
OF 

ISOI..A'r=D BUHS TS 

OF SOL&~ RADIO NUIJ~ . 

A thosis ··1resented for the degree of 
Hast er of Science of Rhodes University, 

by 

W. L. H. SHUTER . B.Sc (Hons . ) Rhodes . 

Department of Physicu , 
Rhodes University, 
URA::l!};.s TOvlr , 
South Africa . 

September, 195:.5 . 



CONTENTS 

History of the Project 

iic::nowlcd.:;emcnts 

Abstract 

CiiAPTER ONE 

A: The Helical Antenna 
B: The Antenna Drive 
C: The Pre-Amplifier 
D; The I.F. Amplifier 
S: The D.C . Amplifier 
F: The Disphy 
G: Pm.Jer Su.pplies and Electronic Voltage Regulators 
H: Calibration 
I: Transient Response 

CHAFfER TWO 

Page 

i 

iv 

v 

1 

2 
5 
7 
7 
8 
8 
9 
9 

11 

SONE i..SP:CTS OF SOIJul. PHYSICS RELEVANT TO RADIO ASTRONOHY i2 

A: A ~~alitative Description of the Solar Atmosphere 12 
B: Some Feat~res of the Dioturbed S~n 13 
C: N~merical Data Concerning the Solar Atmosphere 16 
D: The Dnta in Terms of Varkbles of the l•b.gneto-Ionic .. Theoryl7 
E: Ray Trctjectories in the Solar Atmosphere 19 
F: Points of Zero Refractive Index 20 

CHAPTER '.L'.9ltEE 

GEJ.\1ERAL FEA'.i'URES OF SOI.Jill R.t"iDIO ZMISSION AT NETRE WA VELENGUB 22 

A: The E:1.s ic '1'hermal Component 
B: Enh.".nced Radiation 
C: Outbursts 
D: Isolated B~rsts 
E: Typical Solar B~rst Profiles on 125 111c ./s . 

22 
22 
2.3 
26 
28 

m~~B~ffi n 
(Observations and Ros~lts from Previous Investigations) 

iu Williams (1948) ~9 
B : Pa~me-Scott (1949) .30 
C: '<lild (l<)50b) .32 
D: Wild, :i~:cray, and. Tim.Jc (1954) .36 

Wild, Roberts , ::md . IUl·r o.y (1954) 
E: Lo~ghhead, Hoberts , and 1:cCabe (1957) .37 
F: Ha:JC\.rell and Suar~p (1<:~ 58 ) .38 

Ho.JC\.mll, Swarup, und Thompson (1953) 
G: Wild ... :md Sheridan (1958) .39 

CPJiPTER FIVE 

F~C:Hfi.i'TISL3 OF m~.IGIN OF IS0Li.'i'E:O Bu1tSTS 

A: uscilhtions a t the Electron Gyro-Freq~ency 
B: Magnetohydrodynamic or Hydromagnetic Waves 

40 

40 

4.3 

. .. 
.. 1 . . .. ) 



CH.i:..P'lr3R. SIX 

OPSERV.i.TIONS OF ISOL.;.TED BUBSTS 01; 12.:2 NC J_s. 

CHli.PTER SEVEN 

IHTERPRE1'b.TION OF OBSERVi.1:J..QN§. 

A: Double- H1..1mped Bursts 
B: Exponential Dec~y Constants 
C: Exciting Distur~~nccs 
D: The Author's Hodel 
E: Nechnnisms Involv:i.ne Wave Growth 
F: In Conclusion 

CEAl?TER :=IGHT 

SUGGESTIWS FOR FURTHER RESEi:.R.CH 

A: Burst Sou.rces 
B: Coronal Conditions 

ADDEND UN 

RECENT OBSERVL'TIONS OF ISOILTED BURSTS 

REFE?..ENCES 

51 

53 

53 
54 
56 
57 
64 
64 

67 

vi 



c+ 
CD 
1-' 
CD 
(,1 
() 

0 
"t> 
Q 

----------------------------~------ ~--

.... _,._._ -·-·-....--·-·- ·-=-
1 ~·~--
· -~~-~· 





1-'· .. ,..., 
..-t· 

0 
·~ •'• . 



(i) 

HIS TOR1 OF TIE PROJECT 

The aim of this research project, to take place during the 

I.G. I ., vT~s to determine tho dynamic spcctro.. of bursts of solar 

r~dio froquoncy noise in the frequ.ency band 100-500 Me./ s. and to 

investic:1te:-

(1) The degree of correla tion between bursts, and visual 
sol:.r p}wnomen:::. , such :.s fl-:.ros , sunspots, ;_Jr omin­
onces otc. 

(2) Tho incidence of lw.rmonics in solar bursts, ~.nd 
com1xrison of th~ y~ths of exciting agencies in 
the sohr ·::.tmosphcre , "'.S deduced from tho dyna.mic 
sp0ctr:1, i.Ji th the observed positions and move­
ments of fl.:.rcs . 

'fhis involved the construction of a s-v1ept frequancy radio noise 

receiver covering the ~bovo mentioned frequency range in three 

c~12.nnels. 

Coonncl 1 :- 100-200 Mc./s . 

Ch:mnel 2 : - 200-350 Hc ./s . 

Channel 3 ;- 350-500 Hc ./s. 

Each ch~nncl W8S to consist of a broad band helical antenna, 

a s1-1opt i'l"o€1wmcy pre-amplii'i ;;r comprising Cr:.scode R .F. amplifier, 

first detector s.nd first I.F . ::;.mplific'r, housed in a box on the 

~mte.1n2. mast. Signnls from this ·Here to be fed vic. co-~dal C::l.blc 

to three main I .F . amplifiers situated in the receiver hut . 

Tho outputs of the throe second detector stages in the I .F. 

amplifi~rs i·Toro to be o.pplbd to 2. gain-ec~u.n.lizor and chc..nnel-mixer. 

The function of th.::J g::-.in-equalizer w.1s to compensa t e for differences 

in receiver gain a t different frequencies in such a mann0r th.1.t the 

resu.ltin5 g:1.in over t~1e entire frequency range was constant. 

T!'J.e output pf t!:lis s k ~e H?.s to food two D .C • amplifiers, and 

thence two Cr>.thodo ro.y tubes , one of which was to h::.ve t he usu.al 11AH 

typo scan, :md t~c other Ha s to b:l intensity modulated. 

Dr . E .F . 3 t ',c k-Forsyth bog".n to cons t rue t the power supplies 

for tho vqui'(Jmont in tho l a ttor }w.lf of 1956. In January 1957 he 

was joined in thil~ project by Hr . J .O. Speedy (C.S .I.R . technical 

assistc.nt; ~nd tho au t:1or , "'.nd work on channel 1 commenced immed-

i ately. 

. ' 
f .. • • • • • • .. r * : \ 



(ii) 

A site uas cventuo.lly found for tho equipment next to the 

Rhodes University men's hockey field, o.nd the geographical co­

ordin::t tos of a beacon pl1.ced thoro were determined by ~ Government 

Stl.rveyor. 

A lls~Eck: to hou.sc tho o;uipmcnt wo.s built by J .0. Speedy and 

tho r,uthor - soc pl::-. te A - -..nd wo.s completed by the middle of l-1-:-,y. 

The hclicnl 2.ntenn:., \-lhich hqd been constructed 0,nd tested by the 

·.uthor, wo.s mounted oquo.toric.lly on tho m_wt ::tbovo the roof - see 

plato B -. 

Shortly ~fta~.,rards ~ power line was l~id on by the munici~~lity, 

nnd ~ ?ri~~te telo~hon8 line connecting the Physic~ department to 

th.; s .ho..ck wo..s inst.:1.llod . Tho t ,;lephonG line was used to transfer 

half minu.te: ptllS8S from e, Synchronomo clock in tho Physics d0partmont 

t o ;J. m,' -;'ter rol~~.}r in tho sh.\ck which controlled :->.. shvo clock, tho 

::mtonnc:. drivo, ·:-: l1f. prodt1cod time marl-:s on tho records. 

Mce.mJ11ile , Dr. Stac~c-Forsyth h...1.d boon experiencing c. lot :-·f 

difficu.lty in thG conntruction of t ho swept frequency pro-3.molificr, 

r.nd boinl..o 1..rit!1out ?')ropor test equipmont ,t the timo progr~ss '\.TO.S 

necessarily slm-1 . 

During July ho derided, :.'\S an interim measure, to constn1ct a 

fixed frequency pre- e.mpli:fi or (tuned to J20 Mc./s.) in order to 

obt..'1in rcsul ts J.S so.:m c.s ·:Jossiblc , and on August 9 1957, tho first 

record vro.s obt.."'.. ined by photographing the output from tho second 

detector as it ~ppc~red on t ho scra0n of ~ Cossor double bo~m 

oscilloscope. During Au.:;ust Q.nd September a cathode ray oscillos-

cope display unit .,_nd J. D.C. :-.m,lifior wore constructed • 

.t\t t:.~o end of Sc··')tcmbcr 1'-ir . J .o. Speedy l eft the projec t .lnd 

Mr. R.G. Spoody took his place . 

By October th~:- oqu.ipm,mt H ::' •. J in more or l oss reguhr opera t ­

ion. On October 23 t.hcru was 'l p::-.rtial eclipse of the sun ovor 

Grr.h~\mstmm f rom sunrise ( 03: 24 U. T.) until ( 04: 32 U. T.) and the 

oqu.ipmcnt ww.s run between th') hours of(03:00 U.T.) a nd (05:00 U.T .) 

on th~ ~~y of the ocli?so , and ~lso on October 22 and uctobor 24 

t~s cont rol do.ys . Hov.rover, .\S the receiver was not capa.blo of 

. . 
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detecting tho thorm::tl componnnt of sol.nr radio noise; o.nd us there 

were no outbursts durin~ tho time of observation, no eclipse effects 

wcro noticed. · 

In November the pre-Qmplifier showed instability on 120 Mc•/s. 

P..nd w1.s retuned to 125 ~·ic•/s• This thesis is bo..sod l±n obsorvn.t-

ions of sol~r r~dio noise on 125 Mc,/s• tnkon during the period 

l!ovombJr 26 1957 -- Fobrun.ry 6 1958. After Fobrue.ry 6 tho 

r.p:/:->r"l..tu.s ~ ~~.s ru.n :·.t ':\ loH·::>r gain setting in ordor that outbt1rsts 

mi,)J.t bo observed, ::md t:1o records obto.ined :1.re not sui tablo for 

o..nal~rsis of isobted bursts. 

T:1o only dn. t...i. on visu~l solar phenomena av11.ila.blc to tho author 

fo1~ tho above montionvd period \-JE'.S tho 11Dnily Maps of the Sun11 

issued by tho Frnunhofor Institute. These rnn.ps give tho position, 

a.nd sometimes t!:lo dDration, of sol~.r fla res bu.t they do not ,·ivo tho 

time of rilaximum of flares or 2ny other dek.i ls. They proved to be 

q1.1ito in·'..doqu~te for nny investigation of the degre8 of correlation 

existing between so l or radio noise outbursts and soln.r flares. 

In view of this, tho author kgs decided to investigate isolated 

ht.u~sts of soLr r adio noise , which :J.t tho time (February 1958) 'l;loro 

t!1ou~ht to s hoH no corrol:J. tion with visual phcmomenn on the sun. 

Shortly :'.ftor ·G:1is decision hc..d been made, the nuthor discovered 

that Lou :;:1!1ead, R.obortfl, · nd HcCnbo (1957) had esu"'.blishod that thoro 

io -.. :1izh dcc,roo ·)f .::ssocia.tion of isolated bursts \-Tith microflarcs. 

Iri spi to of this , -~ho invostig"l..tion "Vras continued :1.nd t!:le results of 

it. P. .ts prosent Gd in the pages following. 
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r.l'n'_n .~ u.tho~ ... '"'"'-·r-l.!.-•r•r. +o ··'1~--.··"l.~.-~:·s-~ 11,·s sl· ·ncor"' "'"pr ~ l· ~tJ· n nd - • ' - ·-~ v - - - - - ' - . - · • v "'l.J ,.,: c\ .0 a .. 

th-n':s to~ 

Dr . ~::: . F . ·...i·;~ .. Lc':· ·::::'or~nth for <J u.porviGion of this roso:;,rch, nnd for 

Proi'3nSol~ 7 • . 1.. ulodhill for ~l~.J oncou.r .. ~oment in u l l ph'scs of t!1i::; 

rcso .. rch; 

.__ . it. 0c·.~lon for n.ssist""!lc · •rith the conctruction of ..,'P."""'-r"tu:... 

·(..':lis thcs i8 . 

E-:JlovT :..s l.i.otod the contributio'1 of s'l.ch 111om~nr to tho joint 

Dr . :::::_._;::_. St"'.:.c 1~-li'orD',rth! C:oncrc.l SU.;J.JrVi.sion of ,olicy end dosi~n . 

l'hc t;"! ·x~;_gn, conotru_ction -:\nd tcstiv::; of tho ~L r . r> nd L.'l' . :;_:>owor 
sup~Jlicr:, th- fixod fr::·:~u.cncy pi..~0-1.'1",1lifLr, tho I .F • .::: ··:pJ.ifivrs, 
tho c h~n:.1') J. mi::cr c..nc ~, .. in~Jc_ Q2-liz.-;:;_~ . 

)i.!.. .. h_";~. _ _§_hutJ_r: The C:.c;:>i~n , construction .~nd to-~ting of c. bro.1d b:'..!'.d 
ho lic::.J. . ~ntonn1.'\ o·1Jrc tin0 in tho frequ.nncy r.:>.ngc 11,::. - 19C i:ic ./ s . ~ 
c\Jni.:;n ~.-.nc'. constru.ction of the r.nt~mn~ dri.vo; constrt1ction of a cnth­
ot:1~; r.-•.7 t,_,_!" opt':')n t indicator .nd - ~osoct~:tod E .5. . 'l' . supply~ comJtruct~ 

i ·Jn of ~n ::.t,:,_dio .'.!nplifior : or - ~ur::-. 1 monitoring of rocoivcd Jignals ; 
pa.:·t conotrr·~tion of -Gh:: r.; h .. :.ck. 

J. 0. S•x.ogy; 'r.ho construction of olcctronic volta.:;c rogul . ., tors for 
-c.:1e pi..:·<~tn)lii'ior, the I.F • . :o:r•r:_.::lifi-,rs, o.nd tho D. C. amplifior; con­
s'CI"J.cchP. of th<· 7i .C . amplifier; construction of th·~ cJ.mor<'- drive; 
~::.rt co~1 ~ruction ~f tho sh~c~. 

J.. GJJ)C~: 'i:~o rum1ing t.>.nd m:'.intonc..nco 'Jf ·t.hc equipment; construct­
ion of :1. !!lonitor rx-~ncJ. to fa.cilituto fault tr2 .. cing1 .J.nd operation of 
t he oc.:.u ipttJ.ont . 
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•• B.::i T.Ho~~G T 

The literature on isolntod bur sts :1nd possiblo 'moc.h:J.ni sms 

of origin hn.s b."')on cri tj_c.J.Jly reviawsd, o.nd o:)ser\':".tions point to 

:->. :nech':'.nism involv-ln~; m.iss5.on of oJ.cctronngn·.Jtic r ::.di.?.tion from 

)l .J.smo. ooc i ll.i. t i ons in th0 sohr corom. Gxcit:·;"l :Jy ou_tw .rd t::"l.Vel-

ling di.:d~u.r~Jlnc;;s. ti.1l :::r noise obsorv;.tions on 125 Lc . /s . recorded 

at Il.hoc~::;s Uni•rrr ity du.rinr, th(J )-:riod Nov·.mbcr 26 1957 - February 6 

1·;50 h ;} WJ b·Jon :mc.l ys)d b~~ th · 2.u.t:1or for isohted bursts, .:tnd 

u.lc.r r~ttont~.on :'l::',S bc::m d, voted to ·two c.spects of isolated bu.rsts; 

1o.mo l y , t :1o ~ .L'.J)Ond3r.7.nco on :::: in::;lo f roc;wmcy r Jcords <Jf double-

hump.~1 ':nJ.r8ts , r-.nd "vho ;:,:h~)eS 0:t.~ bol'l.t;.;c1 bu.rf.t profiles . 'rho :!.U.thor 

emission o. t or noo.r tho levul of zero refro.c ti7r~ i ndcJx for f r 1.d-

i ".. tion, ::tnd t ha. t t ho s<.cond hum:? c:o:;.·r~G)onds to h.'.rmonic 0rn~.ssion 

.., ·" '· '1 ..., "'/? lov·'l . ... V Vl ~.... .t - , _. • 

dol:'.y bo "t:McC'l the 

Sou.rc~ vclocitie..; m.J.y bo c:>..lcul::tJd from tl1c time 

yx .•. l~s, ~nc~ _,n .,_ ,r;.r::.g ~~ w.lt~,, of 2 x 10
4 

krn./sec. 

'11<."1.1'..1 0 is i:.l ?Cr~- :_ ood f._;rcom,mt wit~1 th.:."'.t dodUC:Jd by v!ild (1950b) 

from the r ·'-t ,; ·J_ ::'ro .J :oncy <1rift of '~Y: · :~ intonsi ty of iso lo.tod 

im.:>..t0l7 ~:~on ntL 1 in sh".pc: , :".nd this i s usu::>.l ly interpreted in 

t:Jrm3 :Jf th·::: nr.tu.r~'..l doc<:>.y of 9l2..cm~. oscillation<> in tho mc,hu.m 

of m·i~in. Tho ::-.u.thor h_•.s vo:ri f icd t:1 ~t th·::-- Jxpommti --.1 function 

i o C'l. '";oocl fit to tl10 obs0rvcd doc~y profiles, bt1t J hOWS thc.t a 

rol-:- tion of tho .:or~ r-l/n o(. t (~·Thoro I is intensity c.nd tis 

-~iiac) fit:J jt1st a.s well. An a ltcrn.c. t ivo f'.odol is uu.g;scskd "~>Thich 

would. l<Ji\C~ to ::n ,_,:xyo:.1:::n tL'.l-likc.. doco.y profile \vhich is not dot Jr-

mined b7 th:) n"'. tu.r:..".l doc''·:Y of pl''.SmJ. oscill.: t tons • .i'he ,,.,ork eon-

elude s '"i t h come su.Gg:)sti ons for furth::r research. 



CHAPTER 0~ 

The equipment comprises t he Rhodes University solar radio 

noise receiver, operating on a frequency of 125 Mc./s., 

Ge..Q;·pap4_i_g,~ ], _C...Q..::.orqi,nn.t~.: Latitude: Sou.th 33° 18 r 38.0511 

Longitude: East 26° 31 1 07.7311 

ci tu.::>. t::0 in P.tr· '~!.j]':tto~rzn .• C .P., South Africa . 

A r ~dio telescope consists essentially of 2n nnt enna system: 

!.. r:- dio r.::: "li \"C:', "'.nd ::. recording device. A block diagram of the 

~:.hocLs U:,_.;_,::::rsHy r:>.dio noise receiver is shmm below: 

To antenna 1 drive Slave Clock 

(<;;? -+-( ~ J 
{':;; Syro~!~~me ~~:ck ' Control·- (\ __ ;~ 
:' .... J in Physics Dept . Panel · 

_ ~ Helical t--:r-·-· t ~~1Cr~s 
Antenna time roo.rks -~ : 

• 

l l Pro-Amp. i . ,-I.F ~Am;.-- D .C • Amp. ( dJ: ~ 
r -7-ll25 :k J s e!-7- 45 Me./ s . · t' ~/) 
'i" +bt Dot. I r +2nd Det. I I ' 

1'\: ~ ---- - ·-- ------~~ • I I 

-r C .R.T. Display 
I 

Noise Diode 

C111ibr a tion 

. - Audi~--+--1 -~Monitor 
Amp. I ' ~Loudspeaker 

The above recei ver works on the conventional superhet ero-

dyne principle . A 125 Mc ./s . signal, rGceived by the antenna, is 

ampli fied in th~ pre-amplifier and converted to the intermediate 

frequency of 45 Hc./s. This is amplified in tho maJ:1 I.F. ampli­

fier and detect0d. ':(he resulting fluctuating D.C. volt'1ge is am-

pJ~fied in a P.C. n~plifier, and applied to the Yc~lates of a 

c:1thode ra~~ occillo~cope , causing t he spot on the cathode ray 

tube to move up and dovm. This spot is photographed on film 

moving in the X-direction, and hence a continuous trace of inten-

sity versus time is obJ··".ined . 

2/ ••••••• 
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(a) The Helical Antenn~:-

The basic requirements for the antenna et the time of construct­

ion -vrere~ 

(1) '!'he ability to receive re.diation :\long t ho principal axis 

of the antenna, ovc.r a bro:td band ·)f frequenci es, vTi th little varis.­

tion of gain. 

(~) A minimu.m of s i de lobG!3 in the ~olar diagrams of the 

antenna, in order the.t t:1e -'-m01.1nt of l ocal interf8rence rece i ved 

by the :mtenna be c. .niniml1m . 

1\.ro types of .•.ntenna meet the above snecific~1.tions - t he 

rhombic 2ntenna, Qnd tho helic~l antenna operatin3 in the so-called 

beam or a··:ial mode . The heli cal ::tnten:o.Zt \-J:tS chm::en because its 

·:10L1r di ac:rrams in genGr a l show less s ide lobes th1.n th:.JsJ of the 

rhombic antenna, ·:md also bocau.ua it i ..; a more com::nct type of a nt­

enn~ anc is thus easi er to mount . 

Ghnracteristics of ~1elic.01.l ::mto:o.m .. :.; oper atinz in t he axi ::tl 

mode:-

A hel L'<: \Jith a diamet:>r of about on" wavelength c0..n receive 

r adb tion a L1ng i t .J axis. 

of thr- :>..~:is, .1.nd only- :me circularly ·9ol arized comp:)nent of the re-

ccived r3.di-ttion i s acce-pted . In the c "Se ·Jf a right-~anderl .helix, 

right-h::>.nded cir cul rl? ~)Ol .'rizcfl r : di. tion is acce)tccl comryletelv, 

le::'t-hnnr1e0 circularly "'"lolarized r · dia tion is rsjected, : .. nr~ only the 

rig.ht-h:1nded circ.ul:l.rly polarized component of plan: ·~ol2rized r adia-

tion 

For thv ~ial mode, the phase velocity of \-rave propagation 

~lon0 th~ helix is suc!J. J.s tJ ma1>:e the component electric f i e lds 

fror.~ e:J.ch turn :Jf tho heliJ: ~~dd nc.::~.rly in phase, e.lon:: the direction 

of the helix axis . Tho t endency for this to occur i8 so strong 

that the phase velocity adjusts itself to pro~uce thiL result . This 

m.tura l ad jus tment of t he phase veloci t : is one of tho mo:., t important 

characteristics of w~ve transmission in tho helix . It i c this fact 

which accounts/ ••• 
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which accounts for the persistence of axial mode radiation patterns 

over such a wide frequency range. _ 

Desi gn, construction and testiP-g of t he helical antenna:-

The helix constructed is the "optimum helix;' described by 

Kraus (194dJ . It is optimum in the sense that it has the most 

uniform radiation and impedance characteristics over the greatest 

frequency range. The helix was designed to have a central freq­

uency of 150 Mc./s . , in order to cover the frequency band 110-190 

J:vlc ./s. Its dimensions are shown in figure 1:1. 

A helix, of six turns wound in a right-handed sense, with a 

pitch angii;Eh.<:- of 14°, was constructed. It was backed by a ground 

~lane- see figure 1:1 -which is described by Kraus (194dJ. No 

f~cilities were available at the time for measuring the t erminal 

impedance of the antenna, so Kraus's value of 130 ohms \..ras assumed . 

A broad band matching t r ansformer consisting of t .... ro quarter-wave 

co-axial sections with impedances of 124 ohms and 106 omns r espect­

ively- see figur e 1:1 -~as des i gned and const1~.cted along lines 

s~ggested by Slater (1942j, to convert the antenna termim.l irnped­

ance to that of the 93 ohm co-axial line leading to the i nput of 

· the pre-am?lifier . 

