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-esearch going to be hampered-and graduate fellowship: 

BROWN: It is certainly true that the demand for graduate 
.-: "..A ,,. -- L. -.,- 1-0 T+:" -1"" 

true that federal support seems to go in cycles, and federal 
nterests seem to change from one thing to another. . . 

about 20 years-and it's still run roughly that way. 
he late sixties national interest-popular interest- 

iocial ills whose solutions weren't possible in pure1 
echnical terms. In the second place, the university .. . . .. " .. . 
he fifties and sixties, had to level out-just as any 
exponential has to level out. 

These two things came together, along with a 

The federal government's reduction of support fo 
icience and technology has, of course. hurt our supp 
yaduate students. There has been a confusion, I thin . . 

is a whole and the question of how rapidly the universitie 
:an continue to grow. Our own students have been largel: 
oriented toward academic research after they leave. Anc 

as people become clearer on what the rea 
m." *..- "-2 "" *h....,. o---" ",..""-.."L -... 

low to solve them, there is going to be an increasing 
lumber of jobs for technically trained people, because a1 



the questions of environmental pollution and regulation of 
environment, and new transportation systems, and so on, 
are going to demand new kinds of technology and new 
pwple to do them. 

I don't think that Caltech can, any better than a f ~ y  
other place, outguess the future to the degree of training 

specifically 15 or 20y 
Caltech education can 

important for a 

soi'iety gciiiig to be intercstcd i n '  Whcri; (iocs thc science C.iltenh :is the other two, but i t  exists here and might in the 
and ti;chnolu)^ itself le:ul! It'> not cnoush tu hdvc a funire combine very w l 1  uith EOL to look :it a still 
problem. The stiite of the tcc l inolo~ vind 4encc  h:i\ 10 hi.' broader qiicstioii ~f ptiblii; poli>:! 
such thxi veil can contribute to thc sol\'iiii; of ihi; problem. Now all t h c ~ :  thine> .ire liirsely applied. I think that - - . - -  

there are also some places in basic research that are 

Another a1 l'muot foolish 
science, to problems oi environment. 

have to listen to other people, and try to decide who 

is to make sure that there are enough components 
technology in it so that the faculty feel comfortabl 
lnt I would associate that problem also with somethin 
hat's quite different in organization-namely the Ce 
nr Natural Disasters-which is a center for research 
roblems of natural disasters. That clearly has a muc " . .  . . . .  . . . 

hat Caltech might move into. What about teaching? It 
eems to me there's a demand for good science teaching 
t the graduate and undergraduate level, and that Caltecl . . . . .I  

P hm good teacners wno are pernaps no1 oeing use0 10 me 
rger component oi technology. Nevermeless, 
lug in the studies of systems and of public policy, th 
onomics of these questions, and the political and so expensive" Do you tee1 that Caltech is going to take m 
oblems that go with them, because insuranc 

art of natural disasters, and land use is a big part 
atural disasters, and all the rest. I wouldplace the 
isaster Center with the Environmental Qualit student. If you do it by dividing the resources we 
aboratory as an attempt by people at Caltech ot for teaching (which is essentially the number o 

bring together different kinds of technology, an faculty that a certain limited amount of dollars can 



beyond a certain number the nature of the interact! 
students changes and the quality goes down. Howe 
I would still favor adding students until you get to . . .  " .  . . . 

duate students. I would be 
00-but I don't think it's as 
on I think it would be a mis 

ormous home audience for this thins. as 

nore popular science for adults who wa~  
)hysics, and maybe never use it. It won1 
-but not necessarily young students. Th . . * - 

classes. Is that a ootential financial source for C 

here's something worth seeking, at least, in trying to h 
hat kind of thing to a much larger audience. Some 
acuity members, I think, would be interested in givini 



retui look at shortening the curricum 
to come with somuch betterpreparati 
ving Ln college with, that I should th 

ivate schools So I think the incentive is there and as long 
enough people work hard at it, there's achance o 
eping the private schools-if not affluent, as they 

ne to be an awful lot of required courses, and th 
equirements there are beyond, say, one year's w 
ourses-the less possibility there seems to be Â£0 

justify what we're doing. Otherwise I think we would be 



rom the pad. The orange became brilliant white and 
Jowly the great bird lifted, the growing white tail illumi 

#hips, as shock waves from the Saturn nozzles lashed a 
sach other. It was stimulating and awesome to see, hear 
and feel the power required to carry three men far from 
he earth. 

buses, planes, and boats from everywhs 
were lined with parked vehicles and all 
centers on the Cape were jammed with 

Poised for lift-off on December 6, Apollo 17 gleamed Apollo 17 continued to stream upward ahead of its 
in the greenish white glare of spotlights. It stoodupright half-mile trail of white fire, and soon became visible to a 
like a 36-story white arrow on the launch pad next to its half million people crowded along 

estuaries around the Kennedy Spa 
me in autos, campers, trailers, 

nutes before disappearing into the ni 
More than 2,000 people at th 

t Apollo flights to them 

umble broke into a great roar that cracked 
chievement. This certainly was one. i n  tact, to 

smic body with thegreat expec 
ly is a momentous aecompl' 



ins that hound him to the eartl 
iloration of spac 

of the 20th century is writte 

xoiorer I. launcnea irom wnaL was men L ~ J C  *_a 

nstitute's eyes above the horizon long ago i 
he building of such great instruments as the 

ince the s t a r t ~ o n l y  13 years ago. Under Directo 
William Pickering, Caltech's Jet Propulsion Labo: 
ed this country into the space age with the flight c - .  . . c ~ ~ - ~ ~ . ~ - L  ~ ~ ~ . .  .,..- ".-A n. 

