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introduction
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2.1, 140 7, telesoope
2,2, High resolution project
Development of current research &t Green Bank,
3.1, 85 rt., anad 30C rt, telescopes
3%, Millimetre wave project
Sone promising flelde of radio astronomy which might «t some
time be developed in the U.8,

4,1, FBtudles of low frequency oosalec radio wavee.

4,2, € tudles ar\magnotie fields in inter-stellar
spsce by means of (a) Seeman eplitting (b) obger-
vations on linear polarization,

4.3, “ounting diecrete sources.

%.,%, High resolution obgervations of golar flare phen-

omena (&) at metre wave lengths (b) at centiametre

wave lengths,

Appendix - Notes on & possible method of realizing the high

resolution projeot,
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aporoach, the applicsation of interfersnse principnles, invelves
&

the combination oF aignels Trom/limited mmber of mederately
large antennse and in my opinion isg mush the moet gpromising fovr
the provision of greatly luproved angulay regointion, As an
$31uatrail on of the power of the methed one may guote {a) the
original ¥ills Ur which had s single eirwgular beam of
dlsmeter 4B minubtes ot 2 wave length of 3 1/2 metres (b} the
Christisnsen Gross {used %o produce radlc pietures of the sun}
having s beam of 3 minubes of are at 21 cenbime¥res but wiih
suliiple ressonses, These erosaes wers sach construcied atl a

3

cost oF & Pow Sens of thousands of dollars (o} the =§¢ifmﬂn@a

Inetitute of Technolegy interferocmeter, which, uelng @aeym63¥@

aynthesis mebtheds: hag produced Fmai@ ise@h@tos with & resgoluiion

L g LA

of & few minubss ef sre over & few dezeg @f tam giﬁ rels gourceg

in the sky. Thias experizent employed two movable 90 £35, fully

a% t:w,ml RErPaneLeids,

The specific objsctives of the fGreen Benk high resciutlion
groject should be the provision of eguipment Furthering The =%budy
of vadic galaxies, The discovery of »adio gslaxiss ln the sky
haze nrovided some of the most interesding problems of precent day
sabronomy, It iz Tound thab cerialn gelaxies, snd we csnnet Hell
Tpon optleal observaticns whieh onesg, show z radlo emiseion vastly

in excess of most other gslaxise. We refer te theme high radle

emission gelaxies as radic galazies, A0 exirvaordlnary festure

& these gelaxles ig that the rudlo emigeion appPesrg L0 cme

™

from aress in the gky which sre sdjmoent Lo the opiidal nebulae

which freguently dc not even overlap them, Thus for example
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the Uygnus souvrce apsears optically as a gelexy of dlameler
sbout minutes of sre and vadlo wise as two blobs which
have net yeb besn wmrefully dslinested each gbout & mlnulte
of are in dlsmeter and dlsposed syumetrically one on elther
side of the opiicsl nebuls. each & bout 1 minuite of are from
the nebula., The radic smission is curvsnitly bellevsd to
eriglnate in reglone in space in whlch high energy electrons
greociated with cosmic rays move In amagnebic flelds bub the
detalled nabure ©f these reglons and the reason Tor their
nocurance at places apps rently oulside $he opbicel galaxy are
gﬁifTu5§®1ﬁﬂ for zpecubation, It would seen That one of the
nogt powmerful methods of gittenpiing toe ¢olve thisg myssery
ould be the study of the getusl Fforms, il.e, radlo brighiness
Gistributions over a ressongble sampls of radio galasxlies,
There &g Turither reagon for interest in the radio

gakaxies, In Bhat irregpective of thelr origins =znd meshenlens
the radico emleslon from some is =0 encrmous that they can bhe
ohsarved at distences far beyond the linmit of ebzervation of
the largest eptical Selegcope, OUbssrvsbtions mf radio galaxieg

