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ABSTRACT

Direction-finding measurements with the plasma wave experiments
on ‘the HAWKEYE 1 and IMP 8 satellites are used to find the source lo-
cations of type IIT solazf radio bursts in heliocentric latitude apd
longitude in a frequeney range from 31.1 kHz to 500 kHz. IMP 8 has
its spin axis perpendicular to the ecliptic plane; hence, by analyzing
the spin moduletion of the received gignals the location of the type
III burst projécted into the ecliptic plane can be found.. HAWKEYE 1.
has its spin axis nearly parallel to the ecliptic plane; hence, the
location of 'bhé sburce'oﬁt." of the eélip‘bic ‘plane may also be determined.
Using ‘an empirical model for the emission frequency as a function of
radial. distance from the sun the three -dimensional.trajeétozﬁ" of the
type III radio source can be determined from direction-finding measure-
ments at dlfferent frequencles. Slnce the- elec't;rons wh:.ch produce these
rad:.o emlsslona follow the magnetic field lines from the sun these meas-
uremen‘ts prov:u.de 1nformatlon on ’i:he *th:r-ee-d:.mensmnal structure of the
magnetlc fleld in 'i:.he solar mnd. The source 1ocatn.ons progected :J.nto

the ecllp‘cn.c plane i'ollow an Archlmedn.a.n sp:r.ra Perpendlcular to the

‘ ecllp'blc pla.ne 'bhe source loca:bions usually follow a constan‘b hel:.o-

‘centr:.c lat:.tude. When the best flt magnetlc fleld llne through the
~ source lor'atlons is extrapolated back to the sun 'bhls fILEld line usually
or:_glna‘-:es w:.‘bh:.n a i‘ew degz'ees from the solar flare whlch produced the

- radio burst. Wi'bl; _diree_’h;i.on-sf_'inding me_asurements of this type it is also



possible to debtermine the source size from the modulation factor of
‘the received signals. For a type III event on June 8, 197k, the half
angle source size was measured to be ~ 60° at 500 kHz and ~ 40° at

56.2 kHz as viewed from the sun.



I. INTRODUCTION

Broadband radio emissions of solar origin characterized hy a
rapid decrease in frequency with increasing time were first repor*béd
by Wild and MeCready (1950) and designated type IIT radio bursts.
These first observations of type III bursts were made in the freque_ncy
range from 70 to 130 MHz. In addition Go being characterized by a
rapid frequency drift, type IIT bursts have lifetimes which increase
with decreasing frequency and have shorter rige times than decay
times. The amplitude of the bursts during the decay is proporiional
to e F (wiza 1950), where k is the decay constent and t is time.
For a general review of ground based type III radioc burst observa-
tions see Kundu (1965).

W:.ld et al. (1954) speculated that the rapid frequency drift
is caused by cha:cged partlcles mov:mg oubward through the solar '
corons. em:.tt'mg electromagnetlc radiation at a frequency character* stic
of the solar w:l.nd Solar flare electrons with energies of ~ 40 keV
were fu-st observed in the mterplanetary med:-.um and identified to
| be of golar or:Lg:Ln b,v Van Allen and Krl.m:.gn.s (1965) A high correlation
'be'bween 'bhe onset of solar flare electrons in the energy range of I to
| 100 keVv and type III emsswn nesar 1.0 AU mdlcates that 'bhese electrons
geneva'be the type III bursts (Lln 1970, Alvarez et al. 19"{2 Frank and

Gu:cnett 1972 L:Ln et al, 1973, Alvarez et al. 1.975, Gu:cnett and Frank 1975)



Me_asurements of the frequency drift rates of type IIT bursis
provide information on the solar windrdensity, if the frequencj of
enission as-a funetion of heliqcentric radial distance is assumed to
‘be related to the loeal plasma frequency. The velocity of the exciﬁer
electrons may also be determined from the frequeney drift rates. Ex-
citer velocities vanging from 0.2 to 0.8 times the veloelty of light
"with an average veloeity of 0,45 ¢ were calculated for freguencies be-
tween 60 and 45 MHz (Wild et al. 1959). The average execiter velocitj
caleulated from measurements by the RAE 1 satellite for freguencies
between .7 MHz and 2,8 MHz was 0.38 ¢ (Fainberg and Stone 1970).
Other drift rate measurements give similer vesults (Hartz 196k, 1969;
Alexander et al., 1969; Haddock and Grasdel 19703 Fainberg and Stone
1971). These drift rate measurements give electron velocities thab
are in.agreement with the energy range of the solar electrons observed
in the'in%érpianetary medium by the sateliite éxpefiﬁenﬁs;

Ginzberg and Zhelezniakov (1958) suggested that type IIT bursts
are geﬁératédybyfé_coherent'CerEnKOVIproéess; The energetic particles:
genergte plasma waves at a frequency near the local plasma frEquency
'.hy a two-stream 1nstab111ty Then fhe;ﬂasmawaves scatter off ion
densxty 1nhomogene1t1es to produce electromagnetlc radiation near the
plasma frequency and also scatter off other plasma waves to produce -
radiation near the second_harmonlc.' $he theory has since been revised
'Vbﬁf the-proéésé is bﬁéicallf'the”same.(Smiﬁh 1970 19?u). | |

Mbdels of the den51ty of the solar Wlnd.can be used to deter-
mlne the radlal dmstances frqm the sun at whlch type IIiT bursts |