m~anuary  31, 1958. Today at Cape Kennedy the 
explorer I launch pad is marked with a plaque corn 
>rating that mileston 





S i h  

admits he was born too soon to go to the moon. Shoemaker 
conducted a long, uphill; and not always smooth struggle 
to bring science into the Apollo program, and he directed 
the field geology operations for several of the missions. 

The man who pioneered in teaching geology to the 



for five years, has served on a num 
mittees and is currently a member 



Parker (PhD '62) and Charles G. Fullerton (BS '57, 
MS '58) were capsule communicators for Apollo 17 

Although the Apollo flights are ended, they leave 

Thus, as the lunar samples continue to be distr~bul 
laboratories at Caltech and elsewhere, the exploratio 





HELP FOR KELP 
Wheeler North is a marine biologist 
with a mission 

One thing youcan say for certain about California's 
kelp forests: They have a friend in Wheeler North. A 
marine biologist, a dedicated diver, and a Caltech 
professor of environmental science. North enjoys kelp 
as a magnificent plant and appreciates its vital role in 
the ecology of the ocean and the economy of the state. 
For almost 20 years he has been working to make sure 
that it thrives. 

The waters along the Pacific coast once had dense 
marine forests that extended for a mile or so off shore all 
the way from San Diego to Alaska. But infestations of 
hungry sea urchins and an unprecedented rise in ocean 
temperatures in the late 1950's almost wiped them out. 
Identifying the culprits was North's first step toward pre- 
serving the remaining forests. The second was to start 
eliminating the urchins. As a third move. he has been 
experimenting with ways of planting new kelp in denuded 
areas where it once flourished. 

Mature kelp plants release billions of spores each 
season, so North began by removing adult plants from 
still verdant forests and implanting them in areas where 
kelp once grew. But the low survival rate of the spores 
in nature makes transplanting full-grown plants pretty 

Home base for North's kelp studies is Catech's 
William G. Kerckhoff Marine Laboratory in  Corona 
del Mar. In culture chambers there he grows enough 
embryonic kelp plants to  make a jungle o f  the whole 
ocean. In nature, though, only three or four out o f  
1,000 hillion embryos survive long enough to become 
visible plants, and still fewer ever grow up. But 
North manages to  better the odds considerably. 
The embryos grown in the lab have a 100 percent 
rate o f  survival, and when they arc released in selected 
areas in the ocean, their chances are 1 in 100,000. 

inefficient, so North worked out a method of culturing 
billions of kelp embryos in his laboratory for largc-scale 
dispersals in the sea. 

He has now developed two methods for getting plantings 
started in the ocean: tying small plants to styrofoam 
buoys which are anchored with a heavy chain to the 
sea floor; and scraping billions of embryos from a 
substrate at the planting site. 

Even with these techniques now fairly well established, 
North is a long way from just doing underwater gardening. 
For instance, he is experimenting to determine the best 
season for planting, the best substrate for growing embryos, 
and the maximum depth at which the divers can work. 
Each new area he goes into has its surprises, and he has 
to adjust to them. And what he learns extends the 
hypotheses for further work. 

Currently, North is trying to reestablish two former 
kelp b c d s ~ o n e  at Imperial Beach at the Mexican border 
and one at Palos Vcrdes in Los Angeles County. The 
project at Imperial Beach is doing well; at Palos Verdes 
the going is rough. He wants to know why. 

In the 100-mile-long stretch of coastline between 
Imperial Beach and Palos Verdes, North and his 
colleagues have by now reestablished about 50 percent of 
the extinct kelp beds. One of the most verdant and 
productive is at Point Lorna, where kelp is again plentiful 
enough that it can be commercially harvested. What is 
even more important to North, the underwater world is 
ecologically in balance, and exciting and beautiful to 
explore-which he does periodically to make sure 
everything is in order in the kelp forest. 
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in good conditio 

rchins, and thus gave trillions of embryonic kelp plants a bigger chance t 
ve. (Tn the process they also provided a lot of hungry fish with free meal 

nother method North has developed to kill the urchins is to dump quick!! 
sea above them. The quicklime particles settle on some urchins, burning a 

urchins to release their holds on the bottom, leaving them prey to the ocean curren 

p" L,,,u> ". y . ~  ...., .....-.. - 
dies. And the area over which the urc 
have mazed becomes an underwater 



