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Largest "dish" radio telescope in the world looms above the 
English countryside near Manchester . The 250-foot dish, mounted on 
towers 180 feet high, has been operating only a few months. 

Science 

A New Window on the Universe
 
by Francis Bello 
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For the next decade or more, the important discoveries 
about the universe we live in will almost certainly not be 
made by such headline grabbers as Sputniks or even by a 
manned flight to the moon. Though the first space voyager 
will doubtless find it an exhilarating experience to sift 
moon dust through his gloved fingers, man can really learn 
very little about nature directly through his unaided senses. 
What he needs is instruments to make visible the things 
that are normally beyond the range of sight. That is pre
cisely the kind of instrument he is now getting from the 
new science of radio astronomy. With the help of radio 
astronomy man has found a window with an exciting new 
view of the universe. 

Radio astronomy is simply the extension of old-fashioned 
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Information from the outer universe by the lower atmosphere. Conv entional optic: 
reaches th e earth onl y if it can pass through telescopes, like the human eye, must work wi t 
"windows" in the earth 's atmosphere. This dia the small sliver of radiation that comes throng 
gram shows how little man can see of the world the "optical window." The business of radi 
with hi s eyes and with optical telescopes. Most astronomy is to observe the much broade 
of the entire spectrum of radiation (top of spect r um of long wave-length light that shine 
diagram) that fall s on th e earth's upper atmos through the "radio window" and to make sens. 
phere is blocked either by the ionosphere or of the objects that em it it. 

optical astronomy to the detection of wave lengths of light 
so long that they cannot be seen by the eye, recorded on 
film, or detected by ordinary photometric devices. These 
ultralong light waves are radio waves of the same type 
used in radio and television broadcasting: The telescope 
used in radio astronomy to detect these waves consists of 
an antenna of substantial size, often dish-shaped, hooked 
up to a radio receiver that can tune in and amplify ex
tremely weak signals. While taking observations, radio 
astronomers do not listen to the receiver, even though the 
signals emanating from outer space are often called radio 
"noise" (it actually comes through like a hiss) . What the 
telescope "sees" is usually recorded by a pen that produces 
an intensity graph on a strip chart. 

As the diagram above shows, the ear th 's atmosphere is 
pierced by two "windows" through which radiation from 
outer space can pass. Before the development of radio as
tronomy, astronomers had to do all of their looking through 
the cramped space of the "optical window." What has been 
seen of the universe through the much wider "radio win
dow" in just the last ten years reveals it to be more turbu
lent and more energetic than optical astronomers had ever 
dreamed. The universe is also seen to be more baffling, 
despite the fact that radio observations are turning up a 
host of new clues about the nature of planets, stars, galaxies, 
and the deepest of all mysteries, the size and origin of the 
universe itself. 

Current theories of astrophysics hold that the universe 
has a definite limit beyond which man can never see, no 
matter what new instruments he may devise. In the radio 
telescope he appears to have an instrument that will reach 

to the very edge of that limit. And in so doing it may pro
vid e scientists with crucial information they need before 
they can discuss with much confidence how th e universe may 
have begun, or whether it had any beginning at all, as be
ginnings are commonly understood. 

They thought they knew 
The science of radio astronomy was discovered by acci

dent twenty-five years ago in the U.S ., but for ten years 
afterward old-line astronomers everywhere pretended it 
didn't exist. In the country of its birth the new science was 

The Earth's Galaxy As Revealed by Radio 

Exploration of th e earth's own 
Galaxy seemed all but hopeless 
before the advent of radio astron
omy, for most of the Galaxy lies 
hidden behind vast clouds of inter
stellar dust. The artist's concep
tion, at right, showing the Ga la xy 
in top and side views, in corporates 
the latest radio findings . The sun 
is represented by an orange cross 
lying some 27,000 light-years to 
th e left of the galactic center. The 
Galaxy contains so many stars 
that near the center they seem to 
fu se into a solid glowing mass. 
Actually, they are light-years 
apart. In more than three cen
turies optical astronomers were 

able to chart only the sm all por
tion of the Galaxy's spiral struc
ture indicated by the yellow lines 
near the sun in the top draw
ing. Within the la st six years 
radio astronomers have traced 
the star-filled spiral arms, shown 
in red, nearly the whole way 
a round the Galaxy. These new 
findings have finally answered 
John Donne's three-hundred-year
old lament, evoked by the discov
ery that the ea r th was not the 
center of the universe: 

The Sun is lost, and th' earth, 
and no mans wit 

Can well direct him where to 
looke for it. 
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Ten Kinds of Celestial Transmitters Detected by Radio Astronomy
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Brightest radio source in the sky, 
Cassiopeia A, seems to consist 
solely of luminous wisps of gas 
moving at speeds up to seven 
million miles an hour. Two of the 
wisps appear within the small 
circles, above; others are scat
tered throughout the large circle. 
Photograph (shown in negative 
print for clarity) was made with 
the 200-inch Palomar telescope. 
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The most powerful radio source 
is Cygnus A, which comprises two 
colliding galaxies. Though 27,000 
times more distant than Cassi
opeia A , Cygnus A appears about 
half as bright when viewed by 
radio telescope. Presumably many 
unidentified radio sources are col
liding galaxies so remote they are 
beyond reach of the largest opti
cal telescopes. 
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The sun is the only true "radio 
star" yet detected; all the other 
stars are too far away for exist
ing radio telescopes to tune them 
in. Most of the sun's normal radio 
emission comes from its corona, 
visible in this picture of the sun 
in eclipse. But occasionally great 
explosions near the sun's surface 
increase its radio power from 1010 

to 1015 watts or more. 

200,000 
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Unlike true stars, remnants 
supernovae, or exploding sta 
are energetic radio emitte 
The Crab nebula is the remains 
a supernova seen by the Chin, 
in 1054 A.D. Luminous gases, s 
expanding violently, account j 

its irregular shape. It is possf 
that Cassiopeia A is the remai 
of another supernova, one sight 
by the Chinese in 369 A.D. 

Radio brightness Absolute radiopower 
(relative) (watts) 

Optical brightness Distance 
(relative) (light-years from earth) 

In key at left "brightness" refers to observed values (whether by radio 
or optical telescope) on a relative scale that sets the faintest objects 
equal to 1. Rule for reading values of "absolute radio power" in watts: 
lOX equals 1 followed by x zeros; thus 1025=1 followed by 25 zeros, 
5x1025=5 followed by 25 zeros. (For the moon and Jupiter, no generally 
accepted values for radio pow~r are available.) 

neglected longer than almost anywhere else, with the re
sult that in radio astronomy today this country lags behind 
Britain, Australia, the Netherlands, and probably Russia. 

Astronomers failed to anticipate any part of the breath
taking magnitude of the discoveries the radio telescope 
would yield because they thought they could predict roughly 
what might be observed with a radio telescope and it 
seemed scarcely worth observing. They knew, of course, 
that any object with a temperature above absolute zero 
(-459.6° Fahrenheit) will emit a wide spectrum of electro
magnetic radiation. Even at one degree above absolute zero 
this radiation ranges from very long radio waves, a hundred 
or more meters in length, to shorter waves, some less than 
a centimeter in length, called microwaves. As an object 
is heated further, it emits waves of shorter and shorter 
length until, finally, it gives off visible light. Thus, when we 
look at a luminous body like the sun, the light our eyes per
ceive is only a thin slice of the total emitted radiation. The 
classical astronomer pointed out, however, that most of 
the sun's total energy output is concentrated in and around 
the visible region of the spectrum; only a tiny fraction of 
its energy is in the form of radio waves. It seemed clear 
that this weak radio emission would be difficult to detect 
on earth (and in fact many early attempts to locate solar 
radio waves did fail). Since stars other than the sun are 
so distant, four light-years away and more, it seemed hope

less to try to detect radio emission from them (and in fa 
radio astronomers have not yet succeeded in doing so). 

What the classical astronomers entirely overlooked wi 
the possibility of detecting radio emission from objec 
other than stars. For the firmament is ablaze with rad 
"noise." This noise from the sky increases in intensity wr 
increases in wave lengths. Thus, when a good television s 
is tuned to Channel 2 (5 .0 to 5.6 meters, the longest TV wa
length), about 80 per cent of all the background noi 
(which appears as "snow" or granulation in the picture 
is radio transmission from outer space. The volume of t l 
noise from outer space, totally unexpected by astrophysicist 
is the big surprise of radio astronomy. "We now have 
reckon," says Jesse Greenstein, one of the leading astr 
physicists of Mount Wilson and Palomar observatorie 
"with a whole new set of forces that we didn't know abou 
These forces are neither gravitational nor nuclear, bi 
primarily electrical and magnetic. We are seeing things I 

one ever suspected." 

