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A SIMPLE CHECK ON 
EVERY PEAK 

WITH LKBk RAPID SPECIRAL DEr'ECTY>R 

-- 

A computer generated contour map of the total absorbancepattern after 
separation-colour coded to show different levels of absorbance for each 
isogram. The vertical and horizontal axes are time and wavelength respec- 
tively. Built-in cursors let you slice through the isogram in both time and 
wavelength domains. 

Peak purity control and positive component identification-rapid, 
reliable and surprisingly simple. An analytical follow-through no other 
system offers, with a chromatographic display that delivers you peaks 
in perfect detail. And an innovative slicing technique to track through 
each peak, to generate spectra at  lightning speed. Spectral selection at  
peak maxima gets you positive component identity. Automate for 
superimposed spectra and you've got peak purity control. Authentic. 
Definitive. LKB's Rapid Spectral Detector, powered for instant data, 
processed for in-depth development, interfaced to access optimal chro- 
matograms and spectra-from storage- through the video screen-to 
hard colour copy. Fast. Easy. Clearly out front. - - 

- --, -- - - YOU won't find a more reliable way to acquire, 

?- 
I process and present your chromatographic in- 

I formation. So why not check it? Get in touch 
with LKB, and wi l l  send you the brochure that 

, gives you a complete check on the very best in 

0 modern diode array technology. You'll find it 
infinitely rewarding, just like our new Rapid 

- .  4 Spectral Detector. 
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The New Bio-Response MCT* (Mass Culturing 
Technique) System Delivers Monoclonal Antibod- 
ies And Other Mammalian Cell Products When 
You Need Them-From Grams To Kilograms. 

Insufficient quantities of 
desired peptides a r e  a key 
cause of expensive research and 
production delays. The MCT 
system is a new and unique 
mammalian cell culturing pro- 
cess designed t o  overcome t h e  
obstacle of insufficient quan-  
tities of peptides by delivering 

Quantity 
Unlike conventional cell- 
culture methods, the MCT 
system uses "fresh:' free- 
flowing lymph directly 
from a cow. Following 
treatment, the lymph is 
continuously diffused into 
and out of a growth cham- 
ber. This nearly in vivo 
growth environment stim- 
ulates continuous and opti- 
mal protein secretion. The 
result? Large quantities of 
desired proteins enabling 
you t o  move to  the clinic or 
market ... faster. 

the  quantity you need ... when 
you need it! Additionally, every 
s tep in MCT production has 
been developed t o  contain costs 
now and in t h e  fu ture  while 
maintaining exceptional purity 
and quality in mammalian cell 
proteins. 

Cost 
Unlike conventional cell- 
culture methods that  re- 
quire extensive labor forces 
and expensive growth medi- 
ums. Bio-Response's 
MCT is a closed, 
steady-state system. 
In essence, the MCT sys- 
tem starts  with a low- 
cost lifeline-a feeding 
cow-and ends with a 
pure, quality product. MCT 
. . .  an optimal system at low 
cost. 

Purity 
Unlike conventional-cell- 
culture methods, the MCT 
system is designed to  
insure purity without tedi- 
ous processing. By direct- 
ing the lymph across semi- 
permeable membranes. 
MCT provides both separa- 
tion of media protein from 
desired cell products, and, a 
continuous nutrient flow. 
The ability t o  add or with- 
draw from the chamber t o  
maintain optimal cell den- 
sity permits continuous % 

harvest of a highly pure 
product. 

Quality 
Unlike conventional meth- 
ods of production that  
attempt to  create biologi- 
cally active mammalian cell 
products, the MCT system 
provides a pure-mammal- 
ian product-an exact copy 
of the original protein and. 
in the case of non-antibody 
polypeptides, uncompro- 
mised by inappropriate gly- 
cosylation and disulfide 
bond formation. There is a 
growing consensus favor- 
ing products produced in a 
mammalian cell-culture 
system, such as the 
Bio-Response MCT system. 

For further information, call Bio-Response, Inc. at 
(415) 786-9744. 

BIOmRESPONSE, INC. 
'MCT (Mass Culturing Technque) I S  a trademark of Bo-Response lnc O 1984 BIO-Response Inc All Rghts Reserved 
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Introducing the Nikon SMZ-1 
Nikon performance in 
a low cost stereo. 
Nikon optics have always set the standard in microscopy. 
Now Nikon has created a new standard ior value-the 
SMZ-1 zoom stereo. It's priced so low you won't believe 
its image quality, rugged construction or convenience fca- 
turt,s. There's an extra long 100mni working dishncc and 

fllll 3.5X to 

' -  v 198X zoom range. 