North is making scientific farming 
of the ocean a reality 

One way to keep track of the outcome of kelp planting 
experiments is tomap both the dispersal areas and thelocation 
anddensity of theresulting beds. In 1970, North andhis group 
made two small dispersals of kelp embryos oS. Cameo Shores 
and Pelican Point in Orange County, leading to some minor 
rcappearancc of kelp where thcrc had been none since 1958. 
~ e i i n e e d s  water that gets no warmer than 65 degrees 
Fahrenheit to thrive, and unusually warmsurface water 
temperature in the summer of 1971 reducedsurvival rates 
among these youngplantsÃ‘thoug thespores at first took hold 
and grew as expected in the comfortably cool water on the 
bottom of the sea. For the last year a combination of large-scale 
dispersals and favorable water temperatures has createda 
vigorous forest of kelp, visible on the surface as a canopy of 
leaves. And embryos released off Arch Rock and Cameo Shores 
in the early spring of 1972 have resulted in enormous numbers 
of small plants on the ocean floor. 

un  his way to the bottom of thesea, North takes along a WIion 
potential keleplants growing on a folded fiberglass-clotfa, which 
acts as a substrate for akdp culture, Clothslike these are laid 
on tile hattom of still-water tanks in tklah, where they catch 
and hold spores from apesaally treated bottom leaves of kelp 
plants (sporophylls). la afewweeles Â£hespore developinto 
embryos with sticky surfaces and areready fmtrbnSpIanhg: 
Then a divertakes the cloths to afavor~enndermtec  location 
end scrapes them off with aptexiglas rod. 

18 EnRin'eering and Science 

1 Small dispersals on 1 
3/13/70 ond 4/8/70 

Large dispersals on '-. 
1/6/71,4/7/71,5/23/71, 
ond 6/6/71 



ghat he has just collected-and instructc 
brth brings up a few more items t 
night possibly have been overlook 



Gone forever are the da 
"..A -,.:,,.. 

observational limits of the telescopes, 
and improving their operating efficiency 

'The latter wonld appear to be of 



same result as a telescope with twice the 
collecting area.'' 

This concept is very helpful when the 
dollar value of a new electronic instru- 
ment is being analyzed. A 60-inch 
telescope costs about $2 million and a 
200-inch about $20 million. That means 
it is worth $2 million to double the 
effectiveness of the 60-inch or to increase 
it by 10 percent for the 200-inch. The 
$150,000 computer system installed on 
the 200-inch telescope a year ago has 
more than paid for itself by substantially 
increasing the operating efficiency. 

The system provides a comprehensive, 
coordinated method of acquiring astro- 
nomical data and recording it on magnetic 
tape, punch cards, and print-outs, while 
at the same time controlling the telescope 
automatically. Information about the 
telescope and the observing instruments 
is displayed on a desk monitor while the 
observation takes place, which allows the 
astronomer to evaluate the data almost as 
soon as it is collected by the mirror. The 
observer has more control over the data- 
collecting process and receives more 
information about the observations as 
they are being made. For example, if the 
astronomer spots something particularly 
interesting in the raw data being received 
that demands a change in his plans, he 
can make alterations immediately. Before. 
he would have to study the information 
he collected for months. If he wanted 
more information, he would have to wait 
more months before he got a chance to 
use the telescope again. 

The system has proved so useful on 
the 200-inch telescope that it is now being 
installed on the 60-inch telescopes at both 
Palomar and Mt. Wilson. By next spring 
it will also be installed on the 150-foot 
solar tower telescope at Mt. Wilson. 

Complementing the computer systenl 
on the 200-inch is a $50,000 television 
setup to aid astronomers in sighting on 
their targets. Observers formerly used 

"blind offsetting"-locating with respect 
to the nearest visible bright objects the 
exact position in the sky of other objects 
too faint to be seen by the eye. With 
computer control there was still a certain 
amount of error, for although the com- 
puter system is very accurate-to within 
10 seconds of an arc-most stellar objects 
cover much less than a second of arc. 

The television view-finding system 
reduces this error by letting the astrono- 
mer see fainter objects than he would if 
he just looked through the telescope 
eyepiece. The television camera looks 
through the telescope and amplifies the 
image several hundred times before 
projecting it on a conventional television 
screen. A series of still pictures results. 
This system has the advantage over visual 
sighting because, like the photographic 
plate, it can accumulate images from faint 
objects over a long period of time. And it 
does not lose its ability to detect small 
details on dim objects as does the eye. 

Through the 200-inch the human eye 
can see about 18% -magnitude stars. By 
contrast. as a standard television camera. 
the view-finding system can see 15th- 
magnitude stars. With a 6-second time 
exposure it can see 21st-magnitude stars, 
which is near the photographic limit of 
the 200-inch and 2.5 million times fainter 
than can be seen by the unaiclcd eye 
without a telescope. So, in many cases, 
the systenl permits the astronomer to 
actually sight on what he wants to record. 

Much of this effort to improve 
operational efficiency would be useless if 
there were not some means of extending 
the observational efficiency of the tele- 
scope-its ability to collect light. And 
modern astronomy is greatly concerned 
with objects at the very edge of the 200- 
inch telescope's photographic limit. 

One new device is the photomultiplier 
tube, which converts optical signals into 
electric signals and amplifies them. It is 
10 times more sensitive than the 

traditional photographic plate. However, 
the photomultiplier has the disadvantage 
that it can only observe one point on an 
optical image at any one time. And f o r  
observations involving many points, such 
as spectroscopic analysis, it has been more 
efficient to use the photographic plate. 
But, by using several photomultipliers 
simultaneously, it is possible to  gather 
information on several points at once. 
One such system is a spectrometer on  the 
200-inch that has 32 photomultipliers 
operating together. This, in effect, 
improves the telescope's observational 
efficiency 32 times. 