The weird radio sky 
If we could "see" the sky with the "eyes" of a radio tel, 

scope tuned to meter wave lengths, it would bear scat 
resemblance to the sky we are familiar with. First of a 
night and day, fair weather and foul, would be almost ii 
distinguishable, since there is no radio source bright enoug 
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This unique astronomical object is 
the second most powerful radio 
source yet discovered. M-87, a 
large galaxy of the nonspiral type, 
has au unexplained jet of ionized 
gas, strongly blue in color, extend
ing from the galactic center. The 
light from the jet is polarized, in
dicating the presence of strong 
magnetic fields often associated 
with strong radio emission. 

10.000 

100,000 1,000,000 

M-31 is ,a spiral galaxy much like 
our own. Despite its hundreds of 
billions of stars it puts out less 
than 100 times more radio power 
than wispy Cassiopeia A. Even so, 
M-31's output is 100 million times 
what would be expected if each 
of its s t a rs had an average radio 
strength equal to that of our sun. 
Evidently M-31 conceals a few 
Cassiopeias of its own. 

Astronomical distances make it impossible to plot on one diagram 
all ten objects illustrated on these two pages. This representation of 
our home Galaxy can show only the sun and four other radio sources. 
On the scale used here (1 inch=27,000 light-years) the space taken up by 
the dot representing the sun has about 300,000 times the diameter of 
the whole solar system, within which, of course, the moon and Jupiter 
lie. The Andromeda galaxy would lie about 3 feet away from the sun, 
M-87 60 feet, Cygnus A 800 feet . Whereas the world's largest optical 
telescope is unable to detect galaxies much more than a mile away on 
the same scale, radio telescopes are probably "seeing" objects two , 
miles away, and perhaps more. 
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M-16 is nothing more than a huge 
cloud of hydrogen gas excited to 
high temperature (around 10,000' 
C.) by abnormally hot stars em
bedded inside. The gas emits radio 
waves as part of its over-all emis
sion spectrum. About twenty-five 
such nebulae have been detected 
by radio. These include the well
known Orion nebula, which can 
be seen by the naked eye. 

Two sorts of radio waves come 
from the moon: waves reflected 
by it from the sun, and waves 
given off by the moon itself. The 
latter radiation is called "ther
mal," the normal radio emission 
of a warm body. Other so-called 
thermal emit ters are the sun (ex
cept when disturbed by explosions 
near its surface), M-16 , the plan
etary nebulae, and the planets. 
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Planetary nebulae are among t 
faintest radio sources yet foun 
Three, including NGC 7293, we 
detected for the first time Ia 
year by Frank Drake , a Ha rvar 
graduate student. The nebula 
glowing ring consists chiefly ( 
hot ionized hydrogen, probabl 
ejected from a large star, a "re 
giant," in the process of contract 
ing into a "white dwarf." 

100,000,000 37 light-minutes 

Jupiter, like Saturn, Mars, an, 
the planetary nebulae, is anion, 
the faintest radio sources ye 
identified. In addition to simpl 
thermal radiation, Jupiter period 
ically emits powerful radio burst, 
possibly arising from great storm 
in the Jovian atmosphere. Jupi 
ter's weak thermal emission wa 
first detected in 1956 at the Nava 
Research Laboratory. 

100 

1,000,000,000,000 1.3light-seconds 
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to light up the radio sky a s t.hc SU II 

lights up the daytime sky , :'Ilos t of 
thr: time th« su n itsr-lf would )w a 
pa le appn.rit.ion with a n irl'l'g u la r 
sha pc' ('OITcs pond ing to that of i ts 
«oroun, Sporndir-ullv , how ever, its 
radio brightness would fluro up a \1'1'

soIII1'1 ,I" to thousands and «von m il
lion s o f times it,,; normal intensitv. 
Xo on e kn ows wh y. Then, in sp('ollds 

or hours. till' fla re-up would subside 
and t o the " I'YPs " of the rnr lio telo
'WOpI' all would 1)(' dim om-« 11100'e , 

Th e moon would rank with the 
fa intr-st. rlisccrnibk- obj or-t». So 
would tho planets, ex cept fOl' Jupi
(PI', which would «mit hrilliant 
bursts of radio " ligh t " remiuisccnt 
of lightning, 

TIll) gn'a t stnrrv [II'(: known a" till' 
\1 ilkv Wa y ha s ns it s radio «ountcr
part a diffuse ribbon showing "lea rI.I" 
from th« northern t o the sou t he rn 
horiz on. But unlike the fum ilinr 
\[ilk,\' \Ya~' , tl u- radio :'IIilk.\' Wa.\' 

in(,),l'a sp" "te'adil~' in b rightnes" 
along it s length , n'a c'hing a hrillinnt 
pr-uk in t.lu- rl'gioll of Sagittal'ins 

(visibh: low in th« southern "k~' in 
su Il1 III I'1') , This pouk iden t.ifios the 
,'('nt('r of our Galaxy, 27 ,000 light
' (' :11''' nw.rv . whit-h is shielrlr-d fr om 

hUl\Ia ll (' \'c'" .uu l ord inll r;" t..!p'l 'O! • . 
1•.v va st clourls of intr-rstcllur du st, 

Two radio jewels 

Embedded in t h« .\ I ilky \Yay rib
bon , far to the north of tlre gal :lI'tic 
rr-utr-r, [In'. the two m ost s pcrt ueu la r 
jr-we ls o] the radio firnuun out : Cnssi
opciu A and (' ,\'gnus A, C ass iopeia 

A is IH'rhaps 10,000 Iight-Yl'ars a way 
in Olll' O\\'1l Clalnxy, Y et with ill it. is a 
radio so n rcl' t.ha t is the brightpst de
h 'c'k e! in outpr spa('c, In photo
g-ra p hs t~lken wit.h the 200-illeh 
Palomar tc!cs('ope, it shows olll y as 
a fc\\ ' wisps of g lo willg ga s llIoving 

at t.rcmcndous " d oc'it ips , Cygn us A 
is e\"(~n more as t.on ish ing, Alt,hough 

270 million light-~'par" di stant, it 
"howe rs tlw ca rt h \\'ith a s lIIuch ra
dio l'n c rg~ ' as t.he SU Il onlin:Jl'ily 
do('s frOlll onl,v k ,:3 light-/II illlll /:8 
away, To do this, Cygn us A must 
pour ou t ntOrc than a bill ion bill ion 
( 1 0 1 ~ ) tim es a s mallY wat.ts as the 
"It II doc's at, i t ,.; v iolen t peak,.;, 

Tl w id clltifi( 'atioll of Cygn us A 
with a \'i s iblc o bject Was one of the 
drama til' ep i,.; o(k" in mode I'll a stron
omy , " 'hclI C yg nus A wa " first de
tcdcd, in HH7 , o p t i('a l astl'OlIomers 
illlluedia kly began "ea n ~ h i ng 1'01' 

it.. Hut t.hpir tel('seopes foulld noth
illg mme in the I'('gion of the ra d io 
IlOise than a ty p i('a l a ""urtnlent of 
st a rs alld fa in t galax ies. There was 

no ronsou to "ingIt, out ally OU I' of 
them as a pO\\,prful radio ..mitn-r. 
Silwr: there wus 110 ovid r-nr-« of ob

seu r ing dust in th i" part of tlw -kv, 
ustrononu-rs ('OIll'lur II" 1that ('-, 'gnus 

A was too distant. or to o faint to 
show on photogr:lph ie. pln tos. 

A titanic encounter 

In H),OjL \\'altpl' Baade , ono o f till' 
most clistinguishl'd observers at 
Mount \\'ilsou an d Palomar, ]wgan 

a fres h search. u"'i)lg a new radio fix 
su p p lied by B, Y, Mills of Aust rnlin 
a nd F. C;' Smitl: of Grl'a t Britain , 

Baade finnllv di"c'('rned a «uriou
s m ud ge , little larger thnn the hl':ll! 
of n, pill, Oil 011( ' of hi s photouru phs. 
A ft er close ,.; t.udy of the sm udgc', 
Baade renr!('red all as t ou ish ing in 
terpretation: it J'( 'pJ'(' ",('nted t wo 
giant galaxi,'s, l':ll' h P(·r!wp" as I:trg( ' 
as our own , iu rit .mic «o lli- io u. 

At fir st, Baadc~ 's c'oll('agup" 
scoffed . But Rudolph .\Iinko\\·"ki , a 
senior ohsorvr-r on till' Xlouut \\'il
son- Pnlomnr sta 11'. IIwdp a s ppd ro

graphic analys is of the light cOluillg 
from the snuuhn-- likr: nb jt'( '\.. Thi» 
proved that t.lu: thinly opl'l'ad int.-r
s te lla r ,gas with in th e gal a xiI''' " "a.s 

exci t.ed to t r-mpcrutu ros lip to 
io .ooo- C. In ordinary ga la xi,'.s thi" 
p;as ( c h i eJl~' hydrogon ) is far lx-low 
0° C, The high tcruperaturcs "011 

fil'llll,r! tlu.t a collision must })('tuk illg 
I !:tn ' 1)('1\ " " ' ll t hr- . lu t . ':"' , .uul 
mngui -ti« fil'ld s .:p rl'a ' ! tlirou ahour 
tlu : two galaxic 's. 