Polar di agr ams in one plane were plotted for the antenna a t 

frequencies of 110,150 and 190 Mc ./n. The experimental procedure 

f or obtaining the polar di agrams was as follows: 

A l ow power ed transmitter, operating in the frequency range 

100-200 Me ./s . and feeding a vertical folded dipole antenna, we1s 

pl aced in the centre of a hockey field, in order to be far away 

fr om obstacles that could cause undesir able reflections . The 

transmitter WRS tuned to the desired frequency, and thereafter its 

gain \·las not alter ed. The r eceiving helixp situated at a height 

of about t hree f eet a bove the ground, was placed about eight wave­

l engths away, so that the received wave f ront was effectively plane, 

and was r otated in 5° steps, t he relative power received at the 

antenna terminals being r ead on a simpl e field strength meter. 

By assuming/ ••• • 
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By assu·ning that the lobo shape of the antenna i n three dimen-

sions was of the form that '-IOUld be obtained by rotating the observed 

··)olar diagram about its princip?.l axis- a ju.stifiab1e assumption in 

view of the fact t hat t he polar diagrams f~r Eg and E~ given by 

Kn.u.s (1948) .'lre very nearly coincident - the directive gain, or 

directivity "g11 of the antoru1a at any particular frequency may be 

calculated from the polar diagrams. 

For r eceiving antennas the directive gain ilgll may be defined 

L!.S the ratio of the ~ower absorbed in a load lll2.tched to the antennn 

fro:.1 :1 given si:;na l arriving in the direction of maximum gain, to 

the power absorbed from the same signal averagP.d over all antenlli• 

oricnt•tions. 

The directive gai n may also be expressed in terms of the 

equivalent number of decibels: 

G = 10 log10 g dec i bels . 

It is a ~eneral property of antennas that t he directivity 

is r elated t o the effective receiving area HAii of t he antenna by 

the well l~own relation: 

g = 47f"A 
' 2 J.. 

Tho quantities g, G,A, and the beamwidth to half power points, 

were eva 1ua ted from the polar dLtgrams for the antenna at frequencies 

of 110,1:50 , 2nd 190 l1c./s., and are tabuLited below: 

... - ·---~~·- -·--··-· 

s . 110 150 190 .,- . -::--:-:-- "; 
I f•.::; , 

~--· 

g 18 .3 32.2 37. 3 I 
-- ---r-·--· ----- -- ----

G db. 12.6 15.1 19. 
-- -------- 1-- - - -- ---
, et. A sq.m l O.d 10.2 17. 

Beam1.J idth d0° 
~-- --

60° 40° 

The 1o1holo assembly, consisting of the helix mounted on 

ceramic insu.l:. tors attached t o a trianguLlr vroor1en frammvork, the 

3round plane, and the mutching t r ansformer, w::1s then mountod equat-

ori~lly, the d6clination being adjustable in order to track the sun 

t hrou.ghou t t he year . (b)/ .•. 
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(l) Sim··licity of construction. 

(2; Si-·lplicity and rel iability of operation . 

(3; Tha.t i t be independent of frequency o.nd vol tage 
fluctuations of the A.C. mains . 

The antenna drive des i gned and constructed by the author met 

o.l1 the ~bovo specifications admirably. I t is a modified form of 

a drive designe·d by Gerrish in 1900 f or use with optical tel escopes , 

and is illustr~ted in figure l;lA . 

Tho drive i s ~oworod by an A.C. motor F, which has a cr1.nk G 

attached to its drive shaft. The rotary motion of this era~~ is 

conver ted to reciprocatory motion of a r od I by means of a connect-

ing rod ~nd 2 piston r od , Rod I has a tooth J a t i ts end 1~hich is 

h01d in cont.:l.ct with a ra-tchot wheel K, hewing 19 t eeth, by means 

of o. spring . OnJ rot:.tion of the cro.nk causes the tooth J to pull 

..-, -'­_v one tcot:1 of tho ro. tchot wheel a.nd go t back i nt o position to 

p1.11J. at th3 nc:. t tooth. A spring 1oc.ded pa.wl L prevents the r J.tchet 

from rotatin: i n the opposite direct ion. The ratchet is connected 

to 1. 150:1 reduction gear, which turns tho helical antenna a bout 

the ·_1ol ar axi s of the ec1u.t:>.torie~.l mount . 

Tho motor is o.ctuJ.ted by half minute impulses from a. Synchro-

nome cloclr in t:-1e Physics dep-::trtment, and each impulse causes crank 

G to perform one revolut ion, and then t o switch the motor off. I'hi s 

process takes l oss than one second , Thus, just after each half min­

ute impu.lse, the ra ·~chot wheel is t urned t hro·ugh 360/19 degr ees of 

arc . This m otion is :- ppli )d to t ho polar axis drive sh::f t via a 

reduction ·,o::.r ' -lith rt 150: l r e.tio . The-- polar ~:xis sh?.ft thus moves 

tb.rou.g 1 3:..,1:,j \1: x 150 i = ~J . 126 de_::roc· , ·o.: r h:' 1f mim~tJ , or 15.1 

do:r c ::s po. · hour . Tho -!rror in tr:~cking th8 sun is J.bout 0 . 1 do_;rocs 

pc :- :1ou .• , 1..rhie:h is n •:_;ligib1o in view of the br:?;:) 1"lcam~ic:l.th of tho 

hc1ic,:.l :- n v::>~nc . • 'r:1 j_s dri. :: o::1:r worhl in ono direction, ~.nd to r e-

. .; ..: t t:1c ?.nt : nnL :t tho Jnd of ... d:1y 's ru.n, t ho ~1.wl i() disen?:.ged 

,. t· I L 1o -~ c :t.on 
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The action of the switchitig mechanism for the drive mptor ia 

as foiiows! 

Every half minute the points of r~iay Aj situated in the 
I . 

Physics de1_Ja.rtmertt~ are momentarily closed by a reiay on t he Synchro .... 

This ?rodUoes an i mpulse which i s carried along a tele-

phone ilha to the shack, and causes thQ points of relay B, the snack 

m2.ster relay', to cloae mbmentarily ~ During this p¢r iod the relay 

0 is energized and its points close • An alternate circuit going 

t hroUg h points :, vThich are normally closed, :1olds relay C closed 

and t~n.i.s prevents points C from opening vThen ;>oints B open. In 

addition relay C operates a mercury switch D, vThich closes when the 

r elay is energized. Clos ing of the mercury switch D actuates motor 

F w~ich begins to rotate . After it has turned crahk G through one 

revolu.tion, a proj ection H on crank G momentarily opens points E, 

and t:.he circuit for relay G is broken. 

1.nd switches off the motor. 

The merc1.u~y switch opens, 

From the above description it can be seeh that the rate of drive 

is governed only by: 

(1.) The frequency of impulses from the Synchronorne clock. 

( ·2) The number of teeth on the ratchet wheel. 

(3) The gear ratio of the reduction gear between the r a tchet 
,.,heel and t he polar axis drive s haft, 

Frequency and voltage fluctuations of the A~C- mains do not 

affect t he rate of drive, since this i s independent of the sp~ed 

of the drive motor. However the drive can only work if the time 

of revolutton of crank G is smaller than t he time between actuating 

The dri ve proved extremel y s imple and inexpens ive to construct. 

·rhe metor ·'Used was a fractional horse power motor from a washing 

mac~ine , whic~ t urned t he cran1r through a bu.ilt-in reduction gear . 

The ratchet vlheel, connecting r ·od, and piston, 'were constr~cte0. ln 

t he Rhodes University workshops, and the redu.ction gear t ·(:J the pob:r 

a::l.s drive shaft carne from c.n A vre-Anson lnnd'ing gear . 

ahd rnereu.ry -switch c,n, 'was ex-army st·ock .. 

The relay 

This drive'1 ~., ..... " 
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rhis drive has proved to be extremely reliable in operation, 

the only mainten~nce required being occasional lubrication of the 

moving parts and cleaning of the relay points. The author believes 

that a drive of this nature would be highly suitable for antenna 

systems to be constructed in the future at Rhodes University. 

Setting of the antenna to compensate for clmnges in the sun's 

declination throughout the year is done manually. Provision is made 

for changing the angle the helix axis makes with the declination axis 

of the equ.atorial mount in steps of '7 degrees. The error introduced 

by having such l3rge steps is negligible in view of the fact that the 

beamwidth of the antenna at 125 Mc./s. is about 70°. The dates upon 

which these ~djustments must be made, are obtained from tables of the 

sun's daily declination in the Nautical Almanac. 

(c) The Pre-Amplifier:-

The circuit diagram of the fixed froquancy (125. Mc;/s.) pre­

amplifier is shown in figure 1:2. 

It consists of a C~scode R.F . amplifier 1IT, mixer and local 

oscillator V2, and a Cascade I.F. amplifier V3. The 11noiseil diode 

V4 is permanently connected across the input, and is brought into 

oper:ttj.on by applying f ilament heating power. 

The principal parameters of the pre-amplifier are quoted below: 

Centre frequency: 

Bandwidth: 

Gain, from input to output: 

Noise figure: 

(dj The I.F. Ampli~:-

125 Mc/s. 

1.75 Mc/s . 

24 db. 

7.8 db. 

This consists of a modified Pye 45 Mc ./s . I.F. strip. The 

final cathode follower of the Pye strip is used to drive o. monitor 

loudspeaker via an amplifier. 

Centre frequency: 

Gain: 

Bandwidth: 

45 Mc./s . 

74-86 db. 

2.4-1.7 Mc./s . 

(e)/ ••• 
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(o) ·rhe D.C. Amplifier: -

An input attenuator i s used to reduce the signal from the 

negative side of the second detector output in the I.F. strip. To 

permit 1110re sensitive signc"l.l obsorva tion, a positive buck-out 

voltage i s used to balance out the background noise output from the 

detector. Ganged with tho range switch for the s ignal attenuator 

is the buck-out voltage attonuator. This has the same ratios as 

the signal cttenuator, so that alteration of the l atter should not 

affect the proportion of the signal bucked-out. 

ftfter attenuation ~nd buck-out, the sign3l is f od to the D.C. 

amplifier through an RC filter with a time constant of one milli-

second. ·rhe purpose of t his is to smoot h out rapid fluctuations 

of the input signal, so that photography of the C.R.T. spot is 

possible. 

The D.C • .::.mplifier is n two-stage differcnGe ~mplifier, vii th 

a cathode follower out?ut. It is operated so that with zero input 

s ignal, the amplifier is unbul~nced in one direction. Signals of 

increas ing magnitude bring it into bal :mce, and then . .)vt of balance 

in t he opposite direction. 

The advantages of t his ar e two-fold: 

(1) ·rhe fu.ll height of the C .R. T. screen is u.scd. 

(2) The r ange of o'crntion of t ho amplifier is doubled. 

A relay pl aced ~cross the inpu.t to the amplifier is energized · 

by pulses from the Synchronome clock at half minute intervals . Thi s 

short circuits the input and thus provides a time mark, and also 

establishes the base l e vel of the r ecord. It al so has the effect 

of shorting out nearly all of the interference produced by the 

8\•li tching system of the antenna drive . 

(fJ The Di spl ax:-

The output from the D.C. amplifier is applied to theY-plates 

of a Dumont 5ADP CQthode r ay tube, with a blue-fluorescent screen. 

The X-r,>l2tes <::.r e connected together, and joined to the accelerator, 

so t hat no ~oflection of the spot is produced in t he X-dir ection. 

The spo I .. . . 
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The s;>ot is photogr aphed on Eastman Ponitive 35 mm. film; moving 

in the A-direction at the rate of 1.6 ems. per minute. 

Pulses are ob~~ined from the slave clock every fifteen 

minutes, and these cause a small bulb," situated next to the C • .re.T. 

screen in the same vertical lihe as the spot, to flash, thus pro-

viding quarter hourly time marks on the records. 

(g) Power Supplies and Electronic Voltage Regulators; -

The H. T. rectifier is of the conventional tJ"~)e. The L. T. 

rectifier comprises a bridge circuit of selenium rectifiers. All 

supply voltages are electronically regulated, with the exception 

of t:1e cathode ray tube E .H. T. supply. The regulators are con-

ventional circuits consisting of: 

(lj Series control tubes. 

( 2) A D.C. amplifier consisting ')f a difference amplifier 
working into a pentode. 

(hJ Calibration:-

A noise diode, mounted on the pre-amplifier chassis, and con-

nected in parallel with the antenna, is used for int ensit y calibra-

tton of the receiver. 

The mean-square value of the noise current, 12 , from a temp­
n 

erature limited diode, in the frequency band B, is: 

i2 = 2 e I B 
n 

where I is the mean current passing between the anode and ca th­

ode of the diode, and e is t he electronic charge (1.59 x lo-19 cou-

lombs ). 

The available power at the r eceiver input is therefore: 

P(diode input) = .1_ ,. 2 ) 
2 l.n x -}z 

= t e iBZ 

where Z i s t he input impedance of t he r eceiver. 

(1.1) 

( 1.2) 

The factor 

tz i n (1.1) arises from the fact t hat t he impedance of the ant enna 

is in parallel with t he input impedance of the r eceiver, and these 

i mpedances/ •••••• 
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impedances are equal wheh m~tched for optimum power transfer from 

the antenna to the receiver. 

The power received by an antenna, if D is the flux density 

of an incoming signal, and A is the effective receiving area of the 

antenna, is: 

p(antenna) = D A B 

·rherefore the available power at the receiver input is: 

p( . ) = t D A B (1.3) antenna ~nput 

When the r eceived l~wer is equal to the power produced by the 

noise diode, from (1.2) and (1.3): 

-~DAB = ie I B Z 

• . • D = ~ 
A 

(1.4) 

Substituting numerical values in (1.4) - Z = 125 ohms, A = 10.8 

square metres at 125 Mc ./s .- t he following relation is obtained: 

·~ D = 1.85 x lo-21 I 1 watts/metres+2/(c./s . ) (1. 5) 

where I 1 is the noise diode pl ate current in milliamps. 

This relation is u.sed to calculate the intensi t ies of bursts 

and outbursts of solar radio noise recorded by the equipment. 

The ca libration process involves increasing the pl a te current 

of the noise diode in steps from 0-10 milli2~ps , by increasing the 

noise diode filament current. Calibra tion is performed with the 

anteP..nl-~ connected, so it is done during 11qu.iet;1 periods of the day. 

A typical graph of deflection produced on the records (in 

arbitrary units) versus noise diode plate current - proportional to 

the f lux densit y of incoming signals from (1.5) - is shown in figure 

1:3. 

Thi s graph is in effect a representation of the receiver gain 

l aw, and it mal be seen from the gr aph that the overall gain of the 

receiver is linear. 

(iJ Transient Response/ ••• 
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(i) Transient Response:-

Two main factors determine the response of the equiment to 

transients. 

(1) The time constant of the filter circuit in the D.C. 
amplifier, which is of the order of one millisecond. 

(2) The slow film speed (1.6 ems. per minute) which has 
the effect of blurring very rapid fluctuations of 
the signal. 

Isolated bursts, considered in this thesis, have smooth pro-

files, and their time of rise and f . .:tll, which is of the order of 

seconds, is large compared with the time constant of the output 

circuit. Thus, bearing in mind that the overall gain of the re-

ceiver is linear, the profiles of isolated bursts, as observed on 

the records, may be taken to be a faithful representation of the 

radiation incident upon the antenna. 
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CHAP'i'.ZR 'IWO 

SOHE A.§J'JX:; 1:2 OF SOLiul P~I:.::S ICS RELEVANT 'TO RADIO A§ muHOiviY. 

The sol3r Jtmosphor e consists of four main layors, which 

nrc . dopicted i n figure 2:1. 

(1) The Photosuhere 

This layer, which is only 100 km. thick, is the visible 

surface of the sun. It is known to omit n continuous spectrum in 

the ultra~violct, v:i.sibl e , :lnd infra-red regions, with a maximum 
0 

of intensity at 4 740 A. The energy distribution of this contin-

~ous r.pectrum n~rees approximately with that for a black body at 

6 000° K. 

(2) The Reversing ~~yer 

This layer ext,;nds for sevcrc~l hundred loo. above the photo-

sphere, .;nd is simply r.. l ..'.ycr of transition between the photo-

spher e and the chromosphere . 

( 3) The C hromos pherq 

The chromospher e extends from o.bou.t 500 - 15 000 km. above 

the photosphere, .. nd shows bright emission lines of both neutral 

and ionized atoms . Tho temperature of the lower chromosphere is 

approxi~~toly 3 x 104 °K. 

(4J The Corona 

This is situated above the chromosphere and extends f or 

several million lan. The light of tho corona consists mainly of 

photospheric light sc3ttored by fast moving free electrons . In 
nddition 

~:chore n.re 1. number of bright omission lines duo to highly ion-

ized atoms (cg . iron atoms which have lost up to 14 electrons). 

In order to expl::l.in this high degree of ionizo.. tion, and the great 

~ridth of the coronal emission lines caused by the Doppler effect, 

it i s necessary to postulate a kinetic electron tempera ture of 

t4e order of 1 x 106 °K. The electron tempGrature decr eases in 

the outer r egions of the corona, and seems to f3ll below 

1 x 106 0 K/ •••.••• 
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:1cnco o'}tict-.1 obs0rva"vions of tho OL'.tor lL'..y:-rs " r0 oPly >)ossibJ.o 

C!u.rin::: C)c11.ps ~ conditions, or 1r1ith nrtificial bb.c~cing ovt of the 

st~n 1s disk. Boc::>..uso of ·cho inh~~ront difficulties of obs )r\13. tion, 

Jis u1.1.r:· -.l1COS ')D the' flUn ':'.'}D~ :::.r to OCCU.r i n SO-CU llod 

nc,mtrca of .tet.i.vi ty;; . Lmong such disturbc.nc· s tho most promin<lnt 

( l .-,, ,n"·"'o·Lo __ ) v~. '-' '.) ln .;, 

7iuwod t~r::JU[;h :~ t.:~lcscol')O svnspots •.p)o::-~r o.s r. d:.rk con-

tr".l C OJ:"-~ (the wnbr['.) [lt1Tl'o1.mC.cd by l oss c1tJ.rk fil::tmonts ( t he pen-

T .1br--:.) r:;i t12.::-.tod on t:L · JhotoGphor c . Thoy .:.ro irre1g-L1.l:1.r in oh .. --:po, 

mc1 r :.n _ 0 in s i zo from :1ug,.: c.r _ -:-.c of dic.:.ntor c.ho'll.t one e::; ::::ocnn--

t :dc '1inute of :-,rc or 50 000 1-m. to tho limit of ::..·osolution of 

vio-vring instru.:uonts. 11.ll suns'_)ot:-; ~1.3-Yo s trong mG.gn:)tic fields , 

rmd t~1o field .r~rength c\Jcref:'.scs f rom vr-,luos of u.p to 4 000 

tho centro vo:cy small value'S not far 

outBido t ho ponumbra . Sunspots tund to occur in groups, 2nd mom-

lJcrs of · -~ su.ns]ot ::roup s :1:.1v both m<'-gnotic polr,ri ·t.i ,:;s. Tho f lux 

from tln Lln.dir:.~ SIJot rotu.n~s brgoly through tho rom:-'.ining mom-

boro , :..lthougl1 t horo ir3 u .:;ually an oxcoss \.rhic h r ·) tuxns thx·ouch 

~~lr:· uns}Jottcd .. }~1oto~~ -phoro . 

3t·, tisticr..l l :r t :wir incidence is !:_:ovcrnod by the vJOll !r..nown 11 

~! ::r c.y-C; l u . '1'hc 7 t end ·t;o :'.ppc,_r onl:r ,;n two ro ::; trictod zones of 

ti.'.~'..t8 5.n 1.:.'..-Gitu.ct· 1·i t~a ~ho sunspo ·~ cycle • .t~.t tho ~)o0inning of n.n 

11 ;yo :..r 
0 

.r o C0l':t 'vr .::d on 12 ti t udoo of ,! 28 , ::md t hey 

move towards/ ••••••• 
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move to-vrc.rds tho :Jolar oe;.u '.tor, T(J::-tc.hing 1·::Gitudeo of .::: 10° at 

':>-; ond of 'Gl::) eye lo. 

J.ylo .. ~nc1 Vonb;;r.=_: ( 194o), u.sing :->. G_Pc'"1.Cod 'J.orial it').tcrf:'r·· 

'?:-:~otu:c, ,;s t blishcd +..h;l f .·.ct t:1.::t circularly polarizod r2dio 

~r "'. v~· s ::- r .; :3m:i.ttod from rczion.J on tho sun whicl1 ::H:'o not greater 

t!1-""~. :,1 10 minD. tee of crc , ::>..nd c::~mo to the import,--_nt cone lDs:l.on 

th:'..t ~. h; s o circu.l::trl:y :)olc.riz;:.d radio vl"'. VJS ::.ro omitted from 

.11. Jo l .!T fL:1·o m::-.:-,r h:- dvscribod as a smo.ll c,rcu in tho 

dis·surbod ;n·'il' ')i1rnont of ·-'- fJU.nspot which omits tho no(_ spoctrc:l 

l hr v--;r ·· :::tron;::;ly. 'I'ho y,J<'J.tclKS of bright omission rr'.n~· o in ~~izo 

frma : .. :T.ll 2.ro~s n:"lic~1 C<JV<:Jr only .,_ fow milliont!1s of tho sun's 

'. 
J.:-_ Guv i!ill5.on 8·~.L1.'. ~ .ro k:.1. L::.r,;o f l etrD8 J.ro ofton 2.ccom::x'.niod by 

s u.rgo )r'JU1.noncc J ·",o b·:·: r}cscriboc! in t:"lo l1C XC 8CC tion. 

:-'l.•.r;~ : .~rv <t".v"ld -:d into throo m-:..in clc.ss-;s - 1, 2, J 

Fl:G'O ~~ -~re ch:'.r:'.d,._;ri s. :d b7 a Tior; ra.pid rise to peak 

:iL -..- ':, :Jtudior' ';7 obsonr. .. tions of t~C' ~Ioc line vTidth, c:.nd io 

( bj A 1)::J riod of r!'.:l:~imu.m hric~1tnoss 1·r:1ich i 'J twu_:-.lly over Hi thin 

four mLwtos . 

(c ) ~· slovT decay in brightness of t he; f L r.J , J.::.-:;ting fl~om o. fow 

"ri _n,_t :~ --; for sm..'"1.ll fJ..:1.r0s to ovo1· .,_ n hou.r for l J.rg(1r enos . 

,,mitt.,, c1 . L'ho u!.tr· .:-.-viol~ t ;:·,, rl:i. -:>. ~ion j~onchos tho ionosphoro a t 

the so.mo noP.1on t/ .. . ... . 
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tho f:J :tli10 !:lomunt '"' S ~~ oC. m:1ission bocomos visible in a spoctroholio~ 

s oopo, -;_nd c::.u.scs r .. dio f ndo-outs and sudden crnngos in tho ca.rth's 

·:mgn .. ; 1.; ic fi.o ld. 

i.t tl: o tim·:) '"'.nd phco of 'l sohr fl3.ro, the sun is believed 

to ~::: !·dt '.. cano-shc:lx;d bo:tm of ch:~re· :! d p.:'.rticlos (mainly protons and 

~ 1 .. ;ctrons) vrhich tr::-~vols 'J.W~'-Y from t ;lO sun with o. volocit~r of 

C'..lJ '<)r<)Xirntoly 1 600 km./soc. 'l.nd r .. ?..chos o:::rth about 26 hotlrG 

l:.,_tGr. :-Jlwn this corpuscular GtroC'..m roo..ch0:; tho ionot3phcre it 

cc..usos o. groat distu.rbanco of tho o.:trth 1s r&"l.znotic field (m.'J.gn~tic 

storm), · ;i vos r"lso to ::>.urort1.o 1 r->.nd cnusos severo interference with 

r ::>.dio coJ,.r.lunicJ. tions. 

