


through rush hours at 
80 mph. Westinghouse built the experi- 
mental transit expressway in Pittsburgh. 
And we are building the computerized 
controls for the San Francisco mass- 
transit system that will be the model for 
others throughout America. We're look- 
ing for people to help us build equipment 
that will move people as they've never 
been moved before. 

These graduates needed: Engineering, 
Physical Sciences, Social Sciences, En- 
gineering Administration, Industrial Tech- 
nology, Business & Liberal Arts. 

I with the company that 
started it all. Westinghouse supplies some 
of the largest nuclear generating plants in  
the world. We are building nuclear rocket 
engines. Our reactors power nuclear sub- 
marines. But this is only the start. We 
need people for some of the most fas- 
cinating projects we've ever attempted. 

gineering, Mechanical Engineering, in- 
dustrial Engineering, Chemical Enqirieer- 
ing ,  Eng inee r ing  Mechan ics ,  Mar ine  
Engineering, Structural Engineering, Ce- 
ramics. Nuclear Engineering, Materials 
0 .' , x,it.nce, Physical Sciences. 

Desalt the world's oceans 
Westinghouse has 73 water-desalting 
units operating or on order around the 
world. Now we need people to help us 
design and build facilities that can de- 
salt 150 million gallons a day-and solve 
some of the toughest water-supply prob- 
lems we've ever tackled. 

uild a city from scratch-the way a 
city should be built. 

Westinghouse has just purchased an 
embryo city. We're looking for people 
to help us rebuild many of the existing 
cities in America. We can do it-Westing- 
house now provides more products, sys- 
tems and services for construction than 
any other single company. 

These graduates needed: Electrical En- 
gineering, Chemical Engineering, Materi- 
als Science. Physical Sciences, Industrial 
Engineering, Engineering Mechanics. Me- 
chanical Engineering, Civil Engineering. 

and explore the ocean 
20,000 feet down. Westinahouse is devel- 
oping a fleet of self-propelled undersea 
vehicles. In them we will dive deep, ex- 
plore, salvage and probably discover 
more than any other single company in  
oceanography. We need adventurers to 
join the quest that has already taken us 
all over the world. 

g inee r ing ,  Mechan ica l  Eng ineer ing,  
Chemical Engineering. Materials Science, 
Marine Engineering. Ocean Engineering 
Ã Science 

These graduates needed: Engineering, 
Physical Sciences, Social Sciences, En- 
gineering Administration, Industrial Tech- 
nology, Business & Liberal Arts. 

a r 
When the first expeditionary vehicle takes 
off, Westinghouse will be there. 

We are building the nuclear engine for 
voyages into deep space-to Mars and 
Venus and beyond. The jobs are exotic. 
We need more people to help us now. 

g inee r ing ,  Mechan ica l  Eng ineer ing,  
Chemical Engineering, Materials Science, 
Nuclear Engineering, Aerospace Engi- 
neering, Physical Sciences. 

Want to change the world? Your best 
opportunity lies with a company like 
West inghouse.  Con tac t  L. H. Moggie,  
Wcstinghouso Education Center, Pitts- 
burgh. Pa. 15221- or see the Westing- 
house interviewer on your campus. 

A n  equal opportunity employer. 



Everyone who uses technical papers should try this 
comparative test: D 
the light. Not a chance a gho 
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o other major corporation in our industry has grown so Like rewards based on performance-not on how old you 
fast. In  the last ten years, sales have zoomed from $286.4 arc, or how long you've been with us. By the same token, 
mill ion to over $1 billion. we do not subject you t o  Ion formal training programs. 

t that's just the beginning of the beginning. We d o  have a deep interest helping you grow just as 
e have a lot o f  serious growing to  do. Right now. And fast as you can. And in giving you as much responsibility 

some substantial, ground-floor opportunities to offer you. as you can handle. 
u can help us grow. W e  believe that is the reason for our success-and as- 
e need competent, imaginative, flexible people-with sured growth- in international markets for che 

egrees in chemistry, chemical or mechanical engineer- fibers, plastics, coatings, petroleum and forest pr 
ing, physics, or industrial engineering. People who can be- i f  a pace l ike th is sounds good to  you, discuss us 
come a part of our corltinuinq leadership in areas such as with your faculty and placement officer. And see our 
i ce t y l  chemicals, vapor-phase and liquid-phase oxidation representative when he is on campus. Or write to: John 
processes, fiber technology. And many more. B. Kuhn, Manager of University Recruitment Colanese 

Frankly, we expect a !ot. F3ut we offer even more. Corporation, 522 Fifth 



the fields of int 

Turboprop engines for business 
and military aircraft 

Gas turbine propulsion systems 
or high-speed rail cars 

Nuclear turbo-electric power 
systems for space 

Onboard turbines and contro 
systems for jetliners 

alves and control syste 
space vehicle boosters 

r------------------------w-" 
Mr. Harley Petterson 
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Anyone planning to use a mag- the rnaterials we use produce very 
netic material for anything more weak forces, people have been try- 
subtle than picking things up had ing for years to work out a hystere. 
better know its hysteresis curve sigraph that will get these forces 
That's the curve that shows how t o  move a recording pen Until re- 
much magnetic flux is induced in cently, the closest anybody had 
a material by applied magnetizing come was one of our engineers 
forces of either polarity Western His device employed a galva- 
Electric uses many kinds of mag- nometer, a mirror, a pair of photo 
netic rnaterials in the communica- cells, a servo amplifier and motor, 
tions equipment we build for the and an elaborate set of balancing 
Bell System. And for very subtle and positioning controls. I t  drew 
purposes indeed. nice curves, but the slightest vi 

SO we draw a lot of hysteresis bration threw i t  off, and getting i t  

set to  go again took time, skill, and 
infinite patience 

The same engineer who devised 
that hysteresigraph recognized the 
possibilities of a newly developed 
device called an electronic opera- 
tional amplifier He designed a 
new, all-electronic hysteresigraph 
around i t  t h a t  draws accurate 
curves i n  about  f ive minutes,  
needs hardly any adjusting, and is 
completely indifferent to  vibration 

This is the kind of continuing in- 
ventiveness Western Electric brings 
to i ts job as manufacturing and 
supply unit of the Bell System 



Six distiiiqiiislied Caltech scientists foiiicd lorces 

this spring to compress into a single symposium their 

knowledge of "The Far Reach of Science." 

This (lav-lonq prograin \ \as originall? presented to  more 

than 400 business executives in N e w  York on March IS 
and was repeated two days later tor a similar audience 

i i i  Chicago. The s? iiiposhnn was an invitational contereiicc 

sponsored by Lift nic~ga/ine, in cooperation 

with Caltech, to give business and industrial leaders 

some insight into what modern science is ti11 tiboiit. 

f l i e  speakers tuldressed themselviis to some ot the most 

basic questions of sc iencel: 

Vbiit is (lie iitiinrc of the unhorse? 

What is the nature of l i fe?  

ow does such knowkdyc tiileet 0111" dai1\ lives? 

iilteeh prcskk'ii l xke I. DuBritlge presented a11 

introduction lo this experiment in education and pointed u p  

the iiiten'cl~itioi iships between the 'n i l  ious scientific 

disciplines repi csentcc 

( iheoreticbal p1n sit 

Io! bus inessmen 1 ) 1  





e ~ i r c  here to try an experiment.  It is the  
essence of iiiiy experiment thiit its results 
cannot  be predicted, other\\ iso it is not an 
experiment,  it is only 'in e ~ e n t .  Since we ~ i r c  
alw,iys doiiiq experiments a t  Caltech, w e  'ire 
will i i lgto I n  this one.  

F l u -  nature of the  problem this experiment 
seeks t o  answer is simply this: 

C J I I  we <is scientists hring to  grot111 of 
business am1 professional leaders who  giikle 
t h e  pr<ictictil ailairs of tliis c o n n t i j ,  a n d  who 
h;i\c n o  professional concern with  science, 
sonic nisiglit into wha t  modern science is 'ill 
about  a n d  w h y  it is important to (5 r q  person 
oil this pLinetr' I don't know whether  we t\ui 
or not .  But we firmly believe i t  is worth  try ing. 

rbc ad\ allcch oi scicwcc in the  past 300 J cars 
has had a i)~-oioiiiul c f h ~ t  on t h e  wa? human 
beings n o w  live iind think. Tlu-i (1 is n o  moment  
ID  \ o n r  life t11,it ~ o i i  are  not d o m g t l i i n g s ,  
thinkiiig things, using things tli'it were 1111- 

hc.irc1 oi or impossible to think ithotit 300 \ c ~ r s  
~ q o  \vlicn niodt'i I )  scionco begaii T h e  lood \ o u  
cltit, tin- clothes \ oii wc'cli, the  medicines j ou 

ti](' \I1'i\ \ O H  ti'd\('l, t i l t '  \ \ ' I>  \ 0 1 1  COlli- 
~ i i i i i i i c ~ t c  \\ it11 othcis,  tin- piodiicts \ o u  make 
o i  sell, the iiidnsti ies \ O H  opcute 01 i i i \  (>st in 
0 1  pci sil<ick' othc1 s t o  I l l !  c s t  111, t in'  \ \ < I \  ^ 0 1 l  

tlnnk dhont the ~ o i k l - ' i l l  ol these tliiiitrs <ilc 

 is [pi. hnoloqists 

t i l tc~cd too hoc ause  tocLi\ c ihwL not on i l x>  
I M S I S  of ~lipt'l s t i t lo i i  1 ) ~ t  oil ( I I C   ASIS IS 0 1  <i t  

i ~ , i s i  S ~ I Ã ˆ K  III)(~{" islitl)dilli/ 



pint of Ins religion or his pliilosopli~ ol lilc. 
Indeed, what  we now call science was once 
c~illcd natural p l i i losopl~~ , as (listingnislu~d 
I rom morcil philosophy. 