- radiate at dlfferent freqpepcles. Kaiger's (1975) study of the solar



elongation of type ITI bursts indicates that the density of the solar
wind from approximately O.1 AU to 1.0 AU varies as R“Y_where 2< y=3.
Measurements of several thousand events were used to formulzte the RAE
emission level scale (Fainberg et al. 1972, Fainberg and Stone 1974).
The RAFR emigsion level scwle relates the frequency of emission of a
type ITI burst to the radial distance of the burst from the sun. A
gsolar wind density model can he computed from the RAE emission level
seale if it is assumed that the radiation occurs at the fundamental

or second harmonic of the plasma frequency. Initially the radiation
was assumed o be at the fundamental of the plasma frequency (Fainberg
et al, 1972). The solar wind density models formulated from the ana-
lysis of type IIT bursts assuming emission at the fundamenbal of the
plasma frequency'usually'disagreed with the observed pleema densities
at 1.0 AU (Newkirk 1967). Evidence now exists that radiation is pre-
dominantly at the second harmonic for 10*«3r frequencies (Fainberget al.
1972, Fainberg and Stone 1974, Iin et al. 1975, Heddock and Alverez
1973, Almarez et al. 1975, Kalser 1975). The assumption of second
‘harmonic emission brlngs densrtles calculated ffomethe BAE em1351on
level scale to better agreement w1th golar w1nd density measurements at
"l 0 AU. For a model of the solar w1nd plasma den51ty thls paper uses
the RﬁE em15510n level scale with the assumptlon of second harmonlc

emission. For a review of den31ty measurements see NEwklrk (1967)



Since the electrons that generate type ITIT bursts travel along
the solar magnetic fieldAlines, information can be obtained.about.the
gtructure of the 1nterp1anetary magnetlc fleld,by analyzing the
direction of arrival of a type III burst as a functlon of frequency.

The source location of -the type III burst can be determined from the
direction~-finding measuremeﬁts and. the radial distanée of the emission:
from the sun can be compubed from a model of the solar wind density._.
The source loca*ion of the burst as a function of ffequency, and hence
- radial distance, trace the magnetic field out from the sun.

The first direction-finding measurements éf type IIT bursts were
made by Slysh (1967) using spin modulation and lupar occultations of
the Tana 11 and 12 gabellites to determine the source locations.
Direcﬁion»fiﬁding'measurements on the IMP 6 spacecraft confirmed ‘that -
the type TII emission regions as a function of freguency, and hence the
electrons géﬁeratihg-ﬁhe type TIT bursts; follow the Archimedean spiral
structure of the solar magnetic field (Lin et al. 1973, Fainberg et al.
'19'72 R : Fainberg é.hd Stone 1974, Stone 197h).

Up to the present time direction-finding méésurementé of type III
-'rééio ﬁﬁrsté havé oﬁxy prOvided-dne'bbbrdihat53-in'thé plane of rotation
of the antenna, of the direction of arrival. These one-dimensional
:'measureﬁéﬁﬁé thérefdré'ﬁnly'giﬁe alpfojectﬁdn of'ﬁhé~50ufce lcca%ion'and
' do not prov1de a unlque determlnatlon of the trejectory of the radio
burst. Measurements of the source.slze_from ﬁhe spln;modulatlon are

351m11ar1y amblguous for such one—dlmen31onal measurements since the

modulatlon of the reCE1ved.swg l ig wlsc & Tunction of the unknown ele— '

vation angle of the source above the plane of rotation of the antenna.



The purpose _rof this paper is +to present a series of two-dimensional
direction—finding”méas'urémehts of type ITT radio bursts using spin mod-
uwlation measurements from two satellites (IMP 8 and HAWKEYE 1) which
have théir sp‘inv é.xes nearly perpendicular to each bther. Simuits;r__aeous
direction-finding measurements from these satellites provide a unique
determinafion of the direction of arrivai (along a line) and the angwiar
size of the source. This two-dimensional direc’cion—finding technique
is used, together with a model for the solar wind plasma .density, to
provi&e detei-minations of type ITI source _locati_ons_ oﬁt o:f.‘_'bhe ecliptic_
plane and informs%ion on the .three-d:imensi;onal étr.ucture of the solar

magnetic field at radial distances of 0.2 to 1.0 AU from the sum.



II. DESCRIPTION OF INSTRUMENTATION

- Data from two satellites, IMP 8 and HAWKEYE 1, are used in

the direction-finding analysis. The three events amalyzed oceurred
during June and July, 1974. All of the data presented in this paper
were taken while the satellites were in The solar wind. Therefore,
it was possible to ana_iyze -events dovn to frequenc_ies near the solar wind
plasma frequency, which is typically about 25 kHz at l.b AU,

© The TMP-8 spacecraft was laurched into earth orbit from the
Eastern Test Range on October 26, 1973. The orbit is slightly eccen-
tric with initial perigee and apogee geocentric radial distances of
147,434 km and 295,054 km, respectively, inclination of 28.6°, and
period of 11.98 days. The Spacecraft is spin stabilized with its
spin axis oriented very nearly perpendicular to the ecliptic plane
with a s@in pei‘iod. of about 2.59 sec., |