(J J ]]' i l O.'fi1onts o;r Prominonc ,;s 

Prominences con."ist of chromosphoric material extending 

into t ho coron:~.. '~10 import~nt t1~o~ of pr ominence :~.rc de scribed, 

hJ 2-~'-t ion~ry Pr omil1C2.ll9.£Q 

Tho c~ ·5 s·i~;mc :.) of t his f tl.J:J.Cl::>.muntal typo of prom~._nenco h::~.s 

bom1 c, .. •mons c.L ~ -·ld by I11. n.nd iirno. d' .~-.z .:..mbt~jo. (1943), Whun full~T 

.-:.n :- v::-;r ·.go hd. ,3ht of 42 l~JO ~em., ·-. ti1ickn~~ss of only 6 600 lJn,, 

.,:ncl l c n:;th of 200 OuG km. 

Sta tionc..ry prm,;inences c.::co ~Jometim:;s observed to disin­

t cg:c:-. t c in ::t SiXlCtt'..CUlnr mD.nn::Jr. Tho prominonco suddenly bursts 

u~<;H.:.rds in J.:.~1::: form of ·- _ir ;o.t o:::~··:~ ndinG a rch, which rise s to 

~1::i~~:rcs of :1u.ndrcds of thous?.n ) s of km. in tho course of ~~n hour 

or :~ o • .t. f t -Jr t:1is orupt i on, ' i~"i.c h s ;Jmc t o bo [\. normal phase of 

evol ution of t~1is type of prominence , i t ro2..y r.:l~form i n t he l')OSi t­

i on i.Jhic:1 i t ::tns :>.lr o::>.dy occupi ed for w .. :n ' ~s • 

'l'~oso prominences c.r o tho moDt long-l i ved of s olt.r eurfc.ce 

m.'.'..rl~ings , t:1ui r dt.~ro.tion bcj_n~ of t:1.o ordur of months . 

( b i ~J:lrgo P:r;-_om~ncmco:;; Ellis on ( 1949) 

J t.1r-·(') :;romi nonc es .lro short -li V'J d j e ts of me.t ter, ejecte d 

~·. t th'-- ci:no of :1 S·Jhr fhro , vr:lth ve lociti es of 'l.bout 100 !.an./soc . 

'l'.he n:t t tor l 'i sos t o c.. hdgl1t of o.bou.t 100 000 1an, a nd f ::,lls back 

Q:/ ••••••• 
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TABLE Yl Smerd (1950) ._ 

THE ELECTRON DENSIT"i, EIZCTRO!'T TEMPERATURE, NATURAL FRE~UENCY 

OF PLASMA OSCILLA'riJHS AND FREQiJP.fCY OF ~LASTIC COLLISiuNS nr 
'rHE S 0LAR A TMOS P.HEP..E • 

I 2 3 4 ! 5 I 6 l I 

·
1 n· t . l.S ance Height Electron Electron Natural Collision 
! from the abovn 1 density. tcmpor~turc plas!I'.a frcqt1oncy. 
I ifrequ.oncy : su.n 1s sun 1s 
i centro. 

I 

surface. I I :tladius of 

I I the sun 
I R = h N fo \) I 

I o I ! 6.95 X 105 (km.) (cm. )-3 OK I Nc./s. . per ~~ec. 

I I I p.or e1ootroz 
I I 

I I r = R/R0 

I 1.0 0 - 5.7L~ X lOi -i 1.00072 5 X 10~ 5.72 X 10ll 6308. / 6 
' 

! 1.70 X 10 

I 
~ .L~7 X 106 

i 1.00144 1 X 103 J .8~ X 1011 I :~. 5/+1 X 104 5615. ... 56 X 10 
I 1.00288 2 X 10§ 1.80 X 10ll 3.0 X 104 33~1. l ~ .69 :: 10§ I 1.00576 I I J.O X 104 

I 

: I 4 X 10 I 3.87 X 1010 I 1769. I r.:. .l9 -"· 10 4 I l.OOo64 ($19.3 4.94 X 10 6 X 103 I 3.29 X 10~ ! 3.0 X lOZ i 
1.0144 I 1 X 104 3.81 X l OY 175.6 ~ 'l- .L~9 X 10J i I 3.0 X 10 

I 1.029 X 106 ifu. 2 
I 

1 

! ·:J I "" 4 8 I -6 ., 
I 1.03 , ..• u85x 10 13 .17 x 108 f l.U49 x 106 I 16u.2 13.1 I 
i 1.06 ,4.17 X 10± 2.27 X 108 l l.Od5 X 106 i 135.6 9. :J4 I 

! +-~1'i- -1{~~ ;; ts4 i:~} ~ i§g-- ttm-;;tg~ -r-m:~ - 1.Q.O ___ -- 1 

; 1.2 1.39 x 105 6.sl x 107 l l.ld7 x 10
6 

! 74.25 2.1~5 I 
! . L 25~----.. 1..15 ____ :;cl.Q~ . .. 4...9.? x 1.0~ !.1. ill.x..~o6 .. T _ ·- 6~_ •. 50 . _ l • .i7. --·- _: __ 
1 1.3 :2.085x ld 3.66 x 10 1.131 x 1u

6 1 54.48 . - I 
l 1.4 , 2.78 X 10~ 2.20 ': 10~ 1.139 :r 106 I 42.18 i8 . 5:J ~ 10-~1· 
I 1. 5 3.~.75x 105 1.41 x 106 . 1.0<32 x 106 I 33.7~ 14.39 x 10-1 1 

I
. 1.6 4.17 x 10

5 
9.40 x 10

6 
,1. 017 x 10 I 27.6u I _ 

l.d 5.56 X 10 4.58 X 10 9.103 X 105 19.26 
I 2.0 6.<;5 x 105 2.43 x 106 a .26o x 105 1

1 
14.03 !1.57 :::_; 10-1!, 

2.2 d.34 X 105 ) 1.37 X 106 7.467 X 105 10.53 
! 2.4 9 .73 x 10518.11 x· 105 6.852 x 105 d.ll 7.01~ ~ 10-21 

2.6 '
1
1.112x lOg 5.02 X 10

5
5 ·6.3~3 X 105 6.38 

~ .8 
1
1. 251x 10

6 
13 . 22 X 10 5./37\J X 105 5.10 3 ,55 X 10-2 ~ 

3.0 · 1.39 X 10
6 

, 2 .23 X 105 5. 235 X 105 4.25 - , ) 
3.5 IL738xlO i 8.43xlo4 j4.728;.~ 1o5 ~.61 1.3l :x 1o-2 i 
4.0 j2.085x 10~ i 3. 78 x 10~ j4.136 x 10; 1. 75 II" 

6
J : 

10
_
3 
I 

5.0 ! 2.78 X 10 j 3. ')2 ~= 10 , 3.309 :~ 10 0.90 /- o 0 "~ i 
6.0 :3.47 X 10~ : 3.32 X 103 i 2.755 X 105 0 . 54 :1.19 X 10-3 i 
8.0 4.865~: 10/ 5. 91 X 10~ .~~ .06U X 105 0.22 3,3;.~ X 10-4 ; 

! 10.0 .6.255x 10° ; 1.55 }: 102 1.655 x 105 0 .11 i1. 23 x lo-4j 

Note: The values of r, h, N, '1' and ',1 for f
0 

= 125 dc./s. ·md 62. 5 Ec./s 
were computec'i by tho au.t hor, and will be r()forl'!):~ to in s ubsoqu.ont 
chapters. 
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... n i c\._ ~liz ::Jd f orm of th. _. ool ::.r :>.t mo8p:1cr o, i n u:1ich it is 

o.·, '-'u:.~c d t o bo . sph.Jricnlly syriffi,;_·/crical l'": .ss o1 fully j_onizod 

~1y<h~oGon, Hill ~ · cvns ~dor.::d . i'~1o r :-.di vs t o t~10 top of the photo-
~ 

sn:10r o i .:; f:::i n ::.:;c1 b~' !l.
0 

, :.1nd n value of 6 .95 x l O:J kn. Hill be 

usod f o.c t his in numerica l <.-Jork. Point s sucl1 ":l.S P in fi~1.1.ro 2; l 

::J~!"or0 , or 11 r'; , u:L•r 8 r=R/R , R bd.ng tl1 . <:li·· tc.nco from tho c mtrc 
0 

of the su.n . i'::bl1) 2/1 compiloc1 by 0:-:1nrd (l950i lists ·nrious pro:o-

( li 1dg Eloctron :J·.::nc i ty-

11 - rr' , '"'t X 1•./+ (h - 'S' •J) 
r.: "r·2 x 1 ' - - · - v 1. ·•• :; , - • v X .J I 

. 3 
: loctrons (em.) 

d -6 -16 3 
l v (1. 5J r + 2. 99 r ) ol cctrons/(cm. ; (2.1) 

o:YGic::..l obscrvn.t.ions hl<:on OV) r :1 i1U.I'lbur of ye('. rS nnd ,1t differ-

-:.:nt ~h::~s .:s of th0 s ol.·.r cycle . It t hus ropresonts . ~: po..co nnd 

t ime 2 v0r c.eo of corom.l oloc tron dcm:Jity distri.bu.tion. 

( 2 ) Tho El e-ctron T~mporc. tt1ro 

b.n : l oc t ron tcmpe:r~ttt~r.J of 3 x 104 °K h.'"Ls boon d,,duccd by 

J. .. d!i1....._1! (1942) f rom obfh~rv.'ltions of c hr ')mocphoric :Jl•1is~:ion lino 

--.r...:·1.l(lS • • ,oc1m,·m 1s '!lcasu.r o! .. mts refe r to an cc t imntod he i ght of 

for ~ _·1 ~- for t:1o t3mpe:ro.t urc of an atmos phoro u.nd.-r ~:r ... vik·.ticno.l 

·J•.Uili:')rinm, vihich ir1 conjtmct ion 1·rith the Ba.u.mbach- i.ll::m 

cxprcas ion/ ••• •••• 
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oxpression for ;1octron cl.c;.1sity t;ivos - Sm,)rd (1950) 

T ) 

·~ 2. 99 r ) 

0 
K 

This formu.1n rosu.1 t s in c- -.,: !ry n0~:rly uniform t c m_;_-;,;r:-, tu_:~.:l of 

(2.2) 

1 x 10
6 

°K throu;:1oL~t t .:K inner carom• . • This v..:tlu.o of e lectron 

t .)mpor;-. ·ture i s in p ·'d c. ::::r-o.:x mt \.Ji th th:) ardor of m~gni tudo of 

t3mpora tu.ro doducod from optic8.l [~.nd r-:-,dio ob::; orv:-~ tions. There: i.G , 

hm-mvcr, .t l r..rgn d·1~rco of unc ·.:rt :dnt :y in th~ pros ont knovTl:J(;c c~ 

th,:; c l JCt ron t.)mpar :cm·o i n t ho s o1-:'.r ".t ii1osp!1oro , osp:)cio..l 1:; fo:::-

t !1o t r-.!1S i. tio:1 f.:.·om c !-lromos·~)h:Jric to coron::-.1 tomp.".lr ::t t u.rcs, . .... . 

t':l. L,.q~.r ·cur o di s tribntion outlin(;d ::tbovo sh:m.ld bo ro~::·.rdr;(t ~. s 

I':Y:r o ~!.PIX- : r ._ t o bJ s onhJ c' oubt . ~s to t :tJ consk ncy or 

s v · n cxis t onco of c . .:::)ncr-:1 :r. _; :1otic f i old for ~ ~;-·; :::tl:t . Smorc~ 

by ::m ··-!l1. i v. .1(mt rrn. __,nc ·:~ j_c d:i_);)1c ~:.t th::. c ci.'ltrc of t ho ::un, o.~ 

. 1& 3 :·iomont 3 . 4 ~~ 10 o-.:-: r stcd x (~~-.l . ) , 8.l1d t he poc.:..tL~lS of t he 

Tho phys ic ..,_l ';?r 0pcrties of t he s.;:,l o.r ::. tmosp~1oro 0nn bo 

f , of pl~-SI'lk.'l. osci1l:l tions in the c_bsonco cf 
0 

.:>. mr.cn..;t.i c f b ld ~i vcm by 

c
2 u 

TT m 

- 2 
(s ec.) ( 2. .3) 

1.rhoro c i.::: t.l1~ ~ l ec t ronic c:'lG.r _so i n e . 3 . u . , and m t h0 .--.1 .0~ ~_;_~onic 

m.o.ss i n er::..ms . I t c:.n bo 

density. 

s con t h. '.. t f is c. mc:\sure of the o l ee tron 
0 

(b ) T~e e l ectron/ • • •• • 
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(b) T~1c el ectr on 8~To-fr~'r:uoncy, fii , dofinod by 

f 
] 

2 rr mc 
= 2. 8 

6 
x l v ' ' -1 

lscc . ) (2. 4) 

1.Jhcrc H is t :l8 !ilc.gnotic f i old in Q,)r8 cod, and c th~.: fl~oe S P,.'l.CO 

vcloci ty of lig:rt . f is 11 mc.1suro of t !"lo Jr."J.gn..:;tic fie l d. 
H 

(c J l'hG fr~K1uoncy,' , of ol --.s tic c luctron-ion collit::5.ons per 

' L;r-.tron. Smord ::md vlostfold (l-:i40J give tho f ollowing o:zprussion 

for t:"o collis-J.on ::roquoncy i n t :1J s:)hr c.tmosphcro: 

= 

T:10 log.:1ri thmic tori!! is ~ slowly v::.ryin~ ftlnction of N end -I', 

and cn.n be t,_,kon 8.S cons i;.:_:.nt ovor b r :;o rogions of tho sol nr 

-:.t:nosphor o . Hc2.n V".l U.::JS of 21 for uh3 chror.lOSDhoro ~nd 31.5 for 

tho corona e:.r o us0d in m1_noric"..l \<Tork. 

!l<.mc:J, for the c<Jrona thu fol lowing expression :~or t11e 

collision frcquunC? iB obt.~:i.nod: 

= 42 :~ ,,-3/ 2 
L. l 

- 1 
(3cc . ) (2 . 5) 

i~t ~ny one J,JJ.vc fr8c~uonc~y' f , it is conv .. mi '"'nt to oxpr.css 

di.monsi .,nlCJss p'1r·:.i.J.::t . .;r:; x, y, z commonly us ed in lllD.gncto-

X = r 2/f2 
- o i . a . proportiom.l to fJ 

y fH/i' proportiono.l to H 

z = ))/2 Tf f proportional to v 

"i'hoso que.ntitios, togot:10r ·Hith ~ ( tho anz-lc between t hG 

direction of prop:1.:_;ati on .nd tho m:o.Jnotic field intvnsi·cy) 

uni quol.:; dcfi~1o t:1o possiiJlo propa[p.tion i n tho medium. 

E":j •••••• -

(2.6) 

( ~ . 7) 

(2.J) 
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· B"co..uso thv rofracti vo i nd..;x vnrios throughout t~1o solo.r 

o..tmos~hcro, r.~.y p ..... t~s m-:.y be curv0d . Typicnl t r ajcctorioc mvo 

boon computed bJ J~.cgcr :md Hostfold (1950j . 

:~ssu.mi:!G ::c sphoric::tll y sy:n,notricnl sun, the OClUi'.tion for 

0 r~y tr11j octory is 
00 

~ = j 
'· r r~ 2 

dr 
? r ·-

') 1 
'-)1f a 

(2.9) 

whore r , g , .:trc pol:1r co-ordino.tos r of.:;rr od to t~o ccntr:..1 of tho 

2:3), .~.ndt' is t:1o rofracti v.; index D.t t:1o -pc1lnt (r,El). r 'lnd .... 

. re; i]G<>'TtJroc, in torrns of :~0 , tho r c.dius of tho pbotcsPhor o. 

'!'he rofr c·.ctivc indox,/", in the o.bsonco of nngnc!tic 

fiel ds is e;i von from t:1o Lorentz thooiJr o.s: 

1- X (2 .10) 

·:nd if N is known ~.s o. function of r , tho tro.j oc tor;~ for ::-.ny 

gi vun v>.ll.~es of n. r.nd f o:-\y bo construe tod from those c..c~un tions . 

Figure 2 ~ 4 ill us tr.'J. tes typic 1.l ro.:; ·~r:tj cc torios for 100 He . / s . 

radi:.1.tion dcriv.:Jd by Jnegvr J.nd 1rJoJtfold (1950) by assuming the 

Bo.umh"\c:1--Allen formula. for corono.. l electron donsity d~.stribution . 

In -~ddition to causing bonding of r D.ys , r afrnctivo indox 

vn.ri::. tions f:3olecti voly influ.cnco tho voloci ty with which a dis-

turbnncc is ·?l"opago.tod. In c..n ioniz·Jd medium the grou.:p v~locity 

ilu 11 i s c;ivon bj 

u. = jA c (2.11) 

\.Jhoro c i G tho voloci ty of light in froo sp..:.ce, so t.ha. t t hL 

tot"l tr2Vol t i me is CiVOn by .:'.n intc-wr c.. l of the f orm 

t = ~J~ 
c r 

(2.12) 

Nu.mcric·::>..l v-:-.luos for t~is intogr .::.l in t ho solnr ~tn:::~s ~1horo c.r c 

3i VC.i1 by J::~...;zor .1.nd. ~'li3stfold ( 1950). 
£::1 ••••••• 
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£: POI!' IS OF ZJ::"W R.:::FR.aC ':CIVE I NDEX - ... ESCAPE OF IlADIA TION 

Points of zero refractive index occur in the soLJ.r r.tmo-

sphere at x = 1 for t he ordi nary r '!.y , nnd x = 1 .2; y for the 

extraordinar~- 1~:1..y. l'he inner of the h w possible levels of zero 

refractive index for the ordiTh~ry ray (!.e. x = 1 + y) is usually 

ne~loct0d , since r adi Ltion emitted from this level encounters 

11stop t~nds;· in propa.gntion, nnd is not t hought t o be ., ble to 

:JSC::-..pe from vhe cohr atmosphere. Fi.::;ure 2:2 gives the height 

:.:.ove t~ "! ,Jhotos_?here corresponding t o zero refractive index for 

bot~ t~c Jrdinary and extra ordinary r ays, and for different mag-

n~tic field conditions a t selected frequencies. 

The locus of points of zero refrac t ive index for ~ny 

;i ven frec~uency defines a "shall 11 in the solar atmosphere. This 

"'hell ~,ives both an inner limit from Hhich a r ay of that frequen-

cy ~oneratcd in t he solar ::-, tmosphere cnn escc.pe, a nd :.n inner 

limit to 1.-rhich a rny cn.n penetra. te t he s olar c. t mos phere . Figure 

2; 5 shows the 'f:X .. t hs of r:.:ys of differ~mt frequenci es er:;caping 

:::';:'om :l SO'..l.rCe £l. t thG 50 ric . / s . ::hell. The lowest frequency cap-

o..ole of ~)sc :-.pe is the pln.sm.1 froqu.ol1cy itself, which can be :rrop-

e.gated ::-.l one tho r~.c~hl ray only. ~:[igher frequ.encies can escape 

in directions cont .. :tine1.~ '.Ti t~in a s.h::trply defined cone about t he 

ro.di:.l dir ection; the hi~;her tho f requency the wider tl1c cone of 

e'"1.isoion. ·i'Cl.G l m-1est f:cey_ucncy capabl e of ~)oinG recci.-red from a 

:, i ven l s vel ~-n th'J sol -.'.r atmosphere by a t errest.hl observer is 

~:;~oHn .1s t:.tr. critical csc·2pe freu.uency, f , '.Thich Smerd (unpub~ 
c 

l ished ·~·r ta i b.:'1S shmm, in t h3 case of the D'lumba.ch-All en corona , 

level by the exDression 

f 
c 

= s ec (0.37 g) (2.13) 

for source nnglez , G , between 0 Qnd 80° , and frequencies between 

20 :md 100 Lc ./s . 

F• '"BLI')i••::J .: ':'Y'f';/ 
..:.J J.. 1r.. U_\..t1. .L- .:.·.~.1. o • • • • • • 
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CHAPTER THREE 

9Jlli_-mAL FEATUR:::;,s OF 80L.'l.R RADIO Ef.fiSSION AT [,;ETRE WA VELENGTIJS 

At metre wa. velengtb.s (frequenc ies belm.,r 300 I·Ic ./ s.) four 

distinct cbsses of soL"',r radio waves can be distingl'ished, 

(1) The Thermal Component. 

(2) En..~-:tnced k·.dhtion. 

(3) Ju.tburst.s. 

(4) Isolated Bt1rets. 

A: The Basic Thermal Component 

Observation.J of radio waves o.t met re wavelen~ths received 

f rom the c~uict sun 3how t.bat they are of low intensit:7 and are 

randomly polarized. The observed flux density and polarization 

are comistent ·.,rit.'.1 theoretical expectations f or a thermal 

8mission from t~c solar corona a t a temperature of 106 °K. 

B~ Enhanced RadiE>. tioiJ. 

'This type of radiation is by far the gr ea teat· component 

of :1igh intensity sok,r radio emission a-t; metre \.ravelengths. It 

constitutes unoise storms 11 in which a hi;:;h, but variable emission 

is llk1.intained for ho1..1.rs or days on end. 

Radiation at any one frequency appears as a slo1d7 vary­

ing background level or ncontinuum11 1.1ith frequent short- lived 

bursts superposed on it. The rise and fall of these bu.rsts is 

often extremely rapid - much more so tlu~n the rise ~nd fall of 

outburs t s and isola ted bursts. 

The genera l 1_)roperties of enhanced radiation on 97 f..!c ./ s . 

have been determined by Payne-Scott Qnd Little (1951) using a 

swept-lobe interferometer, which i s capa.bl o of giving the locat­

ion of rapidly moving r a dio disturl~nces and the ins~~ntaneous 

polarization of the r adiation. Their rest1lts are suillliiC.rized below: 

(a ) The rac'l.i ation is c irct1larly pola rized, a nd the nol c.rization 

of the '":wrt-li vf: d bu.r;:; ts is usually of the same sense as tha t 

of the continuum. 

(b)/ ••••••• 
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(b) The redi~tion is received from the direction of sunspot 

eroups, and originates in un area of the sun of the same order 

of size as a visua l su_nspot. 

(c) The sources of the en.hr.nced radiation ~~ppear to lie ~1i,:h 

above sunspot groups, a nd do not show rapid movement. 

The dynamic spectra of enhanced radiation were recorded 

by Wild and McCready (1950) using a swept frequency receiver op­

era ting in t he fre~uency range 70-130 Mc./s. Their noise storm 

results have been ~n.:tlysed by Wild (1951). He noted that a rel­

atively steady enhancement is often observed over a wide frequen­

cy r ange. In additi on, short-lived, narrow band bursts Hhich he 

calls storm bursts were observed superposed on tho continu.um. 

The instnntaneou.s :J7)ectra. of these burstc nedrly ahn:,ys show the 

follmling fa!'.tures: 

(u ) A f3.irly symmetrical rise and fall. 

(b) A m rrow b.mdwidth- usually a bout 4 Nc./s. between points 

of t m.:'"lximu.m intensity. 

(c) '.i'he mid- frequency of n. burst r ellk.<tins approxi llu t el y const,mt 

throu.chout its lifetime. 

No detailed expl ana.tions of the origin of cP~'nnced r£~..d­

i 2.tion have ns yet been a dvanced, but t he author is of t~e opin­

ion that a synchrotron mechnni~m, to be describe d in Chapter 

Five, would account for t ho observed characteristics of s torm 

bursts. 

Storm bursts are classified by vlild and HcCrendy (1950) 

as Spectral Tyo~. 

Q: Ou,tbursts 

Outbursts are mrked i ncreases in the intensity of s ola r 

r 2.db noise which ar e closely associ~ted H'ith solar flo..r Js . ·rhey 

h.."l.ve been observed on frequencies between 9 a nd 35 000 ~ic ./s ., 

but Clr e part icubrly intenso 1.t metre wavelengths . At a sine le 

frequ.onc3r outbursts A.ppear a.s a sudden increo..se in i ntensity by 

1:1. factor/ ••••••• 
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a factor of thousands, a period of rapid fluctuation, followed 

by a gradual decay. They usually last for about 10 minutes, and 

are often followed by noise storms. 

