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HE RADI TELES OPE
 
A New Tool of Astronomical Research 
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FO R those wh o a re acquainted with the and Eddington's .. celes tia l mult iplica tio n 
rema rkable re sults ach ieved du ring the ta ble," tha t " 100,000 mill ion sta rs make one 
past few years in rad io astronomy the ga laxy a nd 100,000 m illion gal ax ies ma ke one: 

a nnoun cemen t in Apri l that a gia nt rad io tele­ uni ve rse " rema ins a tru stworthy mnemonic. 
scope is to be co nstructed a t Jod rell Ban k, in In the face of th is pe netra t ion to the rem ot e 
Chesh ire, came as a sa tisfactory indica tion 0 dep ths of space it seemed ha rd ly possible a 
B rita in's determ ina tion to keep in th e fore­ few years ago th a t the rema ining ta sks of 
f ron t of thi s new science. To othe rs, tile ob se rva tio nal ast ro nomy could be ot her tha n 
proposa l to expend ov er £300,000 and 2,000 the de ta iled st udy of the ind ividual sta rs and 
to ns of steel on a n ins trument with DO o bv ious nebul ae as seen in the conventiona l te lescopes. 
practical application may have ca used su r­ Even if many of the details rema ined obscur e, 
prise. Some m isgivings m ight also have been a t lea st th e gene ra l content o f th e un iverse 
fe lt at th e news tha t the instru ment wa s to and the va rio us classes of ob jects conta ined in 
be bu ilt in a di strict mo re com m only a sso­ it seemed to be established . But by a s tra nge 
cia ted with cloudy condi tions than with clea r twi st of fate the Second W orld W a r was to 
skies necessa ry for astron om ical research. I t place a new and enormo usly powerful -tool in 
ma y therefore be approp ria te to ex plain why the ha nds of a st rono mers for th e expl oration 
the telescope is being bu ilt, a nd the reason [or of space, a nd th e d iscoveries o f the las t few 
its loca tion in Cheshi re. years have riva lled in excitemen t the 

Work is now well ad vanced on the 500- to n m o re con ventional developm ents on the 
concrete and steel foundation of this giant America n m o unta ins. 
steerable radio telesco pe, wh ich wil l h; vc a Almost all a stro nomica l re sea rch has been 
paraboloida l steel bowl 250f L in diameter, carried ou t with te lescopes and o ther instru­
60 ft. deep at the centre , a lone weigh ing 300 men ts rece iving ligh t wa ....es e mi tt ed by the 
to ns. The bowl is to be suppo rted on steel s tars in the visua l pa rt o f th e electromag net ic 
towers ISOft. a bove gro und , rid ing on a rai l­ spectrum. Va rious auxiliary instru ment s such 
way track 340 ft. in d ia meter. T he instrum ent, as ph otoelec tric cells ha ve been used to

hich has been d es igned so tha t it can be extend the studies a li ttle beyond the v isual
directed to a ny part o f the sk y and will be able lim its into the infra- red and ultra-violet 
to t rack a given point in the sky autom a tica lly regions, but apprec iable extension is pro­
w ith a precision o f a bo ut 15 minutes o f a rc, hib ited by the absorption caused by wa ter 
wi ll have a tot a l wei ght above ground of well va pou r an d fine d ust in the ea rth 's atmosphere. 
o ver 1,000 tons. Th us o ur k nowled ge of the uni verse has 

G reat Brit ain 's lea d in ob serva tional ast ro­ a risen a lmost e ntirely from the stu dy of 
nom y wa s firm ly esta blished in th e e igh tee nth stella r emissions in th is na rrow visu a l and 
lind nine teenth centuries when the first larue near-visual regio n of the sp ectrum. T hi s 
telescopes were b uilt by H erschel an d Rosse, re stri c ted band o f wavelengt hs in wh ich the 
T he subsequent devel opment oC te lescopes of un iver se could be s tud ied ca used no concern , 
ever-inc reasing size made possib le th e ex plo re ­ since the pro m inen t features in th e un ive rse 
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wha t sur p rising when an Amer ican e ngineer, 
ansky , discovered a t the end of 1931 th a t 