In th e who l« radio sky tlu -n- an' 
several t.housuud ohicct« that ea ll 1)(' 
det ederl wit l: tlu- radio te/( 'S('OIH'S 
1I0\\' in usc. j':xperts do not agl'!'t' Oil 

HII> exuct numlx-r bccnus« numv 
radio SOUI'!'('S s,'c'm to o ve rla p . To 
add to the difli , ~ult.y , mdio c'llli""ioll 
from spa cc i" hard to di "t illg n i,,1t 
from t.he e!pl'lrolli e lwi sl' g cnl'l'a t t'd 

within tlt r radio tl'lp"eope its('I!'. Thc ' 
po sitions of ollly ahout n hlllllin 'd 
are rl'aSOlWbl ,\' \\"( ,11 confil'llll'd I)\' 
dill'erent. OUst'n'C'rs , Xo on!' d rllt!)t s , 
howl'Y!'r, that higgl'l' and UIOJ'(' S('II
s i t. in~ in strunll'lI h \\'ill dis, 'O\', 'r 
more alld m nrp "OUITC ~S , rUllllillg 
ultimatel,\' into th e IIlillions , 

Ouly aboubixty of the hunr1n·d 01' 

so \I'C'lI-eollfinnpd radio sou n 'p" ha \ ' P 

bc en matched with obj eets d",ihle 
through optic 'al td('"eopes , Till , 
radio HJlln 'CS he~'olill uur solar sy"
tCIll that ha\'(' 1)I'('n thus i(h 'ntifipd 
c:an lw gruupcd ill "p\'cn ea tpgo r i ( ~ ,, : 

\\"isps of high-n'l twi t,\' .!!;as , \'olliding 
galnxics , gala xi,'s with sJJl:('ial ('har

aetcristies ("ue h a s ..\[-~17, II"lti('h 
contains a huge gascous jet), ordi
nary galaxi,'s likp the e:lI' t h ',.; , rpm
na n t s of Sll lWrllO\':ll' , "CH,a lied ' 'pmis
sian uehulap" (h ugp gas l'Iolllb 
heated t o il\(, :\I1d( ~ s( 'e n( ~( ~ h,\' hot 

Wi/tinn ed poye 15 ~ 



Radio As tronomv ('o,t/ iil l/ ('ll 

~ t :l l''') , and planf'lHI',\' uobu l.u- (ill 
whir-l: a rii ur of u:a" i" h('a kd 1,,\' a 
"illg;l(' ~t: II' ) , " 

" ' ha l "o r! of o l,j('d ," l1lig; ht th ,' 
st ill-uuidon t ilir -d "0111"-1''' I" ,',' \rh ill' 
a f,'\\ ' IIIa ,\' h" oh .i" "t.- within our 
l ial :l",\' wi ll,,,,' visih h- lig;ht i" "011
"(' ,, I('d fl'fllli II." h,\' ill l ,'n '('ni ng; du st, 
it i" I'l'a "onalol,\' "('I'la in thn t IIlO.;!, 
an ' " ,,,tl'ag;a l:lI'li ,' oh.il'.-!,", pn'd ol1l
iuun t lv /-::t1axil',- in "oll i"ioll, 

'1'111' 0""111'''''111''' of ,'ollidillg; g;al
:Ixi,'" in 0 11 (, ,1' "1 1:ll'" i" th l' f:ll'tol' 
that u:i\" '" I'adio 1,,1"""01"'" -uvh all 
:1I h-a n t:I,g;(' 0 \'1'1' ti l{' " p ti" HI k iu.! ill 
III{ ' rIll'" I" ",w , ' " t" t lil' I'd u:,, o f till' 
llll i\'t' I'."" , ( 'ollid inu; u;:t1'lxi,'" hn vr: 
"tllpl'ndo ll" I': ,d io pOW"1' a nd 1I{ ' Ill'" 
a"" tld,I ,,'b ! ,I" h: ' I':l dio t(' 1,'",'ol"'" 
f:II' IlI',\'Olld t.lu- I'allu;(' " \'1'11 of 0111' 
h i:;u;p:'t opti"a I ill, tn lnll' ll t- . C'YU:llll" 
A. fill' ,' ~alll p l,' , i" sru-h a powt -rful 
t r.m-r ui t t r-r t hat it ,'o ,ild I" , d.,r,' dl'd 

hy pn''' 'lll , I:,di" 1,1'/1'''' '111'' '' r-vr-u if it 
wv r: "i, t il "i u; h t I,ill illn liuh t-ye u r
a\\' a ,\'. T hi- i" th r.-« O! fou r t iuu -s 
Illo",' di4a nl 11 1:1 11 LlIl' I'HIOllla l' 11'1< '
""01" "" rall U;1'III' :! hil linn liuht-v-o r-. 
wit lu» \\ l,i"!1 Ill:l,\' Ii" sou n: ,iOU m il
Ii,)n !!;a !a"i, ',,, , 

Where is the horizon? 

1'111''''' :In ' , 110\\'1'1' '' 1'. il1lpn '",,,in ' 
n 'a "" /I" 1'111' ',(,/i, 'dllg ,hal if (',I ,I:/lll" 
• \\ , , \'1' ad ll:d l.. "i, Itl "iu;ll t h lllill/l 
lig;\a\ -.\" ':lI''' a 11':1,\ , it \I'qll ld I" , 11('

: "llid till' hlll' izlI/I of till' ol ''' ' ' I'\':l h ',' 
IIl1 in'l'''' ' , TI,i," hOl'izoll IIla,\' Ii" a l a 
di "tall( '(' or aholl! ('i\'(' I,illioll lig;hl
.' ·pa r.... . : H · t · () J'( l i l l .~ to 1>l'(,~"lI t IlH ':t....lIl"

illg; ~"al"" , T lli," lillli l i" d,.'dlll'l' d 
fl"Ol l1 tI " , plll'l lfJlI"'IIOI I kIlO\\'lI a " t llf' 
"l'l'd " lIil'f" ill I lit' lig;lIt, "Olllillu: fl'l'1I 1 
di"tall t,g;al a , i,' '', Tll i" r..d "hi ft. II!' 

l'('dd "lIillg;, lIIay Ill' Iik"lIpd to tllf ' 
"" l'llI illU; I'ul l ill pill' ll of t,1 1l: \\'h i"tl, ' 
Oll a t ra ill t,llllI, i" 1'Il"lIillU: a \1':1,\' 
1'1'0 111 a llo l"" 1'\ ' , ,1'. ,\,, 1rOIIOlllt'l"" ha \'l ' 
I'OIL lid tll al , lI lf ~ ilion' d i"tllll! tl" , 
g;a l:L".\' , t,11t' Illfll'" it" liu:ht i" "lIil'ted 
100\'a nl th ,' red elld fJl' t lw "p..(' tnllu 
a u,1 ' \I ' ll"" th e l'a" I','1" it a p!-'('lIr, to ' )1' 

''I' iug; 1'1'0111 our OWIl Ua la x,\' , 
T i ll ' luo "t di "tallt g;lIla xit'-, 1'0 1" 

whi ,'11 1I n'd "hilt "au I.., IIlf'a.;lll""d 
an' abou t o il" hilli 'lIl liu:ht -,\'l'lIr" 
:'\\'lI,\' 1I l1 d lire n '\'I'd ing; 1'1'011 111" al a 
"peed of ;';S,OOO nJilt'" 1" '1" ," ' ~ " O Il( 1. 01" 
:d ,ou! oll t'-fil'th tl,, ~ \' ..Iu,'it.y o f Iig;ht. 

If tllf ' n ~", ' ""ioll "peed l ' O ll t i ll lll~ " to 

' T lte milil/ I/(/I/I/(I of Ih/ ' lo xi I ICO ('lI ie

!I')I' i e ,~ 1I/'/leOI',< tl/ l(/ ~ "impl y tit" 1/0(

mill em i"" i " lf I/f y""e " heated Iv I//I ]'(f 

,<" l u I' Iem}H' i'CIlill'e,<, T/i e /)(1,<1111 fl rCl/l er 

wdio PO Il 'PI" oj the vlher five "eem" 10 

CIIll fvr " d iffer!',,, ex /,IIIIWlioll, 'I'll/! 
(' 111'1'1' 1111y jfll:o rcd Ilwl/l'!/i" " '<I/I/ch 1'011'0 11 

mdilllil/If" · 11", rod iv ,, '(we ,~ elll i ll ed 

" '/i " 1f rer ll /t i'JII-'<I"~ cd rlrof.'!ro ,/,< 111'1' 

j",.,-cd 11/ d" ,,, 'r i l /(' liuh l " ,'i,il ,.; I}l'IJlwd 

lUoY'/f 't i l" litH?": of fo rce . 

i ru-n -n-« propnrt ionu !r-I,\' with di ,,
luurr -. t lu- limit o f oh"I' I'\'u ti on work" 
out to about , lin ' h illiun li~ht -,\'('al"", 