For many years astronomers have 
dreamed of the possibility of an image 
intensifier with a large number of picture 
elements, each having the same 
characteristics as a single photomultiplier 
tube. Ideally, such a device should have 
as many picture elements as are contained 
on a photographic plate-roughly 40 to 
50 million. But a system that could handle 
even 60,000 to a million such picture 
elements would be suitable for many 
exciting astronomical problems. 

Dennison and his group are working 
with a new system, an ultra-high-gain 
television camera, that reaches this lower 
limit. It collects light from a source and 
stores it as an electron image on a target. 
A microscopic beam scans the image, 
extracts the information, and stores it on 
a magnetic tape. Such a system will be 
used on the 200-inch telcscope to measure 
65,000 picture elements simultaneously. 

Desirable as such observational 
improvements are, they also increase the 
pressure on Dennison and his co-workers 
to continue to improve the operational 
efficiency of the telescope. "It's a vicious 
circle," he says. "As reaching out to 
greater distances and detecting fainter 
objects combine to make telescope 
observing more complex, the need fo r  
simple, manageable observation systems 
becomes more important." 



The Month 
at Caltech 

month brought one loss and two 
ns to the Caltech boar 
oneof its long-time m 

ceived a humanitarian awar 
Roy L. Ash has a new job he 

pressure of his appointment h 
resident Nixon to head the offic 
udget and Management. The p 
f 1 ;*on Industries has served on t - . ~ ~  

!tech board since 1967 
Qt'-hard P. Coolev and 

."..", 
vc ofliccr of the Wells Fargo Ban 
it7i-mah, a New York Citv residen 

ny, and president of the 
"' ̂ hamher of Commerc 

, ~~~~~ c~ -~~.~. . ,  
ards $25,000 to each recipient. m 
ossihle for distinguished ynun 
mists, chemical engineers, and 

enlists in the academic 
emselves f~irthcr. as teachers and 
searchers, early in their careers. 
Seinfeld will use his award to ex 
search on the mathema ohn D. Baldeschwiel 

er various meteorological 

ar-old chemical engineer is 
,.""L c-- 8. L... L 

f a i r  pollutant behavior. The mathem emistry and Chemical Engine a1 models he is developing will enahl ective July 1-r possibly ea ollution control districts to predict m 
ill leave his White House curately the intensities and composi I irector of Science and Te  
in the Caltech faculty 
The 39-year-old phy: 
the youngest men elei 

arded a Dreyfus grant. The awards o, is widely known for his work o c initiated in 1970, when Robert roblems involving both chemistry gman, associate professor of ch iology-an increasingly important a 
,was  a winner. Jesse L. Beaucha f research at Caltech. 
an associate professor of chcmistr Before going to Washington, 

alclcschwicier was a professor 
at Stanford. He received a 

~ i l i f o r n i a  at ~ e r k e l e ~  in 1959. ~ e f o r e  
joining the Stanford faculty in 1965 he 
was an assistant professor of chemistry 
at Harvard University. 
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5 and 8 ~ a r e  probes of 196 
ariner 9 Mars exploration of 

. ~~- 

- -.-.. 
mal Scientific Achievement 

eugebauer was awarded NASA 

cted and lively curiosity bright ference on "Energy as a Sca 
Caltech campus when he was a ource" was going to outgrow 

t Ramo Auditorium. And, as i 

ers agreed that it brought toge 
es, EQL director: Hollis M. rate and sometimes hostile ' 

Science in China" on the assistant secretary of the Depa in a dispassionate, factual, 
evening giving a public lee of the Interior; Michael McCIo onmentally sensitive discussi 

a biology seminar on 
nd Photo Control of Le 

Movement." 
Besides drawing a few deep breat 

the 19th, he meets for lunch with 
members of the Chinese Students Associa 
tion and talks informally to student 
groups the rest of the day. 

At  noon John Tunney, U.S. senate people than you might think arc dedicate' 
from California, spoke to a capacity to finding new ways to conserve the 
Athenaeum crowd on "Energy Policy: An energy sources we still have. 



The ~ a l k y i e s  Ride Again 

1 Letters 
Kitt Peak National Observatory 

Tucson, Arizona 

, a )  lo wake a student J ~ ~ r i i i g  find c:,ijrn 
-$+.rek ui Caltech. and thai was c.-r~iinly 
the week it was, for Tech students and lor  
astronaut and alumnus Jack Schmitt 
B s ' 5 7 J .  

I t  all came about after Mission Conirol 
at NASA's Manned Spacecraft Center in 
Houston tried to wake the Apollo crew on 
December 9 with the University of Kansas 
hght song, "I'm a Jay, Jay, Jayhawk." 
(Astronaut Ron Evans is a Kansas 
alumnus.) i t  got no rise from Evans o r  
his somnolent fellow travelers, Schmitt 
and Eugene Cernan. Two Caltech under- 
graduates easily convinced Albert Hibbs, 
a JPL senior scientist and alunlnus (BS 
'45, PhD ' 5 5 ) ,  that Caltech could d o  
better than that. Hibbs relayed the idea to  
NASA's Administrator James Fletcher 
( P h D  '48). Fletcher carried through to a 
bravura Wagnerian finish. 