The statistical ~-correlation between outbursts and flares 

has been investigated by Hey, Parsons, and Phillips (1948) on 

70 Mc./s., and by Dodson, Hedeman, and Owren (1953) on 200 Mc./s. 

The· former found that larger flares were more likely to be accom­

p:~.nied by a radio burst (5qt of class 2 and 3 flares, 32% of 

class 1) ; the latter found a generally higher correlation (74% 

and 79% respectively). 

Payne.Scott and Little (1952) 1 observing on 97 Mc./s. 

with a swept-lobe interferometer, found that outbursts are al­

ways randomly polarized. They also found that the source position 

changed rapidly, and seemed in most cases to move from ita init­

ial position in the neighbourhood of a flare towards the sun's 

limb. They interpreted these changes in source position as the 

outward passage of an exciting source through the solar corona. 

By assuming that this exciting agency moved radially outwards 

from the flare, they found the source velocities to be in the 

range 500 - 3 000 km./ sec. 

The dynamic spectra of outbursts have been observed in 

the frequency range 70- 130 Mc./s. by Wild and McCready (1950) 1 

and 40- 240 Mc./s. by Wild, Murray, and Rowe (1954). Wild 

(195ili) and Wild, Murray, and Rowe (1954) have analysed these 

observations and find that the spectra of outbursts show the 

following distinguishing features : 

(a) The peak intensity drifts slowly to lower frequencies, at a 

fairly constant ra t e of about 0.22 Mc ./s. per second. 

(b) Simul~~neous duplication of features separated by a frequency 

range of about 2:1 is shown for about 50% of all bursts. The 

ratio of peak frequencies is often appreciably lower than, and 

never exceeds 2. Wild~ sl attribute this duplication to the 

emission of both fundamental and second harmonic frequencies 

from a/ ••••••• 
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from n conmon source. 

(c) The intensity of the second harmonic is compnr~ble with, or 

er e.:tter than thc.t of tho ft.md...'l.m:mtal; no third or four·i.ih harmon-

ics have been detected. 

(d) Prof iles of intensity ver sus frcqu.3ncy show tho.. t the funda.m-

ento..l peaks ar e mc.rkedly asymm etrical, tho lmr frequency edge 

showing an abrupt cut-off. Tho harmonic band is more Sj~ctricul1 

bu.t on the a vorage the lo117 frequenc~r edge i s tho steeper. 

\-lild et ~ suggest thJ. t radiation comprising :m outburst 

is emitted in a band of f requencies about the n...'. tural plasma 

f requency f n.t the level of the source in the so:W.r atmosphere . 
0 

On this :v-pothosis the fundamental band is expected t o be s t rong-

ly att enuated on all f r equencies below the critical csc~pc frcquen-

cy fc - sec Clk~pter 1\ro - and th2 observed cut-off of its low 

frequency edge supports thi s idea. The drift of peak intensity 

t()l,mrds lower frequencies is then explained as :1otion of the ex-

citing source into regions of continuous l y decreasing electron 

density (i.e . the source moves outwr:'.rds in tho solar o.tT:1osphere) 1 

and by assigning the peak intensi t~r on each f r equency to :~ hei ght 

in the sol ar a t rJosphcro given by thEJ BauBoo.ch-Allen for mula for 

coroml electron density distribution, Wild £t a l have calct\l.'l.ted 

the radial components of outburst source veloci ties . Thny obtain 

values for this in t:1c range 300 - 650 lan./sec. 

Outburst s ource vel ocities , deducod bJ Wild (1950t.1.) f rom 

tho rate of frequency drift, and by FUyne-scott and Little (1952) 

from direction,"l.l observat ions of the Dolnr dis}:, o.r o of the same · .. 

order of Il![',~.;nitude o.s those of the so-co..lled m1rornl corpu.scul a r 

str eo.ms which ar e believed to be omitted at tho t i me of a sol.o.r 

flr.re , o.nd it has been sugg0sted th.1.t outbursts arc c~used by the 

passage of these str ea.ms through the solar atmosphere. Al t ernat-

ivoly, Wild, Roberts, and Hurray (1954) ho.ve suggested that out-

bursts r~y bo caused by acoustic shock wuvcs resulting from 

explosions in tho inner regions of the solar at··,ospher o . Those 

We"\ VeS/ • • • • • • • 
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waves would be propagated outward at the velocity of sound in the 

solar a tmosphere, which is about 1 500 km./sec. 

Outbursts, charac terised by a s low drift in frequency 

towards lower frequencies, are classified by Wild and McCready 

(1950) as Spectral T~ II. 

~: Isolateg Bursts 

In addition to outbutsts, other less intense, sporadically 

occurring bursts are often observed. These bursts, which tend to 

occur in groups , ar e not circularly polarized, and are of much 

shorter duration than outbursts. They were ca lled isala±.ed bursts 

by Pawsey (1950) because they were first regarded as occurring 

i solated from noise s torms, and gnwlarized lmrets by Payne-Scott 

(1949) who used this feature to identify them oven in the pres­

ence of noise storms. Loughhend, Roberts, and McCabe (1957) r eport 

that there is a high degree of association of isolated bursts with 

minor flares (mainly microflares: class 1- ) and that these flares 

ar e approximately uniformly distributed across the solar disk. 

Single frequency obser-~tions of i solated bursts show 

that the intensity rises fairly sharply to a ~~im urn value, and 

then decays more gradually to the original l evel, the whole pro­

cess occupying a fe~ ·seconds. I solated bursts on f requenci es of 

85, 65, 601 and 19 Mc./s. have been studied by Payne-Scott (1949) 

and the following characteristics wore noticed: 

(a ) The bur sts tend to occur very nearly simultaneously over the 

range of frequencies , and usually arrive in the order of decreas­

ing frequency. 

(b) On any given frequency the decay portion of tho buxst profile 

appears to be exponential. 

(c) Double-humped bursts ar e common. 

The dynamic spectra of isolated bursts have been observed 

by Wi ld (1950b) in the frequency range 70 - 130 Mc./s ., and by 

Wild, Roberts, Murray (1954), Wild, Murray, and Rowe (1954) i n 

the frequency range 40 - 240 Mc./ s . 
The spectra/ ••••••• 
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The spectra have much.in conmon with those of outbursts, nnd 

their main fe~tures a re su~rized below: 

(a) The peak intensity dri fts rapidly to lower frequencies a t n 

r~te of approxirr.2tely 20 Mc./s. per socond1 nnd the r~te of 

frequency drift 3.ppears to decrease with tino. Often, t he ro.to of 

drift i s obserwd to decrG.:ts e r o r~pidly th.:t the emitted )oak 

becomes a l nost 11 stoppod11 ~~t n fixed frequency. 

(b) T~c spectr a l features of isolnt~d burs ts ar c common~ duplic­

:~ted, the frequency ratio of the pea.ks being about 2:1. Once 

::gain, this duplication of f eatures is attrib1.ltcd to the e;:;ission 

of fundar tontal nnd second harmonic frequencies fron a coF.JLlon 

source. Comp:1.rison of t he ins tuntc1.neous profiles of t~1o two b[mds 

nornnlly indic::'.tos that the low rr~quency edco of t: .; fund..1.nont::l 

band has been cut of f durinG Jscape . 

On t:1..:J same nssumptions th .. 1t wor0 nnde in tho cc.se of 

01.1.tbursts, Wild (1950b) h<:>.s derived t~1e r a di. 1.1 cor:tl)O''lonts of 

i soL1.ted burst sourco vel ociti es , and obtr.,ins vnluos in th0 r 3.ngo 

2 x lo4 - 105 lrel./sec . In so•ue cnses the sourc0 vclocitJr :..ppmr s 

t o incrensc or ro~nin .:.pproximntcl y cons tc'l.nt i n its :rnss::;o out­

Ho.r ds through thJ corona , but most commonly tho source is found 

t o ~lorntc . 

~iild, Roh0rts, 3.nd Murr1.y (1954) su~:;gests th:~t those 

bursts 1.r o excited by fast 1aoving :r;:c.rticl es e- j ected from the sun 

.:..t tho time of 1. solar fhr o , They point out t :.':'..t }X\rticl os 

t r o.v-elling with velocities of 5 x lo4 h1:1./soc . would roac ~1 e.'.r th 

about 50 ninutes nftor the onset of r. fbr e . This time interval is 

t ;)Tpica l of tho delays observed tutwoen s olc.'!.r f l nros <.md i ncronses 

in cosmic ray in tens Uy w:uch :.:ometb1es 3.CCO ... l~'..ny th01il, nnd it. i s 

therefore possiblu th:;.t isol~ted bursts ·~ro cnusod by hi h ener gy 

cosmic r-:.~~ ].X1.rticles . Pc..r ticlo velocities of ·(jhis m."'..gnitude hr~.ve 

not boon obsorvod in the :JoltJ.r c.tElosphoro, but , oven if nresent, 

they miGht well escape opticnl det ection. 

Spor~dic bur sts chnr~ctorised by r~pid f r equency drift to 

lower frequencies ~ro dosi -i1~ted ~s Spectr~l TYQ§ IIJ. 



TABLE . 3(1 

Wild a.nd HcCror .. dy (1950) 

CLASSIFICATIOl OF BURSTS OF SOLAR RADIATION AT MIJj:fQtJiA.~1,ENG'J:'HS 

----- --.---··- -- ··-- ,----·-r-. --·--- ---·- ·------·· - -- - -- - - ---~ 

Class of Occurr ence ! Po~rizr Visual ] DYNAMIC SPECTRUM . j 

~:~~;al I o.hon I ~~~~~~-rDA~~DT~ID~;IONI REMARHS l 
TYJX3_• - -·+-----.-;! I I -----+- - - ---l 
Storm I Noi se Circubr ' Sunspots Narrow Seconds No l 
Bursts Storms frequency i 

drift 

I I -t- ------+-- - -+----+----1-----1- --- - -l 

I Outbur sts! Sporadic Not FlAres I Broad Minutes Complex 
1 

I I circulnr +I si~~r!;~~t ! 
II t to lowor 

t---- _ _)_ -·----+----+-- --- r- ,

1 

frequonc:es __ j 

I I I ~- I I 
!Isola t ed SporJ.dic ; Jot Fhres 1 Bro:1d Seconds T"IJP0 III I 
i Burs ts ! circul~r ! csp. 1 ~bursts 1 
j !! 'micro- .

1 

show r apid ' 
·diverse , lfl ... 1.r cs !drift to \ 
lincluding

1 I 1 lower 
t j i frequencies 

III I I i 
- - --··----'---- - ------- -~-------~-

* This has been inserted bJ' tho o..uthor in view of t he r csu.lts 

of LouGhheo..d ct ~ (1957). 
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~: Tvpic~.l S,ol:~r Burst P:rofilcs on 125 H~. 

Pbto D de pict8 intensity-time profiles of various 

bursts received by tho Rhodes University equipment on a frequency 

of 125 Ec ./s . durin~ the period November 26 1957 - February 6 1958. 

(1) One of tho l a r gest outbursts recorded by the equipment, \.rhich 

occurred on December 19 1957, is shown. Tho ~in p~se of tho out-

burst l e .. sted frora (08:02:30 U.T.)-(08:10: 0CiU.T.) . According to 

tho 11Daily Naps of th.8 Sun" issued by the Fraunhofer Institu.to, c. 

flare of impor tance 2+1 heliographic co-ordinr. .. tos 19'1\l, 15%, is 

reported to h~vo occurred over this period, and it seems very 

probable that t~is flare and outburst c.ro associated. 

(2) This print illustr:-ttos cnh--=tnced radi.'l.tion, observed on Febru · 

CJ..ry 6 1958, which constituted pn.rt of o. noise storm recorded on 

Febru.nry 6, 7, &8 . Tho steadily varying enhanced bu.so l ovol (con­

tinuuM) and rapidly fluctuRting storm bursts are clearly depicted. 

(3) e. (4) Doubl e-hur:1pcd isolated bu.rsts follovred by single peaks 

are shovm. Features to notice a re the smooth profil es, rapid r ise, 

o.nrl :·.1orc t;r.::tdP.n.l decn.y. 

(5) An outburst followed by an isolD.ted burst is shown. From this 

r0cord :tn ideo. of tho relative intensiti.Js of ou.tbursts c..nd isol-

nted bu.rsts rtL'LY be obt::tinod. 

(6) A "revorsed11 doublo-hu·.Jped burs t, Hhich is nore or loss a 

mirror irnnge of the double-humped bur sts comnonly observed, is· 

shown. Onl;r two well-defined revor sod bursts wore rocordcc: in the 
~ 

period considered, c..s nga.inst o.bout 20 11norrJal'l double-:lU!'Jl:>od bursts. 

B ThLI OC1RAPHY 

Excellent reviews of soJr.r r~di~ Jnission o.rc given in the 

following books: 

PAvlSEY 1 J. 1 ., BRACID-JELL, R . N • 

KUIPER, G. P. (Editor) 

1955 Radio Astronomy, 
(Clc.rendon:Oxford) 

1953 Tho Sun, 

(Univ. of Chicago Press) 
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CHAPTER FOUR 

ISOLATED BURSTS 

(Observntions =:tnd results fror.1 previous invcstig .. ~tions) 

A sur.unary of the chn.rllctoristics of isolJ.tcd bursts 1 na 

reported by previous investigators, is given in the following 

p9.gcs. 

99 isol~tod burs ts, each lasting a few seconds, wor e ob-

served using ~ receiver with a lin1.~~r pmvcr a::tin. An c.m.lysis of 

the 11 t..1.ils 11 of 78 of these bursts wns ·ndo; 21 wore not c,mlyscd 

because the height of t~e pulse pea.1: wus loss t:1..1.n 25% of the 

background v:1lue 1 :md too short a length of falling slope "\..ras 

c.vn.ilD.ble for signific.:mt '10.\SUrenents to bv rnndc . Of tho 78 

bursts o.no.lysed1 tho t c.1.ils of 58 '\vera found to be vury probably 

exponential in shape 1 ll less probc.bly so, /,_ prolx.bly not so, o.nd 

5 definitely not so. 

Typica l Burst Sh~R§ 

I 
i 

·- ---"'' 

\ 

\ 
'· Bnck~round Noise Luvel 

Bctvwon 3/4 o.nd 9/10 of tho bro'kon line in the.. n.bove fig-

uro was o.nnl;rsed for o .. ~ch burst 1 and tho devin tion fr•J!"l c..!. verage 

of the factor k in exp (-kt) wns loss tlli~n ! 15% for any bur st 

assunod to hn.ve ox:,>oncntiJ.l forLl. Expressing Williams's 11 hD.lf-

life" w.lues in t er ElS of k giv·es n !!lost counon vn.luo of k = 0.7 

-1 -1 sec . , with c. ro.ngc from 0 . 3 to 1.8 soc. 

Willio.ras considere d th..". t consecu.ti ve bursts 1 , ... ~1ic!1 pro-

sunn.bly carle from the so.r:J.c region in the so1."\r J.t!,losphere, should 

hc.vc tho sar,1o :n lf-lifo. His results , however, do not confirn this . 

Attempts by Williams to inter pret thu rising portion of 

burst profiles/ •••••• 
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burst profiles in terns of exponential functions were not success-

ful. 

~: Payne-Scott (1949} 

Single freguoncy recei Yers 85. 65~. 60, &l,2,.£1c ./s . 

( 1) Polarization 

Payne-Scott found that isoL.1.ted bursts vrere not circu:L.1.r·~ 

ly po:L.1.rizcd, Their poln.rizo. tion must therefore be either plnno o:-

r endon. 

( 2) Relative Intensities o.t Different Freqyencies 

Observations of corresponding bursts on 60 and 85 Mc./so 

showed th."\. t the 10\·Ter frequency norw .. lly had tho higher intensity!' 

the a veragG ratio of peak intensity on 60 Nc ./ s. to thn t on 85 l·~c ./ s" 

being about 2 to 1 - v.pproximo.tcly the squ.nro of the corrospo~ding 

wa velongths. 

(3) Tho Profiles of Isol.?. ted Burst~! 

Typical iso1~ted bursts showed o. finite riso time, round-

ed tpp, and more gradual decay, reminiscent of the transient res-

ponsG of a mediun possessing a reso~1.nt frequency. On tho assump-

tion thnt the decay rate was 0.. character istic of tho n8dium r:1.ther 

thP .. n of the inithting disturbance, the decay ro.tos of 100 isolat-

ed bursts on 85 ~nd 60 Mc ./s. were measured • The base l evel was 

~1.ken as the l evel before a bur st ~ppeared , The decaying portion 

of burst profiles was found to fit very well a curve of tho form 

I = I r Exp ( -kt) 

where I was the power incident t1pon the nntenna. For both frequcn-

cies o. fairly s~.~otrical distribution of k was found, about a 

median value of 0.6 scc.-1 k was o.lso ncnsurod for a f ev bursts 

I -1 on 19 Me . s., and was found to be ~bout 0~ 25 sec. 

Po..yne-Scott r eports one further feature of burst sho..pos g 

Single peak bursts were found to bo much loss comnon th1n double-

humped/ ••••••• 
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humped bursts. The ratio of intensity of the two peaks was about 

4 to 1 on both 60 and 85 Mc./s., the first peak being larger in 

nearly every case. The time interval between the peaks was in the 

range 2 ...... 10 seconds. Measurements of the decay rates of the 

first peaks of double-humped bursts suggested th.9.t they decayed 

aore rnpidly than single peak bursts. Measurements of k on 125 

Mc./s. by the author - see Chapter Six - are in agreement with 

this result. 

(4) ~e Delays between the Arrival of Corres;eQ_nding B~ts J?..l.! 

D:bfferent. ,Freguoncie,p. 

IsoL.9.ted Bursts usuully arr:i.ved in the order of docreas-

ing frGquoncy. Tho t ime delay between the ~ of a burst on 85 

Me./ s. and on 60 Me./ s. varied betvreen 0 and 1. 5 seconds, l-Ii th a 

most common value of 0.7 seconds. Corresponding delays between 

'5 e..nd 60 Me./ s., and 60 and 19 Me./ s. vmrc 0.3 and 9 seconds 

r ospectivoly. 

Assuming that r9.diation is excited at loycls of zero ref-

ractive index in the solar corona by outward moving sou.rcos, the 

au.t:1or h0.s calcule.tod tho radial sou.rco vclocit.i0s corresponding --
to P::t:Yno-,Scott 1s observed delay times .for the above thxco cases. 

Frequency Distance between Delay Time Sot\rcc Velocity 
Interval Levels of Zero 

Refractive Index 

Mc./s. km. sees. km./scc. 

85--60 0,71 X 104 0.7 1,0 X 104 

65-60 0.19 X 104 0.3 0,6 X 104 

60--19 37.1 X 104 9.0 4.1 X lOL; 

Those derived velocities are in fe.irly good e.grcomont 

vri·th one another, and l-tith Wild 1s (1950'b") rosults of 2 x 104 -

105 km./soc, This table apponrs to ind:i.cato that burst s ources 

4tccelorato in their out"m.rd p:~.ssago throu.gh the solar a.tmosp~1oro, 

'but docs not offer positivo evidence for ·Ghis, since if t!:lo sou.rc0 

.docel oratcd it might violl become s topped before r oac L1ln,z t.!10 19 Hc ./s . 

level/ •• • •••• 



DYNAMIC SPECTRA Of I~OLATED BURSTS 

Type III Burst. Wild (1950b) 

FIGURE 4:1 
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Harmonic Pairs in Type III spectra . 
Wild, Murray, ahd Rowe (1954) 
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level, and hence decelerating sources would n~:. nocessn.rily con­

tribute to tho above readings. 

Q: v{ild ( b950b ) SvrO}tG freguency_r_9.£Q:i-YQ;r'_ ... 7.Q:::::.UO Jt~.·i.s....t 

The dyn,..1.mic spectra of isolated bursts wore observed 

using a swept frequency receiver. One s1.,roop of t:1c b.:md :acau~~:j 

0.07 seconds 1 and tho band was suept abou.t 3 times per second. As 

the receiver swept the frequency band, the outpu.t t:ras displc.1.ycd 

as <:m intensity moduluted spot moving in the Y-directi0n on 8. 

cti:t.!odo r ay tubo screen. This was photographed on film rJoving 

slo-vrly in the X-direction, producing a frequ.ency-t5.mo record 1dt.h 

solar intensity appearing as variations in p:1otograp~1ic density. 

Tl1o dyn~--.r:lic spectrum of n fairly s implo iso~o.tod burot is s~1oHn 
·1-

in :figL1l'O 4: lo 

( 1) DZSCRIPTION Al\!D CHARACTERISTICS OF OBSERVED SPECTRA 
'f 

i_''IJFroqttoncl. and Timo Profiles 
J~tfl' 

A horizont2.l cross-section of a burst 11 contou1· c1.iagram11 

depicting the variation of intensity 1•Tith frequency a t a pnrtic-

u.lar tine is referred to by Wild as a frequency profile. S-imilar-

l y, a vertical cross-section depicting tho 'lro.ric.tion of intensity 

Hith time at a p1rticular frequency is roforrod to as a "G:i!:lo 'Qro-

Froqu_cncy profiles of i Bolatod bu.rstr; -vroro t18tio.lly fairly 

smoot~ cu.rvos 1 Hi t:1 no sudden \~B.ria tions of intcnsi ty Hit~in fro-

quoncy intervals of tho order of a. f o-vr megacycles por second . Tho 

bandvlidth of tho frequency profiles, noasurod bot"teon points of 

t !TIL"'..X:tmum intonsi ty 1 vrn~ rarely loss than 10--15 Nc ./ s., m'ld often 

very r.1u.c!1 gr oc.-tor. In sj_r.1plo cases t~o froqu.oncy pr:,filos s hmwd 

-:Jnl~r one nc.ximl.l.l:l . Su.ch profHcs Hero generally U!1GJ'TIDGtr:l.cal1 and 

t ho va d .nti::m of j_ntensity Hith f r equency on tho loH froqU.Ol!CY 

. freqt,_oncy ::: :tdo. In yt,:1or cases, such ns t~1nt illltstr['/iiod in 4:11 

' 

T t r. t •.. ~: ; 
.1v 1::10/ , • f • • • t • 

~ 



The time profiles of simplo isola tod bursts woro sir.rllar 

to thooo observed by Williams (1948) and Po.yno...Scott (1949), and 

sl1owed a gradual rise to maximum intensity, f ollowed by a more 

gradua l decc1.y to the original level, Profiles of more complicat­

ed isolated bursts showed several maxima. On the average about 

60% of the total lifetime of a burst was spent in decay, and 

t!.1e decay was approximately exponential, Once again, this is in 

agreement with the results of Williams and Payne-Scott. 

(b) Groups of Bursts and Complex Bursts 

Although isola ted bursts sometimes occurred ~~s single 

disturbances preceded and f ollowed by quiet periods of several 

hours durdtion, they were frequently found to occur in small 

grou.ps of two or t hree bursts arriving in rapid succession. This 

effect led ¥lild to suggest that isolcted hursts with complex 

spoctra mo.y in fact bG cnused by clusters of superimposed simple 

bursts. l'his interpret;:.tion is supported by tho f act t hat portions 

of co•1plex bursts often r.ppeared to resemble typical kinds of 

simple bur~ ts • 

(c) Energy Spectra 

Wild obtains the result t~1at the energy of isolated 

bunts, determined by graphic~.l integration of t he tbe profiles, 

increased greatly with decreasing frequency. This result is con­

sistent with th:.~t of Payne,.Scott (1949). 

(d) _iLadB.tion of FrcquoncJ~ Proi'.'iles 1.-Ti th Time 

Tho frequency profiles of s imple bursts, having a single 

maximum value, usually changed with time in one of two ways . 

( i) The peal': frequency remained ap~roxima tely const::mt through­

out the lifotune of u burst. 

( ii) The peak f r equency drifted rapidly v1ith time, a l most <.:.lways 

in the direction of decreasing frequency. The rate of drift sel­

dom diff ered f ron c.tn a vorage V'J.lue of about 20 Lc ./ s . por second 

by n f ;,·ctor of more than 2. These burfl ts r epresented tho majority 

of i sol:c1.ted bursts observed~ and Wild and i.•;cCroady (1950 ) have 

class ified them ns spectral Type III. 

( 2)/ ••••••• 
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(2) ~ III I3UP.STS 

20 Type III bursts were recorded, but only about a half 

of these vTere sufficiently well defined for useful analysis . 