If tl n-rr- an ' allY g;alaxi r-:, Inrt lu-r 
awa,\',lIu'i l' li~hl 'l'lIlllll '\'('r 1'1,: ", 11 t lu
..a rt h. 1'01" t ho t1i"tall"'" i- ill"I'l'a~jlll!,' 

fll~ tl' rth li ll li/-:ht "a ll lol"id~ (' t.lu-!!;ap, 
T1H: I'f'd "h itt ha- nnut lu -r ilJlp li,'a 

t ion, wh ir- l: ulso Illay "PI t lu- ;'l'd /-:(," 
or th .. uni vor-«. at rnllg;hly Iivr- hil 
liun lil-\ht-yl'ar;;, :"" '('Ol'd ing; t.1I a hv
po t I ll '~ i " firs t propo:'l'd in I !l:, I h~ ' 

, \ h h{~ (; ..'o q~e~ J.ema it.re of Bdl!:illlll , 
t lu- uni verse !'I'I!:ln with till' r-xplo
sion of a gig;aII tir- " pri uu-vn I a tom " 
th at co u tu iuerl all t ill' InaU" 1" now 
,,('a t t,' n ',1 thwug:llOllt "IW(" ', On t.lll' 
Iw"i" or t lu- nppn n -u t ,'xpal li,ion of 
t lu - u u ivor-o. till' du ti- of tl u: II: ' !" '
t.lu-t i,'a I ('xp lo"io ll lIIay ,..., pla l'('d at, 
sonu- five n r six l iilliuu :" 'a r" Ilg;O, a 
fi~ lIl'<' thut "OnrOJ'llI ~ n'a"onah'y \\'l'11 
wit h otl u-r .."ti lllat.e" or tli u :l~P of 
t lu- univer-» . I.l' lIla it rl" " hypot,lll '"is 
illlp li,''' , o f rou r - c- , tha I a"t.I'( ,1I01l 11' r ,.; 
will lind 110 ~ala'(il' '; 1110"" thn n live 
or "i" hi ll io ll l i~ht -Y I'a l' '' a way, 1'0 1" 
t lu-rr- \\ ..1'1' nou« in l',,,i"k n(',' 11101'1: 

t hn n fin ' urvi x hillinn ye a r" a g;o to 
"t a rt li~lt t on it.- \\'ay to wur. l II" , 

Tlu - Iirs t. 1'< '!llJl'h fl'O lil ti ll' " ed g;, '" 
of ti ll' IIni\'l' r"p Illay I" , 1 ) l'llll ~ hl in 
1.,\ t ill' u:n'a t ~ ,iO-fool radio ((ol< '",'o p, : 
al ./odn 'lI Bank, E II~ I a nd , Tlti" lIIa,\' 
a lso I" , th p tirst ill"t,J'IIlllpllt t u 1I 11'a"
Jln ' 1'I"" '""ion n,I.,..if j"" t!:l'p:I!" r t ita n 
ti ll' ;l, ,()()() lIlil< '" 1'1' 1' "e,'()J,,! n:
,'o p h,d at ('a lonIaI'. 

Con tin uous crea Lion? 

('o,,, nlldl)~i,,t, ,- t ill' t lll'on,ti,'ians 

,'on" l'l'Jll'd \\'itlJ ti ll' " t 1'111'1.111'(', ol'ig;i n, 
a nd " "" t in,\' or t hl' lIni \'( ~ r" l'-w illl l!' 

\\'a tt-h inu: ,'Iwh n' ",dt " d ,)".,I:' til ",' ,: 
witi,'lJ or "(' \','ra I "Illode ls" of til" 1I1i i
\'PI'''(' tlll'y nl:l: ' ba"k Ill' , I II add ilion 
to I.pln aitn,''' ';hig: hang''' Inode l. 
tl ll'l'< ' i" a :'on ll,\\'ll:It silllila r fllod l,! 
th at "i"pen .", '" wit h till ' hanl!;, a lld 
"llu:g;e"t., tl mt Ih, ' nni\',' r,;,' i,,, a llt'l' 
' Ia t i\'1'1 ,\' pXI,a nd ing: and ( ' U II tr:1l' ling'. 

Tl wl'< ' i" al" o a ue\\ ' :trl" Iti/-:hl ,\' 
('oll t.ro\'(' I'"ia l lno, h,1 whi"h "np i'u ..'l',"; 
t hat th" lIlli\' l' I'''' ~ i" "'llltinliollSI,\' Iw
ing; 'Tea k .! a rl'l'sh , ,\ "" 'Jnlillg to thi,; 
h,\' po tlll' ,-i ", t h" 1II1 i\'\~ r ,,(' Ita" a il\'ay" 
loo kt'd - a nd alway " will lo()k -, ~x

:Il,t l,\' a, it d o,'''' 110\\' , .\ ~ gala"ie" hlIr
tl, ' I"'.\'o lld th,' Obsl'l'\ 'abll' ho rizoll, 
Illl)n' a n' ho rn 10 tak p Illl ~ir 1'1:11'1.' , 

Thi" "o-('a lled "" tl'a dy-" ta t '~" Iln i
\ ' ( 'r", ~ \\':1,. pr oposer! shmtly aft,.'I' 
\ r od d \ r a r II by t hrel' Bl'i ti"h ,,,,,i
I'uti ,.;t", II , Bondi , Thomas <.;old 
(nll\\' at. If a r\'l1l'lI) , a nd Fred II oy ll: 
( \1'1 10 d i\ ' ir!l:" hi" t illlP h,-,t\\'I ~ell Ca lll
hl'idg:I; :tlId ('a l T el'lt ) , Thl',\' liU:lIl'<'d 
that, tlll' alilollill of fn '"hly t'l'eat.l'd 
mattt'r lI(·"ded to Illailltaiu a stea dy 
"tatt- IInin'I'''' ' is Olll' np \\, h,\'(II'Og" '1I 
a IUIIIl' \'l'r,\' " ..n tl ll',\' 1'111' a \'f ,!tln ll' ot 

cu"ti,llInl / )(1(/(' 1:Jfj 
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f'p:.t<'(. ('qual 10 t hut of II,, · l-:lIlpir<' 

S tal " I~uild il\~. (For th e uu ivr-r-«: af' 
a whol «. th is "Oll" ' ~ to I (Yl~ t tnu- of 

fn ' ~11 h.nlro.gpn per :"" ·OIH!.) S W'h 
in fini tcs imn l t.races o f ne wly crea ted 

h~ 'dro~,'n ca nnot be detected , but 
t lu - Apady-~t.atp h v po t ho s is is open 

to :1 v.u-ict.v of ot.lu-r k.;t ~ , 

The Ill' pot IIC.;i~ wuulrl be st renut.h

on orl , for e xa mple. if us trunomers 
r-ould finrl r-onv uu-iua ev ide nce thn t 
.galaxies dirt'l'l" si~n ificautl ." ill a~('. 

~o 1':1I' th e l,, ' id l'n ('p Oil a~e.. [ro m op

t i":li a"tn)ll u ll1~ ' , i~ .uu h iguo u- . 1'l'r
haps radio ust rouomv ran find a~e 

d if1'l'I'enl'e ~ , Ou t.ho o t her hu nrl. th e 

n("II' radi o td ps ,' ope~ m nv re veal that 

~ala .\i('" th roe to fiv e billion light

ypa r" allay , and lienee t.h reo to fiv e 
b illion vou rs old, sho«: a ~r eat er in

,'idl'nce of collisions t.ha n do nonrr-r 

Olle" and t herc fore m us t lu - hunched 
tog(~thpr m o re clo sr-lv . 8(1('h a Iinrl

in~ would refute th e " stoarlv-stu.tc' 

hvpot.lresi « a nd su p po rt th o view 
thn t the uni ve rse wa s onr-o in a 

denser state than at present. " 'hat

eve r the ease , it shou ld be po~sible 

wi t.hin the next five to ten ycn rs to 

mil' o u t one h vpot.l u-sis or tho utlu-r. 