Science for Mankind 
Caltech's five-year Science for  Mankind 

fund-raising campaign, launched in 
November 1967, has now been success- 
fully concluded-exceeding its $70.4 
million goal by over half a million dollars. 

The  drive was instigated to provide 
additional support for endowing faculty 
salaries, for  new buildings and renova- 
tions, and to cover increased operating 
costs of academic programs and the 
physical plant. During the campaign, 
seven new buildings were added and two 
more were started. Seven named 
professorships wcrc established, most of 
them supported by endowments. 

More than half of the campaign funds 
came from individual gifts, including $12 
million in bequests. More than a quarter 
of the total came from corporations. 
Caltech alumni contributed more than $2 
million, and the remainder came from 
foundations, societies, and other 
organizations. 

( \ .  175, pp. $ 1  9-835 ) t o  indicate that 
the Dicke-Goldenberg measurements 
of solar obluteness can be explained in 
teirns of bright facultic in ihe sun's 
tqutitorial region mid d o  not leave 
evidence tor  a rapidly rotating core. You 
did not menlion that the Chapman- 
Ingersoll paper was followed in the same 
issue of the Journal by a rebuttal by Dr. 
Dicke who said that neither the original 
Dicke rncasurements of faculae nor  hose 
of Chapman and Jngersoll show a signifi- 
cant enough comrib i~~ion  to cast douhl on 
the original interpretation of solar oblate- 
ness given by Dicke. The referee and 
editor of the , /o i~rr~ul  felt that the problem 
had not yet been resolved and that both 
statistical analyses should he published 
side by side. 

Helmut A. Abt. PhD '52 
Managing Editor 
The Astrophysicul Journal 

Dr. Zi~gersoll replies: 

An obvious controversy docs exist and 
the issue is still far  from settled. This fact 
should have been much clearer in my 
remarks in the E&S article. In view of this 
controversy the last sentence was mis- 
leading in stating that the sun "must be 
oblate by a much smaller amount than 
Dicke originally claimed." However, in 
his rebuttal Dicke presented a statistical 
analysis indicating that faculae contribute 
only a small part (10 percent) of the 
excess solar oblateness measured at  
Princeton in 1966. Chapman and I argue 
that the facular contribution may be 
much larger and have submitted a paper 
replying to Dr. Dicke. 

London 

EDITOR : 
1 was more than usually interested in 

the neat explanation of the application of 
scientific theory and principles to the 
nature of the universe in James Gunn's 
T h e  Shape of Space" in  your i-isuc back 
in May. I hii\e oftin wonJci<d ,911; 
scientists seem c o l l ~ c t i v c l ~  to accept the 
expanding universe proposition which 
depends h o  heavily on the observed "red 
shift." I wonder why we can be sure there 
is not some tendency for light waves to 
slow down in frequency, or to straighten 
out, when they travel over enormous dis- 
tances? How do we know they don't suffer 
f rom some slight diminution of energy on 
their long curved path through space that 
would explain the relationship between 
distance and "redshift" as readily as  the 
convenient analogy with the Doppler 
observations? 

R. S. MacAlister, '47 
Managing Director 
Occidental Petroleum (U.K. ) Limited 

Dr. Gunn replies: 

The  acceptance of the expansion of the  
universe as an explanation of the redshift 
is not done lightly, or indeed, without 
much dissension among workers in the 
field. The  whole aim of cosmology is to 
understand the universe in the large in 
terms of known physical theory. T h e  
various "tired light" ideas for  the redshift 
are not consistent with present physical 
theory. This does not say, of course, that 
next year someone will not invent a theory 
that is consistent with all known labora- 
tory data and which predicts a spon- 
taneous degradation of the i'requency of 
light over large distances, but no such 
framework exists today. One could simply 
postulate, out of any context, that the 
phenomenon occurs, but  one in so doing 
removes any possibility of understanding 
the universe in terms of known and 
verified physical laws. 
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line of-sight measurements. 
ARIES, its developers be 
good wav of accurately measurin - 
otions between points several him 
iles or more apart. They would like t absolute z,cro. An even colder place is inside the specially designed "dilutio 
art by using five or six movable dis refrigerator" in the nuclear spectroscoov laboratory of Felix Boehm. ~ r o f e  - & .  

of physics. 
Boehm-with Eri Cohen, research fellow in ph 

Cheung-uses the refrigerator to maintain radinactiv 
few tenths of a degree above absolute zero in a ve 

ntennas in conjunction with one o 
rge-diameter Goldstone dishes. T 

movable dishes would be set up on a 
ork of reference points in Califor 

the western United States. By niakin 
meas~iremcrits of the distance betwe is cooled from a gaseous state to a liquid state about one degree above absoln 
antennas at least once a year it should zero. Cooling to the necessary Few tenths of a degree above absolute zero is done 
possible to determine the general diluting one isotope, helium-3, by another isotope, helium-4, in a mixing chamber 
character and scale of the motion alo tip of the tapered cylinder. An iron disk about a fourth of an inch in diamete 
the San Andreas fault in two or three pregnated with radioactive material, is introduced into this chamber and code 
years. Several extragalactic sources proper temperatures. The system is set up to allow the experimenters to positi 

ould be nsed as reference points: ruments closer to the radioactive source than in other similar devices, which c 
lasars, 3C-273, 3C-279, and 3C- 

each of which is apparently about a 
billion light years away; and two qnasa 
like radio galaxies, 3C-120 and 3C-84, 

hich are about 100 million light year 

down the amount of error. 
Boehm, who was one of the first to discover the breakdown of the left-right sy 

in the weak interacting nuclear forces, is using the device to test another aspect of the 
symmetry principle-that of time-reversal invariance; that is, whether the physical law 
governing a subatomic event would be invariant whether the interaction is nin in 
reverse or not. 



the function of neurons as an integrate( 
system. 