The Um.vers:-:by of Iowa plasma wave experiment on IMP 8 measures the

average electr:i.c :E‘:Leld 3.n'bens:|:by in a frequency range from 40 Hz to |
2 MHz and the average magne’b:l.c field 1ntens:|.1;y from 40 Hz to 1. 78
kHz The elec'brlc f:r.eld receiver ig connected to a d:.pole antenna
W:L'bh a nomn.nal 'hlp-'to-tn.p length of 121.8 m extended pex'pend.lcular
to 'the Spln axis, and the magnet:l.c f:r.elc‘i recelver is connected 'bo a
t'":l.axa.al seareh co:Ll magnefbometer. Elec-hric fn.eld spectral measure-
men.: are made in 15 fixed frequeney channels extend:.ng from ho Hz
v‘bo 178 kHz ano’l in one channel w:L't:h selectable frequene;y. The selec'h—-

able frequency channel may be tu.ned to0 measure the average electrlc
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field intensity at 31.1 kHz, 125 kHz, 500 kHz, or 2 MHz with a band-
width of * 1.0 kHz. A
The HAWKEYE 1 spacecraft was launched into polar earth orbif
on June 3, 1974 from the Western Test Range. The orbit is bighly
eccentriec with initial perigee and apogee gecoecentiic radial disbtances
of 684T km and 130,856 km, respectively, inclination of 89.79°, and
period of 49,94 hours. The initial argument of perigee is 274.6°;
thus, apogee is almost direetly over the north pole. The spacecraft -
is spin stabilized with a spin period of about 11.0 sec. The spin
axis lies in the plane of the orbit and is nearly parallel to the
equatorial plane with a right ascension of 300.7° and declingtion of
6.8°.
The HAWKEYE 1 plasma wave experiment is similar to the IMP 8

| plasma wave experiment. The electric field receiver is comnected to
a dipole antenna with a nominal tip-to-tip length of 42.45 m extended
pérpendicﬁia.r ‘to "hhe épi"nv axis. The ma.gnetié' field receiver is
connected to a search coil megnetometer that is oriented parallel
to fhe spin..a,}d.s‘.v 'Eieéti;ic fiélc"t 'spectra.i heasurenents are made in
16 fixed frequency channels extending from 1.78 Hz 1. 178 kHz, and

| 'magnefic rield spectral mve'asvuremvéﬁts' are ma.de.iln 8 frequency chaﬁnels.'

extending from 1.78 Hz to 5.62 kHz.
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IIT., DIRECTION-FINDING TECHNIQUE

A, Calculstion of the Direchion of Arrival

The amplitude of the detected signals from each satellite has
a modulation caused by the rotation of the electrie dipole sntenna.
The angular position of the null in the modulation pabtern can be
used to determine s component of the source direction. The null in
the modulation pattern oeccurs when the antenna is most nearly parallel
o the wave propagation vector, and the maximum cceurs when the antenna
axis is perpendicular to the propagation vector. The depbth " the
null is determined by the size of the soufée and the elevation angle,
@, between the plane of rotation of the antenna and the source direc-
'bién. As gy increages dr as 'the‘ soﬁrce gize increases the depth of
‘the null decreases.

For both HAWKEYE 1 and IMP 8 the data sampling intervals are
compara’ole to the spin per:.od' thus, many rotations of the satellite
are requ:.red to obtaln a unlform a,ngula.r distribution of samples
through 360° The time per::.od necessary o collect a complete set of
samples through 360° will be referred to as & sampllng cycle.

Thm d:rect:.on—f:.ndlng routlnes used for analys:.s normalize
the da'ha. 'bo reduce the effects of amphtude changes that take pla.ce
:Ln a 'b:l.me :.nterval 'bha,t is long compared to the spn.n per:.od. This

norma.l:l.za'b:.on is performed by subtracting the average of all samples
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in the sémpling cycle from each of the individﬂai .sémple‘s. Since :

the samples are proportional to the logarithm of the elec-b_ric_field_

intensity the norméliz’ation proceés is equivalent to d.ivid.ing-each '

sample by the geometric average_in’uensi'by durlng the sampling cyc;l.e. .
To determine the null direction, 6§, data is accﬁmulaﬁed over

the duration of the type III event gt -e_z_ach itr'faquency and ig_ then ,

f£it by the method of least sguares to the theoretical modﬁlétion

. envelope given by

2

5

B

- -3 -Beosfea -0 L, @

[=)

where E/Eo is the normaiized intensity and § - is the orientat.i;cmAang.ié

of the electric antenna axis in the plane of rotation of the antenna.

. The null directioﬁ, 6, is the direction to ﬁhe centroid of the soq:ée ‘
projected onto the spin plané of the antenna. "'.‘F.'h,e ﬁaoﬁﬁla'ﬁion facfor 3

-m, provides a quar_rh:i_.'_tative. meagure of _the null depth;. m is zero _for no
spin modulation, and m is one for the max:r_mum mc&ﬁlé.ti‘.-oﬁ.r. The ,nu?,i..i o
-direction computed represents 71;11e_ least squares fit & over the -dﬁxaftq.fa‘n .
of the event. Each sample receives an équai,weightiﬁg in_. the :a:n'-aiysi.g .
Since the dipole patbtern is assumed __-i:_o___be syme’sx_ficf -'t;-he__. data from .9_0°_ o

= 63, < 270° is shifted inbo the range from -90° < 6? < -90° by Sub- ,

. traebing 180°.

. Another direction-finding roubine used for IMP 8 computes the
© null direction averaged over 10 minute intervals, rather than the average .

‘null direction for the enbtire event. TFor this routine samples from
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the current _sampling- cycle receive a Weigh__'b of 1 vhile samples_ f:om .
previous sampling cyeles are mulbiplied by a weighting factor bt_ha.t |
d.ec’réases-exponentially_for earlier times. The e_xponentia._l we_igbti,.ng
factors make it possible to compute 6 averaged over a shorter pre-
-selected time interval in. order %o study changes in the direction of N

grrival during an event.