rad io Wa ves, appa rentl y emana ting from 
regions be yon d the solar sys tem, were 
reach ing the earth . J a nsky's d iscove ry wa s 
p ublished in a ra d io engineering jo urn al an d 
it see ms doubtful whe the r m an y astronomer s 
knew of h is work . Certa inly it seems to have 
caused litt le interest, and th e only im porta nt 
ad ditions to h is results be fo re the S econd 
W orld Wa r were obta ine d by G rote R eb er . an 
a ma teur inve stiga tor wh o bu ilt appa ra tus of 
a d va nced des ign in the ga rde n o f his home in 
Il lino is. In fac t Rebe r constr uc ted the first 
rad io telesco pe of the type w ith wh ich we are 
fa m iliar to-day. It was 30ft. in d ia meter a nd 

rece ived ra d io wa ves on a wa velength of 
about two me tre s. T h is instrume nt co uld 
rea dil y be poin ted to dilfe rent parts of the 
sk y. With it Reh e r confirmed Ja nsky 's dis­
covery tha t ra dio waves were reach ing the 
ea r.t!IJrom o ute r space, and he made th e fi rs t 

cen tra tion of work on radio a nd radar for 
m ilita ry purposes resulted in techn ica l 
ad vances in the space of a few yea rs wh ich 
m ight o therwi se have occup ied a genera tion 
of research wo rk ers. Equa lly impo rta nt wa s 
the: co operation in thi s develo pment of young 
resea rch workers wh o ra pidly became exper t 
in rad io techn iqu es and retu rn ed [ 0 peace in 
1945 with a new in sight in to the possib ilit ies 
of these tech niques whe n appl ied to fun da­
mental r esearch . E ven if no particula rl y 
sta rt ling results were an ticipated the str ange 
radio emissio ns fr om space provided a clea r 
opportunity {or an approach w ith modern 
techni ques and a ppara tus , a nd resea rch groups 
aro se quick ly in the ra d io physics div ision o f 
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Small sreerable rad io telescope at Jodrell 
Bank. It has a 30ft. a pert ure, and is tuned 
by ae ria l rods a t the foc us to receiv 
radiation on a wavelength of rh ree meu e! , 
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and the great telescopes of the twen L i e~ 
centur y have been built in America on I\TI. 
Wilson a nd Paloma r. T he lODin. telescope 
on 1\1t. Wilson came into ope ra tion just afte r 
the First World War and in the hands of a 
brilliant team of American as tronomer 
quickly revealed a universe of qui te unfore­
seen imme nsity . Hitherto the assemblage of 
tars was believed to be conta ined in a rela­

tively small volume some few thousand light 
years in extent, with the sun a nd planets nea r 
the centre. T he many nebulae to be seen in 
the telescopes were thought to be diffuse 
objects lying withi n th is system. The third 
decade of this centu rv witnessed an as tonish­
ing transition in these'views. The Milky Way 
system, or loca l gala xy, was revea led as disk­
like in structure, extending for 100,000 ligh t­
yea rs across its plane and conta ining abOUI 
10,000 million stars. Moreover, Hubble's in­
vest igatio ns with this telescope soon convinced 
hi s colleagues that ma ny of the nebu lae were 
ext ernal 10 this system, and that the nea rest 
one in Andromeda must be sepa rate d fr om the 
local star system by nearly a million light­
years, and must also contain a vast number 
of sta rs. Other neb ulae were shown to be 
similar star system s at even greater distances. 

. .... _..._.... ··0 .. 
f~~~' -di;~~·ti~ ~-s . ;,ear region open to vfe'~. It was, therefore, some-

the centre 01 the local galaxy and along the 
plane of the Milky Way- in fact, tha t the 
rad io signals were roughly proport iona l in 
stre ngth to the concentratio n of stars in the 
direction in which the radio telescope was 
pointing. On the other hand, Reber failed 
completel y to detect any signals from the 
br ight sta rs or from other prominent feat ures 

isible in telescopes. This apparent pa radox 
led him to the view that the rad io signals 
were being generated in the very rarefied 
hydrogen gas which fills inters tellar space. 