In \ I ( > \ \  ol the lact t l u t  mini's pciicl'iiint foi 
spcciilatiiig iil)o~it the iiatinc 01 things is so 
iinci(wt, it scons  rcinaikiil)le that oiil) mod- 
erately i - ( ~ ~ i i t l ~  111 hiiniiiii histoy clul m m  
fin all^ disco\ ei s\ stcniatic wii> of ('1 inq 
his tigc-ol(l questions 'nu1 cliscm oriiig tin' ho\\ 
~ i i d  why of n.ituiv. 

It inaj  be (,\ eii more~ i i rp r i s i ng  to n\ili/c 
how jar man has pi-ogrcssecl in that 300 J P B I  s 
since science vs as born. For v\ 1ivn CT,III'ICYI first 
ineiisurcd-not just looked and s p ( ~ ~ i i l ~ i t c ~ 1 ,  biit 
ii~~~iisiired-1iow bodies loll to tlic ~ ~ i r t l i  .ind 
when Newton twniiciat(d the  g v i i ( ~ ~ i l  p r i ~ c i -  

which he toinul to  go\ or11 these plienoiii- 
cna, mankind entered a n e w  a n d  cxci t i i ipera 

" h e  scientific (>iidca\ oi has bad an cxtraor- 
tlinary history. El cry now i i ~ ~ c l  then sonivoiic 
who is o\er ly imprcsscci by  what  has been 
k~a rned  lias had the bad judgment to  snggest 
that  now we  know it all, that the progrcss oi 
knowledge is fiiiislud, i i~id that  the  \\701ld is 
'it last full? niiclerstood. 

This WJS stiic1 by (listinguislicd people at 
the hegii'ming ol tin's century. How f ~ib11loiis1~ 
ii~ist~iheii  the> wcrt'! 11'01 C\ (T\ ycLiii tlw i i e q ~ ~ i -  
sition of kimvledge has, 111 hict, a c c c k ~ ~ i t c d  
New disco\ (wr s  lia\ c been made, iivm I I ~ J  s- 
tci ics rc\ c~alecl, new tools toi <isking new 
questions oi nature ha \  c IH'OII im cntcd. And 
so  hula^ , while we pei cei\ c 'I ast SCJ ol 
k n o w l d w  behind us, \\cL soe w G\ G I >  \ tistci 
sea of ipioi  ante alu'acl 

But t l u t  sra  of ~ q ~ i o i  ~ t ~ ) c ' c  n o  loiiqt'i fny  
us, it e ' l i~llciiiy~s us to tic\\ \ (L i i t i t~cs  Foi \ \c 

iio\\ know (hiit, bit In bit, kiio-wledqe m i l l  ic- 
l )L~ce tins iyiioi tnirc 

r 7 I l i ~  depth of on1 l q i i o i  t i ~ ~ c c  i s  s~iq iys tcd  b~ 
the three biisie (psestnyiis that \\ e c P , O I I I ~  to 

be (Iciilitig \\ i t l i  111 tins s j  i ~ p o s m n i  
M- l l ' l l l l l ~  of t l l ~  I I I ~ ~ \ c ~ s ~ "  

ie iiiiimo of l i i ' i t t c l  J I K I  cnci <A ^ 
\\'hilt is the niitnic o i  life" 

Vbout t"wh ol these (pestioits  ini it h is 

l O \ \ 1 1 ,  1 > l l t  t l l d ~  IS H H K  1)  (lltit 1 

n d  the ciioits to exploit tlm in) 
i l ) O i ( '  cmll C C t K  aUK l l d i \ c  t ~ ( ! < t \  {hiill 

C\ C l  1 ) ( ' 1 0 1  c 
K> qo~l oi all ills\ cdo? t ' I lie <o.il 



A 11 I ~ ~ ~ \  C~ I ~ ~ ~ A ~ ~ ~ ~  t l j<% \I,\ oil 

dai k ,  c'lciii iiiqht 14 \\ r .itell iiwlnlc, tin' stills 

seem to n u 1  ch st c'adih ' I I I ~  iniqcstietilK i i c e ~  oss 
the  sk) , the stai 5 IK\I\ ('HS appeal s o  m e  and 

othmg conI(1 be I t i i  1:Iiei 110111 the 1111th' 
- 7 1 clcscopi.~ < i i i ( l  otiici instnriiieiits-on !he 
~ I O I I I K ~ ,  111 bilHoo~is, 111 loclv~ts ,  (111~1 H I  ~ ~ l t c l -  

~ I ~ C S  I('\ ptli t 0  t I l ~  d\ii O i l O l l l ~ l  t l l ~ l  i 

( 1st q u i t e  a n o i h e ~  pic t i n c ,  ,Ã pictnub 
c 1ted i i n n  c1 sc 111 \\ hnli cxplodili!.; \ t ' i i  s ' k i d  

'xplo(liii<2, eiilttvics pLi\ (h  d m a t i c  and nitpoi - 
t.iut 1 oics 

\ i ~ \ o h t t i o ~ ~  1 1 1  .tstiotto~ii\ ~ l l t l  i l ~ t ~ o p i i \ \ ~ c ~  

hds  titkcti pLitc S U K C  \ 
; ~ 1 1 0 ( 1 ,   opt^ ash o ! ~ ) ~ t i \  - t lw  ~ tndx  0 1  01 - 

( l i j i < i ~ \  llqllt S I O I I ~  (vk s t u i  o h l ~ c  I S  - I l i i s  111<1(1( 

c ~ ' ~ l t  p l O < l C S S  hit CV ''11 < ^ l (  , l t ( ' l  p I O c K * S S  l l t i \  







1 s t  l l~l~lqilio tll'lt an' clo\\ii deep 111 tlic 
ijitenoi ol tin' snii, \ \ l icie the toinpcratiiic is 
~ o i i i ~ t l n ' n y l l i k ~  L"5 iiiillioi~ c l c w c s .  We k i i o \ \  

t lut the sun consists l)nniiiril\ of h \  d n ) q ( ~  
t iu l  lu~liiiiii, with sonic iiiixtiiic~ of luxii\ici 
elements-o111\ iil)oiit I percent in totill-which 
h.is been prodiic~c~i.l ni p r ( ~ i 0 n s  st'irs. \\ e a ie  
i ~ n c c r t ~ i i i ~  c o i ~ ~ c n i i i i g  tlw origin of the  SIPI 'S  

prii i iordi~l helium. It mÃ§i ha\  c been prodiic~i.l 
in prcl\ ions s t ~ r s ,  or i t  IIIA? ha\ e Ix~xn prodiiccti 
in the  "big bang" <i t  tin' 1 '~~gi i in ing  of the ('\- 
paiicliiig m f i  crsc. 

Hcctiiist> o\ tin' 1i1qli t ~ ~ ~ ~ ~ p c r a t t ~ ~ . ~ ,  all the 
nuclei iiiid electrons a ie  n1o\ i i i e i t  high \ eloe- 
i t ) ,  iiiid two In (11-oqcn micloi, c \ i l l (~ l  protons, 
c'iii c(~l l ido iit the-sc high \ olocitk~s. \\ I K ~ I I  tlicx 
,-ollidsh, \\ e kno\\ th.it posit i olis tiiicl iiciiti inos 
arc o i i i t t t .~ l .  The i i u i ~ i  point, lio\\e\ c i ,  is  tliiit 
the iinclcus oi the hca\  \ isotope ol In droqcil 
tIn1 (k'ntc~i on ,  is loi irctl .  The  deutcioii h.is 
niii,s 2 on ilu' sc 'ik- rsc-d in inu*lciii p111 su s 

0 1 1  ~ ~ I I S  scdlf.', the p i o t o ~ ~  1 1 ~ s  ~ p p ~ o u ~ ~ ~ ~ ~ t t ' h  
tin- unit niiiss 0 1  ni'iss 1 The ck'utvson last's 
up the motions ol t in '  otlici itin lei .md clci - 
t l  Oils, tllld C\ ~ l l t l i ' l I l \  < t  (Idltt'loil (. ollitics \< i t l l  

anotlici plot011 \\ c kl10\\,  l10m <i I (  ' i t  tion 
\ \ Inch  \\ c (all stmi\ 1 1 1  detail P I  t he  laLoi atoi\  
t l i i l t  \ \ l i ( > i i  i t  ( l ~ n t ~ ~ ) i i  ail(! plotoii t o i ~ > l ) i ~ i ~  
n i t11  the cnii'ision ol citinin.i  I ~ I i ~ i t i o i i  tlic\ 
~ O I  1 ) 1  1111c  I('!IS oi W A S S  3 \ \ 1 1 1 (  h t i l l  u s  m i l  to 
be A ~ I  isotope of Oie ( ~ ! ( ~ i i u ~ n t  
sec ond  cicinert in tiic p c ~  1odu t ~ b i c  

Fol i t l i t  1 \  \ ( \ t i  s \\ ( Â  (.lldli f 1,1!o\i \i l id{ h ~ p -  
]M,>!(, I t o  t lw 1 l l \ \ \  kv  I X Y  < \ \ \ k t >  \ (!(Hi I 
I >ici, i  I stioiich u i ~ l i  piolons > i i i ( l  llic s.lw 
t ~ ~ 1 0 7 ~ \  * I i ( ,  ( 0  1 S ~ l i t K Y i  ! l d , \ t \ ,  in f l w 1 1  l l ~ ~ c ~ * k c  
1 1 0 1 1  if 11 ;I psololI\ c s  L l i 1 * \ i  ~ 1 0 1 ~ 1  1<1;>01 < i t 0 1  \ 



whole star was disilit('y~iited. 
The C ~ - ~ i l )  NcbnLi is the protot? pc of those 

celestitil objects from which we can detect 
radiation from all across the cicct~~otitag~tctic 
spectrum. Radio astronomers find s t roi ig~~~idio  
WJ\ es coining I roin the Crab, mostly Irom iin 
extended I-egioii \ er\ close to the center. 
X-ra\ s and yai~iina raj s are also ol)ser\ cd. 