Jansky's practical problem 

Th« new ~( 'il)n( ',) t o whir-h cos ruo l
(,,!.!; i,,t lS a n · ap/ll·alin g- fo r 1Il ,Ip ou t lu-ir 
<\('p\\(':<1 qllP ~tio n s gre ll' nut o [ ru

sp:m·h Oil a t horoughll' p l":l l.'ti,'al 

proble-m . The yeu r wns I!J:!k. The 

B<'II S y" tem wallled to find out. wh., · 
ih nell"ly introdnel'd trans~ltlanti,' 

nuliotelcphone "elT ir l' 1I':lS pl a~ued 

b,\' s t a ti, ~ and IlIise l'll :lIll'oIlS noi "ps 

tlla t oftl'lI made eOJl\'ersa ti on im
pos"ible. T o make a s.,·st ematic 
stlld.'" of rad io noisp, Bell Laborn

j,ori es ('allerl on a tll' e nty-thr"p-~ 'l'al"

old physi"i"t, Karl . Ja llsk ~ ' , 

.Iansky d esip,nerl and hllil t a lal'~ e 

rotabhle a n t en na a nrl :1 spn sitivl' 

rad io rel'cive l', lI'hieh lI'a" eI"l~ l't eri at 
H olmdel. X ell ' ,leI'S!'.\', He he!!;:ln by 

m ellSllrill!!; rndio st a ti c, noting 1\011' 

it I'aried ill intellsity ami iu point, of 

orig-ill. Iu April. 19:t!. he presented 
to th e International Seicn t iti(' Hadio 
I 'n ion:l pap('J" ill lI·hi e.h he ,\r)s"rilled 

three t.ypt'" of s ta t.ic ; th e fir "t from 

l'll'al thund e rstOl'lllS, the "eeo nd 
from distaut stonns , and the third 

" ('o n lpnsed of a vel'," s t.ea dy hi s" the 
th(~ ori.!!;in of II"hi"h is not kru )\\'n, " 

In a folloll -up stlldy a ~'ea l' la tel' 

Jan" ky d()"cl'ihl'd " . . ' th(~ (~"is te n c ,~ 

or p",,'tr()m a ~neti e 'I"l1n~s in the 
..arth'~ atm o~pheI"l~ lI'hieh app:lI'ent

l ~ ' "lll ne fronl a d ir el'lion that is 
fiwd in s pa ""," K arl ,lansk y 's rnd io 
tp\P ~( 'opp -thon~h he did rIOt call it 
that- ,-had pi('k(~d np tlw in te nse 

rndio lIoise pnurin!!; nllt fro m the 

eenter ol" om t.:a lax ~' , 

Then::!Iter K a rl.J:1I1~k ," Inade' >Irl v 

a fe ll" mo rt: radio ast.rou oru ir-al oh
sorvn t ions. r-onlin inp;him self 10 \I'ork 

fo r Bell o n t errost.riu l noi se sou rco -. 
He di ed in H);"j() , at Iortv- Inur. 

T'lu- fi rst per"on to tuk r- a sl' r io l l~ I 

interes t in Jansky's work II · ~I..'; a 

p;iflpd a nd hi p;ltl.,' individunlis t ic 
YOll n~ p l ( ' l'l ro nil '~ png-in,', ' r 1l:1I1ll " I 

emit· H,'h"I·. B~' ,lay H "I )('r lI'or k, ', [ 

for a ra d io munufucturc-r ill C'lri

l 'a~o ; h~ ' ni~ht Ill' sc a n lll'd till' s ki (·.; 

with a Illlnll 'lll1'1d( ' rad io It 'k.';'·OIH', 
ahont :30 fppt in cliamr-t r-r. that fO I"l '

sha d owptl the d, ·'"ip;n of pn'sent-da ." 
inst. nuucnts. H"h('r pi "k ('d up h i.; 
first radio wu 1'('" Iroru sp.u«: in I\):;\.; , 

H (, S(" >l 1 «oufiruu -d .In nskv« gen('r 

n l o},';"l' v ation.; a n d wont on 10 

]oeatl' :1 num lx-r ol" radio " ho t
sp ots" outsirk- t il,' ~al:ll' ti e (·entl' !'. 

Xot in!!; t ha t Ih,' " ho t f'po ts " d id 

Hot. S"PIll to "Oilll'idl' with the !()('II

t.io u- o r pn rtu -ulnrlv brig-hI. " tar:" 
H(,I", r rln -w an impo rtn n t inl"('n'n(" ' ; 

radio astl'llllOlllY "p,'ml'd 10 d" ttl 
with a "l'l o f f('atuI"l'S ('n t i l'd .,· dirr( ' r

r-ut from t.hosp t ha t donliuab '<! t.1", 
visihlr- Ill'a vcns , 

In 19.j() tl u- . 1" t f oph!/.,i co{ ./0 /11'/11,[ 

a(·(·,' pt ., ·d for publir-utio n a pap"r I,.', 

H."I)('r on hi-. lindill~ ..;, H,'lll' r '..; 
n rti.-k - n-nr-luxl ustrououu-r- at tlu 
l 'lli\"( 'I' "it~ , of Le idl'll Oh""I'I"at.o r," 
in ''''('upi( 'd Holland. Tlu-v \\"('J"(' iru
pn',.,spd ,'n(H!p;1t t.o wo rk out a pro
graIl l fo r postwu r in \' (',.;!.ig;a t io ll o f 

radio nstronoruv . It i" th at. pJ"()~r an l 

whir-l: Itas III'lp l'f1 dcfilll ' till' st.I·II"

t.lln' of ('arlit ',.; Gala xy ill tlte Ia"t. 
~ I X .\·('ar:-; . 

The crippled radar 

Even lI'itltout thp piollPering re
sea l'l'1t o f .Iallsk y alld H ()h(~r, it is 

prohable that radio a ,.,troIloIIl." 

lI'oldri ha VP been di"eovcred :1" an 
off"llOo t.of British alld l : ,S . lI'ork OIl 

radar , lI'hieh he).!:an in d eep S('('I"("·." 
in the la t e Thirti es, J';:I rl~' I':lda I' op
(~rated a t. frequ ()Il('if)~ of~O to I()() 

mep;ae.\'(·les, IIhel'e tll e ra d io Iloi"e 

frn lll spa ('e i" parti cularly " t. l'O n~ . 1\ ," 
the end of \\'orld \\'ar II the Brit i..;It 
lI'ere th ()roll~hly [a m ilia r lI'ith ),?;alae

ti, ' no ise, and t.he~' had m:I1Il' h\ o 

s ign ifi l'n llt iinding;". Tl lP." dis,'o ,'

c red tha t the t ra i1" left. h .,' m, ~t('or " 

p ro d u l'(' radar ee h oe", and tlt( ' ~ ' 

fina lly d etect.ed ra d io noi ~e from t \le 
SIll I. 

In lat (~ FelJl"ll:l r ~ ', ]9~ 2, t.lte Brit

ish parlY-II'n rnill ~ radar II"ns nippl!:tI 
I)y nil in t.e llSf' o ll t lHIrs t. o f " ta t il' 
lInlike anything; e\'pr d et. ect,~d he

fore. B ritish (~ xperts imlllediatedy 

fl'n J"('d the Cerlllalls hnd pl'rfc("/l'd a 
nell" radar-jamming de\'i, '() t.o klll", k 

the Brit ish defenses out o f al'lioll, 

prior to I llllllChill~ a ~ rp at. hOln"l'r 

nt taek , The int en "c "tat ie ('olltimll'd 

conti mwd poue un 
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may 1)(' opposite to each other. 
\\ ·ltf'n thf' l'1t-d l'on flip " O\'PI' from 
OI H' posi tion to the o t her, a t in v 
pnl"f' of rudio l' 1I('rg~ ' is emitted at a 
wn ve leng th thu I., Van d e H ulst r-a1
«u la torl shoul d he a bo ut 2 1 ('enti
me ters, corrr-spourlirur to a Ire
qUC'IIl'~ ' of 1,-120 Itlpgaeyek" . 

The tnta l amount of 21 -('ellti
nu-tr-r radiation rl'aehing the enrth 
Iro m a ll t he in terste llur hydroger . 
in t.h « unive rse is fa n tn;; t.ien lly s ma ll 
-- 110 ruo ro t ha n two 0 1' th ree wa t.ts . 
The firs t reco rd o f thi s fain t e m is
sion fro m "pael' wus obtu in.«l at 
Harvard ill [() ;; 1 h.I' a young g ra d u
a te student, Harold 1. Ewcn. uurl 
his p ro fessor. Edward .\ 1. Purl'('II. 
C o n firma t ion of t.lt« discovery cu m o 
from Li-idcn nnrl Austra lin . 

Going or coming? 

