined a large data structure fourth dimension. 
compiled at great expense and "Continuation methods, al- 
effort. Speed is also important to though well known to mathemati- 
economical real-time implementa- c i ~ s , "  says Dr. Morgan, "are not in Florida and worked as an analyst 
tion. This method has proved to be vvldely used in science and engi- at the Department of Energy's 
reliable and fast in solving prob- neering. Acoustics, kinematics and Savannah River Plant in South 
lems involving equations up to the non-linear circuit design are just a Carolina. 
sixth degree in three or four vari- few fields that could benefit imme- While serving in the U.S. 
ables. However, there are. obvious diately. I expect to see much Army, Dr. Morgan participated in 
practical limitations on the number greater use of this mathematical the development and analysis of 
of equations and their degree, due tool in the future." simulation models at the Strategy 
to the limited precision of computer 

P ,g; - + t.> 
and Tactics Analysis Group in 

c and computer resource :;* :$$@ Bethesda, Maryland. 
Dr. Morgan's current re- 

g~& ?,T>C~ 
search interests include the qualita- 

5?$., !.+A; tive theory of ordinary differential 
equations and the numerical solu- 

S illustrate t h ~  tion of non-linear equations. 
n from simple 

a1 F(x) =O. In both 
figures, the "simplicity" of G(x) = 0 
is reflected graphically in its linear I I 

structure-seen as lines and planes. 
The non-linearity of F(X) = o is seen I General r..,., 

The future of transportation is here 
rs 
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r r 7th R&D Colloquium Washington, 23 & 24 June 1982 kkil Advance Registration Form 
Wednesday & Thursday, 23 & 24 June, at The Shoreham Hotel, 2500 Calvert St., N.W., Washington, D.C. 

Registrant 's N a m e  
(la$[ name) ( f~rs t  name and ~ n i t ~ a l )  

Affiliation 

Mail ing Address 
(srreer and number) 

(cllv) ($tare and zlo) (telephone number) 

[3 Please check here if  you need special services due to handicap. We will contact you prior to the meeting. 

Enclosed is a check, purchase order, or credit card information (see below) for: 

$125 Full Registration (sessions, three meals, R&D: FY 83 Report, and Proceedings) 
$ 70 Partial Registration (sessions, Report, and Proceedings) 

D $ 35 Student Registration (sessions, Report, and Proceedings; fulltime graduate or undergraduate only) 

Separate Meal Tickets (lunches at $17 and dinner at $25; no refund for meals after 21 June) 
Lunch on Wednesday, 23rd Dinner on Wednesday, 23rd Lunch on Thursday, 24th 

Program, badge, meal tickets, and R&D: FY 83 Report will be mailed 12 June. Registrations received after 12 June will be 
held at  the AAAS Registration Desk at The Shoreham Hotel. Reports from previous years (order below) will be sent as  soon as 
possible. Proceedings of '82 Colloquium will be sent as soon as available. 

Previous Reports and Proceedings ($5 each book): R&D: FY 82 O R&D: FY 81 0 R&D: FY 80 - 
Proc. 81 Col. Proc. 80 Col. 0 Proc. 79 Col. 

Charge to m j  U VISA or L3 MASTERCARD Number Expires 

Cardholder's signature 

Shoreham Hotel Reservation-AAAS Colloquium (23 & 24 June) 
(Reservations received after 23 May cannot be guaranteed) 

Names a n d  Addresses of All Occupants  of Room: 

Name Name 

Address Addre55 

City State Zip C ~ t y  State Zip 

Room: S i n g l e  ($70*) -Double ($84*) T w i n  ($84*) (*Plus 1040 D.C. sales tax and 80C occupancy tax.) 

Nc> rrtrc. l o  Irrr rlrfrtlrlc~ u r r r \ ~ i l  und depar/i ire 
Arrival: Date T~rne  ( l u l ~  utld 11111(~. HOIEI r ~ ~ ~ r \ ' u I / o t ~ r  I % ' / / /  he hclnf 

or111 i i t l ~ r l  6 II.II/ r i t ~ / ( ~ r r  o r / lc~r~vr~c> ~pecrfred. 
Departure: Date Ttrne Chc~c.l\ orir rr111r r r  1:00 1) 111 

Plea4e indicate an) 4pecial 
bowing need4 due to handicap 

Enclose separate check, made out to  The Shoreham Hotel, for first night's room deposit or indicate major credit card number: 

Credit card name Number Expires 

Cardholder's signature 
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Whatman Membranes. 
New. Cellulose nitrate and PTFE membrane filters In performance and in every quality aspect you 

of the quality for which Whatman filter papers are will, we think, find Whatman membrane filters 
world-famous. In a complete range of popular pore clearly better than the membrane filters you may be 
sizes and diameters. using now. 