In addition to the 11111iiiioiis material, \\ e 





galaxies led to Hu1)l)le's Law: The more dis- 
tant the' object, the greater the red shift ol its 
radiation. Previous to the discovery of the 
quasars this had only been found in galaxies. 
But with the discovery by Maarten Schmidt 
of Caltec11 of the quasi-stellar object, red 
shifts inan\ times greater than are found in the 
most distant galaxies have been found in the 
quasi-stellar objects. 

One of the most distant quasi-stelliir objects 
that has been found so far is 3C191 (which 
means it is the 191st object in the third catalog 
of the Cainbridge Radio Observatory in Eng- 
Imd). In its spectrum the lines of hydrogen 
am1 carbon arc shifted to the point where their 
~ ~ i x e l e n g t h  is three times that of  the wale- 
length oi the correspondin";igl~t thilt we can 
study in the laboratory. This means that the 
.cd shift is about 2, whereas all of the galaxies 
that have been studied previously have red 
shifts of, at the most, 3 to 4. 

So, on the basis of the i~iterpretation of the 
red shift (and this is not accepted by e l  ery- 
o n e )  as iinplying greater distance, these qnasi- 
stellar objects are the most distant things that 
we find in the universe. And being very distant 
means that in order to give the amount of ra- 
diation which we receive, they intrinsicrtllj 
must be pouring out a great amount ot radia- 
tion at their sites. 

We would all be \cr \  skeptical of tin's i f  it 
wasn't for the fact that with the discovery of 
tin" qn'tsars optical astronomers hcgan to look 
at strangc systems, such as the gala\\ calld 
\182. Ky stud>infll88, Allan Stincltigc of M- 

1 was able to show that there was an t ~ ~ ~ l o -  
sion m it, sonicthing like f i \  c niillioi~ \ cai s 
' i go ,  tiild the t o ~ l  ~iuouii t  of iiititerittl ty~$ecl 
is sometbiiig like fi\  e million times the niiiss of 

\ c know, i i~tmtn c y iilii~ost, that ti1 

amounts  of enei qy im ol\ cd i n  tin" 
emissions must 1 1 1 ~  OK c Lii qb masses thi 

hci c the ( h ~ l c i  <.n coi 
is en01 nious itiiioiii 

lions ( O l l l ( ! l ) t  pOSsI 
i t  W i t s  qI t i \  i t t l t l 01 t . i  

'Radio astronomers have just 

observed radio pulses at several 

pinif in  the  sky which ( o ~ i i c  in 

remarkably stcad\ period's of 

th(  order of one second . . . I t  is almost 

certain that thes( pulse's 

arise m e w h e r e  i n  our qalaxy but  

definitely from outvide the solar system." 

plosion of the outer material around a central, 
imploding, gravitationally collapsing core. 1 
talked about it at a meeting of the America11 
Physical Society, and afterwards reporters 
talked to me. Two weeks later I picked up 
r 7 .  l i m e  magazine (Febniary 8, 1963) and read: 
'Astrophysicists Hoyle and Fowler from Cal- 
tech told the American I'liysical Society that 
galaxies often explode with improbal~l~~ en- 
orgy. 

You may think that all 1 have told yo11 is 
highly improbable. This could well be true. 
31it there has recently been a discovery which 

seems more improbable. Radio astronomers at 
Cambridge, England, have jtist observed radio 
pulses at sevenil points in the sky which come 
in renitirkably steady periods of the order of 
one second. For one ol the pulsing sources, 
or pulsars as they artk called at the moment, 
the period lias not varied by one part in one 
million o\ ei the six months since i ts  first dc- 

t is almost cei tain (hilt these pulses 
cwhcrc 111 0111- gala\\ but defiintcI\ 

horn outside the solar system 

~hr~itingneutioii stcu s, which ,*ic c\ c n  sni,i 
q en nioi e dense 
1 cfci to ~ ' s p e c t  'ill 



s o i l i ~ ~ t i i l ~ ( ~ s  i l l  tl1c < I l l 1  'i!-Kl qolv 01 <, \71(~tli'Lili, 

i n  t l i c  i i i q  of 'i gh(,tto 1 jot, 01 C\ ('11 in  the (iral) 
tension of J traffic siiiiil, it becomes difficult 
to r~i 'ncnilx'r  o i i i  LII yci pin poses-0111 d i i c ~ ~ i i t  

and endless need to i ~ i i d c i s t ~ i n d  the  drepci 
sOIi1~'Gs 01 t l l ( 5 ~  I ( ' S ~ C I  111q t i  l'lls \ 1 1 ( 1  tllf 

cst soliicc, the i o o l   ins^, lies S I I K > ~ \  in 0111 

o\ \n  ~ ~ ' i t l l l c ,  111 tin' i i i i t i i l c " o  l l i ' t i i .  

That t l i c  iiatinc of iii.111 hiis been at once tlic 

soulcc ol In's t l  i i i in1)l i  ~ i i d  the s e e d  of his 
tr~qccl! l u s  bee11 e v i d e n t  since the G 1 < ~ > 1 ,  plii- 

losopho  s, if no t  l n ~ l o ~ ~  In t1u' lnu-s of M r x -  
ander  1)01)(~: 

\ i i O  t ins 1s even more hi ic  111 ,I \\orI(l I I I ~ I C ~ I ~ -  

ingl! subiect  to n u n ' s  doinniioii. 
r .  1 hen' a1 c,  ol course, niti+ \\ a? s to \ I C W  t he  

~ i d t i i ~ ( ~  ol iiitin, but  with all ( I I I ( \  i c s ] m , t  t o  i l i c  

p l>i losopbr~ s <i11(1 t l i e  poets, t in-  p i  oplicts iin(l 

tin- pLi!\\riglits, I submit t l ~ t  ni  .t scientific 
and (iiiasi-i'atioiial '1% i t  is appiopriate and 
iiitlt'rd \ aluable to coiisidei nian a pai t of the  
i a t i i i ~ ~ i l  nun c i  sr-as the  liittci -(Id! l i iodncl ol 
t\+ o billion ? eai s of c\  ohition and as a n  aston- 

ishinu;  ('1 ot8ation ol the' 1 (wi i i  kabk~  potentials 
i i i l u ~ i ( ~ ~ i t  111 oiganl/cd nitittci-\ c t  of oin' p n ~ ~ ,  

\\ i t11 tho c k ~ t l o n s  .nu1 the  toi ins t i i i d  [lie ino1c'- 

rules, \i it11 t in '  \ \ a \  c s  iiiid ihc  pa1 t i d e s  t lu t  
(,0111PI IS(> t l l ~  l ) l l l l \  ot t l l ~  t O51llOS 

Modem 1)ioloq is lie\\ poised to p10\ idr ~i 

I icn J I I ~  p i o l o i i ~ i c l  i i ~ ) p i  o t id i  to the niidei - 

si t i i idnig ol tin' i i i i t i n c  ol 111,111 11id \\ i t l i  that 
i n i d c i  stitii(lniq \\ i l l  c o m e  \\holh neu po\i cis 

to ,iltci iiiii?is \ c i \  bcnm; I \\(' JIG 1 0  (liiillli(>l 

h c s c  pow c i  s to 0 1 1 1  inlcut a n d  n o t  l o  the 
i t ' \% t O ~ t l  ill \ ,  l l l ( ' ~  W C ?iHl\l SOOll, 111 (OlHi!lCll- 



l i \  ing 'incl the non-In ing imd thus pormittod 
'in cas! accq>tanc t~  of the coiitiiinit~ between 
the' iii<niiinate and  the animate matter,  based 

tm it! , in t In' (>arl! p,irt oi this c ' o i i t i ~  , wit11 
flu' insight t l y  p r o \ i d d  into t h ~  ii.iiin~> 0 1  
iitoins am1 iiiolcciilt~s, ' 1 1 ~ 1  nit11 the' tt'cliniiincs 
i n d  i i~ s t imnc~ i t s  tliiit could he dc\ iscd \\it11 
this kiio\\1(~igc-\\ it11 the ~'~clioisotopixs, the 
I 1 1  t ra-cutr i l  I ~ g c ,  ilic \ - i \ i ~  cmici  J, aiid the c k ~ -  



came too tightl! iiitchrwo\ cii, cb\ en i f  more 
(4ficic\nt, they would soon ha\(> come to an 
evolutionary dead end, incapable of miitan 
change. There is in tin's perhaps a moral to be 
observed in our modern social stmc'tnres. 

One relevant example of the ~lissociabilit~ ot 
cellular function is the recent synthesis in a 
tc5t tube of an intact, infective 
O n e  can only wonder it Mieselior, fishing his 
nucleic acid ou t  of an unknown soup of co111- 
pounds with the t-rin 

ccllulai component 
a n d  isolated and pu 
I n ,  at will, tnie 

79 

use he planned to make ot this knowledge. 
DNA is most olten found ;is the now f i t i ~ o t ~ \  

double helix. Each strand of tl1c two-pl! helix 
is composed of linked subunits, of wliich there 
are principally lour kinds. A n d  the two strands 
bear ii defined relationship such that, if the se- 
quence of units i n  o n e  strand is specified, the 
sequence in the other is (letel-n~ined. The 
hereditary infomution is corn e\ cd in special 
code in the o rdcu~ l  scqucwe of siibunits. 