This is not easy to do The human . . ... ' 

Using a 
an record ana analyze elccincai. unpu 
om the neurons in a living fly. Micro 
opic glass or  steel electroprobes, link 

v hair-thin wires to the comnuter. are 

, . .- 
makes it possible, in effect, to take a 
nervous system apart without 
permanently altering it. 

The research is supporte 
ational Institutes of Heal 

e area. The computer's cathode r 
e shows the impulses emitted as 

eries of sharp waves or "spikes." E 
ariety of neuron has its own chara 
tic spike pattern. The computer sor 
it each spike "fingerprint" from th 
mble of signals that are recorded o 
gnetic tape and displays three- 
ensional graphs on a cathode ra 

ube. The comnuter can change the 
or:,-iit.irion of ihc, sraph, tisin'; the 
~hnicusii'nialirv of ilii.* picture* 10 help 

parate the spike patterns. 
Once this is done, the spikes c 
ssified according to the type o 

at emitted them. The comnuter s 
metnor\ hiis ., storc of ~ ~ h : i r ~ c 1 c r i ~ t i ~  
neuron-spike firiiii,' p31t.-rn. rccorJed i n  
esponseto test stimuli or visual pattern 
h 
I 

Â¥ 
h 

Research . . . continued 

ain and nervous 

erstanding of how the brain work ciples of intelligence. 
emerge until we learn more ahou ne of the most frustrating probl 

udying a living nervous system 

rain ana nervous system contain DIU 

rons of about 350 different ki 
I recently, it has been possibl 
y only about 10 of these diffe 
es of neurons at one time. Wi 

a t  represent each of the different neuro 
assifications. Matching the neuron's 
landwriting" with that of one from 
ie memory bank completes the 
assification. 



There's a future in our diversity. 
~Lth lehem has traditionally been not only a 
steelmaker, but also a producer in more than 
50 other steel-related manufacturing busi- 
nesses. Now we have diversified into many 
new areas. Recently acquired subsidiaries 
produce a broad range of products-plastics, 
including toys and s~or t ing  goods, minerals, 
and residential properties. And there's more 
on our diversification horizon. 

The fight goes on. 
We're continuing our environmental quality 
control investments at a $25-million-a-year 
clip. Recent examples: we just completed a 
$22-million water pollution abatement project 
at our Lackawanna Plant; improved air pollu- 
tion controls have just been installed on elec- 
tric furnace shops at Seattle and Bethlehem; 
and we're adding a $2I/2-million gas cleaning 
system at our Sparrows Point, Md., open- 
hearth department. 

A new product from R & D. 
The development of new processes and prod- 
ucts at Bethlehem's Homer Research Labora- 
tories relies on a surprising range of science 
and engineering fields; metallurgy. chemistry, 
electronics, even biology to name a few. One 
of our new sheet steel products, Galvalume, 
was developed by the surface-chemists of our 
corrosion group. Galvalume is a coated sheet 
steel product with excellent heat and corro- 
sion resistance imparted by an aluminum-zinc 
alloy coating. Galvalume sheets have a wide 
range of applications, especially in the auto- 
motive and appliance industries. 

Recycling? We've been doing 
it for years. 
By now most students interested in the en- 
vironment are aware that about 50% of all new 
steel is made from iron and steel scrap. Lots 
of folks overlook the fact that many other 

''products" of the steel-making process are 
recycled. For example, gas generated in the 
blast furnaces and coke ovens is cleaned. 
Some of it goes back into the stoves. The re- 
rnainder serves as fuel for other processes in 
the plant. Iron ore particles trapped by pollu- 
tion control devices monitoring the steel-mak- 
ing furnaces are collected, processed, and 
charged back into 1he furnaces. 

265,000-dwt supertankers 
ordered. 
Bethlehem has a $215-million contract for 
three large crude oil carriers, the largest com- 
mercial vessels to be built in the U.S. They'll 
be built in our huge ( 1 , 2 0 0 ~  200-ft.) new build- 
ing basin at our Sparrows Point, Md., ship- 
yard. Each tanker will need about 50,000 tons 
of our steel products. 