T he :1 h ilit.« to dl'(,('c t. colrl ml'l'fic,d 
h.nlrogell wheu-vt-r it mn v O( '('UI' ill 
t he IIl1il'I'I'''C' hus I>l'CII a t remendous 
adl'a ll(·I'. ::-:i n( ' (~ the "old-hydrogen 
radiation is u lwa v» " mi tted at. a 
r-oust.uit Ireq ucncv . 1 , ~2() lIll'ga
(·.\"l'II'''. radio nst ronomers (':tIl tell 
\\ hct.lu-r s u hs tu n ti ul musses of it an' 
in re -lnt ive mo tion wit.h n':;pp"t to 
t he eu rt.h . If muv ing t.ow urd us, the 
h .\'(l l'ugell ' ~ oln« r l'l:d fl'l'lj lll' IlC.I· is 
hi glll'r than 1.,I:!O nwg'ac',\'(' !l's : if 
inu 'i ng a 'uy . i , obsr-rvc-d 1'.
q Ul'nc'y i" "hift ('d IO\\"l '!".TI ll' 1· l'l c )(' it , ~ · 

is proport.ionnl to the mngn itud« of 

t hl' "h ill , 
\Y ith thi ~ ha" ie rliscovl'l'.I' rad io 

:u'truIlOIll" I'S hn I' l' l1lad e the foll ow 
ing- tnnj or filldillg-~: 

~ A"tI'OllnIll('r S nt the rnil'l'l's ity of 
Lpid en 1I ~l'd it to (ktl'r minl' tl ll~ 

s t.n ll: tUl"(· uf Oll l' Ga la xy , T he ck
jp rm ina t.ion i" possihle !w ca usc' th e 
a n lls of thl' Ga lnxy cuntai n u p to 
100 a toms of hydrog-cu IWI' eu hic 
C' (~utim l' Il 'I', ('o lu pa re t! t,o t.he O I 'C~ I'

a ll d ('u " it,y iu t.!w Gala xy uf !e:,:s 
t.ha ll o n(' at.olll lw r l 'l'. 8 illf'p the 
l;alax.I· is nlse) rl'I'o!l' inl!;-mlll'h lik( ' 
('('cam "wirliug in n ellp of c'otree 
thnl, hn" uCl'n st irred - thl' arm" 
shu ll' d iII('I'l'u t I'd a t i\'l~ \'pluei t ie" 
Il'ith I'('"p et'!, t o the l'n l't h . 
~ Ha rl'ard in v('"tigat.ors hn H' used 
21-c l'n t illlet e l raditlti ou to "uh:; tn n
tia tt~ the hypo the " i ~ t hat cl ustprs of 

new "tars a n~ hei ng "o n t in uo us ly 
funned fru m vast c'oueentrntions uf 
hyclr ogl'u and dust. 
~ At thc :\a vnl TIesear"h Labora
t or y , A. E . Lill!'y (now nt Yale) 
nud E . F . :'IeClain were tlw fil'Rt 
to u",e t he ~lt i jt in the hydrog en linl' 
to c'on fil'lIt t Ilt' h igh re ep;;sioll :d I'C
Ilwit.ie:; of di stant, l!;a laxics , They 
OhSC I'\'I,d t he {·qui\·:i1ent o f a " red 
:;hift," in t he ra d io pm i"",ion fro ltl 
ti ll' ( 'o lli d in~ ).!;a lax ies in Cygnlls A . 

A t C ,I 'g nll'" .\ '", d i"t aI1I'c' of 270 
mill ion llgh t- vr-urs tho rudin tiou 
d il'(,t'!l y r- mittorl b .l· intcrs tol lur hv
d l'ogl'll is too wr-a k k> bc' d('tpdl ·(l. 
Bu t Li lley aru l :'I eC la ill figu red t ha t 
t ilt, int ense mrlio waves gelll'rntt'd 
hy tho co llision would p rohu hl ~ ' 

have to pa ", .~ t hl'o ul!;h a l a q~1' vol unu
of i n t crs tul lu r hv d ro uc n 1()('a t.Pd 
with in thc t.wo gal:lxi e:; 1)('1'0 1'(' hl' 
ginn ing t hei r long jourtu-y to C'al'tli. 
T h is eold hyd l'o).!;ell would hnve ti ll' 
.i hi li t v to a l~~o l'h rad io W:II'():; of tilt , 
f l'eq lle lle~ ' it would normall y «mit -> 

i.e., wu VI'S of 1,-120 nl l'gac'.I'l '!I'''. The 
radi o wnves ol' il!;inat illg in Cy ).!; n ns 
A sho uk ] t.lu-ref'orc he d f'fie i('nt in 
\\'al'e" of 1,,1 20 lIIega ey,",I's. Th i-, 
is pn'l.'isp!y what Li ll ey a III I :'[ (·('Iain 
Iound-e-vxccp t. tluit th e " nick " in 
th o Cvg n us . '~ s pec t ru m OC'( ' lllTl'd 
not a t 1..120 m l'ga ,,~ '('l (~ :; hilt S1 
Illpgae,\'(,lc's lower ill Irequ encv. ill
di('atin~ thn t Cvgu u» .\ is n '('C'dill~ 

from th e earth at a veloc ity "I' 
"OllW 10,000 m iles pe r 8(·('ull d. T his 
co nforms ( ' 108d~' with ti ll' vr -Ior-i t.v 
c'ale-ulnted [rom the n'd sh ift. ill th e 
v isible spc .-t.rur u . 
~ At. Hu rvu rd , Da vid S. Hl'l's,·II('n 
( now a t the :\ational Had io .\,,

tronruuy Ohserva to rv) wus "uh"l'
quen t ly uble to find h .\'( lrng-c 'Il -lilll ~ 

" n 'd shifts ' direct.lv, ruther thun 
hv evid ence of a bsorp t.iou. TIIl ~ 

~ rl'a -st " red shift " he n 'c'on lt'd 
II' : ro rn til( ' o rouu Po I'e: j" l II . c' l' 
of gu lnxir-s. ::10 1)('1' (·enl. 11101'1' d isl a ut , 
t ha n C vg uus A . H is mousu n -mo ut s 
8ho w tha t t.ho «lus ter. l'o nsi",ti llg 

of so me ·100 galaxie ' in ('10"'(' a" 
"'o('ia tio ll, is fl ~ 'illg away fro m ('arth 
a t a 8pl'c'd uf a bou t 1:3,000 lllilc's 
p(' r ~l'C O nfl. 

How big a dish? 

:'[o"t, of the pasy :ltlnlll('e" in 
ra d io a,'t.rono my appl'ar t o ha l'() 
heen lll:lIlc . T ile IIPxt ma jc)r ad
\'anc'es will I'l'q ll irc I'adi o td c,s('olw" 
h igg l'r and mon' ('os t ly than a n ~ ' .I'd , 
opera t.ill.!!; . T Ill' 2 iiO-fuo t C' 1' a ' .Jodn'lI 
Bnn k i" the fi1'4 of the fll'\\ ' hn't'l!. 
,\u",t.ralia has plans for a "illlilar 
ill"trUtneut ., and Ru ~sia ha s CJllt' or 
t.WO Ia l'g; e ~ ill8tru ment" of a di tl'c'n 'llt. 
;;t.yl,' . In t hc, G.S., Han'an 1'" (iO
fuo tc l' was t.he biggl'st Ullt il Ihe 
I'l'eell t ('o mpll'tio n of an S-I-foo kl' 

by t.hl' :--':11':1 1 TIp"c:lr l'h Labu ra to l'Y· 
The O lticc of :\a va I TIe"l' :lr d l 

ha :; heen su p po r t ing work a t, the 

:\' a ntl TIl':;l'a reh La bOl'a1.01'.1' undc'r 
Edward i\I eClain, nt t.he enil' l'I'"it.y 
of :'Iiehigan ullder Fred T . Had
do('k Jr ., a lld at Ca l T l'eh uudl'r 
,Joh n Bolt.oll, The :\n t iolla ! S( ' i(, n l '( ~ 

Fou llda t io n, \\'hi ch is SlIp por t.in )!; 
ra d io a s t ro nom y a t, Harnm l, Oh io 
Sta te, a nd th e U nivers ity of Fl orida , 
has a ppropria ted S.') m ill ion to h u ild 

con lin/H'd 011 flay" I Ii/) 

http:shift.ill


Hiulio A stronouiy con lil/ unl 

ffll' two day s, hil t the a t t nck m-vcr 
(·anlt', .J, S. l ley , a ph ys icist a""i)!:lled 
to in ves t izu te wha t. had ha ppcnerl . 
['OIWllld t'd t.lin t Ih e stu t ir: ha d hee n 
( 'a ll ,, (~d 1.,\, :, violen t. sunspot storm 
Ih :1I h:ld snu.rlcrl \\'odd\\'ide radio 
couuuuuiru t ious a t t he sallie l illie. 

Im lepcu d cn tlv . a nd nlmost simul
tu neouslv , n.C . South wmtl: of Bell 
1.a"s sean·hed for and found th c 
nuu-h ' C" kr-r 1': d i.. wu vr-s clllif.lcd 
"yt hr- su n un .Ier uormn l r-oud iti on s. 