1 tluwcll, in eileet, is a to  iciul Each 
sync,  each unit of  l i c w d i t ~ ,  c80nipnses t u c t  







t ' inth 1 ('Ititc~I, t l u b  i n o i  c ( l i s p t ~  'it(, A I  c tlic 

licii~oglobins. I n  the ilplia chain of the hcnio- 
qlobin ol the horse, tlwi c '11 (' sonic 18 dif- 
feiciic-tts f10111 th.ii ol the 1ii111i,in. l lo isc  . i i i d  

human lux e been on sep'ii ('1 o l~ i t i ona~  y 
p ~ t b s  toi q u i t e  ,I  lony l ime  Colt\ c i  \ e l \ ,  123 
inni io i l c~ds  th.tt ~ r c  common to t h r  liinii.iii 

i(~liioqIo1)i'ii <iiul the hoise 1 l e i i i o q l o l ) i i i  mus t  
I 1 piohabilit\ l i t>\(> been picsciit 1 1 1  the  
Iicii~oglobm of then co in~ i io i i  i i i ircsto~ 'it s o n i c  
i c n i o t e  t ime D i e  iilpha thiiiii oi t 1 1 ~  mouse 

hvii ioqloh~ii  i lso liits some I <S d i l l c i  ctn ci l I o n i  

[ l i c i t  of 111,111 hitel cxstniqh, ho\ \  01 ct , these <iic 

n o t  t h e  S J I I I C  IS 'is ~ i c  fo~tnd in [lip lioisc In- 

(Iced i t  one ( oniptii cs ic lioisc ,111~1 (lie mouse 

k~~ioy.lohin ( ~ > l \  ,ippct\u~d iu ~ . l i < -  < ( H ~ I  sc <Ãˆ  

Ã§ \ o l l i t i o n  \\ ith (lie i is (  oi 1 c i  t (  hi s ( .m N ( 

f i l l t i  i! t S 0i t \('I1 Oldt'i C\ O l l l ~ l ~ i ~ i \  h( \ ^  1 01 
SIlli \ \< '  i l l l l s l  t l l l l l  l o  ~ l l l  C\ ('I! 1110!( \ 1Ltl .1 )1 (1  

~ i h ~ q m t o u s  p i o ~ c i n  to t l ~ c  ( \ t o e l i 1 0 1 1 ~  i o i i n d  



H U M A N  

Gly asp val glu lys gly lys lys i lu phe i lu met lys cys ser 
gin cys his thr  val glu lys giy gly lys his l y s . t h r  gly pro Comparisons of the Amino Aci 
asn leu his g ~ y  leu phe g ~ y  arg lys thr gly gin ala pro gly chains of Cytochrome C from 
tyr ser tyr thr ala ala asn lys asn lys gly i lu i lu trp gly 
glu asp thr  leu met  glu tyr leu g lu a s n . p r o  lys lys tyr i lu Various Species. 
pro gly thr  lys met  i lu phe val gly i lu lys lys lys glu glu 
arg ala asp leu i lu ala tyr IPU lys lys ala thr asn glu 

T U N A  F I S H  

Gly asp val ALA iys gly lys lys THR phe VAL GLN iys cys ALA 
gin cys his thr val glu ASN gly giy lys his lys VAL gly pro 

as11 leu TRP gly leu pile gly arg lys thr gly gin ala GLU gly 

tyr ser tyr  thr ASP ala asn lys SER lys gly i i u  VAL i r p  ASN 
ASN asp thr leu met glu tyr leu glu asn pro iys lys tyr i l u  
pro gly thr  lys met i l u  phe ALA giy i l u  lys lys lys gly glu 

arg G I N  asp leu VAL ala i y i  leu Iys SER ala thr SER 

H O R S E  

Gly asp val g lu lys };iy lys lys 1111 plie VAL GLN lys cys ALA 
pin cys h ~ s  thr vr1l glu lys ~ l y  giy lys his lys thr gly pro 

asn leu his gly leu phe gly arg lys thr gly gin ala pro ~ l y  

PHE THR tyr thr ASP ala asn lys asn lys gly i l u  THR trp LYS 
glu GLU thr leu met i i u  phe ala fily i l u  lys lys lys thr g lu 
pro gly thr lys met i l u  phe ALA gly i l u  lys lys lys THR elu 

arg GLU asp leu i l u  ala tyr leu lys lys aia thr asn glu 

M O T H  
Gly vat pro aid 

GLY a m  ala GLU asn GLY LYS LYS I L U  PHE val gin arg CYS ala 
GLN CYS H I S  THR VAL GLU ala GLY GLY LYS HIS LYS vdl GLY PRO 
ASN LEU H I S  GLY phe iyr  GLY ARE LYS THR GLY GLN ALA PRO GLY 
phe SER TYR ser asn ALA ASN LYS ala LYS GLY I L U  tht  TRP GLY 
asp ASP THR LEU phe GLU TYR LEU GLU ASN PRO LYS LYS TYR I L U  
PRO GLY TKR LYS MET val PHE ala GLY leu LYS LYS ala "sn GLU 
ARG ALA ASP LEU I L U  ALA TYR LEU LYS glu ser THR lys 

YEAST 
l h r  glu phe lys a l a  

GLY ser ala lys LYS GLY ala . thr  leu PHE lys . thr . arg . CYS . glu 

leu . CYS H I S  THR V A L  GLU LYS . S L Y  G L Y  pro . H I S  . LYS . val . SLY . PRO 

ASN LEU . H I S  . G L Y  i l u  P H E  GLY . A R G  his ser . G L Y  S L N  . ALA . gin . GLY 

TYR . SER . N R  . THR . asp . ALA . ASH . i l u  . lys . LYS . asn . vai . l e u  . TRP asp 
GLU . asn . asn . met . ser GLU . TYR . LEU thr . ASK . PRO . LYS . LYS . TYR . I L U  
PRO GLY THR . LYS M E T  ala . PHE . g l y  GLY . leu . LYS . LYS . g lu . lys . asp 

ARC asn ASP . LEU . I L U  . thr TYR . LEU . L Y S  LYS . ALA . cys glu . , , 

in e l  el J cell, vi h c ~  c' i t  plii\ s 'in esscuh.il iole 
i n  the' i~wt~ibol isni  oi iiiitiients to  p ~ n  idc en- 
w\ . The c~ tochioi'ne of ( l i e  lmni'in is <i c l i ~ i n  

ol 1 0 4  t i ini~io iic~tls 

chi 0 1 1 ~  ot the lioi sc hiis 12 (iiflci t-nccs l i oin 
tliiit Of f l i ( ' 1 ~ l ~ h i 1 1  (;Olllq tti1!licl ]h ick  I l l  tun( '  
the t i i i u  fish ( \ toeh ionic  tii I 0  d i lk~ i r i i ccs  
don1 thiit ol the Imi i i a i  c \  to< ioinc ail(! ' tc tn-  
, i l l \  one less .inline t i c i d  . i t  ( l ie  Ln d i d  of tlic 
i lull1 

But s1iK f ( \  to< I I I O I I K  is t 01un1011 to ' t l l  I. ells 
i\ t' C ~ ~ I I  $ 3 0  liu thci !?,K k I I \\ c C X J U ~ ~ ~ I C  t l t v  
t -< to< l l l 0 l t W  0 1  it still ! i O ) ( '  1 eniol" SptY It'\ J!l 

un (>itcl?i itic t h e  i i t o t  t \ \ (  h u d  26 diftci( ii( < s 

I l l  'NIdltiO,! foil! 

(led t i l t  I K  id ( i t ( !  

tiiid OIK'  deleted < i t  the i 11 cud o! ( l i t  ( 

i f  P C I I ~ ~ \ L ~ S I / C  1 h e  ~ m t t d ~ i ' ~  'i \\ ( >  S( ( ilou 



tui-y, O I K -  ilia> wonder what  they will consider 
worthy of note. Our  i - t~c ' i i i ~~ i i t  \vtirs? Our  ick'o- 
logic<il d i d  iticial Linaticism? UtircllY lil\cll! 
More  likel! they will reciill that  this was the 
c'enti~r! in which man first left earth or the 
ccntii? in which man first kindled i i u d c a ~  
fire. Xiul the! will sunll> recall that tin's \bas 
tlie ccntiii\ 111 \\liicli in.m first understood his 
11 i1 ic i i t~ i i~ ' t~  i i ~ i ( l  evolution, first s'i\\ cl(liii.l\ 
how he ~ ~ i n i c  to  he. tlie fust tiiiic i l l  .ill 

t ime,  J l i \  inn cu-atm'i' understood its oM'p11. 
)t I tini biased, l)ut of these I l)(\lic\ c- 

11 seem the  most extrtioi d i i i ~ i  J . The 
in i i~r i~gi i ied  becomes I t\ilit? . We ai e the lien s 

d i m s ,  \J, c hii\ c become tlic l<ittei -(:la\ 
l'ronicthciis But  ( ' \C i i  111 the  &lI<'K'lit lii)th5 
m e n  \ \ P I C  men i i ~ ~ d  the qods ~ \ e i c  gods. i i ~ ~ d  

not  use <il)o\ e his iititine to  cli.ii t Ins 
o\\ w c  c.111 I M B ~ I I I  t o  col~tioiit  that 
(1 c l i o ~  c, soon \\ c sliiill h.t\ c flu' 

is]\ t o  dltci 0 1 1 1  m h e i i ~ i i ~ ~ ~ ,  oni 
e n  t h e  d e c k s  1i.id ,I I\ oi ( I  

IllOK t 0  t 0111C \\ 

nutCi~i--~ts  a piopci t v  o! In iiiq ( cils l t~glil \  
s p c i  itih/rd ,iii(l mil K ttte!\ 0 1  q i i in~cd  

l i  V, ( ( O I I S I ~ (  I i l w  ) I  . t i l t  .IS tiit S( ' k t  0 1  i l l < '  

l l i i~ ld  \". I!IU\\ i i l ! ( I (  1 ~ t < t ! l ( i  HHK 1 1  of lis I M S K  

c ~ o l l ~ p l ~  %\ l l l ~ ~ ~ ~ ~ < i t l ~ , l ~ s  & t l l < I  < \ I > (  t l ~  l 3 l l t  \i(> 

(i(> Ll,on\  ill( I t  d \ ? l t ~ I \  \ I (  11 ~ l l l h t l ~ l ~  ~ 1 1 1 ~  I [ \  

131 d i l C I  ]lot( <t r l ( !  l l t l k  I \  * i l l  \ 

s ~ ~ ~ ~ t l < t l  l h i 3 (  < i l l ( [  ~ ~ ~ I I ~ I ~ ~ ~ O < ~ ~ ~ ~  I t  * tilt t l l ~ l ~ ~ ~  

I l l  ! ( Â ¥ C ( l I !  ! (  S( > t l (  l l  i t  l i d \  b( c O I K C  ! ! l <  l (  '13 

I ! ) $ $ \  c J v a t 1  l l 0 1 i I  \ttl<!l( \ of \ l \ t O l ,  < t ! l < l  O l I t I t  < a !  