B. Geometry in the Analysis

. The null diréct_ion computed from each satellite locates a plane
in which tﬁe .sou:rce ﬁust lie. .The‘ sourcé lies aléﬁg 'bhé in‘ﬁérséctioh
- of the source planes determined by the two satellites. Figure 1 shows '
the geometry of ﬁhe source planeé. and the angles and vec%‘ors used ‘f‘dr
the. computation of the aourc.e_location.v The spin plane is the plane
iﬁ vwhich the antenna rétates;' Tﬁe spin axis, -§, 1s perpendicular ‘co fhe
-spin pimne. The source-plane is the plane in which »both the spin axis
of the satellite and the source lie. .The angle between thé satélliteé.
' sun- Line projected into the spin _plane and the interser;ﬁion betwéer_x
the spin plane aﬁd the soui'ce plane is 6. Normals to both siourée
~ planes arve constructed. ?11 is normal to IMP B's source plane _and-_ﬁa _
is normal to HAWKEYE 1's source plane, The source loéa.tiéﬁ irectbr is
given by {‘11-.1{ 1’52. ' Thé_ré is, however, a '180°.--_amb_igui£y':in_-_'t;h_e ‘source .
location. At high frequencies this ambiguity is decide& .'by'aééuming that
' ’d'h'é'r Scurce is in the direction toward the. sun. At lower _fr-,é@ueneiés, o
where the source could be locatbed a'E radial distances beyond l.d AU
if;'hhéfenii's'sion' iz at the second harmonic of the plaoma frequency, the

ém'biguity is decided by requiring the source position to be in agreement



:1.1;_

with an exbrapolation of the measurements at higher frequencies. The

A A ' ' '
source direction computed from N, X Ny, after deeiding the ambiguity,
- is given in geocentric solar ecliptic coordinates, AGSE and"¢bSE'

The angle A is the geocentric solar ecliptic latitude of the source,

GSE
measured positive northward from the ecliptic plane. The angle ¢GSE7'

is the solar ecliptic longitude of the source, measured positive counter-
clockwise from ﬁhe'sun;satellite line as viewed from the north ecliphic
pole. Since the IMP & spin'axis is perpendicular to the eeliptic
»plané'the‘nuli aﬁgle 6, yhich is. referenced to the sun direction, is

identical to the geocenbrie solar ecliphic longitude of the source.
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IV, CHARACTERISTICS OF TYPE III BURSTS

OBSERVED BY IMP 8 AND HAWKEYE 1

AL f‘requencies below 1 MHz, type III bursits have several readil,v.
observed features. Type III bursts are characterized by a rapid
decrease in frequency with inereasing time. The modulation factor
of the bursh varies with frequency and time. The direction of"arriva;i
:I.S also -o'bservéd +o .va.ry ‘in “time for anyvv one freq_uéncy. Figui'e 2 |
shows a btype TII even’o observed simultaneously by both IMP 8 and
I-IAWKE’YE 1. This f:.gure is a pl ot of the logarlthm of the electric
field intensity measured by the ple.sma wave experzmenﬁs on board the
two sa,tellri:es.. The data from seven frequency channels of each |
exper:.men’t are d::.splayed as a func'blon of 'blme. I\Iot:l.ce that in
'add:rtlon to a type III even't o*hher natura.x.ly oecurra.ng radio s:.gnals
such as aux-oral k:.lome'bra.c rad:La:b:Lon and magne’bosheath electrosta‘hlc
no:.se are. observed. The characterlsfba.c frequency drift is ev:l.d.ent
in the -bype ITT event shown :Ln F:Lgu:ue 2. v ‘ |

The mo&ula:ba.on :t‘ac'bor observec‘t at .a part:l.cular :E'requency is
| 3 usua:l_‘l.y grea,ter neax: the S'ba,r'b of 'hhe bu:r-st 'bha.n neaxr the end of ‘che -
.bu:c-st. '.Ehe modula.t::.on :E'ac’aor also d.ecreases w:Lth decreas:mg frequency.
- At 500 kHz ‘ahe modu]a’tlon is usuall;y‘ grea:her ‘than 0 80 wh:r.le a'i:. fre- _
quenc:t.es on the order of the local. plasma. i‘:r:equency at 1.0 AU' 't:he |

. modulatlon disappears completely. Figure 3 shows data from. the s
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100 kHz channel of the :fMP 8 experiment. In the top paﬁel the
logarithm of the eleetric :E'ieic} intensity is plotted as =a function
of time, The modulation of the received electric field intensity
~caused by the rotation of the dipole anfenna is seen as a periodic
amplitude Ffluctuation with a pericdicity of about 100 sec. The bottom
panel of Figure 3 displays the modulation factor calculated from

(1) as a function of time. The medulation factor at the start of
+he burst is about 0.65 while near the end of the burst the modulation
factor is about 0.25.

At a particular frequency 'bhé direction of arrival changes
sys‘tema’ﬁicaliy during the duration of the burst, usually starting
near the sun and deviabing away from the sun later in the event. The
direction of é.rriva.l usually varies ovér a wider range a‘ﬁ’ the lower
freQuenc"ie.é.’. A"I;"'SOO kHz there is ‘a shift in CPGSE of the source of
about 10°, while at 56.2 kHz the . shifts by as much as 60°. An
| example Gf this.-angle dr:uf't at 100 kifz is shown in the Eenter p‘aﬁﬁe‘i- |
of F:Lgure 3. (pGSE is :1.n1'b1ally near 0° (in the d:.rect:r.on of the sun),
'bu“a 'then changes to approxmately 1[-5 at the end of 'I:he even‘::. ‘I‘o |
compute the source loca:b:i.ons for the events anal'yzed in this paper,
| the chrectlon of arr:a.va.l is 'hhe least squares f::b 8 computed over the

dura:t:r.on of the event.
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V. PLIASMA DENSITY AND SOIAR MAGNETIC FIELD MODELS

Models of the solar wind density and the solar magnetic field
are nécéésary to determine the source locabions of the type IIT burst
in threé-dimensions. Since data from only two satellites are used
in the” analysis, only two cd_m'po:nerits of the source locations can be
determined. A model of the solar wind plasma density provides the
infbrmati'on required to determine *Ehe .‘bhifd Qémponenﬁ of "che. source

locations.

