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Feb . 9 , 1963 

I 
Dear urote , 

Enclosed is an a rticle that appeared in Time magazine . 

It is rather late to be sending it but I thought that perhaps 

yo might like to have an extra copy . I found the article 

quite interesting, especially the pictures .. I was pleased to 

see also that yo were given some of the recognition that you 

deserve . 

' e envy you your s mmer weatherdown there in Austrailia . 
I 

The temperatures have been extreamly low in the ~astern US 

and an ncommen number of days below zero . 

I don't know if you have heard from the folks lately , but 

in case you haven't , they have sold the house on arner Ave . 

and rented a house(in heaton) temporarily . Their address is 

Post Office Box 627 , Wheaton and the are at home at1715 Webster 

Qurt . 

I guess that takes care of th n s in general . njoy your 

summer . e are looking forward to ours . 

Regards , 

Jim 

J N/~ 
I 



SCIENCE
 

ASTRONOMY 
View from the Second Window 

Three cent urie s have passed since Cnli
leo peered through his primitive tel escope 
and first saw the moons of Jupit er and 
the gold en crescent of Venus, Telescopes 
have been vastly improved since then . hut 
men st ill study the stars through th e sa me 
window opening on the universe , Their 
be st lenses an d most perfect mirror s work 
with visible light . and what cannot be 
brought into focu s seemed for ever he
yond man 's reach . 

Sudden ly th e view ha s chan ged . The 
burgeon ing science of radio astron omy ha s 
cr eat ed a second window in the skv. And 
astron om er s anxious to examine th e far 
rea che s o f the celestial landscape arc bu si
ly cons t ru cting the strange tools o f th eir 
new trade. Odd shapes bulge ab ove th e 
horizon from Russia to Australia and a ll 
across th e U.S. Great dishe s of stee l lace
work sweep slowly acro ss the sky : giant 
troughs rock like cradles; fore st s of poles 
a nd mil es of wire s t retch out in gcome t ri
ca l patt ern s. To avoid ele ct rical in ter
feren ce. most o f the radio telescopes hide 
away in m ountain-ringed valleys, far fr om 
towns or well-traveled highways. But they 
are nev er far from the minds and hopes 
of scientists. Radio ast ronomv is bar clv 
,,0 years old , and new discover ies a rc b~ 
ing recorded almos t every day . 

Hom Founder. The radio wind ow was 
acciden ta lly opened for the first tim e in 
193 2 by Karl Jansky . a Bell Telephone 
ph ysicist who was s tudying the crac k ling 
sta t ic th at can be so annoying in radio 
comm unica t ions. During qui et peri od s, 
when no lightning flashes were dist urhinz 
the atm osphere, a faint hiss still sounded 
in his receiving apparatus. It seeme d to 
rise and fall in strength as the ea rt h 
turned. J an sky studied the hiss mor e 
care full y and found that it s maxi m um 
st rengt h ca me four minutes earl ier eac h 
da y . The tim e interval seemed significant. 

J ET GALAXY
 

In numberless unexpected ways.
 

J an sky knew that beca use of the earth 's 
motion while it orbit s th e sun. the siderea l 
day. which measures the ea rth's rotation 
with respe ct to th e s ta rs. is four minutes 
shorter th an th e z.i-h our so la r day. He 
concluded that th e hiss in hi' ea rphones 
was caused by radi o waves from beyond 
the sun. 

Jansky's work was well-publicized. but 
it was done during th e gr eat Depression, 
when little cash was a va ilable to encour
age scientific enterpri se . Only a single ra
dio ham, Grote Reh er o f Wh eat on , Ill. . 
followed Jansky's lead . Working alone , 
Reher built a dish ant enn a 3 ' ft. in diam
et er in his own back yard . With it he ma ck 
the extraord ina ry discovery th at the sky 
is full of radio s ta rs th at ha ve nothing' to 
do with ordinary sta rs. R eber had opened 
wide the radio wind ow on the sky. His 
crude radio telescope , th e world's first. 
now stands at th e ent rance of the Xat iun
al Radio Astronomy Observatory at Green 
Bank. W. Va. 

Bulges & Squiggles. Soo n a fter World 
War II. radio astronomy reall y got into 
high gea r. Scientist s in many lands . espe

cially Britain a nd Australia . built 
improved rad io telescopes to take 
advantage of the seco nd window. 
Their task was not easy. Radio 
astronomy depends on elect ro
magnetic waves. whi ch arc much 
harder to handle th an the visible 
light that th e human eye receives 
with such marvelous ease and pre
cision, R ad io wav es a rc many 
thousand times longer than light 
waves. and becau se of inflexible 
laws of ph ysics . thi s mean s that 
radio telescopes mu st be enor
mously wider than op t ica l tele
scopes before th ey ca n distinguish 
objects equally sma ll. 