Watch for our interviewers. 
They'll be visiting your campus soon. Why not 
sign up for an interview and find out about a 
future in steel? In the meantime, pick up a copy 
of our Booklet, "Bethlehem Steel's Loop 
Course" in your placement office. Or write to: 
Director-College Relations, Bethlehem Steel 
Corporation, Bethlehem, PA 1801 6. 

an equal opportunity 
employer 



An Interview 
with Harold Brown 
continued from page 7 

reflected because it certain 

order calling for equal opportunl 
employment I think there is sen 
pressure from the women's grou 
think there is moral oressure fro 

eople are appointed on th 

cuse the facts, but to explain the 
n the case of women the situatio 

different. There are quite a lot o 

ert, in some cases tacit, discriminati 

d dropping out of the market." 
'same time you have another 
blen~. The institution of mar 

ife are professionals, they have go 
here the husband's job is-and the dergraduates could become att 

storted and often stunted. And w I, while doing research at the s 

arket while the children are young, 

e pressures do  come from the Depar 
ent of Health, Education and Welfa 

enerous with its 

e ,.-- u.. . - U.Ul.. -.. VUUU. UUUUl Ll.HIl. 

and cut off grants and controls. And 
ome institutions-at Michigan, for  hat this 1. 

,% 

! a  ORIN: Exactly. The problem is now 
:ind of arrangement is availab . 

example, and Columbia-they've real on're really willing to put in a lot o f  
gone right down to the wire on that me to try to prove to people that the 
question. We have had a somewhat search you're doing will cover the wo 
different situation, partly because we a yon would be dealing with in three o r  
strongly technically oriented, and th four courses, which you'd have to di-o 
press~~rcs by women in those areas a More often you have to keep the three 

uitc as great. I think that we have t four courses and try and do your researc 
nd we arc trvina t o ~ a s s u r e  standard above an, 



ROWN: A number of Ca AUCHAMP: The whole I 
eluding some who are really quite could probably benefit from that. I 

favorably inclined toward innovation nother question, though. The facult 
perimentation, have told me that one o ts a lot of feedback from students, o the detriment of his research, an 
e problems is that our students ther faculty, from administration, a it comes time in three years or 
Ives are very consewative-ve om outside the Institute, ahout the s for review and the faculty has t 
em are willing to gamble with t job they're doing in teaching and ide whether or not he merits tenu 
ademic careers. J'm not s search. What kind of feedback is a e're a research institute and we're t 
had. I'm saying it's an ob versity president most sensitive to at's our primary obligation. I don't si 
tend to believe. rms of knowing whether or not he's n the tenure committee, and I don't 

doing a good job? now how they decide these things, 
ORIN: I woul 'ti1 curious to hear about ' 

BROWN: I find that I am constant! 
ate students these days. seeking reassurance that people lov OWN: My experienc 

-and I don't do any better than th d what some of them 
of you in gettingit, except that the t research competenc 
administration these days can uroba me first. hut that teach 
regard absence of active signs of nd 1 can' think of a few c is  
dissatisfaction as a ~ r e t t v  good sie here exceutional teaching a . . -  

e option as to whether we can off the willingness of faculty members and ade the difference. My &n judgme 
search opportunities to students. students, if they've got a problem, t hat using our present criteria of resea 
ysicists tend to work by themselves come in and talk to me about it I re aching, and service, in that orde 
example, while chemists have larg as a happy sign. I think the wo ithout fixed weights being given, 

earch groups that can incorporate around that my door is open. T orked pretty well. 
rge numbers of undergraduate stud words are used in lots of places, 
on spoke of wanting to shorten the ay mean much or little. (The OOD: What ar 

urricuktm. You know the chemist e ooen. but there can be all sor s o  
option '"or the I :n dlree !i'iirS ll:l-' l1:iiJ no 1,)rn.- fiel.1~ ~>pi-'r:~tin;; I,, kc'ep p e ~ p l c  0111. I 

BROWS: I w : i k ,  01 cuurir  from ihi; 

I don't do what I know some s 
faculty would like me to do. I 
pend two hours regularly once 

week having beer at the Athenaeum 
thought about whether I should d o t  

be the criteria that govern your wo 

hool, or now into med school. to make sure of feedback from them. istees or to outside people when 
ring up the question. Bnt those de 
think, either tend to leave ont, or  i 

sure on cours 
umber of irate letters I get @es up uties acceptably, or whether he's jus 

e same thing. Tenure has become 
whether that means apathy, or whe 

efit of an oven c~irricitlum. we're doine well. or what. ember's freedom of exnression in h 
u .  

wuiield and freedom from retaliation 
OOD: Perhaps part o f t  gainst unpopular political opinions. I 
novative teaching is the as become a kind of job security. I 



An Interview 
with Harold Brown 
continued from page 31 

should note, in  defense of academia, that 
in some industrial organizations ( good 
ones, too)  a high degree of job security 
exists, though it's not called tenure. 

WARD: D o  you feel there are any 
changes that need t o  be made in the 
graduate program, or  anything to be done 
to improve it? 

BROWN: 1 feel strongly that the 
graduate program has to be looked at by 
the faculty in each option, with specific 
attention to the question of what you are 
training graduate students to  do. In the 
fifties and early sixties a larger fraction 
could be  expected to go into academic 
research than you can expect in the 
seventies and eighties. And if that doesn't 
require some change in emphasis-then 
it's a remarkable coincidence. 

DAVIDSON: I have a question that 
relates t o  fund raising-because the 
alumni fund drive is rolling along now. 
H o w  d o  we tell alumni, o r  any potential 
giver, why they really should give to  
Caltech? 