A, RAF FEmission Tevel Scale

The fr_équency ‘of emigsion of type IIT bursts is a func_tiq_n of
golar wind density; therefore, if 8 .density .scale of ‘bhé solar wind
as & funciion of heliocentric radial distance is assumed, it is
.possible to. caleulate the didtance froni the sun to the type ITT-
‘burst emission regiem. The RAE 'emi'ss:i_on level .scale (Fainberg and -
Stone 1970, 197#; Fainberg et al, 1972) gives the frequency of emission
as a fun_cti‘zon' of hféiidc'ehtrié radial distance, independent of any .
assumpbion of the solar wind density.. A density scale for the solar
wind can be .Cc;xﬁpu”séd bjé.‘ésuininé; that .'_Eh.e frequency’ of_emissibn‘ is

at eibther the plasm frequénc;y or &t a harmonic of the plasma fréciuency.
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The density scale shown in Figure ¥ is based on the RAE emission level secale
and assumes emisgion at the second harmonic of the plasma frequency.

Since the RAR emission level scale is an average of many thou-
sands of bursts, it is desirable on an individual basis to adjust
the RAE emission level scale so that the density scale agrees with the
'Vpla.sina. density measured at 1.0 AU in the solar wind. When the trajec-
tory of the execiter electrons passes near the earth and in situ mea-
suremenis of the solar wind density are available, the RAE ‘eiﬁis.sion

level scale is adjﬁs*bed ‘t_o agreé with the density measurements{

- B. _Bolar Magnebic Figld Line Configurabion

in the Ecl:_i.ptic Plane - -

In the interplanetary medium the magnetic fields are constrained
to move with the solar wind plasma flow. For the simplest model,the
solar wind plasms flows radially out of the suﬁ at a constant velo-
ity of approximately 300 Im/ sec"l. ~ Since the sun is rotating the
résul'hing.magnetic Pield pi'ojec‘oed inbo the eclipbic plane corresponds
‘o an Archimedean spiral (Parker 1963, 196L, .1965).-. Measur'eme_nts_ in
'the ec.lip{;ic plane confirm the general spii-al structure of the mag-
netic field (Schathen .eb-al. '1968;' and review by 'Sbhafh-tEn 1972);
howeVVer , the magnétié field is usually distorted from a perfect' spiral
- configuration. For example, changes in the velocity of the solar
wind will produce kinks :i’.n-"bheis"pirals. Other distortions may be

‘caused by variastions in the msgnétic field near the sun and by
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magnetic field loops in which the field lines near the sun recomnect

back to the sun (Schatten 1972).

C. Solar Magnet:.c F:Leld L:Lne Structure

in 'L'.he Merld:l.an Plane

- No direct measurements have been made of the solar magnetie
fiéid configﬁratiﬁh out of ‘the ecliptic plané, in the inﬁeﬁfianet;ary
, mediu.m. 'the structure of the solar magnetle f:l.eld may be deduced by
1nd1rect measwemen’cs, such as the amiysis of type III bursts s because
the tragect_ory o:f‘ the electrons that gene_ra:he type III bursts is along
the solar .magnerh:;:.c field lines. | -

The simplest model o‘,:f.‘Athe solar magnetic field out of the
ecliptic plane.is “bhe. constant la:hi:tudé model éhown iﬁ F.iéure 5,
which corresponds to a uniform fadial_ flow of the splai' wind plasma
away from the sun. Projected into the ecliptic plane the field lines
are Archimedean spirals, while in a meridian plane the magnetic
Pield lines are at a constant léti‘bude. The constant htitude model
. corresponds to Archimedean spirals wound on.cones of constant helio-
centric latitudes. |

The structure of the solar corona photographed during solar ..
eclipses indicates that high latitude polar 'fie_lds, may extend to
low latitudes at 1.0 AU (smatteﬁ 1972). The convergent field line
model shown in F:.gure 5 is sugges*berl by these observat:r.ons. For this
" model the sola.r magnetlc f:.eld pro;;ected J.n'bo the ecliptic plane

follows the Archimedean spiral but in the mer:.d.:l.an plane the magnetic



20

field lines extend to lower heliocentric rla.ti'budes vﬁ.th’émcreasing
radial distances.

Mcgnetic field measurements nesr 1.0 AU shéw a consistent
skewing of the magnetic field away from the equatorial plane (Coleman
and Rosenberg 1971, :Rosenberg and Winge 1974). Such skewing may be |
caused by magnetic field diffusion in the ipterplanetary medium
(Schatten 1972). Stream interactions may contribute to an azimuthai
veloeity component in the solar wind or to a net divergence of mass
and magnetic flux away from the equatorial plane (Suess et al. 1975).
The divergence of the magnetic field awa;y from the equator could also -
be caused by magnetic pressure. The megnetic field spiral angle
'an&, thereforé, the magnetic pressure changes with heliocentric latitude.
’ The magnetic pressure is greatest near 'tﬁe equator, cé.using mass and
magnetic flux to be carried away from the eguatorial plane (Suess 1974,
Suess and Nerney 1975). These cbservations suggest the divergent
field line m.c.:del' shovn in Figure 5 ‘The magnetic field projected inmto
the ecliptic plane follows an Archimedesn spiral, bub in the meridian
plane t'he.magnetic Field iines extend o higher heliocentric lati- - -
tudes with increasing radial distances:. |

" ‘Coronal phoﬁdgréjghs and }_g §l:_1:_g 'méasﬁrémeﬁi:s of the solar
magnefié field each suggest aifférent models of the solar_magnétic
| fiéld. It is ’c;hé 'i)ﬁrﬁdsé 'dff‘fhi‘svpav.pér ~£d~ tvevs{;: these various sola¥

magnetic’field’ models.
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VI. ANALYSIS OF EVENIS

- Twenty type 1T events were 1n1'b1ally chosen from the :E':Lrst ’43
orbits of HAWKEYE 1 and from the same 'b:.me period for IM’P 8 (June through
Avgust,. 1974). Of the initial 20 events only three events were analyzed
in detail, while the others were thrown out for various reasons. Some
events were multiple events originating from different regions of the
sun. Obther events 814 not have adeguate coverage wifh bo‘ﬁh satellites
and for some events the modulation factor was 'toc_) low to determine _tl'_le

direction of arrival accurately.