This represented the extent of our know. 
ledge of these radio waves fro m space in 
1945 ; but the six. yea rs lost to fundamenta l 
research wen: soon to appea r as a r ich invest­
ment for astr onomical resear ch. T he con­
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A recent photograph showing part of the 220n . aperture fixed radio telescope which has a 
pa raboloidal surface formed by a series of wires supported around the perimeter by posts 
24ft. high . The aerial at the focus is car ried on a 120ft. mast, which is tilted to displace the 
beam from the zenith. Above : Recording apparatus used with the telscope ; the chart 
shows that the radio star in Cygnus bas just passed through the beam of the aerial system. 

Operational Research Group in Surrey. 
avendish Laboratorv in Ca mbridge, and th 
Jniversitv of Manchester. T he spectacul 

nature of the results obtained soo n attrac ted 
workers in other countr ies a nd the study of 
radio ast ronomy is now pursued in many 
parts of the world. 

The first pos t-war measurements of the 
rad io waves from space confirmed Rebe r's 
result s, and there seemed to be no direct con­
nexio n between the radio signals and the 
ast ronomical objects such as stars and neb ulae 
which comprise the universe familiar 10 the 
hum an senses. Reber 's idea that the em issions 
occurred in the interstellar gas remained, for 
some time. the only realistic suggestion, 
although there were man y theoreti cal difficul­
tics in this interpre tation . Then , in 19018, came 
the first of a sequence of discove ries which 
stimulat ed the interest of astronomers 
throughout the worl d. Bolton a nd Stanley , in 
Sydney, fo llowed immed iatel y by RyJe and 
Smith in Cambridge, announced tha t at least 
some of the radio waves were corning f rom 
d iscrer,.e, or localized, sources in space-sub­
sequenrly called radio star s. T he Sydney 
workers found a powerf ul sour ce in the con­
stella tion of Cygnus, and the Cambridge 
wor kers an even stronger one in Cassiopeia. 
Now if these sources had coincided with an y 
prom inent visual objects the discover)' would 
not, perhaps, have occasioned much sur­
prise, but al though both the radio sources 13y 
in densely populated stellar regions there were 
no particular visual objec ts to which the rad io 
emissions could be a ttrib uted. Subsequently 
many other less intense rad io sta rs were d is­
covered. \Vith one exception none of thes 
coincided with any par ticula r class of star 
known to astr onomers; neither did any of the 
common stars appear to emit ra dio waves 
which could be dete cted on the earth, The 
belief arose that we were deali ng with a new 
type of bod}' in the heavens. dark or only 
faintly luminous, but with the facility of 
emitting powerful rad io waves : moreover, a 
type which appeared to be of frequent occur­
rence an d distr ibuted thro ughout the galax y 
in a manner similar to that 01 com mon stars. 

The a pparent paradox of the existence of 
these radio stars has still to be resolved. Only 
one coincides with a striking celestial object 
- the third most intense in the heavens, 
which was among those origina lly discovered 
by Bolton and Sta nley, undoubtedly or igin­
ates in the Crab Nebula-the ho t expanding 

com inued all page sere" 
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THE RA DIO TELESCOPE 
continued f rom page f our 

ou s she ll of a supernova, or stella r explo­
sion, witnessed by t he Chinese as tronomers in 
A.D. J054. But supernovae are of ra re occur­
renee: three o nly a re recorded in history, the 
o ther tWO having been witnessed by T ycho 
Dralle in 1572 and Kepler in 1604. Keple r's 
objec t is un fortuna tely outside the field of 
view of the la rge radio telescopes a t present 
avai lable. T here are no vis ible rem nants of 
T yeho Brah c's supernova, but r ecently a rad io 
star in its position has been discovered by 
H anb ury Brown a nd H azard a t the Universit y 
of Ma nchester research sta tion at 
Jo dre ll Ban k. H ence, a lthoug h it 

TH E TI M ES SCIENCE 

and Sydney. It was with svs te 01~ of this ty 
th at the original d iscoverv 'o f radio stan; was 
made. . 