Their characteristics are described below. 

(a) Lifetime and Bandwidth 

The lifetime ~t <lny one frequency tended to increase 

slightly with decreasing f requency for most bursts. The mean 

lifetimes for the ~rpe III bursts considered (measured between 

points of i maximum intcnnity) ranged bctw~"'en 2.9 and 3 .8 seconds. 

Bandwidths, measured on the frequency profiles 7 1,10re usually groat-

(b) pecay Constant 

The decay of Type III bursts, as observed on time pro-

files, was found to be u.pproximatcly exponential in form, and 

could bP. represented by the reL.1. tion 

I = I 1 exp (-kt) 

Wild obtained vulucs of k on 100 Mc ./s. for 10 bursts 1 

(. 

vThich ranged from 0.6 - 1.5 -1 value of 1.0 sec. -1 sec • , with a moEn 

Values of k for other types of isol-:t ted bursts were sometimes a 

little loss. 

Of 12 ~~o III bursts considered suitabl e for analysis , 

5 exhibited a steady decrease of k with decreasing frequency, 

2 more ~.;uggosted a decrease of k with decreasing frequency, and 

the remaining 5 were inconclusive. Wild (1950b:Fig.4) plotted a 

graph of tho normalized decay constant k/ k (averoged over 

these 12 bursts) versus frequency , where K is t~e moan value 

of k over the frequency range for a single burst. This graph was 

a str.::tiq;ht line through the origin, and Wild therefore su.ggestcd 

that the C.ecay constant in the frequency r~nge considered could 

approximately be repr esented by 

k = K f 

where K i s a constant (of the order of 10-8) for a given burst. 

(c)/ ••••••• 
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(c) Frequency Dr~ 

The locus of points of 1naximum int ensity on tho frequency 

- time plane of burst contour di,_::;ra.ns is referr ed to as the 

ridr-o line . The dr ift r .1te is defined by Wild a s tho rate of 

che.nge of frequency \<li tl'l tim0 a l ong the ridge l i ne . In all well 

defined caseG , the drift r <: te became slightl y s l ower as tho 

frequ0ncy decreased . 

11/ild fmmd th':'.t the negative drift r e..tc could approximately 

bo represented ty n singl e power function of frequency~ 

- df fn 
dt c(_ 

(4 . 2) 

1-r:1crc f and t specify points on the ridc;e line of a gi ven burst. 

He pointGd out th::'.t .if the Baumbnch-Allen coronal electron den-

si ty dil:rtribution was a.esuJ;:tcd, the drift ra to for a source mov-

ing outwards ~t constant velocity would be given by putting n ~ 1. 5 

in equation (4. 2) . vt:-?.ues of n < 1.5 -vrould imply an acceler ating 

oource, and n > 1.5 a. deceler ating sou.rc'l • The observed V':1.lues of 

n for the Type III bursts consider ed vnried between 0.5 and 1.5 

(implyinG a s light acceleration of source) with a moan ~~lue of 

<:tbou.t 1.0, vlhich ga.-vo the rost,lt thnt the negative drift rate is 

aDproxim~.tGly proportional to frequency• 

i . e . 
(4.3) 

t.There a is o. constant (of the order of a few seconds) for a given 

burst . 

(d) Qerived Source Velocities 

Wild sugecsts t~~t frequency drifts may be caused by out-

vrnrd mo-v-ing disturbances in tho solar a. tmosphere . If radial source 

velocities ~rc calculated by assiJning each frequency to its zero 

refractive index l Hvcl, the resulting values obtained by Vlild 

l orrosponding to tho observed drift rates nrc in the range 

2 x 101~ -- 105 l:r.~. $/ soc . 'l'hc slit;ht discrep:mcy bc:twc:en these val-

tleS and those derivJd l) y tho :?.tlthor from PJ.ync...Scott ' s results !Ik"-Y 

be duo/ ••••• ,. 
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be due to the fnct that Payne~~cott me~sured time delays between 

t he start of corresponding bursts on different frequencies, 

1·Jheroas Hild mec.sured t he time delays between corresponding pcnks .• 

D: Wild, Hurray, :md Rowe (1954) 

Wild, Roberts 2 • ...1nd i:1urr.•.z ( 19542, 

81-~·ept frequency rece i ve:r,: 40 - 240 Me . / s. 

(1) ;,;;::J\4 FEAYURES IN Trl.:<.; SPEC·I'RA OF TYPE III ISOLATED BUPuS'ffi 

The great er frequency range of this ap~~rqtus rcve~led 

new fon.tu.res in tho i3pectra of Type III bursts. 

(a) Drift Rate 

The rnto of drift was often observed to decr ease so rap-

idly, thnt :>t the lower froquencios the emitted peo.k became e.l -

:nost 11 s topped11 Ctt 1"'.. fixed frequency. The observod drift r ::ttcs 

.. ~ppcarocl t .. o indic:ttG tha t in most cases the source d~~~o_9 

i n i ts outvrn.rd pCtssngo throu3h the solar corona . N .B. This result 

i s not in agr~ement with Wild's (195Db) result reported above . 

(b ) Harmonic Emission 

( i) Bursts froqu.ently .:tppoared i n 11 hnrmonic ~<tirsn , in which tho 

spoctrn.l fonturos of c.. bur st wore dt1plicated at ".bout double the 

fr~<;.ucncy . 'l'his duplication is attributed to the omiss ion of 

fund:LtontLl. 1 :'.nd second h:.:~ruonic frequcnc ies from n common source . 

The d"n~lmic spectrum of n. h~'.rmonic pair is shown in fie;uro 4: 2. 

(ii) Burs ts showing detec~'\ble fundamontn.l and second h2rnonic 

omission o..ccountcd for a consid:::rable proportion (pcr h::\ps 50% or 

more ) of all bursts observed . 

(iii) The intensity of the second har monic was of t ho so..me order 

of magnitude l.S th.1. t of tho f'und..,n,.:mtal. No higher h."'..rmonics \.Jere 

detected . If t hey h.1d boon present, vTith an i ntens ity one-tent h 

of tl"r~t of t ho second h-.l~!.10nic, they vlould c.. lmost cer t 9.inly . .hcl.ve 

been detcctod. 

( iv) The instant:.moous r ,,tio of pc1.k frequ.encics varie d in most 

cases bc·bwecm 1.35 a nd 2, a nd never exceeded 2 . 

( v)/ • • • • • • • 
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( v) COJ!!parison of the insto.ntanoous frequency profiles of tho 

fund~montal und harmonic bands showed that in all cases they were 

s i mil<>.r in sh.1.po . Usu:tlly, ho,.l8ver, tho low frequency edge of the 

fund~lm(mtal brmd appear ed to have boon cut off during escape. 

Wild, Roberts, ~nd Murray claim thnt this result justifies tho 

:tssu.mption made in c~lculating source velocities that radia tion 

observed on a ny one frequency origi nates ~t the l evel of zero 

refractive index in tho solar atnosphere f or that frequency. 

(2) C0!1POUND BUHSTS 

It i s well known that Type II outbursts '111d Typo III 

cluster s m·.w occur !"'. t the time of n. solar flare. Either kind r.'lt.."-Y 

occur \.Jithou.t t ho other, but on thr ee occo.sions Wild, Rober ts , 

and l·iurray b.avc observed n combination of tho two typos of event. 

In each cnso tho Type II outburst followed the Type I II cluster 

after ~ time delay of sever a l minutes . Wild, Roberts , and 

.·iurray (l954:Fiz .3) plotted a gr:.ph of ~vod hcit;ht i n tho 

sola r nt~Iosphor·.:: vor su.s time for tho Type II outburst a nd Type 

III cl uster in o::..ch c~sc . They found tha.t a lthou.gh tho derived 

velocity and time delay of t he Type II outburst differ ed consid-

er::.bly i n ouch of t h J t hroe ca s es considorGd, tho velocity lines 

of th:3 Typo II outburst and 'I";po III cluster, when extrnpolc.tod 

towa rds the origin, yi elded i n each case u point of intersection 

5 
in the lower carom., uithin 10 km. of thu photosphere . Thi s 

result led Hild ·~t a l to suc_~gcst that tho two events oonprising 

a compound burst wore associated with disturbances , pcrh~ps 

stra,'.ms of na.ttor, e jected simultnnoously from a cormnon source 

situ.atGd low in t ho sobr J. tmospherc . 'I'his 11 sourcc 11 could in fact 

bo tho prir:ury cause of 2. s ola r flare . 

E: Loughhea d , Rober t s, and McCabe (19571 

Swept f requency recei ver t40 -J240 Mc./s . 

The r olo..tionship of Typo III burs ts to sole.r fla r es via s 

invos J~igrl.tod by comp.:tring s imulta neous rndio _.nd opticul obser-

vr.tions . Over 300 f b.ros wore ex.n.minod, 35% of Hhich wore micro­
f l a r es/ ••••••• 



-.. 

-38-

·fl~ros (c12ss 1-). A SUffiffiQry of th0 results obtained is given 

below: 

(1) About .20% of tho fle.res were .'1.ssocie.tod lvith I'ype III buvsts, 

whcro~s mor0 t~~n 60~ of tho bur sts occurred during tho lifoti~o 

of a flc..ro . 

( .2 ) Tho association of bursts and flares vrus independent of the 

positions of flares on the solar disk, npart fran ~n ~PP2-ront 

deficit for flares on tho •ros torn homisph€1ro nora th<:~n 30° from 

tho central r:1oridian. Th:) occurrence of Typo III bu.r sts over n 

Hide r:>..ngo of disk lon:itudcs s;:;ons to imply a Hide cone of 

ouission of Type III rndhtion. 

F: l•~:;cvrcll c>.nd Sw8.rup (1958) 

:bxwell, Swarup, and ThoQpson (1958) 

Swept froqunncy r eceiver 100 - 580 Hc ./s. 

Recent obsorvn tions of the dyn·mic spectre.. of solar 

bursts 1,y ·~hl so investigators have shonn th'J.t Type III bursts 

tonded to occur in groups - cf. ~lild (1950b). i'hcy gi ve the dor-

i vod v~loc itics of Tj•po III burst sources c..s ~bout 3 ..c 104 

k..l./sec ., '1nd this is :tlso in good ~,_grooacnt with Wild 1fJ (1950b) 

results . In r.ddition thoy h::tvo discovr1roc :t nJw t~?O of fnst­

' • ft ' "f't ~ .. 0 h .L I • d • th f ./:' 0 t d o.r1 !JUrs A \·r:nc on 1.J.101r roc or s 1n c orn O.L an 1nvcr o 

11U11 • 1'ho dyne.nic spec trum of ;.... typicm.l U bt1rst in illustrr~tod in 

figu.1~o 4:3. U bursts w~ro a rclc..tivoly uncolllTJon phonom.._non, n.nd 

c,ccou.ntod for only ~1.bout 5~ of ·J.ll fn.st-drift hursts observed. 

Tho dym.mic spectrf'. of U bursts Ghowed th .. t th,: poe.k int:msi ty 

drifted rc.pidJ_v to lmli)r frequencies vTi th time, until it bocn.mo 

3t:1tion::1.ry o.t n pJ.rticul::..r frc'1uency in very :1uch t:1o sumo mc.nncr 

'Cl..S ~' 11 nor:ml" 1'1.,rpo III burst . However, -.:ftor reaching this p3.rtic-

ul«.r :'requ.cnc:;r, th:~ po.1.k inton:Jj_ty wa.s thon observed to drift 

t'JH::trds hi.:..;:1IDr frcqu . .::ncios t.'{ , .Lin. The dur;:1 tj_on of 43 U bursts 

obsorv .. :d •ns botwcon J .'.nd 10 sJcondB . U bu.rsts were u.su.c.lly 

f:)und to be ::>..ssoci:t ted 1td. th flares (}X',rticu.hrly nicrofhres) , 

o.nd thJ pcrcr:nt ago of U bur-..ts th::tt occurred ::o.t the t:i.mo of o. 

f l nro/ ••••••• 
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flar o if:- _:bout ~hJ so.me .-.s the p-::rc :mtc .. go of norn:.l ~rpo III 

bursts t~•t occurr od durinc flares . 

G; vlih~ -~nd Sheridan (19)8) 

s,.ropt f r oql.l. ('ncy i ntorfcromotor 40 - 70 :·c ./s. 

l:lild .:md S.h::1rid·'.n d::Jscribo a now typo of instru!~ont suit-

c.blo for thn stu.c.~r of GoLtr bu.rsts ctt motrc 1.-1n vol cngths - 2 

SHopt. froqu.cncy intcrforor:~otc.r • .t'his instru.nont is c:::.p::toL: of 

ii1e:-,surins the ono-dimo!lsiom.l position nnd .. ngulw.r sizo of n 

tr'l.nsicnt sot1rco en thJ sohr disk, ::-.nd tho polarization 2.nd 

int.:n!s'lty of th~; :..·oc:::: ivCJd radiation. a ll these cht'tr:'!.ct_)ri:::ti cs 

nrc dut.:-r :.:in;Jd .1s a function of froqu : ncy in the ran.=;o 40-70 1-ic . /s . 

Souc proliuinr-.17 rosults ·::or i'j-pc III l)urst ~ourcos 1.-roro 

(1) T::.o ".ngu.l •r size of 'l)f?e I II bur st sources remained :.•.pprox­
L:::ctGl ·· conoto.nt throt1:: .. hout thJ lifoti1:10 of ;~n individu-l.l burst 
·:: t .... n;r on::; JA.'"'..rticu.lc.r frequcnc:r. 

( 2) Jn -~he ~wc.r_,_z:o tho -~ngu.lar ;:;ou.r co siz0 Wi".~S lou.nd to incre.J.co 
from r..bou.t 6 1:1inut0s of :uc ':'..t 65 hc ./s . t,,) 10 :.:1inu.ks of arc o.t 
4.5 ~ic . / s • .h.n ido:. of t!1o cxt.Jnt of ·.typo III bu.r'lt sources can be 
obt::..in,)d by cor1pariTig those 'l<'.luc·s vrj.th ·:-,he :np;u.l.'"'..r sizo of t!1o 
sun 's visi~l~: dis!: , l'!1ic!:1 is 3?. uinutes of .:-.rc . 

·The ros1..1lt. t!:::.t the J 01..1rcc size incroe1.sos with decreasing 

frcqu -::~1c:"" 1ns ln.d 'i:i.ld ~.nd Shorid_-:.n to suc;sr·st i~h ...... t tho O.iitting 

:cog:\.or.. in J . h \ 
l·-- • Jol.:tr :J.t:.:osphoro could be cone sha.pJd, tho di:!.i:1Jtor 

incrc:.sing \-lith he i ght . 1'!10 .'.uthor :1ns calculo.tcd t he he i ght in 

the sol:1..r :::. t ::;osyhoro of the .\pox of this cone , ~:aking tho usu.n l 

nssusption~ of :S.:tu":ll-)ach-Allon conditions , .~nd outr..rnrd :noyj_n0 

sources 2'-Jnor:lting r~?.dio 1.-l.:>.VGS .:.t l uv;:_ls of zJro refractive in-

do::: . l'h) e.p."x Qi ·vhc: cono t urnGd o~1t to b J ~~ t a ha i;:;ht of 

'" 4 \r-· 1.5 .. 10 .... . .. :.bovo th.:. photosphere , corrosponding to the l evel 

of z .::ro rofr':'..ctivc indox for 170 l.·ic . /s ., o.nd it sco;:1s renson'lbl) 

t •) idor1t ify t!1is hoi_)1t uith t:10 location of tho prir.L".ry distur-

b:.nces Hhic:.t ;;,ivo rise to I'?PO III ,;vonts . This rost.1lt :ts in ... ood 
agroor.::mt ''ith t :10so obtained 1);)" Wild, Iloborts , und r,iu.rr·:ty (1954) 
fran ~. stud~- :;:.: co ... pound bursts . T~w hoight of the pri a ".ry dis­
tur~·x' .. ncc f Qr on:J pc.r·~icul[l..r CO"'_J01..111d event i s ~i VC::n by tho:J 
(1954~ f'ig . J ) <'-S 3 x 104 lm • .:-..t.Jva tho photo .... p:1.cre , corrosponding 
to tho 150 Hc ./s . l ovel. ................ 

The ·.utl1or }j:Jl:itvcs t:""-t t h ..... :-.bovo reports co!npriso ~11 the 
publi shed 2bsorvr.t -:l.oDs on isohtod bursts ._,p to tho tirao of pub­
licntion of this thosis . 

--
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CHAPTER FIVL 

• MECH.tHHSNS OF O~UGIH OF I80LhT:m BUfiSTS 

Although t.:J.o profiles nnd lifetimes of isolntod bursts 

indicate th.:.:.t ~ tr~'.nsiont disturh:'.nce i n tho sol ar atmosphere is 

i nvolved, little is knm.m of th~ ,_T:.y i n which such bursts c.riso . 

Any s u.gGcstod !!l.och~nis!J must bo abl e to A.ccou.nt for the follow-

i:'lg obs cr\rocl ch.:.:.rnc tor is tics , viz: 

( 1) :::lcctroJ.<J.gnotic r 1.di c. tion i gonor n ted in a localized region 

t.bovo tho sol::..r disk . 

( 2) Second h::.rmo:rlic emission i s cormon. 

(J) Tho r o.u h tion is ::>..blo to esco.pc fran t he cohr a tnosphor o . 

(4) fho intensity of t ho received r ndL'.tion is :'.bout 500 t i mes 

th:=-'.t of tho thm.'t1D.l ma.ission fro_t th;; r~uiot sun. 

( 5) Th.:J f r oqu:;ncy of r.nxb.u:,t i ntensity drifts r.:'.pidly to lower 

frequencies . 

(6 ) Tho received r :'.CI.kti on i s not circulo.rly pol .:trizod . 

It doos not soom likely th1.t isolc..tGd bursts :- ro of 

t.hor!•nl ori gin, ~cc1.u.so to nccou.nt for the, observed i n tuns :t ties 

i t is n.;coss::try to postula.to tcmporutures of thv order of 1010 °K 

i n loc:::tlizod ro::;ions of tho corom .• In addition, it is diffict1lt 

to sec ho1,..r ".ny th8ra1.l !)rocoss cmlld rosul t in harmonic omission . 

The; present t r end is to oxpl.1.in sol a r bu.rsts in to:rms of 

·:me of two processes , c<J.ch of Fhich, in pri:l.cipl c , is capable of 

J.CC~,un·dne for ttloir observed properties . 

(: ) Oscill~tions ~t tho oloctron [yTo-frequcnoy. 

( b j ~=~sn-Jt·::>\y-drodyn:lrdc , or hytl'or.cgnetic wa vos . 

Tho fundmaont..9.l p~1ys ic::-~1 ido:l c:; iiwol vod, n.nd su~cos ted 

node ls ·~o account for isola. ted bursts , will bo discuss0d for 

i1: Qs~ilb.tio~s . ::t the Eloct~m . Gyro-Froquoncy 

1':> . c::-.issi::m of r 3.dio frcqu,mcy hurr.ts is considered to 

be duo to :. r .. ~db tion process Gil:ri.l~r to th~~ t •)bserved in 

synchrotrons ./ ••••••• 
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synchrotrons. Tho electron gyro-frequency is given by 

soc equation 

frOJ!l which it ;_ny bJ verified that I!lt:gnetic fi,; lds of 20 to •o 
oGrstod .r c required for tho generation of frequoncies in t he 

r~ngo 50 - 200 Mc ./s. 

Schwinger (1949) h::ts shown th1.t electrons oscillating nt 

t~c J yro-froq_ucncy c::m produce h:.rmonics. Kruse , Jv'.;:::.rsha.ll 1 nnd 

Plc.tt (1956) .b.e.vo shown th:.t ol oc-Gr ons rotating with non-r ol ntiv­

istic velocit i es in a l oco..lizod rGgion vTou.ld be c:'..p.·1.ble of o1ai t­

t i ng ro..dio \.J'J. vas vTi th t:1o observed intonsi tios. A sir.1plo so del of 

isola ted burst::; ::tftGr Kruse ot o.. l is :".S fo llows: 

Jots of electrons spir:::~.l outw~uds from sunspots :trou.nd 

tho lines of force o~ sunspot r,ngnctic fiold.:J. They ,.:·l'.lit s. spoc-

trt1m c-:msisting of lines \<Jhi c h C~.ro h,1.rraonics of th .. fund .m0ntnl 

gyro- frequency, c..nd a ll coupononts of the lino spoctrun docro:J.se 

in frequency o..s the electrons move into regions of d.:creo.sing 

magnetic field. Fur thermor e , if the el ectron velocity i s s02ll 

co;:1parod with tho.t of light , tho intens i ty of thG thi rd b.:-,rmonic 

is vory uuch loss th.m tho..t of tho fundn:nontal w.nd second h.o.rnon-

ic, in .'..gr oel!lont with obsorvn. tions. 

i':1oro o.ro, however, t1rm grave obj ec tions to this ·.:odcl. 

( :.~ ) Eost o..uthors - e . g .• Rylo (1948) - o.ro of tho opinion th:'.t 

the f u.ndanontal frequoncy of syncr..rotron r::>..db. tion is not o.ble 

i:.o osco.. pc fro~1 the solar ~ tr.1os p~erc . 

(b) Evon if esc~po is possible, tho :~lariz~tion of rocoivod 

:rc;dtr'.t i on is expected to be olliptic:.l in gonora.l. 

Those objoctionn 1.ro interrelated n.nd 1.1ill bo C)nsidor vd 

to~other . Ryle :1r~t10d th·~ t synchrotron r !'!.di -. t i on wr..s producod 

only i n the cxtraordim.ry modo of tho ragnoto-ionic th:)ory. RC'f­

ercncc to figure 5:1 shows tmt, in order to osco.po , r o.dhti on 

prop?.ga. t ing i n the cxtra ordino.ry ::'ode ht:ts to po.ss t1rrouGh rogt -.:ms 

\-Thero the rofre.ctive ind..;x, n , i s l o.rgoly i n.1.ginary - s top bo.nds -

c..nd consoc~uontly/ •• • •••• 
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:::.nd consoqu.c:ntl y su.ch r:'..di~' tion w:>t1ld be co.Jplctcly <.1.bsorbod. 

H:)wovor, Kruse .s.:1 Q1 point ou.t t.lnt synchrotron r .'.di2.tion c£'..n i n 

.::;,:mor0.l pl~op:.g-.~tc i n bot~ tho ordin:--.ry and oxtravrdinnry r.:odo . 

as bJforo, the oxtraordin"lry rDdc c·:-.nnot cscnp.J -l:".~e Gol?..r .1t:.!os-

bcmcl -:.t. x ·- 1 ::nd co.nnot osc;:.po , but if t.ho r!J.dir.ti.:>n pr.Jcoso 

b .kos pl::'..co in r1. region vThorc x < 1 tho ordim.ry :J::>de ca.n escape . 

Accordint: t o Rylc 1s c:-..lculo..tions , it ....-.pp.Jars tht:>.t t~...~notic fi c1lds 

necossc.ry for generation .)f 50 - 200 ric ./ s . r c.di ~ tion c'"'.n b.: 

L~:::.intaincd in ro2ions of the sol.".r ·:'..tmospharc whore x < 1 , :~.bovc 

sunspots with 1~1".znctic fi.:;lds of the order of 3 000 ocrstod o.t 

t.:1o phot-::>sph:;ro . Cons.Jqucntly r'"'.di::~.tion pr:).P<".go.ting in tho ordin-

"J.ry :Jocc c::-.n somotin:Js 0scc.pc . ;,.ocording to Po.wsoy .. nd Br o.cowell 

(1955~Fi•; . 39) such r'..dhtion i s i :o gc:n,;)r::'.l ol1ipt icn.11y pol arized, 

k:o/1in~ to circL,hr 1-1'10n the mngnotic~ field is in tho direction 

of pro~Ylg.ctior. , ~wd plnnu 1or o. tr:::.nsvorsc K''-en0tic fiold . 

P~yno-Scott 1 s (1949) obsurvntiuns sh~w thct r eceived r"ld-

bti-:m is oithar pl :1nc or r :.mdo::::ly polc..rizcd, and on t!1:Jsc grounds 

it soo;:;s t1nlikcly th<.1 t synchrotron cni hsion is responsible for 

1solatcd bursts . 