A. Direction of Arrival Apalysis

" F;‘Lgﬁxjes 6,7, and 8 show the source locations for the three
events fha:tv were ané,lyzed aé determined by simui‘bé.neéué d,ireéfiorié
finding measurements from HAWKEYE 1 and INP 8 data, the RAE emission
level scale, and the assuﬁption of émiséion at the second'haz"zﬁonic |
of the plasms :f‘requency. S:ane the trajectory of the ‘burst in 'bhe
first event (shown in Pigure 6) was near the earth th.e RAE emission
~level scale vwas adgusted. so- tha:b ‘the dens:.ty scale agreed w:.'bh '.m s:.tu
measuremezrbs of the solar wind densrby at 1.0 AU (M. Montgomery, |
_ . personal commmication, 1975). - The RAE emission level scale was
ﬁo‘b adjusted .i.'o:r:f the last two events (shown in Figurés 7 aﬁd 8) |
‘because the trajectory of the bursts were so far from the earth
that "ché' deﬁsities measﬁrea by IMP 8 couid Anot be considered x_;epre-_

sentative of the density at 1.0 AU along the trajectories of the bursts..
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. For each event an Arch:.medean sp:.ral is f:n, "-hrough 'bhe source
locations projected 1n'bo the ec]:l.yb:.c plane. Since HAWKEYE l's spin
- plane is mot oriented exactly perpendicular to the ecliptic plane it
is necessary to know the Yesy coordinate Q:E‘_ the Sourc'e Poé_.i"bioﬁ before
' Aagp C2n be determined. If q.qn could nobt be determipéd from the IMP 8
data it was compubted from the Archimedeﬁn SPiﬁal £it through thé availa-
ble data points. Errors j.n ?\GSE caused by computing Pugg 2TE esti-

mated to be smaller than 3°. The GSE latitudes (?‘GSE) and GSE longi-

" tudes (“pGSE) for the three events are summarized in Tsble I. Any

AGSE in Table I that required the Archimedean spiral Fit o compute
: th‘SE. is indicated by an asterisk.

The upper left-hand panel :Ln Figures 6, 7, and 8 shows the
: sourcé '1o'ca:bions; préjedﬁed into the ecliptic'plane end the best it
 Archimedean sp:.ral through the source ‘locations. A solar wind velo-
city of ltOO km see -1 wWas used to construct the Archimedesn spir.al.-'
The lower 1ef‘c-hand pa.nel shows the Geocentr::.c Solar Ecl:.pt:.c
1ong1'bude ( cPGSE) of the 1eas'l: sq_uares fl"ﬂ Archlmedean spirel as viewed
from eart_h_ as a f_'uncta.on of heliocentrie radial distance. The experi- |
rme'ntal vé-iués of chSE are also Shown. The upper righchéﬁd' jpéiiel-
N shows the hellocen'bra.c 1a't1tude of the source loca:b:.on as a functn.on

of frequency, a:m':l 'bhe least squares :E‘:L't magnetlc f:l.eld l:Lne us:mg the

: constant 1a:b1’bude moclel. The lower rlgh’c—ha.nd panel ahows -bhe peo-

centric solar ecllptlc latltudes (AGSE) of the best flt f:.eld line ag
& :E‘unc'hlon of hellocentra_c radlal dlstance and the observed hGSE

) of the source 1oca:b:e.ons. '
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The most probable flare location for each event is found by
extrapolating the magnetic field line obtained from the constant
latitude model back to the sun. For the three events analyzed the
differences between the actual flare location (NOAA 1974, 1975) and
the flare 1oca£ion computed from the least squares it magnebic field
line are in all cases less than 9° in heliocentric latitude and less
than 12° in heliocentrie 1ongi£ude. The first event, shown in Figure 6 s
 deviates significantly from the constent latitude model of the magnetic
field. The heliocentric latitude of the 100 kHz, 56.2 kHz, and L42.2
Kiz source 1bcatioﬁs suggest that the 'coﬁvergent field Line model may
best represent this event. The other two events (Figures 7 and 8)

are best 'fepresén’sed by the constant 1stitude model.

-B. ' Bource Size of Type ITI Bursts

- The modulation factor of the emissions can be used to estimate
the source size when the elevation angle, o, of the source is known.
For this analysis the half angle source size is defined as the angle
»be't'ween & line from the obseérver to the céntroid of the source and & S
line frdn the nbserver Ito the edge‘of the source. The source is modeled
" as a"thin', flat disk from which radiation is emitted with a wniform .
intensity. For a given source size the solid angle of the disk
remains 6dnstént.foi" all eléira"ﬁiohnfangieé, . ‘The calculated source -
sizes represent the longitudinal extent of the source. '

F:Lgure 9 :éhoifs the "souréé_'éi'z'é”s of ‘the Junme 8 evénf-as ﬁ;i'éwed B

_ from the earth. As would be expécted, the source size increases as
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the emission region nears the earth. TFigure 10 shoﬁs the source

sizes for the same event, bubt, as viewed from the sun. The source
sizes for the 500 kHz, 178 kHz, and 100 kHz remain relatively constant
with inereasing radial distance; however, they are approximately
twice as 1arge.as the 60° full width half maximum values that Lin