BROWN: What we say to individuals 
a n d  foundations is that Caltech deserves 
t o  be supported because i t  is at the cutting 
edge of human knowledge. It turns out 
not  only new facts, but new sciences. It 
produces really outstanding graduates, 
partly because the people it takes in are 
good, but also, we think, because of what 
happens to  them while they're here. In 
the long run our national well-being, both 
in material terms and in terms of the 
intellect or spirit, depends upon the 
products, knowledge, and people in places 
like Caltech. And Caltech is among the 
very best-we feel it's the best-at what 
it fries l o  do. 

Those are the answers we give i n  
words. Whiit we Find i q  that when we 
hr ing people proimil here, we don t have 
to say all th'it. All they have to do is 
listen to  some of our people talking about 
their work. 

ORCKM A N :  Drs. Millikan and 
DiiBridge both headed the Institute for 
about 20 years apiece. Do you see your- 
self as filling the oflice of the presidency 
in five years o r  ten-or going on to 
something else? 

BROWN: Twenty years seems to me a 
very long time. 1 think the tradition of 
very long presidential tenure, if not now 
dead, is quite out of fashion. for 

understandable reasons. The pressures 
are substantial and they come from all 
sides. Things are changing more rapidly. 
And every time you make a decision, if 
you don't make enemies, you at  least have 
some annoyed people around, and these 
just add up. After not too many years 
you've accomplished most of what you 
can accomplish. Whether this is in five 
years o r  ten years, I don't know. I don't 
feel so close to that time that I've started 
t o  speculate on what comes next. But I 
expect not to be president of the Institute 
for  so long that I don't have career 
problems afterwards. 

PINE: There's a sort of tradition of 
administration people teaching here. 
Would you like t o  teach? 

We feel that 
Caltech is the 
best at what it 
tries to do. 
But when we 
bring people 
here, we don't 
have to say that. 
All they have to 
do is listen 
to some of our 

about their work 

BROWN: I am not quite comfortable 
enough with all my other duties yet that 
I could face up to that. But 1 would like 
to, in fact. It really would involve picking 
a subject and preparing enough material 
on  it to  cover a term's work. And when I 
would get a chance to do that, 1 don't 
know. I have agreed t o  serve on an inde- 
pendent study committee for one student, 
and that may be a good introduction to 
doing something. 

HOOD: What's your impression of the 
student houses? Are they a good place 
for the students to live? Is there any way 
of making them better? What is the 
administration thinking in this regard'? 

BROWN: The student houses represent 
themselves as being each very different 
from the other. They have not to me 
seemed to offer enough alternative ways 
of living. I think that is what they 
ought to  aim at, and I think it is the one 
thing perhaps the administration can 
encourage more. I'm not sure it can be 
done simply by trying to change the 
student houses. It may be more do-a ble by 
creating alternative living arrangements 
outside of the student houses. You know 
cooperatives have already been set up 
in three houses on Holliston Avenue. 
The Institute is also in the process of 
purchasing an apartment house which 
might be used for analogous purposes. 
Maybe some grads will want to  live in 
some of the new houses acquired, and 
maybe some undergraduates will want to  
live in some of the graduate houses, where 
they would not have the advantage of 
having meals prepared, but probably 
would have more privacy. So I can think 
of four o r  five different kinds of living 
arrangements, of which the undergraduate 
student houses are one. And F think i f  you 
had those four o r  five, then the under- 
graduate houses would become more 
different tha-n they :ire now 

HI-'AUC'HA M P :  4rc fhcie i ~ n y  q i i e ~ t i f * n ~  
you hoped we'd ask that we haven't asked 
yoti? 

BROWN: Yes. There's one thing I 
wanted to get off my chest, so I'll liuth ask 
the question and answer it. What is it 
that you feel you've been unable t o  do 
that you very much wanted to do? And 
the answer is that 1 have wished ever 
since I came that I could sit down and 
spend a few weeks just looking at long- 
range plans for the Institute 1 haven't 
been able to d o  that. 

32 Eni:ineering and Science 
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General Electric engineers 
and medic-al rese'irchers hrive 
come up with a very interesting 

It's an electrode wrappeci in 
a membrane that's highly per- 
meable to COZ giis. Yet tiny 
enough to tit inside' 'i needle 
and be inserted into ,I 1)erson's 

That's '1 nt>,it pivcc~ ot c ~ i -  
neering But thiit's not why it's 

ELP SAVE A PATIENT DURING SURGE 
time'. Sometimes more time than 

criticiilly ill patient can afford. 
The new GE b lood gas 

ciniilyzer gives doctor continu- 
ous, instiinttineous PCOS read- 
ings. So it c\in wcirn him of 
developing trouble. And give 
him the time to respond. 

It's good tlxvimple of how 
technological innov'ition can 

help solve ,i huniiin problem. 

pCO2 level in huni'1n blood.. . sheer technic'il wizardry. 
one of the most importiint incli- Miiybe th'it's standard you 
cators a doctor has for determin- should apply to the work you'll 
inga patient's condition during be doing. Whether or not you 

ever work <it Generill Electric. 
Bcciiuscl, '1s our engineers 

drawing a blood sample,, then wil l '  tell you, it's not so much 
sending it to the hospit'il lab for whiit you do that counts. It's 
a pCO2 analysis. That can take what it means. 