1 Plus a complrtr - selection o i  stands 

L dncj accessories to 
a tailor the SMZ-1 

lil to your classrooni 
or lat,oratorv. Ask 
t o  look into the 

-. ncw Nikon SMZ- 1. * Yc~ir've never 

( 
seen so much 
stereo ior so little 
money. 

Nikon Extending Man's Vision 
- -- Nikon Inc. 

In\trurnent Division 
h L  Stewart Avenue 
Garden C~ty, NY 11530 
1516) 212-0200 
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No company gives you higher quality media 
for every application from microbiological to tis- 
sue culture. Research, diagnostic and industrial. 11 Defined and semi-defined. 

No company makes media for more organ- 

IUJ I isms including bacteria, mammalian cells, fungi, 
plant cells, insect and amphibian cells. 

No company gives you a greater variety 
in media format. Dry powder, liquid, prepared 
plates and tubes. No company provides a better 
choice of packaging from 25 Ibs. to 100 ml to a 1 
single sleeve of plates. 

No company has more experience in devel- 
oping custom formulations for specific needs. 
No company can be the single source for media 
but us. 

GIBCO. Quality isa science. Service is an art. 
For further information, please contact your 

local GIBCO representative. 

121 Merrrmack Street, Lawrence, MA 0184311-800-343-81561 

C In MA. (617)685-3361 03175 Staley Road, Grand Island, 
NY 14072l1-800-828-6686lIn NY. 1-800-462-25551 

Western states: (408) 988-7611 
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Science Citation IndexB 1955- 1964 Cumulation 
The science of 1955-1964 continues to shape 

today's research. 

Scientists know the importance of the journal lit- 
erature of those ten years, because they know that 
critical research which took place during that era is 
still making an impact on current scientific investi- 
gation-the discovery of interferon and the con- 
struction of the first scanning electron microscope 
are just two examples. And researchers frequently 
reference this period in their articles-over one- 
half million citations in the 1983 Science Citation 
lndex were to articles published during 1955-1964. 

Now you can get precise access to this vital 
literature in the Science Citation lndex 7955- 7964 
Cumulation. The Cumulation's multidisciplinary 
coverage insures that the literature of your field 
is included, and that you'll also locate any rele- 
vant articles from disciplines related to your own. 
And the information in this Cumulation i s  not 
available online. 
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To put the Science Citation lndex 7955-7964 
Cumulation in your future, show this page to your 
library committee today. 
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LETTERS 

Giant Panda Paternity 

We have determined by biochemical 
genetic procedures that the baby giant 
panda (Ailuropoda melanoleuca) born at 
the National Zoological Park in July 1983 
was the offspring of the Washington male 
(Hsing-Hsing) and have excluded the 
possible parentage by the London male, 
Chia-Chia. The question arose because 
the mother, Ling-Ling, successfully 
mated with Hsing-Hsing (for the first 
time!) in March 1983 and was artificially 
inseminated with sperm from Chia-Chia 
on the 2 days following the sexual en- 
counter. 

Ling-Ling first showed signs of sexual 
receptivity in the spring of 1973 and has 
demonstrated estrus once a year ever 
since. Although Hsing-Hsing is a rather 
healthy male, his sexual encounters with 
Ling-Ling through the 1970's were un- 
successful due to what has been politely 
termed an orientation problem (I). 

In 1980, artificial insemination was at- 
tempted on 2 days of estrus using fresh 
spermatozoa collected from Hsing-Hsing 
by electroejaculation (2), but no preg- 
nancy resulted. In 1981, the London 
male giant panda, Chia-Chia, was flown 
to Washington for a mating encounter 
with Ling-Ling. This pairing resulted in 
an aggressive and extended physical at- 
tack on Ling-Ling by Chia-Chia, which 
did not include copulation. In 1982, 
Ling-Ling was again artificially insemi- 
nated on each of 3 days bf estrus. Fro- 
zen-thawed spermatozoa from Chia-Chia 
were used on the first day, and fresh 
spermatozoa from Hsing-Hsing were 
used on the second and third days. Dur- 
ing this estrus Ling-Ling was subjected 
to two laparoscopic examinations at 48- 
hour intervals so that ovarian activity 
could be evaluated. Although the repro- 
ductive organs appeared morphological- 
ly normal and follicular luteinization was 
detected, the artificial insemination was 
not successful in producing a panda 
cub. 

On 17 March 1983, Ling-Ling dis- 

Table 1. Panda phenotypes. Abbreviations: 
A, acidic allele homozygote; B, basic allele 
homozygote; and AB, heterozygote. 