War-made astronomers 

The worldw ide f1owerill ,!!; of rurlio 
a"ln>lllllll ,\' ill the last down ,I'cars is 
onc of Ih c honoficont hy produ r-t» o f 
" 'odd \\"ar II . R efinem ents in elo-
t roni,'s mnrlo it po"si"le 10 bu ild 
se ns it ivo m rlio te lescop es . a nd t here 
Iras a ("a d n' of t.op-not r-h voum; 
phvsir-ists a url emriueers fumil iur 

wit h t ho new olcet ru uir-s :Ind itch
inl.( 10 do sonH'thinl.( ext-i t.ing . Thov 
\\"( ~ n ' not. ns t rnnomers hut Ihov wore 

"'H'I I ( ~xp lori ng: tho hl'a vcns wit h 
g:1'(:al \ '1'1'\'(' and dil ig:elll'C, 

T ho first. hig: l'"s l\\':lr hndi ng:r-n ruc 
in I Ol( i Iro rn .1. S, H cy. S, .J, I':lr
sons . :Ind.r. w. Phi llip s , The E nl.( lish 
I.( ro llp not.ec ] t.hut.u " ho t ,;po l" in t he 
('o n" tell a t.ion of ('yg:nns scorned to 
flll('l lIa le crr:t t i,,:tl l ~ ' ill nllll ,h 11 11' 
"a ll\!' \\'a ~ ' a" thc~ ' had o\,,,pr \' l'd t\1( ~ 

' II/I ,- 1 ~l tl i" ' iI'ig:/,111I'.o,; tn Hn('l lla t f' . 
Tl li,' IIl1duation ('l earl~ ' refill ed a 
I('adinl.( h,\'polhesis " f t he da ,\', Ir h ieh 
S IlI.(I.( I~" le d Ih at ex t ra te r res l r ia l r:ldi o 
lI'a n '" Illil.(ht orig:ina 1(' in exle ndl" I 
llIass"s of illt er "tellar g:as, Hey a nd 
h is ass[lI'i a lcs eOlll'l ud('d th a I, Ih e 
r:ll iiation th ey had fOllnd "eOldd 
Ilrig:iua tp 0111 ,\' fro lll a fell' d i~, 'rp t ,(~ 

~"UI,(,pS o f l'OI upar:1 li l'ely i'1lI:dl 
d illlP'llsiolls ." 

TI Il ~ ,\ ' cou ld not sa." 1lI0re l,p(, :II IS(~ 

thpir ins t rullI ent , lik e :111 md io te!('
S( 'OI"'S of the tilllC , had a rdali\'d,\' 
1("1" rl'soh'i llg: pom ~r ; i,(~ .. it l'oltld 
IlOt. prodll (,c :1 sha rp il lla ,!!;C, 

H:lllio te l l~s('opes lI' ill Ile n :r h:l I'C 
t Ill> )'(~soh'i llg- POII'PI' of opt i,'a l t l'1p
"1'Op('S for a \'('r,\' fUlld:lllle lllal n:a 
S" II: Ilig:1t rei'o ldn g; po\ l-er )'(~qui)'('i' 

Iha t Ihe ap,~r lurp, of ti l(' illstru lllP,ll t 
Ill: [:lrg-e ('olllpared t o t hc \\'l In) 

Ipllg-t h of t he rad ia t ion hl'illg: ob
s( ~J'I'nd , Thus t.lw pu pil of th l' 11I IIna ll 

e,n' ha s :l di :llll P,l cr sen'm l th ousand 
tilll('s Ih c 11':1 1'1' IeIlg:llt of o rd ina r.I' 
lig:llt. I II hig: opt.i ('al Il'le,,('ope,,: the 
m ti o of a ]ll'l'l u rI' 10 lI'a \ '1' lellg:tll i" 
Illan ,\' Ill illioll" to one , ~ in (' l' r:ll lio 
Il" a \'( ~ ll'nl.(lhs bcgi ll a t Il'ss tha n al l 
illl'h :l lId cx lell d to llIall\' ,\': lI'lb , it 
lI ould 1,1' a fo rllli da b le 1:I"k 10 h lli ld 
an lP.Il I!:'s or ('ollel'l,ing:d i slll ~s 11:1 \' illg: 
dianlPII:rs a t ho usalld ti nll's g:n':t1er 
t lI:1 n th p lIa \'(' \e ll g: t h~, 

Th('l'l ~ i~ a \1" a I" , ho\\"( ~\'( )r, 10 ,,1.

la in )'(:a ,.,ollahle )'( ~"o h ' ill /-!: pO\\'(~r 

wi thout bu ilrlinu h llg:l' dishps, unrl 
th:l t i~ 10 I'III plo ,\' ill\t'rferolllC' t rv, I II 

this teclmiquo. radio wu \'es arc 
de ter -ted hy 1.11'0 d islll :";, 01' u t hr-r 
ur-rinl s .\ ' ~IP.llIs , pl:lI'(,'d sc vc rnl hun
dred feet , n pn r.... B.\' IIIl'aSllrilig:, ill 
1'11'1'1'1 , the d iffprell(·P. ill t iuio of 
n nivu l of md io \I"a\'(~~ u t t h l' t.wo 

aerials , it. is possi lrlo t.o locn te t he 
so u rces wit h ( 'o n,; i d(~ rah lp :I,·(·ura, '.". 

A ('Kl \'er vn rin t iou of t his ICI·It
nique wa s ['n,plo,I '('d ill I !l -II h,l' .lo h u 
C: . Boll on .n u l (; , .J , :-;t :llll p ~ ', ill 
Aust.ru li.i . T lte,\" erel'fl' rI :I sing-I I: 
ant enna Oil :I h i!!;h r-liff in S.I'dn( ~,\", 

ove rloo k inu th e !' a['i li[' ()['('all 10 t ho 
ens t . Tho nnt.cuna pi['kl'd lip r.u lio 
II":II'(~S direl'tI ,I' (rom t.hc -kv, as we ll 
as reliedI'd w« I'es [rom I Ill ' s u rlur-o 

o f t.he sea . thus :If·h i('\' ing: t he rlual 
re<:eptiou uee dcd for iut r-rlu rou u-t.rv . 
T he I> ig d mll' l>a ('k of a r-l i f'] in t r-r
Icromctor is th:[ I ut.mosp lu-ri« rlis
tortions are csp l)(' i:t1 I." .u-ut» ,·Iose 
to the hm-iznn, so t.hut. luu ulrrxl-, of 
)'():lflings must he checked ag ainst 
e.u .h ot.her. 

n,\' tI ll ' ('lid of 1!l-l7, Holton nnrl 
S tanl,',\' ha d pinln,rI rI[)\\'I1(\~ n lls A. 
plu s Iiv« ot.lu-r rlisnf'l[' SOUI'l' ('S of 
ra di o omi-siou . (}II" of 1111 ' live lI'as 
a sOlln'1' Boll oll .uu l :-;tan l('." 11 ' (')'( ' 

111'\'('1' a 1>1(' to lind agai ll, .\ p pa rl' lIt1,I' 
it \\'as no t pl'OrllI( ,,'d h.I' a ll :lhn l':l
t ion ill t,ll('ir ins lr lllll(' III.' . (' I'rh ap.' 
ti ll' r(, : lIli ll g~ 11',' ),(' [':Ius"d b ,\' a hri (·f 
storlll Oil a Ill'a rh ,\' sIal' , 1'I'Ohahl ,I' 
11 0 0I 1l' lI'ill " 1'('1' kllllll' . I lu rillg ti ll' 
lasl \P1l ,\'''a rs. I,hn'" sll(·h ohj"[,..,, 
Ita n' f1:II'I'd trall si"III1,I ' 011 radio 1<'1( ·

''1'01" 'S, f1'0111 a ll Itolll' 10 a yea 1' , 111 '1'1'1' 
to 1)(' ;-:.('('11 ag:aill . 

By hydrogen's cold "ligh t " 

l','rha ps 1.1" , III1'SI. sig:niti(·a llt dis
( 'on' r~' iliad,' ill ra d io asl.l'OII 0 111.1' 
si llt·(' \Yodd \Ya l' II lI'as tha t 1111 ' 
"old hy dl'Og:" 1I a 10llls spn ':11 1 t,lJill1.1' 
t h mllg:h iillt'I 's\Pllal' spa( '(' gin' ott' a 
d"' ('[·l.ahh' radio Sit!: ll:d , TI", id t'a o f 
look illg 1'01' Ih i,' r:lllia lioll II':IS Pllt 
fOl' lI'a rd ill l!l-I-l h.I' H. C. I'all d" 
llllls t , t111' 11 a t ll'"nly-lil'''-,\'I'ar-old 
asl.l'O nol1l~' "l.lIdl'lI t a I. 1.,·id ('11. 

\Yhi le inl('l'slt'lIal' spa" " is a far 
1\101'1' p[ ~rfl'd \ ':1l'1I111ll I.hall all~ ' ['\ '['1' 
l'I'('atr-d 011 ('al' lh , it still l·oll l.:lin,' 
g:as (·Iollds \I'itlt a d ('n sily or a hOllt 
ClIll' It.\'d rog('n a tolll 1" '1' (' lIh i[· [" '11 1i
lI11'tl'r. (T h is is tl'\Il ~ illsid, ' I.(:da xi, 's ; 
tI,,· spa( '(' h"'wl'('n g:tla" il's app:lr
1'11 1.1,\' (,[lIll,HiIlS lil,I,I " or 11 0 hydJ'()
g(·II.) At intr-l'sl.C'l la l' ,!!;a s l.t'IIIP"I':[
tllr,,~ , \\,ltil'h an ' III0sII,I' ])[,[()\I' 

- 2i-:O° Fah n 'IIJll'it. 1,1 11 ' 1'1['d-mn 
ol'hi ting: a rou llrI tl " , 1I1l"I"IIS o r t.I l(' 

Ityd ro!!;"n a tolll "all aSS' "I I1 ' 011 1.1' Oil " 

o f \.11-0 posit iolls : th (' ,' h,[·t m il's spi ll 
a lld th aI or I ltl' pmtoll (o r 1l1I [,h'IIS) 
lIIay ['o ill(·id , ' ill dil'l 'l'Iio ll, 01' tlll'y 

cOl/ lil/ ll cd ]l o t)c 1 {j :~ 



Radio Astronomy continued 

tlJ(' :\ational I~adio Astroumnv Oh
-rrvutnrv at (;I'('('n Bnnk . \r( ,~t 

\ 'irg;inia, Tho (; r('I'n l1a1lk ~ i t (" in 

a ,"('I'llll k d \ ':1111',\' in ti ll' I ' a~t ('l'll 

part of thl' , t :l tc, wa ~ ~ l ' kdl ' d fo r 
it-. (,:'\I'l'ptional fl'('('dolll from man

111:1(1(' radio iutr -rfr-n-m-c. Thl' oh

' (' I'\' a to ry wi ll 1)(' 0 lw m k d hy .\~ 

"wi:lkd t·ni\'l·r,iti('~ . IrJ(' .. t.hr- or

,U;:ln iz:l ti on of pa~ tp rn univr -rsities 
t hn t opl'm t, ,~ B rookha vr-n ::\nt.ionul 
l.n hora torv for till' .\ 1':( ' . 