\ lO I )% < i l ,< l  ! I N  ] > l o t  \ \ I l l <  o! 
I l l )  l ) l < t l l l  i l 0 1 t )  t ! i (  \ [ t i <  

I <  t < i l ) l <  c OiOl  :illlsl J I B <  1 1  0 1 1 1  NldM \ (,I 

l k b < ) t l \  < \ t l O l l  01 l [ l l [ ) I  l l i t l ? l ~ {  < i l l < !  ( l h o ~ l ~ g ~ ,  t l d f  
i < 1 \ I I ~ I C  11 ol O ~ I I  b( ! I ) v , I ~  I ~ H I ~ F  i . 1 1 0  t h (  I j 1 , 1 1 1 1  





I I C  01 [ I N  "l(\l( t i 1 1 1  l I p l t i  O !  b i O l 0 ~  I D  K'- 

d ~ ~ i l  IN)\\ l i \  iiiq { 1 t i i l 2 , 5  

the ~ i L ~ - I i o i i n  I c s s o i )  iiboi~t ho\\ ( ( ' 11  opci <itcs 
a t d  -rt hat 11s \ t i  <i l (>Ã§ IS- l l t ~  st] ~ t ( ' g \  oi ] i f ( '  

(( '11 H I  i t  \ (  1 \  ! ( \ t l  SCIISC IS t l l ~  ~lll.lll('st 

o r q t i i i ~ s i i i  \\ h i e  h ( <ii i  nml t iph  itscll ainl i i i a k e  

t n 0  I K ' V  0 1 ) l t  ( t s  like i t ~ t ' i l  

\ (  l \ i i o ' \  tlul ( l i e  j ( ' , i so i )  the c-ell is , i l i \ c  
'l11d t , l l t  p<f's O i l  i t s  ~ l l . l I ' l <  l ( ' ! l \ l i (  S to its ])log- 

oi i\ is th,it c.u It ( di i t i s  l i t  i t  'i ( otiipick~ l i b (  ipe 
' 1 1 > 0 l l t  l l O \ \  i l i* t l \ t  <!I1 oj l h ,  l l ~ l l i ~ \  t l L l t  l t  

t i i l \<  s to put ) ~ i \ i d ~  the t i  l l  I i n s  i c e i p o  i~ t l ic  

q t ' n v l ~  I ~ I ~ ~ ~ C I  i . t l  ~ i i ( i  i t  I S  \\ I i t  [('ii i i i  t ! i v  Lili- 

I<( l o t v  ( (  11 d l \ l c !C5  I i l t O  [ \ L O  tlw 

c < > ; ) l ( > \  01 I(,( I l M  \o i l ) < l l  < t (  l l  ~ l < i ~ l ~ , l l l ~ ~ i  ( t k i l  

\ i to  ! t  ]dl< < L I (  1tsvi; 

I ~ ~ t ~ l d l ! ~ ~ ~  l > l ~ l <  I\\ 4 0 1  

i l l 1  t h (  < o o < i  Ol t I  < l < i \  \ 

K I H  '-I ' 0 1 1 (  h i i ~ k  I)\ \ t l t o i c t  1 1 i t  dppf\ii ( ' (1  

~ ~ t t N l o i ) i  c ! ~ c ~ g i ~ i t n  1 l i d t  jl- I t t v J l (  t 1111 L ~ H I ! J  

i c ' p i n  < i t (  liseli i i s i n q  i h e  I tl~klit~c I J f b c  I.,\ ~ ~ 1 1 1 ~  ll 
\\ < > I  ( d \ O  ~ > l C \ < ~ i l l  i I tlw t l M H  le , l i l&LI  SO!)\> IW 

c.<ll ls( ,  l l i  iIlt!\<> i<ii of1 < ! A \  \ !I,( I t k X \ %  ( I (  ! I \  l l b ( B  

o t < t i i i ~ s i l i s  to ( a! i 0 1  g c i u ~ t  I I S O I P ~  I A  \ 
\ \ l ~ t 0 ~ ~ ~ ~  , I \ < ,  \I # i l i t ,  [ { J  I (  1 )  

l ~ < < i t ( >  l t S ( l i  i t  I h < b  l i i < l ! \ (  l l l f > l l (  
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compounds simply are not stable. If it is too 
cold, chemical reaction rates are so slow that 
reactions don't take place. - 

Now we can ask the question: Given a 
planet that is not too large (like Jupiter which 
is really an embryo star); that is not too small 
(like Mercury or the Moon which cannot hold 
onto a liquid or a gaseous medium on which 
chemical reactions can take place) ; that is not 
too hot (like Mercury where complex com- 
pounds won't be stable); that is not too cold 
(like Uranus or Neptune) so that reaction 
rates won't be too slow: What is the probabil- 
ity that life will arise? The evidence indicates 
that the probability is very high. 

On earth there has been a beautiful se- 
quence of developments starting with very 
primitive organisms, or with the first replicat- 
ing molecule. Because all of them were ex- 
posed to ruthless selection effects and to dra- 
matically changing environments throughout 
earth's history, certain developments took 
place. Perhaps one of the most important 

- 

of the fairly recent ones was the oriented, 
controlled deposition of calcium, which en- 

T 
abled the existing organisms then to develop 
supporting and protective structures. This, in 
turn, combined with the emergence of the 
lung, enabled creatures to move onto the 
land. In sequence there appeared first am- 
phibians, then reptiles, and then mammals. 
And finally, in a period which corresponds to 
but an instant of time, something brand new 

by HarT(son Brown emerged which changed the entire course 
of evolutionary history. This was the emer- 
gence of what Julian Huxley called the power 
of conceptual thought-the ability to conceive 
of things, to solve problems, and to communi- 
cate with one's off spring in such a way that the 
whole process of learning becomes a cumula- 
tive process from one generation to the next. 
This power enabled man to invent weapons for 
hunting and fishing and tools for gathering 
food. Then it enabled him to invent perhaps 
the most important single cultural invention 
of man's long history-agriculture. 

With this development, man quickly be- 
came the dominant animal on earth. It made 
it possible for a small percentage of the pop- 
ulation to engage in occupations other than 
that of iust gathering or growing food. It made 
it possible for the great ancient civilizations to 



emerge. This happened less than 10,000 years 
ago. 

With civilizations development, increasing 
levels of technological con~plexity evolved. 
This technological complexity, however, level- 
led off because it proceeded about as far as it 
could go within the existing framework. 

Then not very long ago-indeed less than 
300 years ago-we entered the Industrial Rev- 
olution, which has carried us since to an ex- 
tremely high level of technological complex- 
ity-at least in the part of the world in which 
we live. And it raises a number of very im- 
portant questions. 

But when we look at the framework in 
which we live in the world. when we look at 
the problems that have been created as the 
result of our technology and the haphazard 
application of our discoveries, we can see very 
real dangers ahead For one thing, we have 
seen a fantastic increase in our ability to de- 
stroy-in our military capability. We have seen 
weapons of fantastic power. thermonuclear 
weapons, come into the hands of first one na- 
tion, then two, three. four. and five. And there 
is no reason for us to suspect that it will stop. 

A WORLD O F  CONTRASTS 

We can couple that with the fact that we 
are really living in an anarchical world in 
which there is no rea law and order. And be- 
cause we are living in a world in which tech- 
nology has been applied in a very haphazard 
way, some people have ecome very rich, and 
others remain very poor. In the countries 
that have shared in the blessings of tech- 
nology which produce an abundance of food 
and things, we seem to have gotten ourselves 
into what James Bonner refers to as a "positive 
feedback cycle" in which richness begets 
richness. 

By contrast, those areas of the world-and 
this includes most people-where starvation is 
the rule rather than the exception. and where 
deprivation and misery prevail, find them- 
selves in a negative feedback cycle in which 
poverty intensifies poverty. Indeed, the eco- 
nomic positions of these two groups are di- 
verging very rapidly. 

This raises a very real question. Can a high- 
energy civilization be stabilized? We don't 
know. I t s  the first time it's happened on earth. 

It might well be that it can't, but certainly we 
shouldn't stop trying. But it may well be that 
it can. This in turn raises another rather in- 
teresting question. If it is true that planets are 
abundant and that life is abundant in our uni- 
verse. might it not also be true that the power 
of conceptual thought has arisen in many 
places within our universe and that many other 
high-energy civilizations may have arisen as 
well? 

UNINTENTIONAL COMMUNICATION 

It is clear that we are in a position to send 
out signals should we wish to. Indeed we are 
doing that unintentionally already. Frank 
Drake. the director of the Aerocibo Station 
radio telescope in Puerto Rico, pointed out 
some time ago that the world is reaching the 
point where an external observer could detect 
that something is going on here that could 
not be explained on the basis of natural pro- 
cesses. This is because of our large outpouring 
of microwaves in the form of television pro- 
grams and television microwave communica- 
tions. Drake has suggested that we ought to 
scan stars systematically and look for this same 
kind of effect, although it is much easier and 
much less expensive to just listen. Perhaps we 
ought to just systematically llsteii. A positive 
result could be the most exciting scientific 
discovery of all of human existence. 

These discussions aren't entirely in the realm 
of science fiction. Serious scientists are discus- 
sing these things: If contact were made, what 
one could learn and what the philosophical 
impact of our realizing that man is not alone 
would be. I think the implications are pro- 
found. 