Pro- Ling- Hsing- Chia- 
tein Ling Baby Hsing Chia 

p90* A AB AB A 
p68 AB B B B 
p32 AB AB B B 
p73* B AB AB B 
p112 AB AB A AB 
p54 A A A AB 

*Informative loci. 

played symptoms of estrus again; on 18 
March, Hsing-Hsing successfully mount- 
ed and copulated. On 19 and 20 March, 
fresh buffered spermatozoa was collect- 
ed at the London Zoo from Chia-Chia 
and the specimens were used for artifi- 
cial insemination. On 21 July, Ling-Ling 
gave birth to a male cub weighing 134 
grams. Approximately 3 hours after 
birth, the cub died. Eleven hours later, 
the cub was removed from the cage, an 
autopsy was performed, and the cause of 
death was determined to be acute pneu- 
monia that had developed prenatally 
from an ascending Pseudomonas infec- 
tion in the birth canal. 

In order to establish paternity for the 
baby panda, a blood sample and a skin 
biopsy were obtained on 21 July and the 
skin was placed in tissue culture at the 
National Institutes of Health. Blood and 
skin biopsies from Ling-Ling, Hsing- 
Hsing, and Chia-Chia were also collect- 
ed and placed in cell culture. As there is 
nothing known of biochemical genetic 
variation in this species, we used two 
techniques to detect informative poly- 
morphic gene products. The first was to 
sample 29 isozyme loci, 22 of which we 
have designated as mammalian "poly- 
morphic cluster" enzyme loci because 
they tend to be polymorphic in other 
mammalian species (3). They were 
ACPI, ACP2, ADA, ESA, ESD, FUCA, 
GALA, GALB, GOTI, GOT2, G6PD, 
GPI, GSR, GLO, HKl, HK2, IDHI, 
MDHI, MEI, PEPA, PEPB, PEPC, 
PEPD, PGD, PGM1, PGM3, PP, SODI, 
and MPI (4). Surprisingly, none were 
polymorphic in our group of four giant 
pandas. 

The second approach consisted of the 
separation at high resolution of abundant 
soluble proteins in two dimensions 
(2DE) on polyacrylamide gels (5). Pro- 
teins from the four cell lines (from baby, 
Ling-Ling, and the two suspect fathers) 
were labeled with I4C amino acids and 
subjected to 2DE gels and autoradiogra- 
phy plus silver staining for detection of 
proteins. The autoradiographic patterns 
were analyzed by computer-assisted 
densitometry (6). Of the approximately 
300 proteins examined, six exhibited 
quantitative polymorphism within the 
sample of four. Each polymorphism in- 
volved a mobility shift due to charge 
alteration, and all the putative polymor- 
phism~ exhibited gene dosage depen- 
dence in heterozygotes which is consist- 
ent with a genetic basis (5). The pheno- 
types of the four animals at each of the 
six loci, designated p90, p68, and so 
forth, after their molecular weights 
(x appear in Table 1. Two of the 
loci, p90 and p73, show that the only way 
that the baby could have been Ling- 
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I n  a  s t e p  toward f a s t e r  and more powerful  i n t e q r a t e d  c i r c u i t s ,  a  Hughes A i r c r a f t  
Company r e s e a r c h  team has  made submicrometer t r a n s i s t o r s  us inq  focused ion  beam 
l i t h o g r a p h y .  The group made N-channel s i l i c o n  MOSFETs wi th  s e l f - a l i g n e d  
submicrometer p o l y s i l i c o n  g a t e s .  The s m a l l e s t  dimension of t h e  g a t e s  ranged from 
0.35 t o  1 .2  micrometers .  The focused i o n  beam was used t o  expose a  h i g h l y  
s e n s i t i v e  r e s i s t ,  which provided a  mask f o r  r e a c t i v e  i o n  e t c h i n g  t h e  p o l y s i l i c o n  
by a  combinat ion of  c h l o r i n e  and f l u o r i n e - b a s e d  e t c h  gases .  Outs tand ing  
e l e c t r i c a l  performance was o b t a i n e d  f o r  t h e  N-channel FETs, which employed a  
100-angstrom-thick g a t e  oxide .  

F-15 Eaq le  p i l o t s  u s e  t h e  l a t e s t  computer t echno loqy  t o  manage advanced sys tems 
i n  t h e i r  skyborne o f f i c e s .  Improvements g i v e  t h e  F-15's unique lllook-down 
shoot-down" r a d a r  1 0  t i m e s  t h e  memory of  a  48K p e r s o n a l  computer. The F-15's 
c e n t r a l  computer and armament c o n t r o l  sys tem w i l l  be enhanced by i n c r e a s i n g  
s t o r a g e  and reduc ing  p i l o t  workload. Under t h e  m u l t i s t a g e d  improvement program 
(MSIP), t h e  r a d a r ' s  memory e v e n t u a l l y  w i l l  i n c r e a s e  t o  1 m i l l i o n  words and its 
p r o c e s s i n g  speed w i l l  t r i p l e  t o  1 .4  m i l l i o n  o p e r a t i o n s  p e r  second. The r e s u l t i n g  
r a d a r  w i l l  have fewer p a r t s  and i n c r e a s e d  r e l i a b i l i t y .  Hughes b u i l d s  t h e  F-15's 
AN/APG-63 r a d a r  under c o n t r a c t  t o  McDonnell Douglas f o r  t h e  U.S. Air Force.  