Performance which is not only generally superior 
to competitive laboratory membranes, but is reliably 
consistent. Pore size distribution i s  narrow and more 
uniform. Thermostability i s  outstanding. Shrinkage 
is minimal and performance differences are mark- 
edly less after autoclaving than those characteristics 
of other laboratory membrane filters. Extractables 
are low, and they are virtually pyrogen-free. And 
they are physically tough, yet flexible. 

They are, after all, Whatman membranes. 

Available only from approved laboratory supply 
dealers. 

Contact your dealer for some very interesting 
technical information. 

Whatman Paper Division 
9 Bridewell Place, Clifton, New Jersey 07014 
Tel : (201 ) 773-5800 
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The Fate of School Science 
The erosion in precollege teaching of mathematics and science has 

become a matter of national concern. The National Academies of Sciences 
and Engineering and the AAAS held major meetings on the topic in mid- 
May; the National Science Board has created a Commission on Precollege 
Education in Mathematics, Science and Technology. 

A great deal is being done already. The North Carolina School of Science 
and Mathematics, in Durham, is a residential public high school open at no 
cost to students who are qualified. Florida and California, which led the 
nation in relaxing high school graduation requirements in the 1960's, have 
reversed those policies; California, for example, intends to require a 
minimum of 3 years of mathematics and 2 years of science, and more from 
the college-bound. With corporate help, the Houston school district is 
providing a $2000 annual supplement to the salaries of teachers certified in 
specialties such as science and mathematics. 

But salutary as these efforts are, we are in trouble. Half of the mathemat- 
ics and science teachers hired last year were certified provisionally or on an 
emergency basis. Thirty-eight states report a shortage of mathematics and 
science teachers. While the proportion of students scoring 700 or above on 
the Scholastic Aptitude Test has stayed about the same in the past decade, 
the proportion scoring at low levels-about 300-has risen. 

The danger is not in failing to train the gifted who wish to be scientists and 
engineers; they still seem to receive the requisite education and opportuni- 
ties. Rather, it is in raising a generation of Americans who lack the 
education to participate in a technological age; in failing to assure the 
scientific literacy of Americans, whatever their future vocation. "Literacy" 
here does not mean that all students should be able to draw the structure of 
DNA. They should, however, have a basic understanding of the world of 
technology in which they will live and in which a rising proportion will make 
their living. They should understand what computers actually do and what 
their limits are. The world of the present decade will use a new language: 
robotics, CAD, CAM, integrated circuits, and the like. Those who do not 
understand that language are in for a difficult time. 

Federal officials at the Academies' convocation saw the need for "part- 
nership" efforts with states and local authorities and with industry, assert- 
ing that education in the American system remains a local enterprise. State 
and local officials accepted their central role, but wondered where to find 
the money to compete with the higher salaries offered by industry and to 
equip schools with modern and effective curricular materials. 

Whatever the perspective, there was concern about how science, mathe- 
matics, and technology are taught. "People are being taught that they are 
too dumb to understand science," Carl Sagan said. Too many textbooks 
emphasize the student's ability to memorize, to remember facts, to regurgi- 
tate information rather than to think. 

Science teaching may have become too abstract. It may have become 
astronomy without the stars, botany without the flowers, geology without 
the mountains and valleys. We may be teaching abstractions to students 
who do not understand the physical ties. One can understand why half of all 
high school graduates have taken no mathematics or science beyond the 
tenth grade. 

There were repeated calls at the convocation for a reexamination of how 
and what we teach our children: the "how" formed by the rapid advances 
made in the cognitive sciences in understanding how children learn, and the 
"what" by the enormous transformation of the sciences-the emergence of 
so many new fundamental concepts-in the past two decades. 

We need, in short, to reaffirm the commitment that Jerrold Zacharias 
asked of us more than 20 years ago: "A permanent, sustained commitment 
of the American scientific community to enlarge its presence in the 
American classroom."-FRANK PRESS, President, National Academy of 
Sciences, Washington, D.C. 20418 