Instead of taking qui ck pictures 
of large part s o f t he sky, radio 
telescopes m ust scan slowly. gath
ering de tail s one by one . As a 
radio telescope 's beam ( its field 
of sensi t ivity) 11I0\'es across the 
sky . the radio wa ves collec ted by 
the dish arc focused on an antenna 

W I DE ','iQRL D 

fiRST RADIO TELESCOPE 

By a n a mateur in a ba ckya rd . 

and detected as an extremely feeble elec
tri cal cu rrent. This current is a mplified 
by intricat e electronic apparatus until it 
is st rong enough to move a finely balanced 
pen and dr aw a wiggly line on a s t rip of 
pape r. Sma ll wiggles mean lit ti e or noth
ing. bu t a good-sized bulge mean s that 
some ob ject deep in space is sending ra
dio wave s down the telescope' s beam. 

Dishes & Holes. Paraboli c dishes ma ke 
by far the most versatile radi o telescopes; 
they can be used to tune in on se ve ra l 
wav e lengths at the same tim e. Th e mo st 
fam ous dish . the 250- foot monster a t 
J odrell Bank . ncar Manchest er . England . 
s ta rte d work in 1957 and is s t ill going 
strong. Probably the mo st e ffectiv e dish 
is the no-footer at Parkes. Australia. 
The bigges t dish, 300 ft. in diam et er , is 
a t Gree n Bank. W. Va. 

Big steerable dishes that can be turned 
to po in t all over the sky are ext remely 
expensiv e . For large area and p ropo r
t ionately high sensitivity at reasonabl e 
cos t . radi o as t ronome rs dig cylindrical or 
hem ispherical hole s in the >: round a nd 
line them with radio-reflecting met al. 
These imm ovable rctlcct o rs ca nnot be 
s te ered except by electronic tri ckery , hut 
th eir shee r size gives th em enormou s pow
er. The cy lind rical telescope at th e Uni
versity o f Illinois has .3~ times the a rea 
of the G ree n Bank dish. 

On e imp ortant type of radio telescope 
does not tr y to observe cele sti al objects 
with a single antenna. I nstead. two an
tennas a re pla ced a con sid erabl e dist an ce 
apart and connected electroni call y so th at 
th ey funct ion like parts of a single. ve ry 
larae dish . Since a telesco pe 's rcso lut ion 
is p ropo rt iona te to its width. th e doubl e 
an tenna has a far narrower bea m th an a 
sing le dish. Even finer resolution is oh
tained by long , rocking metal troughs th at 
gather radio waves and focu s th em so 
thot ~I y intera ct \'; ;tl, waves cathered Ill' 
anothe r a nte nna running at right angles 
to the first. In Australia . and at Cam
bridge u n ive rs ity. England. such int ricat e 
appara tu s rec ord inf ormat ion on punched 
tape a nd feed it int o electronic comput ers 
for an aly sis. They have a n effect ive beam 
so slende r that it ca n distinguish object s 
many billi on light-years distant in space. 
The mo st complex setups of all use two 
dishes sco res o f miles apart, feeding their 
information by microwave beams to a 
common cente r. 

Living Universe. A list of the radi o 
sight s visib le through the se varied tele 
scopes would fill an enorm ous hook. hut 
radio astronom y is developing so fast that 
no such book is lik ely to be writ ten for 
years. Sti ll. the radio window has already 
brought th e unive rse to life in numberless 
unexpect ed ways, Even the moon, ju st 
about the deadest object in the solar sys
tem, sends out radio waves that tell 
something abo ut its temperature and 
about the mat eri al on its surface. 

The plan ets have come to life to o. 
Venu s sends waves which hint t!:at the 
temperature und er it s clouds is much to o 
high for earth-typ e life . Jupiter pulsat es 
with man y kinds of radi o waves , One kind 
com es fr om an easily observable shell 
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RADIO TELESCOPE at Jodrell Bank . Engl and, incoming signals on central antenna. By mea suring 
scans heavens to listen to radio waves that planet s st rengt h and frequency , scient ists can pinpoint in
and sta rs emit naturally. The 750-ton dish focu ses visible sta rs, mea sure magn etic field of Milky Way. 



fU LLY STEERABLE SS-ft. d ish at Ha t Creek. Calif.. is sh ielded from 
extraneous noise by high mountains and a volcano. rut in operation 
earlie r this year, it is beinu used to study hydrogen in the :\I ilky Way . 

MATTR ESS-SHAPE D antenna is being built at 
N ancay, F ran ce. By end of 1l)64 it will be four 
times as large, have range of 10 bi llion light-year s. 