An o p t i c a l  f i b e r  t h a t  s u r v i v e s  baking,  s t r e t c h i n g ,  and r a d i a t i o n  promises  t o  f i n d  
many i m p o r t a n t  m i l i t a r y  uses .  The aluminum-coated f i b e r ,  developed by Hughes 
r e s e a r c h  s c i e n t i s t s ,  was s u b j e c t e d  t o  s e v e r e  env i ronmenta l  t e s t i n g .  I t  w i t h s t o o d  
t e m p e r a t u r e s  up t o  400°C, h igh s t r a i n  (2%) a t  t e m p e r a t u r e s  t o  400°C, and a  heavy 
( 1  megarad) dose  o f  c o b a l t  r a d i a t i o n .  Ordinary  p l a s t i c - c o a t e d  f i b e r s  would have 
mel ted ,  snapped,  and l o s t  t h e i r  a b i l i t y  t o  t r a n s m i t  l i g h t .  The meta l -coated 
f i b e r s  w i l l  r e p l a c e  e l e c t r i c a l  w i r i n g  i n  many a v i o n i c  and seaborne  sys tems.  

S i x  q a l l i u m  a r s e n i d e  f i e l d - e f f e c t  t r a n s i s t o r s ,  des igned f o r  power a m p l i f i e r s  i n  
r a d a r  and communications a p p l i c a t i o n s ,  have been i n t r o d u c e d  by Hughes. The 
s i n g l e -  and d u a l - c e l l  power t r a n s i s t o r  c h i p s  a r e  mounted on i n t e r n a l l y  matched 
c h i p  c a r r i e r s .  The d e v i c e s  c o n s i s t  o f  10-GHz, 13-GHz, and 15-GHz power FETs 
c a p a b l e  o f  o u t p u t  power l e v e l s  up t o  1 . 5  w a t t s .  They a r e  matched t o  o p e r a t e  i n  a  
50-ohm-in/50-ohm-out sys tem f o r  a  f u l l  2-GHz bandwidth. 

Huqhes needs  e n q i n e e r s ,  s c i e n t i s t s ,  and programmers t o  des ign  and b u i l d  advanced 
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c o n t r o l  t h e o r y ,  s i g n a l  p r o c e s s i n g ,  a p p l i e d  mathemat ics) ,  microwave s p e c i a l i s t s  
( a n t e n n a ,  r e c e i v e r s ,  t r a n s m i t t e r s ,  d a t a  p r o c e s s o r s ) ,  c i r c u i t  d e s i g n e r s  ( ana log ,  
d i g i t a l ,  RF/IF), s c i e n t i f i c  programmers, mechanical  d e s i g n e r s ,  sys tems and t e s t  
e n g i n e e r s .  Send resume t o  Eng ineer ing  Employment, Dept. S2, Hughes Radar Systems 
Group, P.O. Box 92426, Los Angeles,  CA 90009. Equal o p p o r t u n i t y  employer. 

Creating a new world with electronics F------------------ 
I I 

i HUGHES i 
I  I 
L - - - - - - - - - - - - - - - - - - J  
H U G H E S  A I R C R A F T  C O M P A N Y  

For add~t~onal lnforrnaton please wrlle to 
PO. Box 11205, Marnadel Rey CA 90295 



Ling's son is if Hsing-Hsing had been the 
father. Chia-Chia is excluded by both 
loci. The genotypes of the four other loci 
are also consistent with this explanation. 

These results are reassuring insofar as 
they confirm the virility and fertility of 
Hsing-Hsing and add another breeding 
male to the very small population of 
captive male giant pandas. 

STEPHEN J. O'BRIEN 
National Cancer Institute, 
Frederick, Maryland 21701 

DAVID GOLDMAN 
National Institute of Mental Health, 
Bethesda, Maryland 20205 

JOHN KNIGHT, HARRY D. MOORE 
Zoological Society of London, Regents 
Park, London NWI 4 R  Y, England 

DAVID E. WILDT 
MITCHELL BUSH 

RICHARD J. MONTALI 
DEVRA KLEIMAN 

National Zoological Park, Smithsonian 
Institution, Washington, D.C. 20008 
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Ediacaran Fossils 

In his article "Alien beings here on 
Earth" (Research News, 6 Jan., p. 39), 
Roger Lewin reports on the views of 
Adolf Seilacher of Tiibingen University 
with respect to fossils occurring in the 
Late Precambrian Ediacaran beds of 
South Australia. Seilacher is said to be- 
lieve that these fossils have a completely 
different architecture and physiology 
from Phanerozoic (Cambrian-Recent) or- 
ganisms. It is reported to be his view that 
these body fossil organisms of some 670 

million years ago died without descen- 
dants. 