provide the w@&&ibil&tﬁ of Tinding out .@ﬂ@gh@ng of ths nature

of the ﬁnif@?&@w&nﬁpﬁQ e&ﬁt?ﬁbusing informubion on ¢cOsmOLlopy.
In fact, from stabtlstical linvestigatlonag of the number-intenslity
uiion OF radio seurces the fanmbridge group colslm Lo have
ghown that the "aleady stete" theory in cesmology is incorpeiible
with obgervatlon, This concluslion is highly controv ereial,
Qier ohmavrvers obisln vesults which ave discordant wiith
the Cambridge ones and iF correelt leave the cosmelopy questlion

gquite open, The differences in vresults ave probably asseclasted
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with the differant observing technigues, the Canbridge group
uging an interference technlaue and the Hydnsy groun, for

sxample, & "pencil beam® technique. The different methods

@2

would glve alfferent results if many of the source s wer
not simpie blobe bub showed complex brightnesgs distribublions
oo, LE Wey wers broken uy inie & aunber of distinet bright arees.
5% the preosend time I mnow of peveral major projects for the
shusy ©f racic galaxies, Twe importent ones, esch in e COn-
ghruc ilon glage ar'e,

(o) Fhs Egﬁ@iﬁx‘ﬁiliﬁﬁ Crosa (1 minube of sre beam al
1450 mefa ~ LOrE).

(b} The Sydney University 4ills Uross {3 minutes of arc
at 400 me/s plue sbout 10 minules at about 130 mefs ~ Mills),
Tooh of these 1s capable of surveylag the whole of the sky

vigibie to 1%, I think of these as snalagous 0 Tthe 4O insh

(

Gehmict at ¥t, slomer and I should like at Green Hank Uo ala
w% the depign of an instrunent sowmswhal emulvalent e the

SO0 ineh in thet 3t would have conslderably higher rssolution

20 me $0 be able to show the physically significant detall
of an adeguate asample Of ragic galexles, I should be wililng
to perait auvch slower Qperstion than ls Teasible with a whod e
sy instrument, l,s, 50 Htrade cheerving time for regeiuiion

&

L 3o 20y &t

o
&
Im.h

e slage bave a clesr ideas! Ihe hest method
this objectlive, bub wida B0 spproscn 3% froaw the
soing of visw of & design study., Fhere ars at the present tlme
shres or four methode shich seen theoretleslly ooseible. These
ineiude (1) S-antenna soerture gynbheeis, probably using a

numbe ¢ of sntennse lnetesd of sinmply twe moving ones, (2} a blg



#4ille Croess (%) the "ring® syetem of Faul wwld, I think that the
exiatence OF & wmultiolicity of metheods mezns that the projscl wil l
prove to be technically fessible but I de¢ not like any of the
methods in thelr existing Torm, However, I think that thers ls a
high probability of aome simplifying idess evising in the courgs

5

of the design sutudy which could wmake all the differvence Lo the
oractleabiility of the preject, I have nod untll now mentioned
the rasclublon end sensibivity regulved in this project mecsuse
T az oob fully conversanht with ezisbting work, but 1t la clear
¥het o resolublon of & frastion of & mioute of are will be
regulred, I fhink the Tiret step in this project sh@uid wve &
careful evaluation o7 the sxlsbing observations to help
dotermine the spsciflcatlon %o be almed at, Ubservationg
nighly velevant te this objsciive have been made in Jodrell Sank
{Palmer) and :Svaney {(Scheusyr)} end at the Galifernis Ingtliule
of Taohnology .