When we look at the grandeur of our uni- 
verse and the processes that have taken place, 
the grandeur of life and the beauty of life pro- 
cesses, and at the tiny speck of rock on which 
we live, it makes the quibblings and the argu- 
ments and the hatreds between individual 
groups of human beings seem rather inconse- 
quential. Indeed, I feel that we might well be 
on the edge of a great tragedy. The tragedy 
would not iust be the disappearance of a spe- 
cies. That would be tragic enough. The trag- 
edy would be this: For the first time in the 
history of life on earth a creature has emerged 
which has the power to control his destiny and 

Engineci ins, and Science 



which, above all, has the power to wonder and - 
learn how the universe operates, and even to 
ask the philosopher's question, "Why?" And he 
has developed tools which enable him to an- - 

swer these questions. Then the povrer for an- 
swering them is taken away from him by some 
kind of a major catastrophe of his own doing. 
This, I think, would be the grand tragedy of 
our earth and its entire evolution. 

It is clear when we look at the power that 
science and technology have given us and at 
the problems which confront us, that from a 
purely technological point of view those prob- 
lems can be solved. For example, our existing 
knowledge today makes starvation in the 
world inexcusable. We know how to learn how 

<now to grow much more food than we now 1- 
how to grow. Deprivation in the world is in- 
excusable. We have the technology to support 
a considerably higher  population of h u m a n  
beings than now exists, at a level of abundance 
where all persons could be free from starvation 
and misery. But, although we know how to do 
this from a technological point of view, we do 
not yet know how to do it from a social or 
a political point of view. 

 on^ ago we recognized that when we 
wanted to learn how to grow more food we 
supported agricultural research. When we 
wanted to learn how to make new weapons, we - 
supported military research and we learned - - 

how to make new weapons. Somehow, in some 
way, we learned that basic research is needed 
as backup for research on these applied prob- 
lems. Somehow a National Science Founda- 
tion was established, and basic research has 
been supported by individual government 
agencies in addition. 

SOCIAL SCIENCE RESEARCH 

This has all been in the natural sciences. 
When it conies to research on how individual 
human beings act with each other, when it 
comes to our learning how groups of individ- 
uals interact with each other, when it conies 
to the broad spectrum of social sciences, there's 
virtually no research! There is some, of course, 
but it is supported at a tiny level compared 
with the need and compared with the support 
given other areas of research endeavor. 

There are many reasons for this, I suppose. 
Each one of us is our own psychologist and 

our own economist, and certainly we are all 
our own political scientist. Yet it is a constant 
source of wonder to me that there is no foun- 
dation supported by our government for re- 
search in the social sciences-that virtually 
none of the government agencies has the 
wherewithal, or none of them devotes what- 
ever wherewithal it might have available to 
research in these areas. And yet when we look 
at the tremendous problems of population 
growth in ad1 anced societies, the problems of 
urbanization, the problems of slun~s, of trans- 
portation-just the problems of people getting 
along with people-clearly the social com- 
ponent is as great or greater than the purely 
technological one. 

The same thing is true vhen we look at the 
basic problems of the social and economic de- 
velopment in those vast areas of the world 
which  a re  nov7 living at starvation levels- 

where population is getting completely out of 
hand, and which threaten at any time to ex- 
plode in a sequence of explosions which I think 
is going to pale Vietnam into insignificance. 

I N  SEARCH OF MEANING 

I think all of the questions which have been 
raised bring up another important point. What 
really is the meaning and purpose of life? Is 
it just to get enough to eat? Is it just to get 
enough gadgets to put in our home? Is it just 
to reproduce-no matter how beautiful, intel- 
ligent, and free of disease the human beings 
might be who emerge from the factory Dr. 
Bonner is proposing? 

No! I think that if there is any meaning and 
purpose to life it is learning what our universe 
is all about and what man's place in the uni- 
verse is. All of these other things are really 
problems which stand in the way of that and 
are diversions from man's long-term goals of 
learning what we are, where we came from, 
where we're heading, and perhaps even why. 
I believe that the meaning and purpose of life 
was well phrased in words of Shakespeare's 
Hamlet when he asked: 

What is a man, 
If his chief good and market of his time 
Be but to sleep and feed? a beast, no more. 
Sure, he that made us with such large discourse, 
Looldng before and after, gave us not 
That capability and god-like reason 
To fust in us unused. 
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A tubute by 

William A. Fowler 

I was one of Charles auritsen's first grad- 
uate students, and speak for all of us for 
whom he was the Professor. One of the most 
precious relationships in the whole of scientific 
life is that between the graduate student and 
the professor who supervises his doctoral re- 
search. Those of ho were Charles Laurit- 
sen's students ha opportunity to savor this 
relationship to the fullest extent. With his stu- 
dents Charlie was magnificent. He taught us 
everything from how to run a lathe to how to 
design and build electroscopes, ion sources, 
cloud chambers, rnagne spectrometers, elec- 
trostatic analyzers, and gh voltage accelera- 
tors. But most of all he taught us how to do 
experiments-in simple, direct, elegant ways. 

It was always the case that Charlie saw 
through to the heart of any problem. Whereas 
most of us tend to overdesign apparatus and 
to use redundant procedures in our experi- 
ments, Charlie delig ted in designing inexpen- 
sive and simple devices which would make the 
experiment and its theoretical interpretation 
as straightforward as possible. He delighted 
too in convincing us in his logical manner that 
his suggestions were the right ones. When 
agreement had been reached, he got perhaps 
his greatest satisfaction in going to the lathe 
and turning out the most difficult parts and 
pieces himself. But withal he always taught us 
why he did thus and so, and we learned, inso- 

far as we were able, something of his marvel- 
ous insight into how to do physics, as he so 
frequently expressed it. 

Charlie was primarily an experimentalist, 
but it was his close personal relationship with 
theorists which broadened and deepened the 
experiences of his students. This continued 
throughout his lifetime, but it was especially 
true before World War I1 when what we now 
call classical nuclear physics was in its golden 
age. It was truly golden for all of us in Kellogg, 
because first of all there was Charlie Lauritsen, 
one of the great men in the field along with 
Rutherford and Cockcroft and Lawrence and 
Tuve, but also there were his two friends 
Richard Tolinan and Robert Oppenheimer. 

They were giants-all three in their different 
ways-but all three were truly great men. I t  
was exciting and even awe-inspiring to listen 
to their discussions about our experiments and 
what the experimental results meant in terms 
of the nuclear theory of that time. Tolman and 
Oppenheimer were delighted with the dis- 
coveries in nuclear physics which came out of 
Charlie's laboratory-the discovery of reso- 
nance in proton-induced reactions; the first 
production of high-energy gamma rays, neu- 
trons, and radioactivity with accelerators; the 
discovery of the "mirror" nuclei: and the proof 
of the annihilation of positrons, among many 
other firsts. 
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What we did not know at the time was that 
Oppenheimer was laying the foundations for 
a good part of our present understanding of 
the nucleus; what we did know was that he 
and Tolman were keenly interested in our re- 
sults and that Charlie was guiding our efforts 
in a manner which was significant and inipor- 
tant to the theorists. 

I have used the word "guiding" advisedly. 
Charlie never gave any consideration to being 
designated the director of the Kellogg Radia- 
tion Laboratory. He did not direct, he guided. 
This was very important to him, and it made 
all the difference in the world to us in our 
growth and development into independent 
scientists. It is true that in those early days we 
called Charlie the "boss," but this was in the 
same admiring yet somewhat irreverent spirit 
that we called Robert A. hlillikan the "chief." 

Charlie guided us as individual students 
with keen insight into our capabilities and 
potentialities, but in a much broader sense he 
guided the entire effort of Kellogg into the 
most active and promising branches of phys- 
ics. He was never afraid of change. He started 
with Millikan in the field of cold emission but 
soon went independently into the develop- 
ment of high voltage x-ray tubes for research 
both in physics and medicine. He became a 
Fellow of the American College of Radiology, 
one of the first of his many honors. It was quite 
natural that he was able to adapt his high volt- 
age tubes to positive ion acceleration when 
nuclear physics, as we know it now, broke on 
the scene in 1932. Charlie pioneered in the 
elucidation of the excited states of the light 
nuclei and of the interaction of protons, deu- 
terons, and alpha particles with these nuclei. 
In 1939 Hans Bethe pointed out that the car- 
bon and nitrogen reactions which we were 
studying in the laboratory were of crucial irn- 
portance in the generation of energy in stars. 
There was nothing he could do about it at 
the time, for World War I1 soon involved him 
and all of us in defense work on proximity 

fuses, rockets, and atomic ordnance. But with 
the end of the war Charlie made a most diffi- 
cult decision regarding the future direction of 
research in Kellogg. ather than guiding us 
into high-energy nuclear physics he encour- 
aged us to continue our prewar efforts in low- 
energy nuclear physics and to emphasize the 
applications in astronomy and astrophysics. To 
accomplish this he arranged a series of meet- 
ings between astronomers and nuclear phys- 
icists with Ike Bowen who had just then be- 
come the new director of the Mt. Wilson Ob- 
servatory. Thus he started a unique program 
in nuclear astrophysics which has been so re- 
warding for all of us since that time. 

With all of this, Charlie was more to us than 
just our professor. He influenced our entire 
lives. We were in many ways a high-spirited 
crew with strong loyalties to and strong iden- 
tification with Kellogg- harlie's laboratory. 
We worked hard and we ed hard. We were 
proud of our capacities, intellectual and other- 
wise. Very early Charlie started the Friday 
evening seminars which still bear the indelible 
mark of the Kellogg spirit. After the seminar 
we always went to Charlie's home for refresh- 
ments and argumentative discussions of phys- 
ics, medicine, and philosop . Sigrid Lauritsen 
was always there to make feel at home. Fre- 
quently her medical collaborators in radiology 
joined us, and Stewart Harrison from the clin- 
ical group then operating in Kellogg was often 
there. Tommy Lauritsen played the piano, and 
Charlie sometimes ace nied on the violin. 
At other times Charlie and taught us the 
wonderful songs of Carl Michael Bellman in 
Danish. 