Many of the Ediacaran body fossils 
have already been described and attrib- 
uted without exception to extant phyla of 
marine organisms but, according to Sei- 
lacher, one can question these attribu- 
tions for two reasons. He says that the 
Ediacaran sediments are coarser than 
those which, in the Phanerozoic, contain 
preserved evidence of the groups in- 
volved. This is especially so in the case 
of soft-bodied organisms, as most of the 
described Ediacaran fauna are. He 
thinks the Proterozoic organisms were 
invested with a tougher integument than 
later organisms (and hence were better 
preserved in coarse sediments) and had 
primordial flattish and "quilted" sur- 
face, elsewhere unknown. Because he 
found no evidence of a mouth in some of 
the organisms heretofore attributed to 
Vermes, Seilacher concludes they were 
mouthless (and presumably gutless) and 
that their seeming metamerism is an illu- 
sion; he speculates that they were possi- 
bly acellular and carried on their physio- 
logic processes directly by transfusion 
through their thick integumental wall. It 
should be pointed out, however, that it is 
unusual indeed to find the mouth area 
preserved in rare fossil worms which, by 
their segmented nature, invite disassoci- 
ation after death; and pray how, other 
than flattened, would one expect to find 
a worm preserved? Or any other essen- 
tially soft-bodied creature? 

Mine is the traditional view that the 
Ediacaran fauna is a backward projec- 
tion of the Cambrian shallow benthos 
requiring no exceptional explanations of 
any sort. In the more than 130 million 
years between the Ediacaran time and 
the earliest Cambrian, hard parts (calci- 
um phosphate, calcium carbonate, chi- 
tin), which may have been incipient in 
the Ediacaran organisms, were widely 
developed by invertebrate creatures. 
This made their basal Phanerozoic pres- 
ervation not only abundant, but so much 
so by way of contrast as to seem to some 
paleontologists to have been the result of 
essentially instantaneous "explosive" 
evolution. In contrast to Seilacher's at- 
tribution of the known Ediacaran fauna 
to a "world apart," most of it seems to 
me to fit comfortably into extant phyla. 

In the earliest Cambrian, many of the 
organisms seem to have been at that time 
"living fossils" which necessarily had 
had a long antecedent, but undiscovered, 
evolutionary history. Current work on 
primitive arthropods (trilobites and non- 
trilobites) furnishes considerable evi- 
dence of this nature. The presence also 
in the Early Cambrian of the remains of 
several higher arthropod lineages, some 
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of which became extinct in the Phanero- 
zoic, others of which are extant, also 
indicates a long antecedent evolutionary 
history before their first appearances as 
fossils. The same kind of evidence exists 
for the early Echinodermata. 

When one considers the vastness of 
Precambrian time, during which life ex- 
isted in oceanic waters, and the undoubt- 
edly gradual change of the nature of 
those waters, it would be indeed strange 
if there were not a multitude of these 
ancients yet to be discovered as fossils; 
moreover, it would be surprising if some 
of these lineages were not unique to the 
Precambrian; thus an open mind is re- 
quired in testing the oldest organisms 
with respect to their relevancy to the 
Phanerozoic biota. But arguments for 
such novelties should be well grounded. 

We can only wish Seilacher success in 
his further study of the Ediacaran trace 
fossils and hope that this will encourage 
others to undertake similar studies of 
Precambrian deposits for organic re- 
mains. Such quests are of immense im- 
portance to an understanding of organic 
evolution. 

KENNETH E. CASTER 
Department of Geology, University of 
Cincinnati, Cincinnati, Ohio 452214013 

Caster misses the point when he seeks 
to imply that Seilacher is unaware that 
when soft-bodied marine organisms are 
fossilized they are typically flattened. 
What is of interest is that the evident 
quilted structure of many of the Edia- 
caran fauna indicates that these orga- 
nisms were also of a generally flattened 
appearance in life. Hence, at least in 
part, Seilacher's inference of the unusual 
diffusional mode of nutrient and metabo- 
lite t~an~p0rt.-ROGER LEWIN 

Acetylene on Titan 

The ocean of ethane on Titan pro- 
posed by Lunine, Stevenson, and Yung 
(Reports, 16 Dec., p. 1229) is a fascinat- 
ing idea to an organic chemist, but the 
suggested layer of solid acetylene (C2H2) 
100 to 200 meters thick lining the bottom 
is utterly fantastic. "Don't liquefy acety- 
lene, but whatever you do, don't freeze 
it!" is the advice I remember from my 
days at E. I. du Pont. The legendary 
explosive character of the liquid or solid 
is attested in the older literature (I). The 
unfavorable heat of formation from the 
elements, 227 kilojoules per mole, is 
more than twice the energy of explosion 
of an equal weight of TNT (2). Thus, the 
estimated instability of Titan is approxi- 
mately 200 to 400 megatons per square 

kilometer of the planet's surface (3). 
Fantasies of the first space probe's trig- 
gering a spectacular detonation of the 
whole planet are dampened by the 
knowledge that meteorites have been 
there first, and prosaic chemical reac- 
tions such as polymerization probably 
never allowed the explosive solid to ac- 
cumulate in the first place. 