Tothink the genersl tectics to be pursued shouid be &g
followss 1. Ye ghould attempt %o apopelint & leader for the
sroject, W.C, Erickeon ie my cholee and I have already
aporoached him fo find out if he is intevestsd (no reply y &),

o, When the lesder ig apocoinied we should atiempt o gopoeind
geversl new members of giaf? who are skilled in these high
ragolution flelds,

With regard %o setugl aetudies I think they may be divided
into several phazee, Phase 1, 5 sareful study of exlsiing

ohaervationa, I should like 10 ses ﬁchau@r and Palmer oone %o

Breen “asnk 0 make the bast nahgihle a8 tiﬂaﬁe of the dilabtributie
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of Fourrlisr conponents ever the redioc sources, I take 1% they
could enlist the cooperation of the Callfornia I »%&aut@ of

Technology folk. I hs ve writien 5o fchever askhing 1f he would

33

e interested {(no reply yet). Heeschan has spoken with Falmer
who ie reagonsbly interssied,

Phagse Z, %Yo ghould write down sy many methode pe we oan
Think of and make & careful = tudy of the hsele linitsiicns o
gach, in partioular the gsensitivlitv-%ime sspect and alse the
Technical Alfflculties L% thls stage we ghould bhe able to
make some generslizalloneg e.p. Iz the gpertioresgyathesis mothed
iy more sensitive than other methodsy

Phase 3. The sbove fwo studiss should give ue g knowladge
of what 3¢ t0 bha Obgevved and some gporscliation of the Techniecal
difficuliies go thut 1% would appear feagible o zelect g
weferred method, I sghould then like te see this osub inte
cperation on & relatively smsll zcales in order 40 have
practioal experiance before embarking on any lavrge seale venbure,
We ahould then be in & position te agsess the whole project and
make ressonable compromisss, IT ls probable &%t this stagze or
lndeed esrlier thalt o numbsry of gubseidlisry experviments may be

regulved. ®lih the reesulbs of these at hand, the £insld

dgalzlion whether %6 proecsed ov pot should be taken,

DRVELUPMENE OF CUARENT BEGBANGH AT O

%.1, The 85.Toot and 300 oot pedic bteluscooeg

&

et

i
Ty

e

ork on these wog commenced by the Creenbany sialf smd I
ghould 1ike %o lesve the initistive with then, The 30le oot one

te of apeelisd interect ze 1% le currently the largest stesrable
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¥illimetre YWove Project

£t is good pollicy in & ressarch

projects

whtieh

idege Tron one Tield can Tertillize Hhe other,

wave project iz a good example of such,

uG & new
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The phenomens obperved aay well be

the alec

which gre dlatinet from the
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laborsgory %o have several

mein line o7 resgeasrvrch but

in some reapeche o0 that
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appreciably dlfferent Trogm
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i the Jowrnal of the Cpticel fcelety of Amsvica (21, 1300, 1961}
snd 1% wes noSed by Frank Dreke that with thile rhencmensl
senetbividy 1% would be possible 10 make sn instrument for the
veceniion of millimetre wove length rdl0 waves wl® & sensitivity
far exceeding thal atiainable by conventlonal means, The com.olete
smabrunant would consiat of = narsgbolic antenna, sulfeble
1ltering arrangensnts to exclude wave lengtha other than those
wantad, and the bolomeisr Deaie hNas debermined that a sultable
antanng can be purchased alt & renacnsble price, Ihe filté?iﬂg
cut of wave lengthe longer than ﬁh@@@ vaA ulred should De easy

5

neing wave gulde Gechnigues and tb@ ehnical problem is %o

filter out the rozidual shord wasve length radisbtlion which in many

e
caees will be sary orders of magnitude greater than that belng
é‘:ﬁs

studied, However, the problem locks/ressconable cne to undertske,
£% the Time of my viglt e Green Bank Prake and Heeschen

dlecugeed the oroject with se and I gave LY ny wars sooroval

&

Sincs Shat time, Frank Low haz been offered and has sacepied s
soglbtion st Green Habk whlenh lmmensely strenglthena the sclentifie
Salent, My suggestlon Tor the Fulure develeopment ef the project
would be o Torm z small group, including Drake end Low and one
ey two technlolans plus & new bright young physlelst and I think
the pregpents for success sre bright., Ipn this psrilculsr cuse,
the bolometer hag sprllcatlons ocuiside the pariticulsr projest
Gesarlbad above, @,g. 1% iz an Ldesl insirument for infra-rved