And so our professor was more than just our 
mentor in the laboratory; he was confessor and 
confidant, and he introduced us 
outside of physics and science, 
simplest way to put it was that for many of us 
he was a second father. We were his sons; and 
as his sons we came to love and admire him 
very much-for he was a very great man. 

Charles C. Lauritsen, professor of physics, emeritus, died April 13 at the age of 76. A member of 
the Caltech faculty for 43 years, Dr. Lauritsen was a pioneer in nuclear physics, rocket research, and 
radiation therapy for the treatment of cancer. He directed research in Caltech's Sloan and Kellogg 
Laboratories for over 30 years. William A. Fowler delivered this tribute at a memorial service for 
Dr. Lauritsen on the Caltech campus on April 29. 



NATIONAL ACADEMY ELECTION 

Two Caltech faculty members have been 
elected to the National Academy of Sciences 
in recognition of their outstanding achieve- 
ments in scientific research. They are Edward 
B. Lewis, who is Thomas Hunt Morgan Pro- 
fessor of Biology, and Jerome Vinograd, pro- 
fessor of chemistry and biology. Their election 
brings to 32 the number of Caltech faculty 
who are now members of the Academy. Cal- 
tech has the highest percentage of Academy 
members of any university faculty. 

Dr. Lewis has made major contributions to 

Jeroine Vinograd 

40 

Edward B. Lewis 

the field of genetics and has developed tech- 
niques that are widely used in studying chro- 
mosomes. He has also studied the relation be- 
tween radiation dosage and the incidence of 
cancers. Past president of the Genetics Society 
of America, Dr. Lewis serves with the genetics 
study section of the National Institutes of 
Health and is a member of the Radiation Bio- 
effects Advisory Committee of the U. S. Pub- 
lic Health Service. He was graduated from the 
University of Minnesota and received his PhD 
from Caltech in 1942, joining the faculty in 
1946. 

Dr. Vinograd recently discovered a new 
form of DNA shaped in a series of loops con- 
nected in a chainlike manner. His discovery 
was made possible by a centrifuging technique 
developed by him and his colleagues. Dr. 
Vinograd and his associates also found other 
previously unknown forms of DNA, including 
molecules that are tightly twisted rings. He 
received his master's degree from UCLA in 
1937 and his PhD from Stanford University in 
1940. He has been a member of the Caltech 
faculty since 1951. 
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SCIENTIST OF THE YEAR 

Robert L. Sinsheimer, chairman of the biol- 
ogy division at Caltech, has been named Scien- 
tist of the Year by the California Museum of 
Science and Industry and the California Mu- 
seum Foundation. Nominated for his synthe- 
sis of biologically infective viral DNA, Dr. 
Sinsheimer was chosen from among 100 lead- 
ing scientists. 

The award will be presented at a banquet 
on June 5 by Luis W. Alvarez, professor of 
physics at the University of California at 
Berkeley and chairman of the selection com- 
mittee of eight scientists. 

Dr. Sinshein~er is the fifth Caltech faculty 
member to receive the award, which has been 
given to 13 individuals since it was first estab- 
lished in 1957. Former winners are Jesse L. 
Greenstein, professor of astrophysics and staff 
member of the Mount Wilson and Palomar 
Observatories; William A. Fowler, professor of 
physics; and Frank Press, former director of 
Caltech's Seismological Laboratory who is now 
head of the geology and geophysics depart- 
ment at the Massachusetts Institute of Tech- 
nology. 

HONORS AND AWARDS 

Don L. Anderson, associate professor of 
geophysics and director of Caltech's Seismo- 
logical Laboratory, has been elected vice presi- 

dent of the American Geophysical Union's 
tectonophysics group, and James N. Brune, 
associate professor of geophysics, has been 
elected to represent the AGU's southeast sec- 
tion in the field of seismo ogy. Their two-year 
terms of office begin July 1. 

Jesse Greenstein, chairman of Caltech's de- 
partment of astronomy and staff member of the 
Mount Wilson and Palomar Observatories, 
and Richard Feynman, Richard Chace Tolman 
Professor of Theoretical hysics, have been 
elected to membership in the American Phil- 
osophical Society, the oldest honorary society 
in the United States. 

Caltech president Lee A. DuBridge has been 
named chairman of the Greater Los Angeles 
Urban Coalition of educational leaders and 
top executives in business, finance, industry, 
and labor whose purpose is to mobilize local 
resources to help solve the city's social and 
physical problems. The local coalition is part 
of the National Urban Coalition, formed in 
August 1967 in Washington, D C. ,  with John 
Gardner, former secretary of the Department 
of Health, Education and fare, as the chie 
executive officer. Dr. Du ge is also chair- 
man of a new special advisory committee set 
up by Los Angeles District Attorney Evell J. 
Younger to study the possible legal implica- 
tions of organ transplants. 

For the Caltech undergraduate June means finals-which means 
GET ORGAN1zED May means cramming, with all its attendant perils" 
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"I was skeptical about IBM as a place for a me- 
chanical engineer to work. E.E.'s, sure. But M.E.'s?" 
(This is Dick Driscoll, B.S.M.E. '67, a Manufacturing 
Engineer at IBM.) 

"I was wrong. There are plenty of opportunities 

and manufacturing. 
"When I joined IBM, I chose manufacturing engineering. 

In my case, this got me involved in producing core planes for 
memory components. After the component has been designed, I 
coordinate the tooling and all the other manufacturing processes. 
I initiate basic ideas on the design of tooling and work closely with 
the machine tool and die designers and builders, and with the install- 
ers of the production machinery. 

"It's sort of like solving a very difficult three-dimensional jigsaw 
puzzle. And it's a 'pure' engineering job. The kind I was trained for. 
Because, in the final analysis, product responsibility for manufacturing 
the memory component rests with one person. Me. 
Interdisciplinary environment. "You get exposed to a lot of dif- 
ferent disciplines in manufacturing engineering. Electronic. 
Metallurgical. Chemical. This kind of interfacing broad- 
ens you as an engineer. 

"It may sound square, but I think IBM is a great 
place for an M.E. to work." 

If you'd like to know more about a career in me- 
chanical engineering with IBM, visit your campus 
placement office. Or send a brief outline of your 

Wilshire Blvd., Los Angeles, 



F Progress is a matter of 

degrees. But, that's only the beginning. At Lockheed Missiles and Space Company, we're working on wideworld.. . 
otherworld.. . upperworld.. . and subworld projects. We're pretty high on space.. . we've got Agena to prove it. 

And, when it comes to ballistic missiles, Polaris and Poseidon show an  arc of triumph. We think deeply, too..  . 
consider our deep submergence vehicles, for example. And, just to show you our feet are solidly on the ground, 

we're working on advanced land vehicles. Information? Business, government and industry get it out of our 

systems. For more information write to: Mr. R. C. Birdsall, Professional Placement Manager, P.O. Box 504, 

Sunnyvale, California 94088. Lockheed is an  equal opportunity employer. 
MtSSlLES & SPACE COMPANY 
6 G "  C Om LQCfWEED i" ^.C.'ffT C O f ^ f ^ f f S P  

Twister 
(Advanced land vehicles] 

Information Systems 

Polaris 



Sealmaster Ball Be Units are quality built 
to take high and a1 operating tempera- 
tures. They're design with outstanding engi- 
neering features a manufactured from 
vacuum degassed st nd other selected high 

de materials to stand punishment day after 
. Available in a complete line of pillow 
ks, flange, take-up, and cartridge units. 

Spherco Bearings and Rod Ends are available 
in a wide range of styles, sizes, and materials. 
Built-in quality insures long bearing life. 

For information on the complete line of 
Sealmaster and Spherco Bearings, write for 
Catalog 164 on your letterhead. 

SEALMASTER BEARING DIVISION 
STEPHENS-ADAMSON MFG. CO. 
P. 0. BOX 1588 . AURORA. ILLINOIS 60505 



a continued 

I am willing to allow the author 
his point of view as a writer insofar 
a s  he can soundly document i t s  va- 
lidity, just as I will do the same for 
Linus Pauling or even Robert Welch 
on those few things of his which - 
can be so documented. But I insist 
that all ideas, including my own if 
I were to publish such a paper, 
should be tested historically by 
study of past civilizations and by 
measure against the nature of man - 
psychologically and also as an ani- 
mal. (The veneer of civilization 
really isn't very thick, you know). 
If one's ideas stand up as factual 
against such a test, then it is worth 
considering them for publication. 

I hope you understand the intent 
of these comments. 

KEATS A. PULLEN JR. '39 

Santa Monica 

EDITOR : 

It makes me more than a little dis- 
appointed to see the article by 
Robert A. Rosenstone in the March 
issue of Engineering and Science. 
If it is satire, it has succeeded so 
well that it gives me the impression 
that it is sincere. If it is sincere, it 
appears to me to be one polarized 
opinion pointing an accusing finger 
at another presumed polarized opin- 
ion, damning a presumed technique 
and using the technique at the same 
time. It  is not clear to me what 
purpose there was in publishing the 
article. 

A. C. REED '29 

Engineering and Science is a mag- 
azine about the California Institute 
of Technology-about the people 
who teach and study here, about 
their research and their ideas. The 
articles in the nxzgazine are written 
by Calteclt faeuhy, research men, 
stz~dents, and alumni-and by dies- 
fingtiished visitors to the campuv, 
They are intended to give a sample 
of some of the current life, work, 
and thought at Caltech. On Feb- 
wary 21, 1968, Robert S. Rosen- 
stone, assistant professor of history, 
gave "The Radical Right Revisited: 
Some Perspectives" before the 
YMCA Luncheon Forum in the 
Athenaeum. E&S considered the talk 
newsworthy and edited it for pub- 
1ica'Hon in March. 