In an alternative a pproach theiphysical size 
of the ae r ia l system is increased. There a rc 
now severa l steera ble rad io telescopes of 30ft. 
diameter in existence. T he l a rge~t fixed rad io 
telescope is believed to be the 220f t aper ­
tur e ins tr ument at Jodrell Bank, but with thi s 
on ly a small part of the hea vens ca n be ex­
plo red. Ex perience with this insu urncnt soon 
demonstrat ed that a completely steerablc 
radio telescop e of this o rder of srze was a pre­
req uisite fo r the fu rt her ex ploration of spa ce 
by the ra dio methoJ . The engineer ing dim-
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"had ga ined in radio ast ronomy. The scheme 
for the steerable radi o telescope was placed 
before thi s com mittee in February, 1950. After 
a th or ough investiga tion the commi ttee 
decided, a t a meet ing held in Ed inburgh on 

ebruary 27, 1950, at tended by the 
Astro nomer Royal. the Astrono mer R oyal 
fo r Sco tla nd, Sir Edw ard A pple ton, and ot her 
d istinguished scientists, to press for th e con­
struction of the radio telescope. Sho rtly after­
wards the co uncil of the Roval Astrono mical 
Society issued a recommenda tion strongly 
endorsing the proposals -> fo r the erection in 
the U nited King dom of a stecra blc radio tcle­
scope of 250ft. d iameter . . . the council 

Indu stri al Research readil y agreed to p rov ide 
.£.3 ,000 for thi s prelimi nary work to be ca rr ied 
through. T his labour was completed in 
Februa ry, 1951, an d in the spring the D.S.r.R. 
was again approached, but thi s time the cost 
had risen to £242,000. In spite of the st ro ng 
recomme nda tion of the astronomers, and of 
the advice of emi nent scientis ts of diverse 
interests, the financial crisis in the cou nt 
made it impossib le fo r the D.S.I.R . to commit 
itself read ily to an expenditure of thi s magni­
tude. Thr oughou t the remainder of 195 1 the 
matter was in abeyance an d a t the turn of the 
year, whe n f urther rises in costs of material! 
had increa sed the amount required to 

£335,000. it seemed that the whole 
projec t migh t have to be abandoned. 

can be pres umed tha t supernovae F or tuna tely the interest of the 
genera te intense radio waves, these N uffield F ou ndat ion had been 
objects ca nnot be responsible for attra cted, and bv this felicitous cir­
the genera lity of radio sta rs. A t cumsta nce " the Found at ion, co n­
prese nt it is possible to offer on ly vinced of the imme nse scientific 
one o ther piece of evidence. D ur ing importan ce of these new methods of 
the last few months the astronom ers astro nomica l resea rch, ind ica ted its 
on Mt. Pa lomar ha ve made a care- wish to en able the work of con­
ul search for faint object s with the struction to go ahea d without delay, 

200-inch telescope ill the neighb o ur­ This offer was accepted by the Lo rd 
hood of the stro ngest radio sta r in Pres ident of the Co uncil, and the 

ssiope ia. I n the correct po sition to ta l cos t of the steerable radio tele­
they find a pecu lia rly diffuse gaseous scope w ill be provi ded eq ually by 
stru cture which is now confidently the D. S.I.R.a nd the Fo unda tion. . .." 
belie ved to be responsible for the The chose n site fo r this enterpris 
Cassiopeia radio sta r. The place of lies in a sparsely po pula ted region of
this gaseous object in the stella r : heshire. A few m iles to the north 
sequence is unknown, neither is it or the village of H olmes Chapel
possible to assess whether sim ilar there is a shallow valley in whic h 
gaseous object s a re likely to be was the ho.c of the Ja udcr el famil y, 
found coincident with the posi tion an ances tor of whom, William
of o ther radio stars when the sea rch Jauderel, d istinguished himself 
wi th the 200-inch telescope is ma de. among a compa ny o f archers serv­