- (1974) and Alvarez et al. (1975) report for particle fluxes associated
with type III evenbs. Scabbtering of the radio emissions may be

responsible for the large sppavent source sizes.
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VII. DISCUSSION

Two of the three type IIT events presented in this paper are
in agreement with the constant latitude model of the solar magnetic
field. One event (June 8) is more consistent with the convergent
field 1ine model. However, the convergent field line model contra-
dieks some measurements of the skewing of the magnetic field awey
from the equatorial plane which have been made at 1.0 AU (Colemen
and Rosenberg 1971, Rosenberg and Winge 197h). None of the events
presented indicates that the magnetic field lines cross the ecliptic
plane or that the diﬁergent field line wodel is velid. Additional
evidence supporting the constant latitude model is that the predicted
flare locations are in good agreement with the observed flare locations.
Three features of type TII bursts presembed in this study are
of syeclal interest. The source sizes measured are a factor of two
1arger than the angular sizes cf the solar electron emissions from a
flare reported by Ian (197&) and . ;1varez et al. (1975). The modulation
‘ factor tends to be 1argest near the beglnnlng of an event and the dlrectlon
of arrival of the radlatlon varles sysﬁemmatlcally durlng the event usually
‘startlng neaxr the sun and dev1aﬁ1ng away from the sun 1ater in the event.
L One p0331b1e explanatlon of all three features is a comblnatlon '
liﬁf emission at both,the fundamental.and the second.harmonlc of the

_plasma frequency, If a stream of_parthles generating a type IIT burst
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moves oubtward from the sun and generates emission at both the funda-
mental and second harmonie of the plasma frequency thE'fundamental _
emission would be seen first in a particular frequency channel, followed
by the second harmonic emission., The shift in the divection of
arrival of the radiation could be explained by emission containing
both fundamental and second harmonic radiation. The fundamental
emission region would be closer to the sun than the second harmonic
emission reéion; therefore, for most Archimedean spiral positions the
direction of the sourcé would start near the sun énd drift aﬁay-from'
the sun in a systematic way, as'is observéd in many caseg. A larger
éngle shift would be =seen in the lower frequency channels because the
‘soufce locations are closer ﬁo the earth., The source siée wOuld,bé
smaller fer fundamental emission hecauge the size of fhe source region
EYOWsS iarger with inéreaéiﬁg fadiai.disfancé frbﬁ the'suﬁ; and the
source reglon for fundamental emission is usually farther from the
earth thar the second harmonlc source reglon' explalnlng the hlgher
_ observed modulatlon factor near the start of the event. With sxmul-
| taneous emiggion of both fundamental and second harmonic radlatlon the
- gpparent source sizes wou}d be much larger then the individual source
siées fdr fundameﬁtﬁl and.second;harmonic émiséioﬁ. | |

‘ The?ezare_other.possible_explanations_fqr the systematic
drifts in source loqatiqn and vériﬁfioné iﬁ the modulatigﬁ,fgctor whiéh
should also be considered,v Irregularitigs in the solar pind_density
could cause different regions to radiatebat the samé freéuénéy at

different times thus causing the observed changes in the anguler
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position of the source. If the radiation is not eircular or randomly
polarized,changes in the polarization could affect the direction-
finding measurements and produce effects of this type. However,
polarization effects are least important in the direction-finding anal-
‘ysis when the source location is near the spin plane of the antenna.
For the IMP § measuremezﬁ:s the source is usually very near the spin
 plane, which minimizes errors of this type.

Although 1rregu1ar1'b1es in the golar wind density or polamza-
ta.on effects may cause 'bhe sysnema'blc drlft in t.he direction of arrival
of radiation from a type III event at one frequency, there is currently
‘no com:éle‘bely adequaﬁe éxpi?anation of the Idrift' in source position.
Although the changes i_n the direction of arrival could be gaused by a .
| cﬁmbinati'on o..f_' fund&xﬁeﬁfal and ée.cor';d" ﬁarmdnic emissz.on 'there" is st:.ll
no dJ.rect evidence tha'b em:l.ss:l.on oceurs a'l: botn frequenc:.es. The
effects o:E‘ changes in the souree position are thought ‘L‘-o be reduced in |
this study since the source 1oca‘bions are averaged. over t_h_e dura'biop of
| the even‘o How.e”vez.' N | ‘the expié.ﬁaﬁioﬂ. of 'Ehe d:bifi'; maj} pfovide important
‘ insight into the type III emis_sioz_;_ processes in the 'so]_.ar wind and
should be studlecl in de‘sa:Ll. . | |

The results o:E‘ the analys::.s presented n.n th:ns paper are model )
'dependen'b. It lS necessary. to use a den31ty scale to de’cermlne 'hhe .
heln.ocentrlc radlal G.:I.S'tance a't wh:.ch the radla:hmn is generated. |
The requ:.rement to assume a density model can be’ elmlnated 1f the
. source pos:l.t:l.on is determined by -'hr:.a.ngula‘t:l.on.i For example, s:Lmulta«- _
neous dlrectlon-flndlng measurements from three sp&eecraf‘t two

located near the earth to establish the earth-source line and one
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l_ocatéd far from the earth to determine the source position alﬁng the
line, can provide measurements of this t;sze. We hope that simultaneocus
radio direction-finding meésurements from the HEITCS ‘1 aﬁd 2 spacecraft,
vhich are now in orbit around the sun, and from the_ IMP 8 and HAWEEYE 1
sa.tellites. near the earth will be able to prdvide sﬁch measurements .
It successful, these mulii-spaceeraft divection-finding measurements.
will make it possible ’sov study the three-dimensional structure 6f

“the m'agﬁeti’c field in the solar wind complet’ely independent of any

modeling assumptions.