DONALD S. MATTESON 
Department of Chemistry, Washington 
State University, Pullman 99164-4630 
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We acknowledge the rather explosive 
properties of pure, solid acetylene, as 
noted bv Matteson. However. we envi- 
sion thecomposition of the solid material 
underlying the ethane-methane ocean to 
be considerably more complicated than 
pure acetylene, as we suggest briefly in 
our report. The dissociation of methane 
and consequent production of hydrocar- 
bons in the Titan stratosphere from 
methane must produce not only C2 and 
C3 hydrocarbons but also much heavier 
long-chain polymers (incorporating ni- 
trogen), at the expense, in part, of acety- 
lene (I). This material has been inferred 
by a number of authors (2) to be the 
source of haze layers visible in Voyager 
images. The base of the ocean must 
therefore be a collection of complex 
polymers, solid acetylene, and interme- 
diate photochemical products stable as 
solids under the ambient conditions. The 
final proportions of the various products 
after descent through the atmosphere 
and the intimacy of the mixture on the 
ocean floor are at present difficult to 
quantify but of interest, since the pres- 
ence of impurities can slow further 
polymerization of acetylene. The possi- 
bility of meteorite impacts inducing fur- 
ther reactions of hydrocarbons both in 
the ocean and at its base is a fascinating 
one; the frequency of impacts by objects 
sufficiently large to reach the ocean and 
affect the base is 10' to lo8 years. 

JONATHAN I. LUNINE 
DAVID J. STEVENSON, YUK L. YUNG 

Division of Geological and Planetary 
Sciences, California Institute of 
Technology, Pasadena 91125 
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For information circle reader servlce number 247 
For a demonstration circle'reader service number 248 



The TK!SolverB program will take your list. For example, if you want 
on your toughest problems- to know how different interest 
linear, quadratic, simultaneous rates will affect monthly loan pay- 
equations, whatever. Then stand ments, enter a list of interest rates 
back. Because TK!Solver turns and let TK!Solver calculate the 
your personal computer into a payment amount for each value. 
simple, yet powerful, desktop 
equation processor. UNIT CONVERSIONS 

Whether your problem is a Any type of unit conversion- 

simple formula or a model con- Fahrenheit to Celsius, meters to 

sisting of many equations, feet, dollars to deutschemarks, 

TK!Solver can help improve your newtons to dynes- can be made 

productivity. Once the equations without altering your equations. 

are written, enter the known Just define the numerical relation- 

values, press the ! key, and ship between two units of mea- 

TK!Solver gives you the answer. surement and the TK!Solver 

Engineers, scientists, architects, program automatically converts 

analysts and planners, educators the variable value to the unit 

and other professionals who use you specify. 

mathematical models can work more creatively 
with TK!Solver. 

TABLES AND PLOTS 
Quickly generate tables and plots of your results 

TK!SOLVER GIVES YOU: on your screen or printer. 

BACKSOLVING AVAILABLE NOW 
If the programs you use now require you to rewrite You can run the TK!Solver program on the IBMB PC 
the same equation to solve for different unknowns, and XT and compatible machines, the DigitalTM 
TK!Solver can dramatically improve your productivity. ProfessionalTM 350, the DigitalTM RainbowTM 100, the 
Enter your problem once and then solve for the un- Wang Professional Computer, AppleB//e, and on 
knowns no matter where they are in your equation. the following personal computers using MSTM-DOS: 

ITERATIVE SOLVING 
TI Professional Computer, GRiD Compass Com- 
puter,'" Canon AS-100, EagleB 1600, Toshiba T300, 

If TK!Solver can't solve an equation directly, take and the Zenith 2-100.'" 
an educated guess at the answer. Type the ! key 
and the TK!Solver program starts with your guess SEE IT TODAY 
and performs repeated approximations to con- There's more. Lot's more. But you'll have to see it 
verge on the answer. to believe it. And that's easy. Bring your own 

equations into your nearest computer retailer and . 
LIST SOLVING ask to see the TK!Solver program in action. 
Given a list of input values, TK!Solver automati- The world's first equation processor for 
cally calculates the equation for every value in personal computers. 