Something really spectacular 

B,\' midvour the :\atiollal Hnrlio 
Oh,en'a t.orv should lui VI' all s,')-foot 

radio tele~('ope in oporn t iou , to hc 
(ollll\\'ed in I !Hi() hy an iust.ruuu-nt 
110 fed in din ruc t« r. wh ich will ('o, t 

at Il'a ,t s:llllilJ ioll , The ::\ ,;;;.F, pl'l'

did '" that the latter will bo till' nlO,t 

pn-.. i-e radio tl'1e~('oIH: of i t~ s ixe in 
t hr- worh] . 

The :\ational ,'iei('n ('e Founrln t iun 

i, IIm\' di "I'II ~~ing: prl, po,"a b fo r a n 

iustnuur-nt 'lIh~tanti :llly lu rucr than 
that at .lo.l rel l Bank . Th e r« is g;rmr
ing; sou t imont umnnj; l ' ,S , rn.lio 
a~t),()II0111('r, for ::\ ,~y , t o l iuu n.-c 

,o!llething: 1'1':111\, ~pel'tal 'ul :lI': n n in

st.rumr-nt (nut nel'e~,;;ar i l ,I ' a .Iish ) 
It:I \'in ,U: an effedive ap ertlll'l.~ or per
hap, I,.'i()() fp(:t o r IIlIJI'p, \\'ith pros
" nt tl'('lllll/log " it llli ,ht I.., /,o,.;j l ,j 

10 \ )\\i\ d :1 I l'l e' ('(I\H' wit l: a mo vu h l.. 
(o r " stccrnh ln" ) di ~h :I~ larg:e a' 
:L()O() feet in diu m ete r hut it miaht 
,'o ."t l 'lo~c to half :l hillion dollar ~ . 

Thr-rr- uro. uudoubtr-dlv . II',;;," ('o"t
Iy alternatin',;, Th p ad\'all tag;e o f a 

d i,II-~happd or p:1 ra h"l il' a nknna , of 
('Ollr~n, i,,, that it hring;s t o a fOl'1IS 

tll(' radiation of \'irtllall ,\' all \I'u\'n 

I('n~th" f:tlling on it, Budio astrono
Iller, could, h()\\'(~\'er , ('oIIpl't radia

tion of ~eleded \\':l \'1' lengths ,,,im ply 

h,\' ('o\'cring; th e ground Iri t li hUIl

drnds of tPl('\'i"ion-like ant ennas, 
FC H'Il"ing; lI'ould then han: to Ill' 

al'( 'ompli"lwd ( ~Ip, 'troni(':dly , "in(:e 
radio \I 'a\'e~ would rf:ach th e "('a t 

tercd ant<~nna , at ~ I i g;h t ly dilYerent 
timps , 

Al'tually l' ,S, I':Idio a ~tmn on ll ~ rs 

al'l' le~~ c'OIH'el'll(!d, at th e mOln el1t , 
\\'ith 11\I;lding; larger tpl cs( 'o!)('s th:ln 

with de"i,u;ning nlOre ~ en sitive I':Idio 
rcc'civcr, to hook up tl) til(' tn!eseopes 

they \\'iII ~oon ha VI', .\ (ore ~pn "iti\'(~ 

re('eivprs ('an cut til e "e;.;posure" 

timp awl, in effcd , mak e f:linter 
objpl'ts ob,ervable, 

E\'er~ ' radio I'('('ei\'er ~eet h es \\ith 
int(,mwl i' no i"p" ('au,ed iI ,\' the r:1lI

,10111 luotion of plcd rons in the e ir

..uitry , Thc ha "i(' prohlem in radio 
a"tronOII1,\ ' i" !,o(li ",(>ntan ,u:I(: tli e fa in t 

\\'lii'l)('r ~ of ouh~r-,"pal' e llOi s( ~ fr om 
tlte PI('('troni(' roar within th e )'(~

('c: i\' c l'. 'I'll(, n :l:eiver noise i ~ oft en 

1,000 to ;'i,OOO times louder than 

that collected hy till' radio antenna, 
unr] , in extreme eases, mav a pp roac h 

;'i00,000 to one, 

With a n ew nmplifvintr device 
ealled a "maser ," it may be possibl e 
to cut the receiver noise t.o a hun
dredth of pre sent values, permitting 
radio a stronomers to deled, ohjel't ~ 

rough Iy one hundred times fa inter 
than any vet observed . Scvorn I la b
01':1 tories are trying t o develop the 

" muser" to a pructica.l s t a g;l' , among 
them those of Columbin Universitv. 
IIar\'ard, .\1.1.T" Bell Labs, and 
Fweu Kniuh! Corp. (h ea ded h,\' 

l In rold 1':\\'(011, co-discoverer of the 
h,nlrog:en line). 

According to Hoyle 

Ho w pan 11' 1' exp la in the s t u pc n

dou s amount of e nerg;y that radi o 
a ~t,ronolllY ha s n lrendv disclosed in 
t he universe? SOllie nstrophvsit-ists 

holi cve the ener).!:y detect ed cn n be 
suti sfu r-t.orilv accounted fIJI' hy nu

r-lcnrrcnr-t.ions (r-h iefiv fu sion ) within 
sturs, nnr] hv the kinetic enoru v re
\toa~ed bv ('olliding ).!:ah1); i e ~ , B u t 

"thpr, are not", sure, Tho B ri t.isl. 
t hcorctic-iu n" Fred lIn,de nnd G, n. 
Bmhidge, '1I~I H,'C't t hat fu sion and 
('olli,iO!l'; a n ' not e ll n l l ~h to bnlnnr-o 
the unive rse 's "II('I'~, !' nd ge t , :tlld 
t hu t a st ill mr ro luuda mentnl cneruv 
,"Oll n '(' romniu- to he .u ml. 

l Io vl « al ld BUl'hid l-!:r, " 11!!;!!;l:S! t im 
this ,oure'p mnv !'psidp ill " n nnihila

t iou" reur-t.ions between mn t.tor a nr] 
a ut.imn ttc r-e-i .e ., between protons 

nJlIl a ntip!'Oton~ , ( I'h ~ 's i " i~b ha VI' 

n 'I'ently ''ihm\'l1, for e:'\:tm p lc , that 
elementary particles wc'h as prot.OIIS 
and antipl'Oton~ annihilate ( ' a(~ h 

other on contad, relen~ing larg;e 

amount~ of ener).!:~· ,) The two B rit,ish 

~('ien ti~ts ha ve prn[lO"ed tha t ill the 
ii"tead~,-~tate" uniycrse not ju ~t. 

hydl'Og;en hut all the e le me n ta ry 
p:lI'tidps and antipart.icles- some 

thirt,.I' in all-may be in co n t in uous 
('re ~ation, The t\\'o types (:ollid he 

kept. from instantly allnihila ting 
pa l'l l othet', s ug:ges t" Hoyl e , if th ey 

appeared in widely se pa ra ted P:lI't.s 
of the uniYer~e, This im]Jli e ~ that 
half t.he g:da:'\ie~ may he form ed 

f!'Om matter and tIle other half from 
antimatter. A collision betwccn a 

matter nnd nn antimatter galn ;.;y 
\\'l>uld he a shattering; e ye n t , Per

haps this j~ what \\'e are see iug hap

pen in C~'g;nus A, 
This h~'potll('~i~ is an e;.;nm p le of 

t.he flig;h ts of ~pe l' u la tion , based on 
pia hora te ~('ientitic ohsel'\'a tion~ , 

that Inay he required befol'e man 
('au ~a y he " u lllle rs ta nrls" hi s uni

\'er"e . To "p eed hi s tortnrously ~ I o \\' 

\\'tJ ,\ ' on the roarl to thi" und erMnnd

inl!;, he ha" found a po\\' erful ill"tru
Illent in the radio tplp~eope, j':X [) 