niications

&

goaoirvsoeny. Low is anxious tod&velop thase other ap
anéd I am sure this should be encouraged. Such developneant is
b

ikely to invoelve collshorstive resesrch with ofher instlbtutions,



TIME HE DEVELOPYD TN THER UaSe

4.3, Studles of lou-Troguenay oQsuic radio waves

An interesting new fleld in radlo aatronouy hse Deen
spened up by the work in Bydney of the late Alex shane and hie

Yorkine st the relatively Llow frequensy of 20 mc/s

hay have shown et 1% is possible %o cbeevrve ionlzed lnter-
atellar nydrogen (H JI repilons) in abeorpilon agalnst the
relatively auch brighber gon-theraal background, Thelr work
showe s zeries of dari veglons along dhé.plane Of the Milky Way
gue %o the concentration of ¥ I reglons in thls vieindly. An
gnalyeis of the vesulte by ZomesarofT hag ahtwn thet LE would be
;@ﬁgible to determine the relative placing of H Il regions and
non-thermal enitting regions along any line of sight 1¥ 1% wers
ponsible %0 nsaswre the varletion of brighiness with Treguenecy

i)

aver sn adequetely wide Treguency vahge, However, the inaportant

h‘

snge aorears % be well beslow Z6 me/s and I thlnk that 1% is
net desirable e become lnvolved in such regesPceh ubtillzing

cheervations Saken from the ground in « country like thd U.5,4,

where radic interference 1s particularly severe, It can et be
cavried oud in remofe aress like Taemanlae. However, 1% is

gerible thet some worthwhils rosulis might be oblnined From
satelllite observatione. I was vecently &g@?@aehéé by Dy, Henyy
Vhale, & Hew Zeslander who hae been working with NABA who wiched
te get my parspsobive on the wutillty of such tharvg%iaﬁﬁ¢ I
ghould 1ike To enccurags men llke ¥Whals who think they can
make uwzeful Ohservabions bub do not think this le a Fleld in

o kR G PR B PO - ) o v = i “
whloh Green Dank should bteke any acobive pard,
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Magnesic fislde in

in astropnyeics lg permsaled by concepts

nehic

Ry
t;)

ide, howevar, ls vey

Bt

N S " 3 A, o . E dn o“r
Dirent evidence for bths oxlglense QOf

b evidencs fop

VR GHIELY S ﬂ/uém

nuzbher 0Ff sitarsa polarized,

sre ones howine interstellsar shsorption effsals

snd the polarizetion ls afttributed o absorpilon by elongated
duat particles having s prefevrred orlen on This

orientation is abivibuted 0 wesk maghed

P N IS e e T oy o R e * W o
syidslits 8xLsts LU g 8w Rogy Bionsl cassd

N . A . s B mm o T e AT
whlaeh Le thes reasinsg o The Fre e

5 morkaed degrec of lirear polavizatlion which

Lo st the source and noet through sbeorpbion effects g in
the case of the stars nobed ebove. In this case the 1ight

emfezion f2 Belleved Gus Bo the gynebroivon seshaniss which invelv es

i . o~ e L. 3 ] y oy 5 R 3 P NV
the wresence OF magnetlsz flelds, Dafinite radlo evidenoce ab
nraoant e reetricied to of plane polavization
in the vadio wevee from the OUreb Hebula o Lwo othar

diacrshe souveces, In these sggeg e gschaniem of emigelon of

clarizetion supJiiss

hypethesis The polavizsion gl?@&

R dody g
HENG GQLTSCUL U0 OF

It 4s elalmed, further, Yy leiden

Cheervers bhalt in exlensive arese in the s

selon mechanifs belng

pocepbed, such
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chaervationg could provide very imporiant svidencs on [

dlalbribullion of wspnetic Tlelds in interefells:
3oin whish the Ghpervntlons & re orcessivelry tricky and it
ig most desiruble thet independent contirmaticn of the leiden
elaimg should be mrovided., This subject iz so imporfant thet

E hlint 1% desivable thet sope ohoevrvsticns Bhould he sttemoted
&% TreenVBank though the cteff and the Focllitles avallable at
ufugaméumu&d et peralld o really Eﬁ?@agmmgﬁin@ investigatlon.