Nevertheless , s ::>1.-.r r e .. di<t. tion s:1owing circulo.r or o llip-

tical polariz".tion !J.:'l.Y b :; co.uscd b·r eync:-:rotron rRdi£'..tion, .. '.nd 

for this reo.son the .:-~.u "hor suggo~ts t~nt noi se storn btlrsts, :md 

synchrotron tJ-•po I=lrOCOSS . Furthor!'.11.)rG tho c'.Uth:..·r comidors tht".t 

synchrotron ~:~Jiss ion 11r::>vidos o. natural cxpla.na tion for tho U 

bursts described by Vaxwoll o.nd Sw~rup (1956) . Their frequency 

drift Lny bo explo.invd i n torr:~s of ol octrons gyrating a long a. 

line of f :)rco :tbvvo r-. bi polo.r sunspot into regions of dccreo.s ing 

.. e . .;notic fbld , o.nd th,:m b~ing c;uidod bo.cl-: to rGgions of incrcn.s-

in,3 field . On su.ch ::1. hypothosis tho observed po1arizo.. tion is ox-

~ec tad to bo circulnr o. t t ho sto.rt of such o.. burst, o.nd bceonc 

incrof'sing ·Jllipti c:tl until th,; turning point was rc::.chod . Tho 

polarization/ ••••••• 
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polnriz~tion would then be pl~nc. After tho turning point tho 

pol nrizo. tion vJ:)V.ld o.go.in boco;:1o olliptic~l, tending to circt1lar 

1•Tith tir.1o. No observn tions hwo o..s yet been m:1de on tho polnriz­

'1tion of U bursts, so th:;.t it is not possible r.t pr<Jfj3nt to sn.y 

\·Thothor this !Jodel is corr . .:;ct. 

B: !'i~~n0 tohydrodynn1:1ic, or Hydrow.:'tgnetic ,.Ja vcs 

Tho gonoro..tion of electromagnetic mdin.tion in 2.11 c l oc tric­

~llJ' nou.tr?,l, hi.shly ionized g 'lS - n.. plnst:n - is attributed to 

tho vnrious typos of vm. vo thn t can exist in the aediun. A com-

pl.) to l'l)n-line.'l.r theory of strona wavos is very conplox, so tlnt 

o. ttonti:)n is usur.lly confin;~d ·to "'eo..k W:l vos, Hhich provide :l.n 

incight into the physicr..l noc!r,nisns occurring. Piddil.'l[;ton (1955) 

~'1.'l.S i::<~'loHn th'~.t thoro c.rc t.mly 4 possible vTo::tk vravos in n pl~;.sr.n. 

Those ::.ro two shc ~.r type r::1.c=notohydrodynnmic vlo..vos described by 

l~lfvbn (1950) , vThich havo boon cr-.llod the 11 011 e1.11d iljZil w:1vos , n 

plo..sm'l. li P11 wn ve, 'l.nd n nagnotic sound 118 11 \•TD. vo. 

The 0 ::md E wa vos ::.ro so nnmod because they correspond to 

tho 0 :1nd E r c:dio wnvo:::. In f~ct tho lo.ttor c-.ro tho sinplor linit­

ing c:~ses e1. t frequencies s0 l1it h ~h:1. t tho ho~wy ion r~otion is nog·~ 

ligiblo . Tho g::'.s ~1.lways novas in 2. direction perpt:mdicul::\r to 

the :::cgnotic field suggesting th:J description 11 shonr \-TC..Yos 11 , :..nd 

thoru ,,ro no loc c-,1 oxcossos in density of electrons or pos itivo 

ions, "'-nd hence no spnco ch':'.rgo effects . 

The plnsr.l<'l' or P wn.vo i s ·'.ssociated with ... he presence of 

sp.:'lcc ch.n,rgo a nd consequent coul.:mb forc os . If n pl;lSE11l l.S por~ 

t u.rbod so ::1-s to produce sr.~"'..ll local oxcossos J f electrons or pos­

itive ions , [.',fter rouov::tl of t ho i Dprosscd forco tho s p:':'..Ce cho.rgu 

simply oscillates at "t frequency char:'.ctoristic ·Jf tho !~.J dium. 

To illustro..to t:1i fJ1 the sinplo cnse of linc;tr oscilbt ions of 

electrons in :::. uni form, full y ionized !J~; dium with ri.o 'Jxtorm.l 

nn.gnctic fh;ld i s cons idered . J.'he cquo. tions for this ':loti on (1n 

r :-:ttiom.lized :.1.k. s . u.nits ) :.r o: 

i1~xwoll 1 s Equntions/ ••• 



• trlE = -B = -~II 

H'"'.::{1,TC 11 Is .. • 
.curl H = D + J = £ a E + N 

Z:qu::. t i;:mr. l 
lS!iv .,.., =pi£') ... , 

VThcr o t.::w cu.rrcn t dom, i t y J = N e R 

·.rho :~ :-v·,_tion of 
e-.:;::ltinu.i t:· 

'.P:1o E.:qt,_"'l. tion 
of r.~:}tion of 
electrons 

l! o div R + p = 0 

•• 
e 3 = n R 

• 
o R 

z, n, D, B ::..ro t h::: 1;10ll known Jloctro .. ngn )tic fi,Jld vectors. 
1{ is .-.. position vvc tor in t he ~i)diun . 
N i o t ho oloctrc)n donsity. 
c r..nd i·.1 ::.ro the ch:'.rg:... :.:.nd ·,:..ss of .:..n e lectron rcs'ioctively. 

Diffor~ntic. ting ( 5. 5) 
• • •• 

div R f Ir o 

T:'.kinz Gho di vcr g :mco -::>f ( 5 . 6) .. 
div R = o div E I m 

a onco frc: \ (5 . 3) 

(5 .1) 

(5 . 2) 

( 5.3 ) 

( 5 . 4) 

(5 . 5) 

(5 .6) 

(5.7) 

•• 
div R = o f I r.1 t o (5.8) 

•• 2 
+ ( ~T G I [1 € 0 ) f = 0 (5.9) 

This C(~u-:-tion roprcsonts n sir..•plc hv.r1:1oni c oscillo.tion of S !X1.CO 

= 
2 2 t 

( N o I 4 rr n E0 ) (5.10) 

Fino..lly the S r.ngno tohydrodynanic w~t vo is ::t l ongi tudinal 1 or 

c .Jnpros s ion wa vo . At frequonc ios vTe 11 be1ovr tho ion gyro-

froquoncy it ha.s tho velocity of sound, and \>Then propn.gr.tod 

'J.long the iJn.gneti c field is n.lnos t 'l pure sound wa vc. 

All fou.r of those \-laves h".vo boon sugges t ed --..s t ho cause 

of intons0 sol o..r radio omission, but most i nvestigators nrc of 

tho opinion 1 ...... . 
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the opinion th~. t the P W''.. vo, or pl asma osc ilh t i ons, provi des 

tho pririk"..ry :.Jcch-:>.nis"l . e . g . S:1klovsky (1946), Bohr.1 ""..nd Gross 

(1949b), Bailey (1951), Piddington (1955) , Son (1955) . Th3 

fo11o~orinz objGctions hnvo boon ro.i sod :'..g'~inst tho pksu3. oscil1-

a tion t!Kl•)ry- Ry1o (19L~9) , Twiss (1951) -

(1 ) ;. phs1:11. oscill:J.tion is ossontb11y n. 1ongitudino.l ~)sciJ.l:1t-

ion Hhic~ C".P..not gencr n t c J loctr~n .. '5netic <mvrgy. 

(2) ::::;vcm if : 1uctronncnotic onor~y could bo gcnorn.tod by phsr:t 

osci1l"ttions , th0 r .:.di::l.tion coul d not 8SC~pc bcc 1.uso it occurs 

in :->. ;::Jdiun of z,;r o r Jfr .:.ctivo index . 

=IGW.)Vor, Llwrnn (1954) h:ts dc :onstrc..tod th·::.t tlh':se obj Jct-

i::m;J ::::·o not necJssc.ril y valid \·Ihan the conditi-:ms exis t i ng in 

t
. . 

'J o 1 . . -;c :'. ::1os p~wrc e-re considorod . 

£~0 first obj~cti8n is b~scd UpQn tho f~ct th""..t in ~ lin-

o -.tr t.l1oor y of sr.nll mnplitudo oscilbtions ttc ,:L ·ctror;t..-:.gnetic 

f i olcl. c .. Y:.os out ·"-S irrot1. t i on '..1. 'l'his is c. consoquonce af 

E = () J 

whore a- is tho conductivity of the nodiu.:J . 

Fro;J ( 5 . 4) 

E = 6- NcR 

• curlE 
•• o-r'~ c 'd I ~ t curl R 

E1ononto.ry vect:jr tho ry shJWS the'.t 

cu.rl R = 0 

•• curl : = u 

curl ~url E = -yo 'a; ~ t curl H = 0 

curl H = D + J = 0 

( 5 .11) 

( 5 . 12) 

( 5 . 13) 

(5.15) 

:...~nd tl1o displ~cu:Jcnt cu.rrcnt ~nd c Jnducti~n currGnt exactly 

b:tlancc ono r.m-::>thor . Inclusion ;)f ::t c 'Jllis i on d.:u.1pint; tern c:;o.nn~t 

le~d tJ / ••••••• 
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l ead to c... lec t r .::r,ngno tic r n.dhtiun boc.::tuse t hJ b~l.:-.nco 2nd irroto.t-

ion::~l n:-.tur o of t ho fie ld is prcs er vod . Therofor G, in t ho cn.s e vf 

'"'· linc'J.r Sr!12.ll :->.uplitudo t heory f ) r 1. hot;:oge no.Jus n ·.;diuo t.fith n~ 

oxtcrm.l l.i:-tgnotic fie ld, o.. coupling of t ho P m;Jdo of oscillntLm 

t o th,; 0 .::>. nd E n.Jdos is r oquir,'d f ·Jr ro.dbti ::m of oloctrvr.1C.gnotic 

onor ; y to .Jccur. 

I n ~-~ n,.;n-linc...-:-.r tho:.Jr y , h-::;wevor, the -::xuct b_l.::'.nco betwee n 

d i s plnc o, .• :..nt :tnd conduc t i .:m current c .. mld bo upset, c:.nd 0l octro-

~-~ :..t.,notic energy be r ::.dintod. This n.Jn- linoo.rit y i s introduce d if 

N .nd cr- o..ro n:· t cons t ant, c:>rrospondi ng tJ .Jscillr..tL;ns ;Jf l ::.rgo 

t:.:1pli tude, 8r if .•. r.: .gno tic fie ld is present in t ho L1odiun . l~ ::.nd 

(5.13) 
• 

curl :: = o curl o- P R 

a nd cur l S ,.,._~uld n:::.t i n £;onor o.l bo zor ·.; . S i :.lilr.rly n.n -~xtJrno.l 

• 
Do.gn .... tic f i ol d \•rould i ntr ::duc o a. t ern in R X H i n (5 .12) ~md 1.g::tin 

curl :S H:ml d n..1t be zer ) . I n tho n·Jn- l inea r C'lso r::-.di:'.ti: .. m vr::;uld 

be expected .J. t h"..r Eonic fra;u~mci..;s . 

The s econd .::>bjocti:.:;n i s only nppropri.; to if r'ldi."".ti ::;n is 

02i t t cd o..t c. singl~ fr-:KlUC> ncy f .) ::; ivon by ( 5. 10) •. I n t ho c ::tso of 

sto ·'.dy st;to .;scill:-.ti on;;; , th:~rn:-.1 !:l::J t i...::ns of cl octrJns i n t ho 

.::>ln s ·~ ~- c .. '.us o r ·td i n t bn t o .jccur not jus t c'.t tho ox 'l.ct pln.snJ. 

frol{u.oncy, but . ..vor c. b:md .J f frcquL::~ncies Jxtonding to b:::J th sides 

0f it. In the t r :'.nsi ont ca.s c , bvosti£·:...t cd by Ja. .. ger :1.nd }J-:st fv ld 

(1949) , a. ba.nd of froquoncios ex tending '~<Jell :;.bovo f 0 is excited, 

' .nct in ot,cl1 ,)f theD3 c:>.scs frequencies gr oo. t er thn.n f
0 

:;!~ou.ld be 

1.bl o t.J os c ;->.pc . 

Ha. ving :;i von a.rzunon·cs t ..> sh;)w th:.'. t pks::!·:.. ·SC ill::. t i.)ns 

0.r o CO..lXLblo .)f givi ng riso t.J ol oc t r )1 .• ::-gneti c rndh tion, c.nd thn.t 

thi s r:-~dh tion c~n osc.:1.pe fr.)n th0 s Jl ":'..r -... tnosp:1ero , it is ".ppro-

pr i:--.tc tu di scuss tho oxcito..ti::m nnd decz.ly of those oscill ..... tions . 

A u rJofu.l '.m.l::;,~y is tJ rog""r d ::. p10.SU:t ::-.s o. t uned c i rcu.i t . Under 

n ')rnr..l c ... mdi t i ons no ·Jsc i l l n t i ons vccu.r . Two typos of oxc i t .. tion 

;,1:-.y be/ ••••••• 
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i::'1y b·::: visu .. -.lizcd. 

(1) 1i >:)sitivo fo.:fl.k.c1: :.Lc!1o.nisu i ·· prosont, so th"'.t ' JScill.:Lt­

i..ms :.>nee :J t :rtod _ r·:w in ·~npli tuda. 

(2 j .·:...1 inpct.L; i ·.io .:xcit-:ttiun is 2ppliod . 

'l'h,.= fir:. t c· .. :.:o !1.ts b on in vas tiga. t 0d by B:Jhm 'lnd Gr oss 

(191.9~. , l949b, 1950), '"h0 find that if - particle boa.:1 of f"..irly 

Hell dcfinod velocity is inj cct.:;d int~ n. u::'..in phsr.n with '1. c:m­

tinu.ous o.nd !lpproxi1.1.'l. toly Hmcwolli.:1.n volocit~r distributi.)i1, under 

f :-.v:)ur::.blo c J:lditions ;.:;,scill-.tions, -.mco st:>.rtod, '"ill :rm.,r in 

ctnpli tv.do until li .. 1it'--d by non-linc'lr cff octs. The :"lhysicr~l ~Joch-

·_nicr.: cnvis.-.~god i..J .)!10 in \..rhich L".. gr cup .Jf p::trticlos, vri 'Gh 2 

vG1,1city n::;c:.r , but gr._:.tJr th:m t !K! pL'.sJ.n w:1vo volvcity, :i.ntor­

"' Ct str .. mgly 'vTith th0 W".',rJ .':'.nd trt'.:.1sfor t;10ir :::inctic energy t o 

it . '£he. pl~s .. :::-. .Jscill:J.ticns 1'gr ,),/" :". t the: oxpJnS,) .Jf th0 :·i'1-. tic 

:;i.Krg~r Jf t h J pJ.rticlus, ::tnd ~his c;rui>Jth i ::; conddor·::.bl y ,ml1o..nc;:.·d 

if r.:.c pl '.Sr:n is of shMly v.:.l~~ring density ::'.11d the vr::tvd is rJ·.)Vine 

in t:w dirocti .m .:Jf C.?cro['..sing density. 

Th~: .~ t:1ar cn.sv hr·.s boon cuns id.:rod hy Jn.eger ::md 1lostfold 

(1;;{.9) H:n :1~.v; Liv,m ·Jx.::.ct s...:,lutivns for t r ':'..nsicnts in ::.n Ln·· 

i:.>0d . .:.odh1.:. Ll~ sever .,1 c:;p.::cifiod typos Jf initi: .. l disturb2.nco 

uf .•n ol c.ctric )d:rtd . l,.rJstfold (1<;)7) ha.s p .int..::d t h.:-:.t ':: L>tro::J.,:: 

.'1f p::.rti clcs inj0cted i nk. '1. C.Ji:1pr vssibl.J nediu::: such .~ s -r,hc 

s:J l:~r c·:;rom. i o, in t;onJr:.~l , prc·codc d hv ··•. oh:Jck wn vc . i.cr;ss th0 

nhock fr :.:nt t~urc is ,:.n c.bTu.pt tr.:\ns i t i on or B j unp;; in t~1::: phj7Sic­

c.l c~u•ntitios -:.• f t he : .. .Jdiu_!] ( e . g . durwi ty, pressurv, ·ll octric 

field etc . ) uhich c0uld ;_Jr.)Vido th0 i:~pu.lsivo excit..".t i .Jn cnvis­

i.ged . 

In b-.)th of t :w c _~sos con:.idorcd ~b:.wo, 1-1hon tho exciting 

0.i sturh--.!lco is ror.1oved, dJc2.y; of t-ho .JScilbti ons i s co.usod by 

!l cctr :m-.:J1cctr::m ~nd. :,1-Jctr :·n-ion collisions , th.J l .•.tt cr : .. ~.ving 

I'ho physical c.;ndi·(.ions p rt·,ining 't tho t iuc Jf ·:r-rpc II 

~ •• 11d '.i:"-rpr.) III bur£; -i:.8 i;..Jint r .:.thr.:r dir.:;ctly to ::. ;:1och::tnisr.1 l:1.:..sed 

..;n phsr:.''.. Jscillo.tbns/ •••• 
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:m pl::.s::1:'.. .:>sc ilh ti0ns . ·rypo II bursts ::~.ro knovm t~) be ::1.ss uc b tod 

t,; be cnusod by . . s J l .:lr "cosi:lic r-w·· p:-.rticlos , o.nd ~h;..,so ':) \rtj.c l c 

otre:·.u3, or :t::.;s .JCi''. tod a hock vi~ vos, c ~1uld c:"..uso 0i thor c;r ov1th ~Jr 

i.1pu.lsivc vxcit?..tim ·Jf pl•1s:.~'.. .:;scill:..\tL.ms i n l vco.lizod rvgiJnS 

of v.h.: solo..r .1ti:-. ..Jsphoro. Tho observed ch:>..r:~ct0ristics ·)f T~rpJ III 

b1J.rsts listed .tt t ho bo~inni!1g uf this chcJ.ptcr "'.r o ::>..11 cvnc. istont 

vrith tl1is ideo. . H)WOVC:lr, ~tte~.ipts tv ::1.ccou.nt qu·J.ntitJ.tivcly f ·Jr 

t!1J dcta ilvd c!1 ~.rn.ctc:ristics 0f i solo.t od bursts i n t erns .:.f 

··)l:'J.S~.l:'.. Jscill".tLms .'.ro :'ru.str:ttin2' bccetuso S·J l ittL'l i s lmovm 

:>f th-, initbting ditJturl:>anoos 1.nd of the _. l octr,)n d,:msity, ,, l l:c-

0r.:m tcnperD.turo, !r.gnotic fiold c0nditions ::md uthor r cl.Jvn.nt 

condH~- ms . In Tf'.cticc ':'.. ttonti vn ;·:lUst be c.:mfincd to sir:1pl o 

ido:.liz;Jd c ::tsos , t1o1J ~jf whic~l :l!'c dc,scribod bJlvvi . 

(1) Jo.o::or ... nd Uostfold (l9lt2.2 

r:1oeo Hrit;rs i nvosti g:tt od cheuratico. l l y t;.~:~,nsiont radio 

.:; ··.:j.nsi:Jn fr0r.: :>. ~.;t··.ti::mc.ry, l oco.liz0d sourco in t lD SJl:>.r :-.t,.to-

tric t.;rpo, C:)rrosponding t o j1.1'::ps in ~-1-.Jctric field ·.:nd p·'>l '.:riz-

pr.ccticnll 3 ~11 casus th,' t rn.nsiont r esponse .Jf t:1c n .. diU.'1 sh•)WS 

'J. S!k'lrD D'lXEU.r.1 in in tons ity ·· t tho phsr.:o.. frequency f 
0 

, -.".' sbn.rp 

cut-·Jff bd .. Jw f :, , ;.,nd ,.._ : r~~du:::tl docr0c.so ·Tith incrc:.sing f.'ro-

·:. tr:ms icnt ir ,; :Dvm t;) l , .M . 

(\ 
I \ 
n \\ t 
0 

' 
n 

...... _ 

-s - . ·-- L ._ i I 

t 
p fr,,quoncy ,, .1.0 

i.·' ) r :<. 3t·-.ti.Jnary source :.t tho pl A-"1. l~·v0l f they o.JX­
o 

poct0d th c:.•m:>..uic spoctrr. of isol o. t od bu.rsts t ,J shO\·T tho 

foJll.Jwing c:-, ~r3.ctoristics/ . 
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follovTine c:11:>.r:cc t 2r i stics: 

(1) R2.dhtbn \/01..\l d bJ ouittocl. ()!.l ::.11 fr~.1q1..\cncios gr o:: .. tor than 

f 0 , nnd thoro wou.ld be no ouissbn on frequencies l ess th..<1..n f • 
0 

(2) .!'he ·1o:>.k intensity wot\ld show ;. r o.pid frequency drift in the 

di rccti0n of docrc:1sing froqt\oncy C'1.U.3cd by sol octivo ';r .. up rc-

b .. rdation. 

(3) T:1o pci'.k intensity wculd bo :--. P:::lxi r:mn :-tt f and docr.-:nso for 
0 

-2 higher v-.luos •.Jf frequ:mcy ncc;Jrding to .:: 1-:n·T such :1s f or 

f - 4 ; tho 0xpcc ted vnri:l. t i on of peak in tons H;J' with frequency i s 

sh.Jwn in tho 'l.h.Jvo di o.gr nm. 

( 4) Tho intensity ::1. t :-.ny p.:;.rticular fr~qu.cncy f \WUJ.d dcc:1.y "lith 

tine, possibly with ::t tir1e fnctor cxp ( -i> t) where j) is the 

dffoc ti ve col lis ion frequency for tho frequency c.:msidored ·, t 

the f 
0 

levJl. 

(5) Echoes, c:.uscd by reflcctbn of froquoncbs gro:1.t0r th'J.n f
0 

from v~lC'ir respccti vo plnsnn l evels "'ould be "Xp8ctcd. '.i'ho echo 

H·::u.ld be Jf lO\-JOr intensity th:m she diroct W::>.V01 c.nd \•DU.ld .':'..rrivo 

btor . Figure 2; 1 illustrc. tos typic~cl tr:~.joctori0s for t:1o dir"ct 

rmd echo t-Jo.vo . 

'rhoso prcdicti.)ns wore conp-J.rod with Po.ync-ScJtt 1s (1949) 

f ·::>l..l.nd t ·) bo ...,Jod . 'I'ho obsor7cd d-::>vblo-huopcd bursts vTCro inter-

·;;)r.:Jtcd ns ochoos . ... owover, intcrpr.:Jk .. tiJn of vhc (1~'m.::~ic :..pcctrn 

:Jf iso.latod bursts by liJild (1950b) s:1owed that hio doublu-hur::pn 

bursts could n.Jt b'-' o.ccountcd f .:Jr by :;r.JllP roturdo.tL.m .\lone , 

irresp.:.;cti 'f() of o.nsu.E!p'Cions concerning cvron:-.1 electron dcnsi ty 

c~ is trib1.1 ti .:m . 

( 2) 1-Jild (l950b) Pnwsoy .1~d Soard (lJ53) 

(:-.) T!1o fro: ... u,' ncy drifts .)f '1'-'~po III bursts 8-ru interpret-

Gd in tor;·.1s of tho Gt\two.rd . otbn of loc:.lizod distu.rb~~ncos in 

the s::>L"'.r ~.tnosphorc . The nvc:1...1.nis::1 dopGnds on t\-T..J ido::ts : 

(1)/ •• •••• • 
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( 1) ~;::iosi..:m .)f coh,,ront r~di~tion in the soh r :J.tnosphoro cccurs 

in :'. hnd ·of froquonciJS nor.r tho phs;::n .(.>roqucncy .:f 0.· · .. a t which 

tho i~ofrnctivo in~hx is zJr·.:- . 

(2) 

This f.; l bvm fr·:n oqun.tUn ( 5.10) if N i ;, '1Sstmod to docro':'..S.J con-

t i ntl JUSly with ~13'ig~t . 