By Software Arts,'" creators of VisiCa/c@ 
27 Mica Lone, Wellesley, Massachusetts 02181 617-237-4030 

TK,TK!,TK!Solver, the stylized ! and the slogan "THE WORLD'S FIRST EQUATION PROCESSOR FOR PERSONAL COMPUTERS" are trademarks or registered trademarks 
of Software Arts, lnc. Software Arts is a trademark of Software Arts, lnc. and Software Arts Products Corp The TK!Sover program is a product of Software Arts, lnc., 
which is solely responsible for its contents. VisiCalc is a registered trademark of VisCorp. Apple is a registered trademark of Apple Computer nc .  IBM is a registered 
trademark of International Business Machines Corporation GRiD Compass Computer is a trademark of GRiD Systems Corporation. Z-I00 is a trademark of Zenith 
Data Systems. Eagle is a registered trademark of Eagle Computer, nc .  Digital, Professional, and Rainbow are trademarks of Digital Equipment Corporation. W A N G  
is a registered trademark of Wang Labo'ratories lnc. MS is a trademark of Microsoft Corporation, 

Copyright 0 1984 Software Arts, lnc. All rights reserved. 
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AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 

Science serves its readers as a forum for the presenta- 
tion and discussion of important issues related to the 
advancement of science, including the presentation of 
minority or conflicting points of view, rather than by 
publishing only material on which a consensus has been 
reached. Accordingly, all articles publ~shed in Sci- 
ence-including editorials, news and comment, and 
book reviews-are signed and reflect the individual 
views of the authors and not official points of view 
adopted by the AAAS or the institutions with which the 
authors are affiliated. 
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Federal R & D Budget: Guns Versus Butter 
U.S. scientists and engineers are generally aware that federal funding for 

R & D for the military has increased sharply in recent years. What is less 
appreciated is that federal funding for the rest of the nation's R & D effort 
has considerably decreased. Using words from a classic phrase, R & D 
funding for "guns" is up and R & D funding for "butter" is down. 

The National Science Foundation compilation* of federal R & D funding 
for fiscal years 1980 through 1984 by budget function, corrected for inflation 
with official deflators (fiscal 1984 is set a t  loo), reveals the following in 
billions of constant dollars. 

Fiscal year budget Increase 
Category 1980-1984 

1980 1981 1982 1983 1984 (9%) 

Total R & D $39.0 $39.2 $39.6 $40.4 $45.7 17 
National defense $19.4 $21.7 $24.2 $26.2 $32.0 65 
All other R & D $19.6 $17.5 $15.4 $14.2 $13.7 -30 

Figures for fiscal 1983 and 1984 are estimates. However, the opposite 
trends of support are obvious. N S F  lists 15 nondefense budget functions 
that obtain federal support for R & D. Of these, only one, general science, 
which is primarily basic research, shows an increase in constant dollars 
between fiscal 1980 and 1984; the 4-year increase is a modest 7 percent. In 
President Reagan's recent budget proposals for R & D for fiscal 1985, the 
dominance of funding for the military continues. 

The rapid increase in R & D for the military is not surprising; it was 
almost inevitable, given the large expansion of military budgets. The 
surprise is the magnitude of the decrease in support of nondefense R & D. 
This has occurred in the face of rising concern about the international 
competitiveness of our industries and the need for increasingly innovative 
U.S. technology. One response to these concerns was passage of the 
Economic Recovery Tax Act of 1981, which provided U.S. industry with a 
25 percent annual tax credit for incremental R & D expenditures. Partly as  a 
result, industry funding of R & D rose between 1980 and 1984 at  about 6 
percent per year in constant dollars. 

There are fields of effort where contributions by industry are small o r  
fragmented and where federal support of R & D is essential. These include 
health (other than drugs), energy, housing, agriculture, environmental 
protection, and natural resources. Basic research, which supplies the 
fundamental knowledge on which industrial R & D builds, also requires 
federal support, since industry's contribution is slight. 

Will the pressure for increased military R & D ease soon? The answer is 
almost surely no, since large increases in budgets for the military are 
proposed for the next several years, and there is no reason to expect the 
fraction for R & D to decrease. The most likely future is intensified 
pressure on all other federal budgets, including those for R & D. What then 
is to be done to obtain more adequate federal support for civilian R & D? 
Three efforts suggest themselves: develop more persuasive arguments to 
federal agencies and Congress on the need for more support for R & D in 
nonmilitary areas; emphasize the need for more basic research, particularly 
in areas that supply the scientific base for our industries; and urge greater 
effectiveness in the federal government's civilian R & D support programs, 
with less emphasis on such research spectaculars as the Manned Space 
Laboratory and tighter constraints on the burgeoning expenditures for 
military R & D. 