4 oginould llke in tnls gardioular £181¢ to enliet ihe cuovsrgiion

ef U, Hayer of the Neval Researoh laborooory . who wes the sionesy

io the obgerveitlion of radio polurizebion froa the Orab Nebuls
and o is s aulle outgtendiogly careful experimentsliesl, and %o
work with hiz %o cuch sn extent that we 2% least become Taumiliar
with the Sechnicsel dirfficvlties of the problem. se Shet We could
thug pul curselves in g position whers we could underitske new
ocpservatlons in thls Tield &% relatively short notice,

In principle thers is another method of obtaining radio

evidence of the exictence of megnetic fieldes in interstellsr

eplitiing of the

Fetd
5]
“
*

space, JThies lr through observations of Zees

&t zuch obs er.

[
Fcd

)

2l cemtlmetlre nydrogen line, Verlous atbenm:

2

veblong bave heen mede ilnoluding one by fandow ¥elnreb, & Magge
acbusebis Instltute of lecnnology Ph,D,. shudent who worked for
sone time at Green Bank, The results in &ll cases 20 Far have
been naghfive. ¥ should like to see Welnrebh exbtend his

obzervetions under {reen Jsnk susslees 47 he thinks that there

3. Younting dlsorede sourceg

In the earlier secbion on the igh rescelution project 1%

menvionsd that there was violent dlsagresment anong
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ohizerverg On the gueation of the stafistical dlesribubion of

the Intensities of discrete sources, Two radlc telsgcopes
in The Unlied & tales have been bullt which should be canable

of giéing information on thisg sf.tisiical dieiridution, These
#ve whe rsdlc telescouss al the University of Illinoig sng the
Yhic 8tate tnlverelly. ¥he Green Bupg 300-foo% inetrument

if Pléted with o very csneiflve sontinuum veceiver, oould

&lse be gulte a powerful instrument in this field, I should
lige T0 gee The Iillinole snd the Uhioc Stabe Universilty groups
cezbline on bhe problem and LT they 86 desire horrow the Green
Bank Z0C-Toob instrumsnt for checking purposes, My own reaction
To the proublem, Lowever, is thet the disagreement among
chservers gu far Das been so fundamental thet the sll=1imporisnt

next sbep le He ke nigh resclution &bga?vati@ag of a falrly

large sseule of discrafe gources &g le. aﬁnsiﬁ@&& in the high
4

.‘r.:,-'r"
AE

ot

regsviublon project. se-Shnt ﬁ@*ﬂaﬁrmmﬂ@?atand hl@u?l} whef-de
Lie mesning 0F counts mude with paviioular radic felgcopes
of the apgparent nunbers of sources 4% various inie neity levdls,

Ao, High resoluticn ohesrvvations ©F aolar flare phanonena

Paragraph 1 of the Paul ¥ild propesal prefaca,
1% aprears to me Shet the next major advanse, whether 1t be
celutad o theae hyoothesss o 4o some to telly uvnexpsoled dige

suvery, le llkely %o be made Bhrough the develomment 0f Hohbe
piowes capable OF yielding wictures of She Sun in the "1ight? of
PEALC waves eliber in the wavelength rangs sround seversal meltrves

shich would give information on the dlzburbance, in the corona,

AU emntimetres, which would give information on

the ueper chirvomosghere, I ballieve Shet we are
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