1~S has boon ·~~:mttonod prcvi ouoly, S·.JUrco velocities dcr -

ivJd on. ·chis hj·pothcsis ~'.ro :->.1xmt one tenth .)f t h.:: ·,rol1city of 

(b) .Goc:lj' · t (:l.C~ frosu.c.ncy i;3 .ttribut.1d to th.::: n.1tu.r'1.l 

r10c~·r ···f ')l:'.s: .. '. ·~;;c ill:'.tiuns , in v1hi c:1 case tho exciting , ·JUl·cc 

·~ r· .it ·t::1c exciting ·".:onc~;r to .Jvc ~utsido thi o b,.nd in .:.1. tine 

._;:.._-:.11 C·X1p':1.rud Hith tho (~ocn,y tiDe • .f t:12 hurst . 'l'h.: :,bserved 

·;xp·.montbl dec:~.;,- c·.)nsb.nt <'. t -.ny IY.'.rticul; .r froc;,u.o!!cy ".'1.y be 

identified Hit!:l th~) col lis i..m i'rociuoncy nn".r tho Lwol :;f z0rJ 

rcfr::ctivo index for tho froqu.C!lCJ cunsid.:rGd . Jn th;) usu.:.1.l 

~.r:s u.nptions ro:,':'.rdin~ c :;,r onal •.l,:Jctr.Jn tor,ip:;r-:-.tur3 and density, 

tho culliDion froc.~u~.nc;;r c'L:::cro"'.sos continw:,u·:ly "YTi th ~oi~ht --

soc for i nst:'l.nc<:J hblo 2/1 - - c.nd !18nc(; tho .)bserved c1ocro::tsc in 

dcc~"-Y coP..s to..nt Hi th .}ocrc!ls ing frequency is k.b::m t .; bo :~urthor 

i.)I' ')fil;:;s :.1'8 ;.·o_;::..rdod r>.s cl.opondcmt properties dot--ruined by th~ 

dri ft r .. t.:.. .nd lifoti:.~.; s :·.:o:--surJd -.> V..;r ~- su.fficicntl.,~ brxtd 

·r!1h .. interpret::!. ti~m i s discussed furth.3r in Ch':l.ptor 

0cvoi1 Hith rofuronco to :,:1-:. ........ utbor's ::nd Yt!'l,:;r vbs;,rvati,:ms . 



0BS3rtV.Il.Tiu7.\3 OF SINGL3 P.1:.JffiD IS0L ~'BD BURST3 GN 125 MG ./3. 

L. 

. ~. . . . . .. .. . .. . . .... -· 

Hec )rc. Date . Time Decay 1 1 
N·J. U.T. constant 1 2 Lifetime 

k sees. sees. L 
sec.-1 sees. 

A 53 18/12/57 11:40 0.286 2.60 L~. 71 7.31 
1\. 53 1u/12/57 14:55 * 1.24 0.79 2,03 
h .)5 20/12/57 10:31 0.504 1.39 3.15 4.54 
A 57 22/12/57 08:54 1.865 0.99 0.77 1.76 
A 5<3 23/12/57 14:40 0.686 1.36 1.64 3.00 
A 69 13/ 1/58 10:16 0.607 1.36 2.88 4.24 
A 69 13/ 1/58 10:34 0.4dO 2.55 3.62 6.17 
A 6:; 13/ 1/58 12:27 1. 390 2.11 1.11 3.22 
A 70 14/ 1/58 13:21 0.917 1.07 0.77 1.84 
A 71 15/ 1/58 07:33 0.571 1.51 2.55 4.06 
A 72 16/ 1/58 12:19 1.180 1.29 1.66 ?..95 
A '1"2 16/ V5d 1?.:27 0.647 1.49 2.48 3.97 
A 72 16/ l/5d 12: 58 1.075 - - -
A '71 24/ l/5d 07:34 0.522 2.83 2.33 5.16 
A 83 29/ 1/58 10:47 0.912 1.61 0.99 -~ .60 
A 137 3/ 2/5J 07:23 G.410 2.73 1.24 3.97 
A .? 3/ 2/58 10~ 18 0.523 3.10 2.85 5.95 
A 89 6/ 2/53 10: 37 1.350 1.14 1.29 2.43 

A-VEII.AGE Vl~.LDW 0.319 1.79 2.05 3.84 

T:1e ·02..H ~:nrti:m of t:1is burst was clefinitGly not exponentio.l. 

In t ::5s c ?.. se ~~1e ilrj_se 11 port ion of the burs:b: profile app':'>ared 

t ·J be e::~)onet'.tial, v1!1ic!1 seems to indica te t!1.:-.t this is a re-



LIFETIMES OF DOUBLE-HUMPED ISOLA'IED BU.RS 'IS ON 125 HC ./S. 

-- .... 

" "' . .. ' ... ... -~~-'!!J···· .. • ... ., .... - ....... .. . 
He cord Date Time ll 12 -Lif e- 13 14 Life-

No . u:r . time time 
Ll 12 

sec.s. sacs. sees . sees. sees. sees. 

A 37 28/11/57 10:34 1.04 2.18 3.22 2.23 4.34 6.57 
A l,5 7/12/57 13:12 4.96 6.50 11.46 2.60 2.11 /.~· 71 
A 50 13/12/57 07:/P 3.10 - - - 2.48 -
A 50 13/12/57 10:58 - - - - 2.11 -
A 50 13/12/57 12:18 - - - - 2.36 -
·~ 52 1'1'/12/57 1.2:52 1.98 1.79 3.77 - 3.72 -
i\ 55 20/12/57 09:18 2.23 LS6 4.09 2.93 5.75 8.68 
A 58 ?..3/12/57 14:41 1.26 2.78 4.04 1.66 3.42 5.08 
:.l. 69 13/ 1/53 12:03 2.60 3.27 5.87 4.89 4.04 8.93 
h 71 15/ 1/58 07:35 0.74 - - - 1.69 -
A 7:J 23/ 1/58 09:12 2.9.3 .3.22 6.20 - 2.48 -
A 79 2L/ J./5J 11:30 2.11 - - - 2.98 -
A 87 3/ 2/58 07:20 2.41 - - - 1.86 -
A 87 3/ 2/58 14:37 1.1~ 1.74 3.72 - 3.10 -

AVERAGE Vt....LUES 2.28 2.92 5.30 2.86 3.03 6.79 

~l.B. Blanks appear in the above table where it vras not possible to 

measu.re the lifetimes . 



TABLE 9.Q. 

OBSERVATIONS OF DOUBLE-Hill·~F.::D ISOLATED BUd.S'lli mr 125 MG ./S. 

Record Date. Tiiae kl k2 IJ!r2 
T Velocity 

No. U.T. v 
sec- 1 sec-1 sees. in t1nits 

of 104 
km./scc . 

. . . 
A 37 28/11/57 10:34 0 .428 0.599 2.26 8.70 1.33 
A 45 7/12/57 13:12 0.273 0.871 1.78 18.40 0.64 
A 50 13/12/57 07;46 0.238 0.650 1.24 3.60 3.02 
A 50 13/12/57 10:44 - - 1.55 10.50 1.11 
.~-. 50 13/12/57 10:58 0 .1.,2.7 0.695 1.74 4.83 2.31 
... 50 13/12/57 12:18 0.647 0.685 2.21 4. 51 ?.. . 46 
.A 50 13/12/57 12:32 0.824 0 .571 1.58 4 .14 2.67 
A 52 17/12/57 11:26 - - 0.81 5.60 2.02 
A 52 17/12/57 12:52 0 .667 0.476 3.02 5 .en 1.95 
A 55 20/12/57 09:18 0 .915 0 .320 2. 50 14.40 0.82 
A 55 20/12/57 13:4.3 - - 1.76 5.34 2.11 
A 58 23/12/57 14:41 0 .561 0 .508 2.08 7.19 1.59 
it 63 6/ 1/53 12:53 - - 3.82 11.80 0.99 
A 69 13/ l/58 10:46 - - 1.73 9.60 1.21 
A 69 13/ 1/58 12:03 0.475 0 .360 1.51 12.40 0.94 
A 71 15/ 1/5J 07:35 1.180 0.990 1.35 2. 54 4.12 
A 7J 23/ l/58 09:12 0.570 0 .695 2.67 7.62 1.51 
A 7$ 2.3/ 1/58 09:26 . - - 0.40 5.66 2.00 
A 79 21./ 1/58 11:30 0.361 0.495 1.43 3.39 3.20 
A 87 3/ 2/5d 07:20 0 .404 0 .837 1.76 4.20 2.63 
A ;37 3/ 2/58 14:37 0.990 U.456 2.68 5.11 :.:..20 

---·····-· -·-
; ... vz? ... ii}E Vj .LUZS 0.597 0 .614 1.90 7.40 L91J. 

.. 
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C!ili.P~ SIX 

OBSEH.Vi~TIOi,TS OF ISOLi.:I'ED BURSTS ON 125 i'iC ./S. 

Fil;:t records r oprescnting nppr·Jxin::t tcly 375 11ou.rs of 

solar r :.'.di:J n0ise ·Jhsvr VD. ti.Jns t-:>..lwn during tho p•Jriod Noveober 26 · 

1957 - Februa ry 6 1958 t-wre ox::t::~inod by tho author. Dnly i solntod 

bu.rst8 h.~vin:-i ':'. sin~;lc po0.k :-.nd doublo-hunpod !Jursts vTOro sol .:::ctod 

f::>r r·.nalyois, 1.mJ. durin:; t he; period nontbnod l.J of tho for::10r '1nd 

21 Jf t !lo l.::~.tter wore f:JLmd t o b:.: sufficLmtly 'lorell defined f ·:;r 

~.no.lys is - trJic~·l burst profilos .:~ro shown in ?late D. ·r:1ose se-

l cctod bursts •mro true isob.tcd bursts i n t l1o sense th:~t thc.y 

•Jccurrod isolJ.tod frou nois e 'J tor~::~;> . Burst pr')fibs v1oro ::-.n..1.lysod1 

J.ftor projecting th .. : filn records, with :::. 'i1:>.]nific.'lti:.:m ·Jf r:..b·Ju.t 

16 X , onto gr e..ph p::tpor, .'\nd dr'1;vli11[; ·i:,ho centro line of ..;:1~ 1)11·)to-

_:rap:1ic trn.ce :.~f tho en th::Jdc r~y tube spot . 

In t :1::: c:-~.so of bunts havj_n~ :.1 s i nc l c po::tk, the lifo tir;Jc 

1 (:::c~".surod hr. tv10on uoi nts Jf .:;. I:J.-:?..Ximua in tons ity) vias doterninod 

f or cnch bL~rst. .. gr::-.ph ·Jf bg10 I vorsun t (-vTh\TC I i s inton- · 

sity :-.nd t t ine ) w1.s plotted f .Jr th0 t::.i.l por·tion :>f ov:Jry bu.rst. 

Tho h.'1.SC! level 0f intensity (i.e . I = 0) wo.s t::tkon ns tho l ovol 

befor e th..: bv.r s t :1-ppoo.r od, c>..nd t vTo.s a r bitrarily ass i gne d to be.: 

zero ·~t ·::.he p.T .1: 0f th0 burst • .L'hoso gr~1phs wore good ·:1.])proxin.'1.t·· 

bns to str_ i ·;ht lines in ne:..rly :?.11 cases , vorifying t!l.:tt burst 

tail;.. .:.rc -'-:,J:Jr:.;~~i:.t.:.toly e:xponontbl i n :)hn.po , nnd tho oxpononthl 

doc::-.:v cJnsto.nt k wa s found froB the s l ope of tho :;r [l.ph in o0..ch 

c ~.so -- typic::-.. 1 6r a.phs f~rc shovm in fiGu.ro 6: 1. f:.. sur.c:1o.ry :;f tho 

rcou.lts ohtained for sin~lo poaY:od bursts is given in b .. blo 6/1. 

Lifoti:.tos ·."Jf both t:'lc.: first o.nd s cc :Jnd :xn1;:s :)f doubl e·· 

hunpod bursts (11 nnd 1 2) t-Joro Hcnsurod \·There }ossiblo, and expon­

ontinl docny c :Jnct:lnts f .)r o'lch hu:.:p (k1 r.md k2) wore derived in 

tho E1:l.nncr ;)U,tlj.nnd e.bovo -- typical ero..phs ~1r0 S !10 'Yl11 in fi ::;uro 6: 2 . 

In addition, thJ ti..1o difforenc..:: T botvmun t he po!lks , ::tnd t ho r2. tio 

r)f pe8.!-r intensities r1 / r 2 was 'i00.8t\red in o.'lch c tso . The results 

.Jbt.:::tinod :tr o sun:.nrizod in Tabl es 6/ 2 ~~.nd 6/3 . 
S UMivL..RY/ ••••• •• 
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vmrc f)t1.nd to be consiflt,mt '"ith t::u.:c r op::r tcd by other observers. 

C Y.!""')J.ric .Jns .-.ro ;i v-.J ?l b::; low: 

L - 3 .• socs • 53;-t; o: t hJ lifctir:1e spent in av • u 

Ll = 5.3 SCCG. 56% II 
av 

12 
/ ., sees, 51,o II 

c .. v -- o . o 

cf. 1.Jild (l950b) ·-- 100 ;ic ./s . -- 2. 9 < L (s ees ,) < 3.8 

c:.b.:m.t 60% ·::Jf tho lifotirJo cpont in c'ec:'.y . 

( .• __ , ) T: c t ' 
u.:~c~y ons ::tv-cs 

-l 
soc. 

1· - 0.60 tl 
'"l :,v 

k2 . ~V - 0.61 il 

-1 
C f' -. 1JJ.' 111' ·~ , .. ,.. ( 1(14.:>) 

v "'"''"' / (.) 75 ~~c./f.J . k = n. v 0.7 S8C , 

B5 li 

60 .J 

19 1i 

100 If 

cf. P~ync-8cott (1949) d· t; . - 1 o.,. >.lC , S • 

T = 7.4 s oco • • -:_v 

II 

II 

" 

If 

11 

= 0.6 

·- 0.6 

--

--

.".V 

0. 25 

1.0 

4 

= 4 

i1 

,; 

II 

11 

decay 

cf. P •.:ynG-{)cott ( l 94J) J5 t.. 60 Me ./ s . 2 < T (sees . ) < 10 

LC KN OHL:i!:DJE'l'-CF T 
Throu.g~wut t:1o pJriud :LJVO!'..Jbor 26 1957 -- February 6 1958 

the oquipmont H2..S opcrr.tod, ~.nd t~1G filr.l records wore developed by 
:,ir . J. .G.Sp...;edy. :fbwovor , during Ncvonbcr tho o.uthor 1.1p:.mt about 30 
~::Ju.rs oporntinr t~1o oquipacnt 2nd rJvnitor ing tho rcceivod signals, 
and becnmc ·~horou~:hly f~siliar vii th t ho apon.ting pr0codt1rc . Further, 
Dr. Stnclc-Fors~rth, tho r~uthor, n.nd i:Ir . Speedy spent :.:-:my h ... ppy hou.r s 
'ltte!."lptine t .') porsuQde oloctronic volktf.J regul,~tors to regulate , 
."nd R .F . ntrplific~rs t:; des i s t frar.1 .)Ocill9..ting, duri ng i-Thi ch some 
1:n.-:)Wlodr.;e ,,ms z~:'.inod of the v::tg::>.ries to 11hich ul octronic OC.lUipoont 
i s EJUbjoct . 
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CHAPTER SEVEN 

INTERPRETATION OF OBSERVATIONS 

A: Double-Humped Bur s ts 

The nuthor sug;ests thtJ.t the firs t peJ.k of his observed 

double-humpod bursts originates ::t t he l e vel of zero refracti ve 

index for 125 Hc ./s . rndiation, _1.nd that the second pe:tk is the 

~econd hJrmonic of 62. 5 Mc./s ., and consequently originates at the 

62 . 5 Mc ./s . level. On this ~ypothesis t he observed time del ay T 

bet\.;een the penks is C!. ttributed to the time of trc-. vel of .. m out­

., .... rd movine source between the 125 t:.nd 62 . 5 Hc ./s . l evel s . b. 

hypotheticn.l dynn.mic spec trum illustrating the m:mnor in which 

double-humped burs ts .trise i s shown in figure 7:1. Soarco velocit~ 

ies mny be c~lcul~ted if some .::..ssumptions nr e mcde: viz , 

(1) The s m.1.rco moves rn.di'llly outvr::..rds . 

(2) The source tr~vols with constnnt velocity. 

(3) Tho f irs t Qnd second pen~s ~re associated with the 125 

.::..nd 62 . 5 Mc ./s . levels respectively. 

(4) The Bnumba.ch-Allen corona l electron distribution is 

·:tssumed . 

An exampl e illt.1str 'l ting how source velocities !Ik.'l.Y be cnlc-

u l tted from the values of T is given bel o1..r: 

A typical time delny between the ponks is 6. 0 sees . 

Referring to fieure 7:2 

h:2 = height ::tboi.·e the photosphere of the = 17.5 x 104 km. 
62 .5 Mc./s . level 

.". Distance AB = h2 -

photosphere of the 
125 Mc ./ s . level 

4 h1 = 12.1 x 10 km. 

( These ~lues of h ~'lvc been derived from the Ba.umba.ch-Allcn 
formula , and are listed in Tnbl e 2/1 ) 

Now consider :1. source travelling r ·:tdhlly outwards from 

its origin "'.t X. When it r eaches b. , 125 He .• / s . radio. tion corros-

pending to the first pea.k is emitted. Neglecting the effect of 

group rota.rda tion/ •• •·• •.• , 
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~{roup rcturdn tion . ~nd for c.. sourco .::mglo g = 0 , the electromg-

netic r 'ldhtion t:lkcs '\bout 

= 12. 1 x 104 km. =- · 0.4 soc~mds 
c 

to roach B. If the source ~kes 6 .4 seconds to re~ch B ~nd excite 

r "..dbtion corresponding to the second pc[!.k, the time difference 

between the peaks ~t B woul d bo 6 . 0 seconds . From t~~ point B to 

cc..rth r~dintion corresponding to tho f irst ~nd second peaks tr~vels 

'\t the same velocity, and henco the observed time delay b:Jtwoen the 

po~ks ~t earth is about 6 . 0 seconds . Thus , to obtain tho tli2c of 

travel of the source between tho 125 :md 62 .5 ~~Ic ./ s . l evels , it is 

necessary to o.dd a. snnll correction -::.mounting to ·;_bout 0.4 seconds 

to tho observed time-delay T between the poa.ks . 

Tho source velocity V may now be ca.lculc.ted: 

v = .t~.B km • 
(T + 0.4) sees . 

= 12.1 X 104 km./sec. 

6 .4 

::: 1.9 X 104 kme/sec. 

1'ho time delays T for 21 observed double-humped bursts v:tr-

i ed between 2 ~nd 18 seconds , ~nd source velocities c~lculc..ted in 

the manner outlined above Her o in the r :-.nce 
4 0. 6 - · 4.1 X 10 

km./sec . , with c..n :..voraze vn.lue of 1.9 x 104 lan./soc . Vo.lt1.es of V 

for i ndividual bursts o.re listcd in Tnbl c 6/J . These vn.lues c..re in 

good -...er eement with those obt.J.ined by the '.uthor from Pn;yne~cott 1s 

(1949) 0bscr~tions of the t ime delays between corresponding bursts 

on different frequenci es , and those dorivod by Vlild (1950b) from 

tho drift rc.tes of Type III bursts - see Chapter Fou.r - and honea 

it seems very likely thGt thi s interpr etation of doubl e- humped 

bursts is corr~ct . 

B: Expononti31 Dec"..y C?nstc.nts 

On the c.ssumption th.:_.t the modal of Wild (1950b) .".nd 

Pnwsay -:.nd Smord/ ... .... r-
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P~wsoy ~nd Smerd (1953) given in Clli~pter Five is correct, the 

exponcnti~l dec~y const~nt k of iso~ted bur s ts ~t n particular 

frequency f 0 my be equ.::~.ted to the collision frequency v at the 

f 0 l evel of zer o r efrac t ive index. The collision f roqu.ency is 

given o..pproximntely in terms of tho electron density N and the 

electron temper:..'. turc T by t he f or mu.la 

see equntion (2.5) 

P.nd f 
0 

is :; i von in terms by equation ( 2. 3). Hence the measured 

vnluos of f
0 

Qnd k enable the kinetic temper ature T to be estim-

a.ted f rom the formula 

T 

Figure 7~3 shows the observed average ~lues of k on 

frequ.enc i cs between 19 and 125 he ./ s . 1 and figure 7: 4 shows the 

v~ri~tion of e lectron temper.::~. ture wi th height in the solar ntmo-

sph.::::re derived from tho d.:::cay consknts of isok.ted bursts and 

from oqu<1.tion (2.2) . Observ:ttions of the width of corona l emi ss-

ion lines by Waldmeior (1947) suggest tlli~t tho corona l tempor nt-

1.1.re distribution is s imiL.'l.r to tho..t deduced f rom the decay 

constnntt of isol:.t~d bursts . 

However, r ecent observations ~'l.Ve cast considerabl e doubt 

u.pon this intcrprot.::.tion. Some criticisms which uny be levelled 

2..t it arc : 

(1) Pmvsey and Smerd (1953) have pointed out tmt if the decay of 

isoL.'l.ted bu.rsts observed on :my frequency f is n repr esentati on 
0 

of the n.::~. tural decay of plasm oscilb tions , frequencies must be 

exc i ted in ~ n~rrow ~'l.nd ~hout tho pl.::~.smn frequency f
0

, In this 

c1.s0 esc.t pe of r Cldic tion would bo possible for source angles e 

no:1.r zero. The results of Loughhead ct ['.1 (1957) show t.hnt Type III 

events .. ·.r o -~pproxirnatcly uniformly distributed ::-.cross tho sobr 

disk, i mpl ying t.hnt escape of r adbtion is poss i bl0 for L-:..rgc 

sou.rcc ant;les, 
(2)/ •• •• ••• 
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(2) Single peaked bursts , and the first peak of double-humped 

bur:Jts on the snme fr~qu0ncy -~re beli eved to originc..te nt the 

same level in t!1e solar (~ tmosphcro , c.nd consequently the dcc:ty 

cons~~nts of e~ch ~re expected, on the ~verago 1 to be equal. 

However, both Pnync-Scott (1949) ~nd tho Luthor h~vo f ound t~~t 

single pc:-.1cs tend to decay J<:oro rapidl~r th:.m the firot peak of 

doublo-:'lu' .lpod bu.rots . 

(3) A few bursts hn.ve b~Jon observed in vlhich the rise profile has 

t!'lo shnpc :)f ". reversed oxponontio.l curve, whereas tho decay pro­

file is dofinit01~~ not exponential. An exo.mplo is shown in figure 

7:5. On tho above theor~r it is not possible to .~ccount for this 

Those inconsistencies , in p::trticular th;.1 f:-.ct th.: .. t r .:-..diat­

i on cmittud in .,_ n:.rrow frvquency h :md c~nnot oscn.po for even mod­

or~ te s ourc--- nn:::·los, lod the c.u thor to su ::;eos t -'ln c..l t-Jrn.~ ti ve mod­

el. Before this is discussed, the n:'.ture of t!ic excH.ing distur­

h:mccs \·Till be reviewed briefly. 

C: Exciting Disturh'.nces 

In considering ·_cner '"':0ion of eloctron.'1.:;netic r adb.tion i n 

t:1o soL.'!.r corono. by trc.vollinc disturb..~.nces 1 four distinct c:tses 

m-'.1~' be envisaged~ 

(1) A ·loca lized sourco co.usinc 0mission of radic.tion ~ ~ Ik~rrow 

frcqu.oncy b':l.nd in tho region of the source . This corresponds to 

tho co.so which hn.s just been discussed. 

(2) An extended source causing omission of rc~diation ~)ver .::t large 

r a nee of pl:,_sm.<J. levels simultano01..1Sly, the ,;mission :>..t any p.."'.rtic­

ulnr l evel occurring in c. ~~ b~nd . 

(3) A loco.lizod source causing emission of r:.diation i n a brQ'!.d 

freque ncy bc.nd in the region of tho source . 