Battery operated. completely portable, RCA's new WT-501A tests 
transistors both in-circuit and out-of-circuit, tests both low- and 
high-power transistors, and has both NPN and PNP sockets to aliow 
convenient transistor matching for complementary symmetry 
applications. The instrument tests out-of-circuit transistors for dc beta 
from 1 to 1000, collector-to-base leakage as low as 2 microamperes, and 
collector-to-emitter leakage from 20 microamperes to 1 ampere. 
Collector current is adjustable from 20 microamperes to 1 ampere in 
four ranges, permitting most transistors to be tested at rated current level. 
A complete DC Forward Current Transfer Ratio Curve can be plotted. 
Three color-coded test leads are provided for in-circuit testing, and for 
out-of-circuit testing of those transistors that will not fit into 
the panel socket. 
See your Authorized RCA Test Equipment Distributor, or write 
RCA Electronic Components, Commercial Engineering Department E-176 
415 South Fifth Street, Harrison, New Jersey. 
Extra features.. . RCA reliability.. .for only $66.75*. 
"Optional distributor resale price. Prices may be slightly higher in Alaska, Hawaii, and the West. 



It could help us to keep moving ahead. We 
discovered that during our pioneering years 
in a dynamic, young industry. It still applies 
today. Imaginative, inquiring minds are pro- 
viding the impetus for progress in our exciting 
world of advanced VTOL aircraft systems. 

innovator. . . impatient with 
fast-paced engineering chal- 

lenge turn you on-rather than pat solutions? 
Then Sikorsky Aircraft can be your environ- 
ment-in which to explore, expand and enrich 
your capabilities. You'll enjoy the stimulus of 
seeing your ideas become three-dimensional in 
ultra-sophisticated airborne vehicles of 
tomorrow. 
Professional growth? Your demonstrated ability 
will create all the opportunities you can 
handle. And we think you'll appreciate our 
"engineer's atmosphere" that encourages an 
active interchange of ideas with some of the 
top men in your field. 
If you're ready to take on 
demanding assignments, you'l 
in: aerodynamics human factors engineering 

automatic controls - structures engineering 
weight prediction - systems analysis opera- 

tions research * reliability/maintainability 
engineering autonavigation systems - com- 
puter technology a manufacturing engineering - information science marketing.. . and more. 
And your career advancement can be materi- 
ally assisted through our corporation-financed 
Graduate Study Program-available at many 
outstanding schools within our area. 
Consult your College Placement Office for 
campus interview dates-or-for further infor- 
mation, write to Mr.Leo J. Shalvoy, Professional 
and Technical Employment. 



Textiles and beer are but two of the prod- Foxboro - a fast growing company in a 
ucts Foxboro instruments help make better. a nondefense industry. 
We could name lots of others - clothing, ~ ~ l k  to your placement officer. ~~~k 
papers steel* chemicals - all fundamental to through the Foxboro Capabilities Brochure 
high living standards. in his office . . . then let us tell our story 

in person. Write: 

Our people find the world of process con- 
trol a rewarding place to live and work, a 
place where individual talent and initiative 
are recognized. Mr. W. W. BROWN 

College Personnel Relations 
Professionals like you are finding just the me Foxboro 
opportunities they've been looking for with Foxboro, Massachusetts 02035 

An Equal Opportunity Employer Specialists in Process and Energy Control 

OFFICES IN PRINCIPAL CITIES. PLANTS IN U.S.A. e CANADA ' MEXICO ENGLAND 0 FRANCE NETHERLANDS JAPAN e AUSTRALIA 



stitute suggests 
ve vital areas 

Phenomenal advances in roadbuilding techniques dur- 
ing the past decade have made it clear that continued 
highway research is essential. 

Here are five important areas of highway design and 
construction that America's roadbuilders need to know 
more about: 
1. Rational pavement thickness design and materials 
evaluation. Research is needed in areas of Asphalt rhe- 
ology, behavior mechanisms of individual and com- 
bined layers of the pavement structure, stage construc- 
tion and pavement strengthening by Asphalt overlays. 

Traffic evaluation, essential for thickness design, re- 
quires improved procedures for predicting future 
amounts and loads. 

Evaluation of climatic effects on the performance of 
the pavement structure also is an important area for 
research. 
2. Materials specifications and construction quality-con- 
trol. Needed are more scientific methods of writing spec- 
ifications, particularly acceptance and rejection cri- 
teria. Additionally, faster methods for quality-control 
tests a t  construction sites are needed. 
3. Drainage of pavement structures. More should be 
known about the need for sub-surface drainage of As- 
phalt pavement structures. Limited information indi- 
cates that untreated granular bases often accumulate 
moisture rather than facilitate drainage. Also, indica- 
tions are that Full-Depth Asphalt bases resting directly 
on impermeable subgrades may not require sub-surface 
drainage. 
4. Compaction of pavements, conventional lifts and 
thicker lifts. The recent use of much thicker lifts in 
Asphalt pavement construction suggests the need for 
new studies to develop and refine rapid techniques for 
measuring compaction and layer thickness. 
5. Conservation and beneficiation of aggregates. More 
studv is needed on beneficiation of lower-duality base- 
course aggregates by mixing them with Asphalt. 

For background information on Asphalt construc- 
tion and technology, send in the coupon. 

m 

\ 
THE ASPHALT INSTITUTE 

College Park, M a r y l a n d  20740 

O F F E R  O P E N  T O  C I V I L  E N G I N E E R I N G  S T U D E N T S  
A N D  PROFESSORS 

THE A S P H A L T  I N S T I T U T E ,  College Park, Mary land  20740 

Gentlemen: Please bend m e  your  free l i b ra ry  
o n  Asphalt Construct ion and  Technology. 

N a m e  Class or  rank 

Address 

City State-Zip Code - 

FORMS 

SHEETS RODS. TUBES 

MOLDED-LAMINATED FABRICATED PARTS 

CHEMICAL RESISTANCE- MOISTURE RESISTANCE- 
Synthane is immune to most oils and Certain grades of Synthane are spe- 
solvents as well as resistant to vari- cifically designed to retain a high 
ous acid concentrations and salts. percentage of their electrical and 
I t  often has longer life per dollar, mechanical properties under ex- 
including replacement cost. tremely humid conditions. 

DIELECTRIC STRENGTH- HIGH 
An excellent electric insulator with STRENGTH-TO-WEIGHT RATIO- 
lowdissipation factorand lowdielec- Synthane weighs only half as much 
tric constant, Synthane is easily as aluminum, yet is one of the plas- 
punched or machined into parts for tics highest in tensile, compressive, 
radio and electrical equipment. flexural, and impact strengths. 

Kraft Paper Phenolic Grades 
Alpha Paper Phenolic Grades 
Rag Paper Phenolic Grades 
Paper Base Plasticized 

Resin Grades 
Paper Base Phenolic Flame 

Retardant Grades 
Paper Base Epoxy Grades 
Pa er  Base Epoxy Flame 

te ta rdan t  Grades 
Coarse & Fine Weave Cotton 

Fabric Phenolic Grades 
Coarse & Fine Weave Cotton 

Fabric Melamine Grades 
Coarse & Fine Weave Cotton 

Fabric Phenolic Graphitized 
Grades 

Coarse & Fine Weave Cotton 
Fabric Phenolic 
Molvcote Grades 

Fine Weave Fabric Carbon 
Inclusion Phenolic Grades 

Ccrtton Mat Phenolic 
Resin Grades 

Asbestos Paper Phenolic 
Resin Grades 

Asbestos Fabric Phenolic 
Resin Grades 

Asbestos Fabric Melamine 
Resin Grades 

Asbestos Fabric Phenolic (High 
Temperature) Resin Grades 

Asbestos Fabric Phenolic 
Graphitized Grades 

Asbestos Fabric Phenolic 
Molycote Grades 

Asbestos Mat  Phenolic Grades 
Asbestos Mat Phenolic (High 

Temperature) Resin Grades 
Nylon Fabric Phenolic 

Resin Grades 
Glass Fabric Continuous 

Filament Silicone Grade 
Glass Fabric Continuous 

Filament Phenolic 
Resin Grades 

Glass Fabric Continuous 
Filament Melamine 
Resin Grades 

Glass Mat Melamine 
Resin Grades 

Glass Fabric Epoxy Resin Grades 
Glass Fabric Phenolic (High 

Temperature) Resin Grades 

CORPORATION OAKS, PA. 19456 

666-5011 Area Code 215, TWX 510-660-4750, Telex 084-5268 

SYNTHANE-PACIFIC-518 W. Garfield Ave., Glendale, California 91204 



Just ask a certain family in Marrakeck, 
A solar cooker he helped develop is now making life 

a little easier for them-in an area where electricity is 
practically unheard of. 

The project was part of Dan's work with VITA 
(Volunteers for International Technical Assistance) 
which he helped found. 

Dan's ideas have not always been so practical. Like 
the candlepowered boat he built at age 10. 

But when Dan graduated as an electrical engineer 
from Cornell in 1955. it wasn't the future of candle- 
powered boats that brought him to General Electric. 
It was the variety of opportunity. He saw opportunities 
in more than 130 "small businesses" that make up Gen- 
eral Electric. Together they make more than 200,000 
different products. 

At GE, Dan is working on the design for a remote 
control system for gas turbine powerplants. Some day 
it may enable his Moroccan friends to scrap their solar 
cooker. 

Like Dan Johnson, you'll find opportunities at Gen- 
eral Electric in R&D, design, production and technical 
marketing that match your qualifications and interests. 
Talk to our man when he visits your campus. Or write 
for career information to: General Electric Company, 
Room 801Z, 570 Lexington Avenue, New York, N. Y. 
10022 39-23 

AN EQUAL OPPORTUNITY EMPLOYER (M/F1 