The-excitement crea ted by these ing under the Black Prince in the 
new probings of the universe was Battle of Poitiers. Nea rly six 
heigh tened in Ig50, when Hanb ury cent ur ies la ter, on the eve of another 
Bro wn a nd Hazard used the large war on F rench soil, the Uni vers ity 
rad io telescope a t Jodrcll Ba nk to of Manch este r purchased a few 
ex plore the extragalac tic nebulae. acres of Iurrn la nd for horticultura l 
In a memora ble series of ex peri­ research on the bank wh ich once 
me nts they were able to show that belonged to Jau derel. In the course 
the spiral nebula in A nd romeda of centuries the 1au derels became 
m illed rad io waves in a man ner 
imilar to the local ga lax y, an d su bsequently 

tha t many o ther mor e remote nebulae also 
haved in thi , wa y. Thus radio stars, wha t­

ever the ir nature, m ust be foun d thro ughout 
the entire universe. 

Most of these studie s have been carr ied ou t '.. _ ­~ .. ....., fT\u.l r~ WA ve-


An artist's drawing of the gnis t steerable ra dio telescope no w being constru cted at Jodrell 
Bank. This instrument. which is being provided by the D epartment of Scientific and 
Industria l Research an d the Nuffield F oundat ion , will help to keep Bri tain in the forefront 

of the new science of rad io astronomy, 

cul ties a nd expense of such an undertaking con siders that by the erec tio n of this appa ratus 
w e re for midable; nevertheless the results to the prestige of science in Brita in would be '. .....~ - --..,. ~ - ' " n ,;A.. r ·."l v rnh"nt'o'(\. . the council is 

Jodrells, a nd thei r land on the bank! 
of the stre am became Jodrell Ban k. 11 was here 
that , in D ecem ber. 1945, three ex-a rmy trailers 
brough t radar equipment after cond inon-, of 
severe elec trica l interference h ad fru st ra ted 
att empts to use it in the Un iversity precincts. 
F rom this lonely beginning there arose. in a 
lillie over a yea r. a small grou p of young 
people fo r whom road building and concrete 

- • ' •• I _ _ 1 .... 
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scope s. S uch wav es a rc una tiectcd by clo ud , 
fog, or da y l iglu , and i ll this respec t the rad io 
astronomer ha s a marked advan tage over the 
trnditionul methods of astronomica l investi­
gation. O n the other ha nd, th e disadvan tage 
of th e long wa vele ng th lies in the very grea t 
difficult v of achieving resolutio n. T he bea m 
wid th . or a ngle o f the cone in wh ich the 
rad ia tio n is received , depends on the ra tio o f 
th e wa velength to diamete r of the te lesco pe. 
T h us to achieve the same resoluuon as a ve r 
small o ptica l te lesco pe the aerials of a radi 
telescope would have to ex ten d for tho usa nds 
o f m iles-s-o bviously a n im possibili ty. E ve n so, 
the need fo r the maxim um possible resolu­
tion in the ra dio work has bee n a do m ina nt 
feature o f the technica l develo pme n ts. A grea t 
deal has been achieved by special devices in 
which two simi la r ae ria l systems, spac ed by 
several hu nd red yards, are conn ec ted tu a 
common reco rd ing eq uipment T h is type of 
radio te lesco pe, known as a n interfe ro me ter . 
has been intensively developed in C ambridge 

{...... 
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was at hand for ex plo ring th ose va st re gio ns 
o f th e universe hitherto ob sc ured f rum th e 
view of the o ptica l tele scopes by the great du st 
louds in in terste lla r sp ace. T his da rk obscur­

ing ma tter obliterates over 90 pe r cen t, of the 
s tarlight in the Mil ky Wa y, but- wo uld present 
no obstacle to the ra d io wa ves. W ith a steer­
a ble radio teles co pe of sutficient rcso lvin 
power it wo uld be possible to unravel some of 
the myste ries of the ce ntra l regions of the 
galaxy hi thert o con cealed , even fr om the g ian t 
o ptical te lesco pes, Such co nsidera tio ns. a n 
the man y ot her uses for the inst rument in nil 
as pects o f rad io ast ro nomy , crea ted an un­
eq uivoca l case fo r its const ruc tio n if the 
necessa ry support co uld be o bta ined. 