(4) An extended source emitting rndiution over a largo l,n~gc of 

p~~smr. l8vols s imul~~neously, the emission a t nny ~rticule.r lev­

e l occurring in a ~ band . 

Cases (1) ~nd (2) above nr c open to the sumo criticism; 

n.~moly/ ••••••• 
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no.mely, if ro.d:i.ation is umitted in c. n~rrow frequ0ncy band in 2 

recion where the r cfro.ctivD index is zero, esc::tpG is only possible 

for sooll source ··mglos , whic:1 is not in o.gr t;emcnt \vith the results 

of Loughhead et ~1. However , in casas (3) and (4) esco.pe is in 

gonornl possible . If reversed double-humped bursts nrc interpreted 

o.s emission by sources moving inwards and exciting first the second 

.h.."..rmonic .:>.. t the 62 . 5 Nc .. / s 4 lewl, a.nd tht-n th0 fundJ.mcnta.l 'l t 

the 125 Me ./s. l evel, c1.s0 (4) may b0 ruled out .. Tho argument , 

with reference to Pl2to D (6), i s ~s follows: 

The second pc~k of the reversed burst shown is vary much 

.J h .. rpor rmd lns ~- shorter lifetime thcn the first po1.k. If these 

bursts wore :;,Jrodv.cod by n.n 0xtcndcd source moving out1.ro.rds, 2.. 

s.b.:.trp first pe-:1.k ".nd more extended second poo.lc, resulting from 

velocity :Jproo.d in the source , would be expected. This o.rgument 

is ndmittedly based on insufficient obsorvntional evidence, but 

nevertheless only c~se (3) will be considered in forr~.lnting ~n 

['.ltcriL"..tive model for isol.:ttod bursts. 

D: Tho Author 's Model 

An outwo.rd moving localized source giving rise to vrnission 

of r<J.dintion in 1. broad frequenc~· b:-.nd is considered. J<'..e{;or and 

Westfold (1949) stlte t:ut, for n localized instn.nt:mcous distu.r-

b~.nce .., t tho f pl::l.sm .. level, the spectrum of the cencr-J. ted rn.d­
o 

io.tion :r .s thJ :~oll·J\Ting ch...1.r c.cto3ristics: 

(1) Radi~~tion is rJmittod 'Jn 3.11 frequencie s :.bovo f , o.nd there 
0 

is no r1.dintion on frequencies less th...1.n f 9 • 

-n 
(2) Tho intensity n.t hig:1 frequencies falls of o.s f , whore n 

is ei thor 2 or .4. 

(3) Intensity decc.ys with th10 like exp h) t) . 

Tho generated profile of ~ Jaoger-Wostfold transivnt is 

shown below: 

\ 
I 
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A disturb~ncc moving outwards in the 3olnr corona - i.e . to 

10\.,rar pJ : sJW. frequency l evels - produces spec t r o. similo.r to that 

s:1mm ::.bove, but di splaced t o the loft o.long tho frequency axis. 

If t~1on the intensity o.t n ~ inglc frequency is observed, the time 

?rofilo is expected to vury in n simiL~r sort of f~shion as the 

frequency profile pr ovidud t~•t: 

(1) There is no transmission loss. 

(2) The r ndinti on decays infinitely r~pidly, so th.~t :1. t any instant 

the recei ved rndintion is generated at~ l evel in the sobr atmo-

sphere . 

Tho gener ated timG profile is ~,.;ho•m in (o. ) bel ow: 
\ 

\ 
\ 

\ \ I 

~ ·~ 
t t 

(n ) (b) 

Tho r eceived time profilu i s liko (b). It differ s from tho 

gcnGr~tcd profile on nccount of propagation losses ~long the path 

to the receiver , 

Fi gur e 7:6 illustra tes how t!:le dynamic spectrum of observed 

Type III bursts is formed according to this model . In this case 

r~diation obser ved nt nny given time i s regarded as originnti ng 

nt one l evel in the solar ~tmosphero . Also shown is the composi t -

ion of c. T:rpc III burst according to Wild, Pawscy and Smerd1 and 

on this model radiation obser ved on any gi ven frequency is r egard-

ed ns originating a t one level in tho solar ntmosphere . Thus , 

according t o tb.) author 1s m·Jdol the frequency pr ofiles and inst-

nnt..1.ncous h1.nd\-Tidths !'..rc considorvd to be fu.ndamontal properties 

of :1 burst, whGr o:J.s tho time profil es , lifetimes and decay const-

~:.nts c.r o dependent pr:)portios determined b~r tho inst'lnt.'J.ncous fre­

quency profiles , !'..nd the drift ro.tc throughout tho lifetime of the' 

burst . Th:i.s is t!:lo direct opp')sj_t o of tho view put forward by Wild , 

Pnwsoy :.nd Smord - see ChD .. pter Five . 
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Reforenca to figure 7:7 shows t~~t the bandwidth B a t 

time t 0 , the lifet ime L on u frequency f 0 , and the drift rate 

~t (f0 , t
0 

) 2ro Jpproxim~toly related by tho following express~ 

ion 

L = B 

{:!} 
f ' t 0 0 

(7.1) 

where f
0 

, t
0 

refer t o a point on the ridge line . Wild (1950b) 

~s shown t~~t .long the ridga line 

f see oqu~tion (4.3) 

and therefore 

L o<_ B/f 

From thi s relation it Ilk.'i.Y be s oon th:t.t, i f tho bln&lidth 

is ... fundc.mental property of isol:.ted bursts, ::.nd ron'"'.ins ·:.pprox-

imntely constant throu~hout l:ihe dv.mti on of tho burst, the life-

time wou.ld increase at decreas i ng frcquenci:Js , '"~ich is in u.ccord-

a.nce 1dth observations . Similarly, the dec.1y consto.nt k vrhich is 

a pproxim'J.t.Jly proportional to the reciproc::tl of tho dccc.y lifet ime 

1
2 

would be expected to decre-:tse with froqu.ency c..ccording to the 

rehtion 

k = K f 

where K i s ::t const~mt. 

This is pr ecisely the r e l ntion obt;:'..ined by Wild (1950b) -

sec equo.tion 4:1 - nnd figu.re 7:3 offers f'u.rther support for this 

rel~!.tion . Wild 1s (1950b ) contour dir,e:;rams of Typo III bursts show 

tho.t the bo.nd1..ridth of ::~.ny 3iven burst docs in f n.c t rcmr'.in c,pprox-

im.-:ttel3r constant, 1.-.rith perhaps '"'.. sli~ht tendency to incre:'.SO o. t 

lm.J f r equencies . On this model the inconsistencies 1o1hic!J. wore not­
iced in npplying tho model of vlild, Pm..rsey .m d Smord w:.y be oxpl:-.ined. 

(1) Escaue of R:::.di2.tion 

At ::my gi von level in the co ron". radi<l t i on goner''.. t od on 

frequencies below the critical esc~pe froqu.oncy f is expected to c 

be s trongly a.ttonu;:'..ted . Smerd hD.s shmm th::.t tho criticJ.l escape 

frequency/ •••• , • • 
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froquoncy fc is approximately related to the pk~sma frequency f
0 

a~ the S3mc level in the B3umbach-Allcn corona by the expression 

f = f soc o.87 e c 0 
see equation (2.13) 

for source ~mgles €l between 0° and 80° , and frequencies of the 

order of 100 Mc ./s. 

The author 1s model provid0s justification for the compa.r-

ison of the ins~~ntanoous frequency profiles of the fundamental 

o.nd mrmonic bands of Typo III c.:wonts, and the obscrvod cut-off 

in the fundamental h:md supports tho idea that tho lmv frequency 

edge of the fundamental band is cut off during escape. Tho peak 

in intensity of tho fund~monto.l h~nd is normally expected a.t a 

froqu.oncy slightly grea tor thE.n f , and the peak of the harmonic c 

band ::tt o. frequency 2 .fO · • Thus, from tho observations of Wild, 

Murray, ~nd Rowe (1954) tlk~t thv instantaneous frequency ratio of 

peak intensities lies between 1.85 and 2,00 , the ro.ngo~of .• source 

::>.ngles for "'hich escape of radiation in the fundn.mental band is 

possible may be calculated from(2.13) • The r esult obtained is 

t1nt t·~rics botweon 0° r.nd 35° , implying th1t radiation m-:ty 

be received from bursts occurring over pro.ctically the entire 

optical disk, This result is consist~nt with tho observo.tions of 

Loughhc::td ~ £1 • 

(2) Lifetimes and Decay Constants 

Obser~tions by Payne-Scott (1949) and tho author show that, 

on tho n verage, single peaks decay mor e r e.pidly and m vc o. shorter 

lifetime than the first peak of double-humped bursts. Equation (7 .1) 

shows that :'.n explan..Ltion for this rrny be that the bandwidth of 

single peaks is smaller, ~nd/or the drift r ::tt o is greater. Com-

po.rison of the b::tndwidths and drift rates of Type III events , both 

with, and without a harmonic band, should settle this question, 

Furthermore, on this theory tho "decay" portion of burst 

profil es is regarded ..... s a decrease in the influence of the oxcit-

exciting source , mthcr th:tn a n.."'.turo.l dcc:~.y of plasma oscillations 

and consoquently burst profil es would not necess~rily be 

3Xpon3ntia~••••••• 
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exponontio.l. In f:tct, they appo:lr to fit o. relntionship of the 

form I-~n~ t fairly well . Figure 7:8 3hows pl ots of I-t~ t 
1 

and I-4 vs t for tho to.il portion of a typic2l isolated burst . 

Also shown is the exponentia l plot of log10 I vs t. All 3 plots 

are f~irly close a pproximations to straight lines , o.nd it wns not 

possible to dec ide, from tho do. t.'l a. vaib ble, wh.".. t the w..lue of n 

in the nbovc rolntion t-ms , nor whether the o.bovo relation vr.lS ::.. 

bettor fit t~~n the exponential function . 

(3} Reversed Bursts 

Bursts co.usod by inwnrd moving loco.lized disturoonces ·· 

would be expected, on this theory, to have profiles which c.re a 

mirror irn'1.go of norm.'ll bt1rst profiles , whero::-.s , on tho \Hld, Pawsoy 

::.nd Srnerd model, bursts would ho.ve the cho.r::ctoristic sho.r.p rise 

2nd oxpone ntio.l decay, whether cause d by outward or inwo.rd moving 

disturbances . Thus, this theory provides o. no.turo.l oxpbn:ttion for 

roversod bursts . 

(4) Prop~go.tion Losses 

T\.JO factors contribute t o o.tt enuo.tion of ro.dio.tion between 

the region of origin in tho s ola r f'.tmosphoro CLnd c.. torronthl obsor -

ver. Those o.r e : 

(i) Tho obliquity f actor, which ho.s been discussed in sec­

tion (1) ~bove. Tho effect of this i s to give o. shD.rp cut-off on 

o.ll froqt1Emcj_os below tho critical escape f r equency f • c 

( ii) Absorption, which depends l'lr[;:l ly upon the collision 

frequency ).) ~ivon by (2.5) . The tot-:tl absorption for r :.dio.tion 

esco.ping tho solo.r atmos phere from a hciJht r is given by o.n integ-

r o.l of tho form 

oc-

I = I 
0 

e 
- J k ds 

r (Jaeger o.nd Wostfold, 1950) 

\-1 here ds is a n e l ament of JX1. th, :lnd 

k = the absorption coefficient = v 
2 c 

2 
1 - }l 

r 
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Ra.di:J.tion nG".r tho to.il of o. burst will be generated when 

the exciting source ~s moved some dis~nco out from tho f plnsmri 
0 

level , whore )) hD .. S decreased o.nd y h.".s increased. Thus k will 

be s~~llor at this lovol th.".n ut lower levels , nnd ~bsorption will 

be less nonr tho tail of 2 burst than ut earlier times . If it is 

.:..ssumod th".t c.bsorption is ne~ligible r..t tho tail, then thG shnpo 

of the recoi\~d burst tail should be the snme cs tbat of the gen-

ern ted t:-.il'. 

It is possible to deduce the probable shape of the gener-

2-tcd time profile by producing the t:til brtckwc..rds following either 

-J./n 
o.n exponential cu.rve , or n. curve of the form I vs t ( vrhere 

n is 2 or 4) , to 2 ~luo of t, so.y t 0 , which corresponds to the 

time whon the exciting source is nt the f
0 

pl2sma level. 
\ 

I 

\ 

' \ 
,""- genera ted 

, profile 

Jl~t receiv~d prof~le 
.../ 

t 

It is immaterial which law is used for this extrapolation, 

since all of them ::;ive approxirM.tely the same values of intensity 

over t:1e r ange of time considered . 

Comparison of the received and Hge!lerated 11 profiles permits 

an estimate to be made of the transmission loss at different parts 

of the burst, and the time scale can be converted to a "height in 

the coronail scale if the source velocity is lmown. 

In practice, sin~le frequency records are not suitable for 

use in deriving these transmission loss curves , because it is not 

possible either to esti mate the source velocity, or to ascertain 

the exact position of t
0

• If dynamic spectra vlere available it 

would be a simple I!l2.tter to find the po~;ition of t
0 

for a ~.•urst 

observed on a frequency f
0 

, by taking the time a t 1:Ihich the inten­

sity of the harmonic band was a maximum on a frequency 2f
0 

, and 

R 1 ~ n/ ..... .. ... . 
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also to deduce the velocity of the exciting source. 

Figure 7:9 sho\-TS a derived transmission loss curve for a 

typical isolated burst observed on i25 Hc ./s. This was obtained by 
1 

extending back the t ail according to the relation I - 2 o<. t to 

a somewhat arbitrary value t situated near the start of the burst. 
0 

An encouraging feature to notice is that this curve (and others 

o~ined for other bursts in a simil;->"r manner) has more or less 

the shape one uould expect for a transmission loss curve. 

(5) Quantitative Comparison of Observations with Theory 

In order to obtain useful information from the shape of 

instantaneous frequency profiles of isolated bursts, it is necess-

ary to postulate that the decay of plasma oscillations at any 

given l evel is extremely rapid compared with the lifetime of a 

burst, so that the received shape of the band emitted from the 

f level say, is not affected by the decay of radiation arising 
0 

at plasma levels lov;er i n the solar B. tmosphere where f
0 

1 > f 0 • 

If the decay ro.te of frequenc ies other than f 0 gener ated at the f 0 

level was known, it would be possible to calculate the effect of 

this decay on the shape of the i nstantaneous frequency profiles, 

but a thorough search of the literature on plasma oscillations and 

collision frequencies has failed to reveal any information regard­

ing this . In any event, at hi~h frequencies - say f > 100 Mc./s. 

the collision frequency i s probably of t ho order of 10 c./s., so 

that decay \-Till be r3.pid. 

Having made this point, it is now possi ble to decide 

whether the transient theory of Jaeger and Wcstfold (1949), in 

which tho effect of a localized, outward moving source causing 

impu.lsive excitation a t success ive plasma l evels is considerGd, 

gives quantitativG agreement with observations . According to this 

theory tho frequency profiles are expected t o shm1 the intensity 

1 . ff f-:2 or r-4 for f · · bl t fal ~ng o as requenc~es apprec~a y grea er 

t~~n f
0

• Tho ~uthor has plotted gr~phs of log
10 

I vs log10 f 

for the high frequency portions of isol~ted burst profiles from 

the contour diagr Gms of 4 typical Type III bursts recorded by 

Wild/ •• • •••• 
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Wild (1950b: Plate 2) -n 
see f i gur e 7:10- and f i nds thct I~ f 

where n ranges 5 to 19 . 5 • Incl us i on of the effects of decay, 

the non-linear terms Thich were neglected by Jaeger o.nd Westfold 

in deriving the spect a of transients , and the possibility that an 

extended source is in olved may possibly .:tccount for this l ar ge 

di screp.1ncy bet1,rcen tle obser ved values of n and those expected on 

the Jaeger-Westfol d tteory. 

~: Mechanisms Involvi g Wave Growth 

So for in thi.r discussion it bas been tacitly assumed tbat 

excitati on of radiatirn comprising isolated bursts is impulsive . 

The fact that the obs[ rved bandwidths ~re appreci ably smaller than 

those expected in the t r ansient case opens the possibi lity that a 

more coherent osc illa[ ory process i nvolving vm ve growth occu.rs . 

THo observed features of i sola ted bursts support this h:;•pothesis : 

(1) The peak intensit, of isolated bursts is observed to increase 
greo.tly with decreasire frequency. 

(2) Isolated burst s)ohrces often appear to decelerate rapidly, and 
become ttstopped11 o.t a fixed frequ.oncy. 
~ :. .. , :. . . . ..... :. 

A mech~nism or wave growth involvinG c.. stream of p~rticles 

of woll defined velocity i njected into a main plasma hns been dis-

cussed briefly in Cha ter Five . These ~~rticles , interacting with 

the pL~sma w~ve and ~iving up their kinetic energy to it, would 

perhaps be stopped c.l ltogether. Alsf', wave growth 'rould be consider-

ably enhanced in tho direction of decreasing density, so that the 

int ensity of emitted radiation is expected to increase greatly with 

decreasing frequency. If the high speed .P'lrticles involved constit-

uted a compact sourc 

1

, the main features of tho author ts model 

Hould still a pply, bjt if an extended source was involved, inter­

pretation of tho d~1 mic spectra would be exceedingly difficult. 

~ : In Conclusion 

The .._,bove hy ·otheses are all exploratory in m.ture , nnd 
more observations of jisolated bursts, particulc.rly simultaneous 
directio~~l, spectral, ~nd pol~rization measurements over a wide 
frequency range are f.equired before ~ny definite conclusions 
regarding the origin ,of isolc.tcd bursts can be s~~ted . Su:gestions 
for further research on isol2ted bursts, which may throw some 
light on the processr involved~ ~~rc given in the conclu.ding 
cbapter . 

1 
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CHAPTER EIGHT 

SUGGESTIQf.iS FOR FUR'T'HER RESEARCH 

Simultaneous polarization, directional and spectral 

observations of isolated bursts over a wide frequency range should 

reveal information of great value regarding coronal conditions 

existing at the time of Type III events, and of the ori[in, nature 

and movements of burst sources. A few suggested lines of approach 

are given below. 

!~ Burst Sources 

Directional observations of Type III bu.rs ts over a wide 

range of frequencies should determine completely the paths in the 

solar atmosphere of burst sources. A comparison of the profiles of 

bursts caused by outward and inward moving sources should settle 

the question of 1.rhether these sources are extended or localized; 

a fr.ctor which is of great importance in any attempt to explain 

the emission of radio waves in terms of macroscopic processes. A 

further clue ~~y be found by a atudy of the contour diagrams of 

isol~ted bursts in the region where radiation first appears. 

}2: Coronal Conditions 

(1) lvfagnetic Fields 

Ins t o..nt£>.neous measurements of the complete polariz;a tion 

of Type III bursts throughout their lifetime may reveal information 

regardin~ the magnitude and direction of the magnetic field in the 

regions where emiss ion is taking place, and also the nature of the 

~~croscopic processes responsible for the emission. 

(2) propagation Losses 

If the ~tuthor ' s model is valid, comp3.rison of the instant-

aneous frequency profiles should ennble one to derive curves of 

tho rel:.'ltive trc..nsmissi'on on .\ll frequencies a.bove f
0 
~rising at 

the f
0 

pl asma level. From the time profiles it is possible to est­

im~te the rel3tive transmission of Qny frequency f 0 ~ris ing at any 

height/ •• ••••• 
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height ~bove tho f level. Tho ~mount of ~ttenuQtion depends main-. 0 

ly t1pon the source ane le e , and transmission curves derived in 

this rn.:::.nner over the entire r:mge of e for vThich escape of radiat-

ion is possible, wou.ld, if consistent, be of j_mmense value in the 

stt~dy of hursts of solar ndiation of all descriptions. 

( 3) C ororo.l Ir,r.egglari ties 

The contour dio..~;rams of isolated bursts recorded by \.Jild 

(1950b) show small short-lived irregu.laritios where the ra.diati on 

iG either loss , or more intense t~\n the surrounding pattern . 

Dimensions of these irrccul nrities ~ro commonly 1n the range 

0.5 - 3 :ic ./s • . ~t 100 1ic ./s ., corresponding to linear dimensions 

of 1 000 - 6 000 km . The smallest structural details observed 

opticnlly in the so1·-.r atmosphere have d:Lmenoions of r.bout 1 000 

- 2 000 l~m . , \-Jherc 1 000 h11. corresponds to the limit of resolut-

ion ,,fi th present optical techniques. It seems reD.sonab1c to as soc-

iate tho irregularities in the dynamic spectra with blobs of cor-

onul ~~tter, thereby SU6gesting that a study of the extent ~nd 

lifetiJiles of these irregula rities by t he radio spectrometer t ech-

niquo would ~.dd •-reJ.tly to our present k.na~.Jledse of coronal 

conditioiJs. 

All the ~bove projects ~~y to done with exis ting equipment, 

nnd '-lUggest th:l t "t detailed study of isol:.1. ted bursts Hould not only 

b0 ucll uorth while for its own snke, l::;ut a lso would prob:.:1.bly 

contribute greo.tly to the understanding of solQr bursts of o.ll 

types . 

xxxXXXxxx 
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ADDENDill'l 

it:~CENT OBSERVATIONS OF ISOLATED BURSTS. 

ImmediJ.tely prior to publication of this thesis, two nevr 
papers dealing with isola ted bu.rsts :.1.ppearod, These a re: 

KONESi..ROFF, H. 

HOBERTS, J. A. 

1958 

1958 

Aust. J. Phys., lj, 201. 

Ibid,, ).1, 215. 

The first deals vli th the polarization of :L'ype III bursts, 
c.nd Komesaroff reports that about 5Wo of dll bursts shm.J fairly 
strong circular polo.rization, It 1-ro.s previously inferrod that 
Type III bursts were unpolnrized, but this discovery is in no 
way contrad:i.ctory to the o~rlier observations . Another inmortant 
featv.ro is that in polarized bursts shovd.ng a. h."l.rmonic structure 
tho fundamental band is more strongly polarized than the harmonic 
bo.nd. From this result Komosaroff deduces that the polarization 
is produced rtt the r adiation s ource . In Ch:~pter Five the author 
conclu.ded that synchrotron r :-,dbtion was not a possihlo r1och£,n­
ism of origin for isolated bursts, bec:1use, on the synch1·otron 
theory, bursts o.re expected to show circular polarization. This 
conclusion is noilongor valid, but the author still rego.rds the 
phsrna. oscill,tt ion origin (1.Jhich is in principle capc-tblo of giv­
ing rise to r r>.dio.tion exhibiting circule.r polarization) a s being 
more consistent with observations, and more onsily realized under 
coronQl conditions. 

The second paper reports the discovery of o. nel-l typo of 
burst t ermed a ;1rovorso drift pc~ir 11 hy Roberts. These bursts are not 
of the s.,Lme class :1.s those discussed in this thesis, but 1.re of 
interest been use they .1re a lso supposed to originate in a plasma 
oscillo.tion process. Jn frequencies of :1bout 40 11c ./s. their 
duration is u.suo.lly loss tb.an 1 second, whereas T:)rpe III bursts 
have o. curation of about 10 seconds . The importo.nt conclusion 
rc.nchr, d is th<:~.t the lifetime of ._., burst on "!ny !X'.rticular frequen­
cy is not determined by tho decay of oscilJntions of the coroTh~l 
plasm<. <:.fter the excitation is removed, which is precisely the 
assumption made by the author in Chnpter Seven. Tho r::1te of decay 
is much greater than that expected on the collision d~mping theory, 
r.nd Twiss (unpublished) has 8'Uggested thf'.t coron::cl pbsma oscillc.t.:O 
ions Ho-uld be much more ro.pidly dc.mped by the C.iffusing effect of 
thermal velocities - a process known · ns k1.ndau da,mping. 

Rol)erts a l so mentions, in r:'l. footnote to this papor, tho. t 
the ~'-uthor rs interpretation of double-humped b1.1rsts is tho one 
r.. t present accepted by the i:..ustr2 l ian r~.dio ::~s tronomers. 

:x:x:x:i'CXXxxx 
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