J O( \l UNR OE 

TREE FARM of 40-f t. boom s a t Sta n ford re
ceives rada r impulses bounced off moon by tr an s
mitter. The dish (right) is for higher frequencies. 

LARGE ST SCA"\I~ER in Southern H emisphere 
is 210-ft. dish at Pa rkes. ="lew Sout h Wales. Aus
tral ian s a rc using it to map Earth 's own galaxy. 

RI GGED 1"\1 TAXODI, dishes at 
Calre ch 's Owens Valley Sta tion can 
seek out sour ce o f incoming radio 
waves so tha t scient ists a re able to 
get more pre cise fix on far-off sta rs. 

DAV I D V.OOI E 



WORLD 'S LAR GE ST mo vable telescope , sta nding 23 sto ries te lescope will be to decipher radi o wav es from Van Allen -like 
high. began to scan sk ies at Nat iona l Radi o Astronomy Observ belt that surrounds J upiter. La ter. scie nt ists will focus it on 
atory. Green Bank. \Y. Va .. thi s fa ll. Fir st task for $8 5° .000 the rad ia t ion belts that surround planets Ura nu s and Neptune, 

,\ RTH U I': SI EG El 

it first to study Cygnus X . a complex region near Milky Way ; 
th en th ey will em bark on a project tha t should tak e deca des 
to complete : a mapping of rad io emissions in th e un iverse. 

N EWE ST SK Y SCANj\'ER, size of fiv e football field s. is 
Univer sity of Illinois' giant , 600- ft. trough , which can det ect 
un usually weak signals fro m vast distan ces. Scien tis ts will use 



around the planet , is apparently generated 
by a powerful radiation belt similar 10 
the Van Allen radiation belt that sur
rounds the earth. Other jovian radio 
wav es seem to be generated by giganti c 
thunder storms. 

But the planet s are not the main con 
ce rn of radio as t ro nome rs . who tend to 
th ink of them merely as distant parade 
grounds for spa ce cadet s. Even the sun . 
whi ch sends out ri ch chords o f ra dio 
wa ves. is not a chie f a t t rac t ion . The as
tronomers ' keenest interest is focu sed on 
mu ch more di st ant space. from whi ch the 
wa ves bring' news of s t range occurr ences . 
The third s t ro nges t single so u rce ill th e 
sky is a famous astronomical ob ject. th e 
Cr ab Nebula , the turbulent . ga seous 
wre ck of a sta r tha t turned into a supe r
nova and blew it self to shreds on July IT , 

1054 A.D.-an event that wa s duly re
corded hy Chinese astronomers. After ()o S 
years. the Crab's gases are st ill churning 
violently. and as the ele ctrons that thev 
contain' move through magnetic fields, 
they st ill send out a vast am ount of 
radio energy . 

Radio Galaxy. The strongest " ra dio 
sta r" in th e sky had the astronomer s ba f
fled for many years. li s powerful waves 
ca me from a pat ch of sky in th e con st el
lati on Cygnus. and optical as t ro nom ers 
could find nothing there. At last th e Palo 
ma r telescope. guided by a new a nd ex
tremely acc ura te radio fix. ph ot ographed 
an cxt ra o rdina rv scene that look ed lik e a 
co llis ion o f two enormou s galaxi es 500 
million light-years away. Gal axy coll i
sions are possibl e. th ough unlikely. a nd 
t hey might emi t radio waves becau se o f 
cburning gase s between their hundreds of 
billi on s o f sta rs. 

Hut most radio ast ronomer s no longer 
think th at suc h a colli sion ca n properly 
exp lain th e stupendous radio ene rgy th at 
st rea ms ou t of Cygnus A. For one thing . 
the energy does not come from th e cen
tral part that is optically visihle. Strange
ly . it comes from two spots on opposite 
s ides of the center. The skv is full of 
th ese double radio sources. -One theory 
hold s that they a re galaxies th at have ex
ploded. El ectrons rele a sed in the expl o
sions may ha ve been steered by magnetism 
and finally gathered a t spots far a way 
from th e central wreckage. A va st cata s
trophe o f this sor t might well he a normal 
stage in th e long life of a galaxy. Perhap s 
man 's own Milky Way galaxy will end in 
thi s manner. it s sta rs popping like fire 
cr ackers and it s de ath cry sounding in 
radio wa ves across the universe . 

Radio ast ro no m ers a re willing to ad
vance such gaudy theories. bu t on ly as 
conjec ture. They cannot he su re about 
a ny thing : the sky is to o full of myst eri es 
tha t th ey cannot begin to explain . A 
st ro ng radio so u rce that ha s been labeled 
1£87 . now proves to he a gal axy that can 
be ph otogra phed in visible light. It has a 
stran ge jet of glowing material th at ex
tends from one side and reaches many 
thousand light-years beyond it s normal 
circum ference . Does this jet have some
thing' to do with the galaxy 's radio waves? 
It probably docs. say the radio as t ron
orners, but they do not know why. 