Scientists and engineers have a particular responsibility to understand 
these problems and make their recommendations known. What is at stake is 
the future prosperity of our nation.-F. A. LONG, Program on Science, 
Technology, and Society, Cornell University, Zthaca, New York 14853 

"Science Resources Studies Highlights, NSF 83-323, 14 October 1983 
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16. New York Botanic Garden. Monday, 28 May, 12:30 p.m.- 
4:30 p.m. (Limit: 30 persons) 

19. AT&T Bell Laboratories. Tuesday, 29 May, 8:30 a.m.- 
1:00 p.m.  (Limit: 100 persons) 

The facility is located in Murray Hill, New Jersey, 1-hour's 
drive from midtown Manhattan. Here, at the birthplace of the 
transistor, advanced research and development is performed 
across a broad range of scientific and engineering disciplines 
important to information technology. After an introductory 
presentation, small groups will visit selected laboratories and 
see current work on very large scale integrated (VLSI) 
circuits, fiber optics, and recent developments in computer 
science research. 

Visit the Enid A. Haupt Conservatory, an acre of gardens 
under glass, containing 11 galleries and pavilions, each with a 
different plant environment. See also the Rose, Systematic, 
Chemurgic, and Herb Gardens and other exhibits. 

17. Subway Safari: NBC and Rockefeller Center. Monday, 28 
May, 12:30 p.m.-4:30 p.m. (Limit: 30 persons) 

Led by professional guides, this tour will take you to the NBC 
TV studios and the famous Rockefeller Center. 

20. Subway Safari: Radio City Music Hall and St. Patrick's 
Cathedral. Tuesday, 29 May, 9:00 a.m.-1:00 p.m. (Limit: 
30 persons) 

18. Broadway Musical: Cats. Monday, 28 May; Showtime: 
8:00 p.m. (Limit: 48 persons) 

This award-winning show is the most exciting musical on 
Broadway today! AAAS will send you a voucher; pick up 
your tickets at the AAAS Ticket Desk. 

Our final safari will take you to the majestic beauty of St.  
Patrick's Cathedral and the wonder of Radio City Music 
Hall-a great way to end a stay in New York City. 

Order Form for Tour and Show Tickets 
Name 

Institution or Company 
(If part of mailing address) 

Street Address 

City - State - - Zip Code 

For tours 1, 10, and 19 indicate citizenship: 

Indicate any special requirements due to a handicap: -- 

Tour 
No. 

Ticket No. of Tour 
Price Tickets No. 

Ticket No. of 
Price Tickets 

1. IBM Thomas J .  Watson Research 
Center (25 May) . . . . . . . . . . . . . . .  

11. American Museum of Natural 
HistorylHayden Planetarium (27 
May) . . . . . . . . . . . . . . . . . . . . . . . . .  2. Brooklyn BridgelCity Hall (25 

. . . . . . . . . . . . . . . . . . . . . . . . .  May) 12. Broadway Musical: 42nd Street 
(27 May) .  . . . . . . . . . . . . . . . . . . . . .  

3. Brooklyn MuseumlBotanical 
Gardens (25 May). . . . . . . . . . . . . .  13. ChinatownILittle Italy (27 May) . 

4. New York Stock Exchange (25 
May) . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  14. Lower East Side (28 May) 

15. Soho (28 May). . . . . . . . . . . . . . . . .  
5. David Letterman Show (25 May) 

16. New York Botanic Garden (28 
May) . . . . . . . . . . . . . . . . . . . . . . . . .  6. Intrepid Museum (26 May).  . . . . .  

7. American Museum of Natural 
HistorylHayden Planetarium (26 
May) . . . . . . . . . . . . . . . . . . . . . . . . .  

17. NBClRockefeller Center (28 
May) . . . . . . . . . . . . . . . . . . . . . . . . .  

18. Broadway Musical: Cats (28 
May) . . . . . . . . . . . . . . . . . . . . . . . . .  8. Bird Walk in Central Park (27 

May) . . . . . . . . . . . . . . . . . . . . . . . . .  Free 

2.00 
19. AT&T Bell Laboratories (29 

May) . . . . . . . . . . . . . . . . . . . . . . . . .  9. South Street Seaport (27 May). . .  
10. West PointlHudson River Boat 

and Bus Tour (27 M a y ) .  . . . . . . . .  
20. Radio City Music HalliSt. 

Patrick's Cathedral (29 May) . . . .  

Charge to my VISA or MASTERCARD. Enclosed is my check Total amount enclosed or charged: $ 

Total number of tickets ordered: $ 

Account No. -- - -  Cardholder's Name - 

Expiration Date Signature - 

MAIL TO: Tours, AAAS-Dept. R, 1515 Massachusetts Avenue, NW, Washington, D.C. 20005 
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