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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 
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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 
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'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\ 
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