F ortuna tely the cou ncil o~ the Roya l 
Astronomica l Society was. from th e beg in­
n ing. much interested in the nlfw su bject o f 
rad io as t ro nomy, a nd to wa rds] the end o f 
1949 con ven ed a radio ast ro nomy com mi ttee 
to d ec ide what resea rch projects wo uld best 
serve to m a int ai n the lead which the co untry 

.;~~i d ~r·e r;;T~·I;~~;r~ri ·r~~ ;~ti~·;· · i~ the U nited 
Kingdom of new methods of astronomical 
resea rch wh ich have been so greatly 
de ve lo ped by the ski ll of SCientists in the 

nited Kingdom and which arc independe nt 
of climatic cond itio ns." 

Throughou t 1949 at tem pts wer e made to 
interest va rio us engineering firms in the ide a, 
b ut no really satisfactory co ntac t was esta b­
lished un til the a u tum n. when Mr. H. C. 
H usband , the head o f a firm o f co nsu lting 
engi neers. became in teres ted in t he p roject. 
H is spon ta neous reaction was fa vou rable ; 
money a nd steel wo uld be req uired , t he instr u­
ment m ight be an enginee rin g wonder, bu t no 
insup erable mechan ica l ob sta cles co uld be 
foresee n. In a str uc ture of such co m plexity 
the ea r ly est ima tes o f its cost were necessa rily 
vague. bu t a figure in the region of £ 100,000 
was f req uen tly ment ioned in di scussion . 
Deta iled designs wer e req uired in order to 
obta in a mo re exact figure, and in the sum mer 
of J950 the Departmen t of Scie n tific a nd 

• 

One of the interferomet er aerials used by Ryle at Camb ridge. in th e work lea ding to th 
discovery of radio stars. Two series o f rods-or broad side arrays-separated by several 
hu ndred vard s on the ground are an alternative to the paraboloidal type of radio telescope. 

t he a;t7,-~ i,hi7;g-·;;h~-;;;:;;~;;·; ';;Ti"h;'l;:;;ll-~;Y-
irne st rea ms of shoot ing sta rs. T his unpre­

med itated work on me teo rs fil'lil esta b lished 
the significance of the activities III the crop 
of caravans and traile rs. full o f th e dev ices o f 
wa r, now beaten 10 plo ughshares. By this 
t ime the U niversity fou nd itsel f WIth a n 
ava rici o us a nd insa tia ble chil d, but with th e 

isdom worthy of its lraditions of Fo res ight 
replaced . the traile rs wi th permanent labora­
tories. F inancial help was read ily give n by 
the Department of Scientific and Ind ustria l 
Resea rch to suppo rt an ever-gro wing pr o­
gra m me which used the me thods of ra di o to 
explore the astro nomy an d physics of m eteors, 
th e aurora borealis, the moon, a nd th e rad io 
waves from the sun. as well as those fro m the 
depths o f sp ace. N ow, in the aut um n of 11.)52, 
the stat ion reverberat es as £50 .000 of steel 
a nd co nc rete a rc driven dee p into the gro und 
to suppo rt th e tower ing struc ture o f steel 
which will g ive Bri tain its uniq ue instrument 
o r the ex plora tion o f th e Un iverse . 

, 

The aerial system used for the cont inu ous su rvey of me teors by the radio echo technique. 
In the small building is the apparatus which has now been wo rking for several years and 
bas provided information a bout meteoric activity uninterrupted by cloud or daylight. 