TIME, DECEMBER 14, 1962 

Another exciting myst ery result s from 
th e recent discovery tha t magnetic fields 
are common in spa ce. perhap s even in th e 
empty reaches between th e gal a xies . R a
dio waves reveal th e field s and me asure 
their strength . but no one kn ows the ori
gin of thi s mysterious forc e. Apparently 
it is an important feature of the universe , 
and may affect its behavi or in many dif
ferent ways. 

Loud Stars. Most true stars in the 
Milky Way galaxy maintain fair radio 
silence . but a few of them transmit pow
erful radio wa ves that hav e the astron
omers baffled. About hal f a dozen radio 
stars have been identified opt ically. and 
th ey prove to emit pe culiar ass ort m ents 
o f vi sible light. Astrophysicists are bu sily 
study ing th ese spec t ra. hoping to find 
some conne ct ion bet wee n them and the 
sta rs' radio loudness. 

Radio as t ro no me rs are particul arly in
tri gued by the specia l wa ves given o ff by 
cold hydrogen floating between the st ar s. 
These wa ves are a lit tl e long er tha n 21 ern . 
long when they leav e t he hydrogen cloud 
where th ey a re genera ted . If they a re 
slightl y sh orter tha n th a t when th ev ar e 
measured by an ea rthly radio tel escope. 
this means that the hydrogen cloud must 
he moving rap idly tow ard the earth. If 
the waves arc longer . the cloud is moving 
away. So the r i -cm. waves provide a 
handy tool for measuring the speed of the 
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SOVIET RADlO T ELESCOPE 

The past is as my sterious as the future. 
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Bulges mea n more than wiggles . 

hydrogen clouds that form an importan t 
part o f the Mi lky Way galaxy. Some o f 
th e clouds arc moving clo se to the gala c
tic nucleus . whi ch looks in opti cal tele
scopes like a clo se-pa cked . featureless mass 
of glowing sta rs . But the zr-rru. waves 
rea ch de ep into thi s stellar fog. They 
report that vast streams of hydrogen are 
flowing out of the nucleus. and none arc 
streaming hack. Where doe s the hydro
gen come from? One theory holds that it 
~ol1e ct s from the thin halo 'that sur rounds 
th e gal axy . Another suggest s that it is 
tr ansformed out of some unobserved and 
her etofore unimagincd state of matter. 

Life in the Universe. The bold radio 
as t ro no mers are ready to ta ck le anyt hing, 
even th e ancient pr ohlem of alien lif e in 
th e universe, Most ast ro no me rs agree 
tha t th e Xlilky Way galaxy ha s million s 
of sta rs with planets capa ble of suppo rti ng 
ea rt h-sty le lif e. f ew if any of th em he
lieve tha t human spa ce voyage rs can 
ever cover th e en ormous dis tances th at 
sepa ra te the s ta rs. But radio wa ves cover 
th at range a lrea dy . and perhaps some 
not-too-dis ta n t s te lla r sys tem. wh ich in
clud es a plan et that has developed a high 
civil ization. is even now send ing radi o 
messag es in the ho pe tha t som eone will 
hear them . R adi o ast ronomers at G reen 
Bank have done a little listening for suc h 
message s. They ha ve heard nothing m ean 
ingful , but they hope to try again . 

few mysteries seem beyond the soa ring 
ambition of radio astronomers. In the 
past . mo st cosmographical theories were 
concocted by mathematicians sitting in 
quiet rooms and struggling with st reams 
of ab stractions. They were sa fe from ex
perimental che ck because optical tel e
scopes could not see far enough into the 
depths of the universe. But radio tele
scopes are keener-sighted. They have lo
cated radio-galaxies that seem to be 7 
billi on ligh t-yea rs away. And th eir eye
sight is bound to improve. 

Since radio waves tr avel a t th e same 
sp eed as ligh t , when radio te les copes peer 
deep in to space, they also look into the 
far-di stan t pas t . Ga laxies 7 hillion light
years awa y are s tudied on ea rth ju st :I S 

they wer e 7 bill ion years ago , before th e 
earth was bo rn. Little is known thus far 
about these ancient galaxies that have 
been fo ssiliz ed by tim e and dist ance. Per
haps when more is known , m an will get 
some idea of what the young universe was 
like and when it wa s born. Or , perhap s. 
when the radio astronomers have im
proved their skill , they will prove that the 
universe is ct crnal-s-tbat it was never 
young , :I nd will never grow old. 
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