29

ACKNOWLEDGMENTS

. The author.s”thank' Ir. M. Montgomery for providing the solar
Jind densi;ﬁy ﬁieésurevmeints frbm IMP 8. The authors W:LSh fo express
their gratitude to Drs. C. K.\Goertz} and R. R. Shaw fqr_theii'
_invaluable comments on this paper. }
B This work was supported __j.n ~_pa:c_t by the National Aeronautics:
' and Space Administration under Contracts MASL-13129 and NAS5-11431
~ and Grant NGL-16-001-043 and by the Office of Naval Research under

Grant NOOO1L-76-C-0016,




30

_ REFERENCES

Alexander, J. XK., Malitson, H., H., and Stone, R. G.: .1969, "Type
TIT Radio bursts in the outer corona,'.' , Solar Fhys. 8, 388-397..

Alvayez, H., Haddock, F. T., and Lin, R. P.: 1972, "Evidence for
electron excitation of type III radio burst emission", Solar
Thys. 26, 468.473.

Alvarez, H., Lin, R. P., and Beme, S. J.: 1975, "Fast solar electrons,
interplanetary plasme and KM-wave type III radio bursts obs‘erved--
from the IMP-6 spacecraft”, Solar Fhys. 4k, 485-501.

Colemsn, P. J., Jr. and Roserberg, R. L.: 1971, "The north-south
component of the .intei‘planetary megnetic field", J. Geogphys.

‘Res. 6, 2917-2926.

Fa.z.nberg, J., Bvans, L. G., and Stone, R. G.: 1972, "Radio tracking
of solar energet:.c particles ‘bhrough :Lnﬁerplanetary space 3
Seience 178, T43-T45.

Fairbers, J. and Stone R. G".":' 1970, "Pype ITI solar radio burst
storms observed a.'b low frequencles (Part II Average excn.ted

" speed)" Solar Phys. 15 1&33—1+1¥5 R

Fan.nberg, J - and. Stone, R. G.. 197‘1 | "Type III solar rad:i.o burst

| S'borms observed. a:b low frequenca.es (Part III S'brea.mer dens:l.ty,

n.nhomogenert:a.es ‘and solar wind speed)", Bolar Fhys. 17, 392-%01.



31

Fainberg, J, and Stone, R. G.: 1974, "Satellite observations of 'bypé

. III solar radio burste at low frequencies", Space Sci. Rev.
16, 145-188,
~ Frank, L. A, and Gurnett, D. A.: 1972, "Dj.rect observations of low-
| energy solar elechbrons associated with a type IIT solar radio
burst", Solar Phys. 27, Lh6-465. . o
Ginzburg, V. L. and Zhelezniakov, V. V.: 1958, "On the possible mechan-
isms of sporadic solar radio. emission (radiation in an iso-

tropic plasma)”, Sov. Astron. AJ2, 653-668.

Gurnebtt, D. A, and Frank, L. A.: 1975, "Electron plasme oscillations -
- associated with type ITI redio emissions and solar electrons",

‘accepted for publication, Solar Physics.

Haddock, ¥. T. and Alvarez, H.: 1973, "The prevalence of second
o ha.:r'momc radiation in type ITI bursts observed ab kilometriec:

| wa.velengths ,- Solar Phys ﬂ_g, 183-196

Haddock, F. T.'...and,'- Gra.'edel T, E.i -1970 "Dynamic spectra of type

| III solax Tbursts from 4 to 2 MHz observed by 0GO-III", .

As‘ar@hys. J. 160 293 -300.

Hartz, T. R.: 196h "Solar noise observatlons from the Alouette

Sa‘bEll:L'be" , Ann. As*brophys. gl, 831-836

' Hartz, T« Re: 1969, "Type III solar rad:.o no:.se burs-i:s at hectome't;er

wavelengths", Plane’c Space SCJ.. l-I; 267-287.

} ,Kaa.ser, M. L.: 1975, "The solar elonga:b:l.on d:.str:.butlon of low
Afrequency :cadlo bursts R Godd.ard Space Fl:.ght Center prepr:l.n’s

- X-693-75-99.



32

Kundu, M. R.: 1965, Solar Radio Astronomy, Intersecience, New York.

Iin, R. P.: 1970, "The emission and propagation of ~ 4O keV solar

flare electrons", Soler Thys. 3&2\,, 266-303.

Lin, R. Pa: -1971L, "Non-relativistic solar electrons”, Space Sei. Rev.
16, 189-256. | |

Lin, R. P., Evans, L. G., and Fainberg, J.: 1973, "Simultaneous
cbservations of fast solar electrons and type TIL rﬁdio burst

emission near 1 AU", Astrophys, Lebt. il 191-398..

Newkirk, G., Jr.: 1967, "Structure of the solar coroma”, ‘Anp. Rev.

' Astxfon. Astrophys. 5, 213-266.

'NOAA: December 197k, Selar-Géophysical Data 304, Fart II.

NOAA: Jamusry 1975, Solar-Geophysical Data 365, Fart IL.

'Pa:cker,' E. W.: 1963, Interplanetary Dynamical Processes, Interseience,
| New York.. o |
_Pérker , E. N.: 1964, "The penetration of galactic cosmic rays imto

the solar system”, The Solar Wind, Pergemon Press, Oxford.

~ Parker, E. N.: 1965, "Dynam:.cal theory of the solar mnd", Space
" Sci. Rev. b, 666-708. | | |
Rosenberg, R. L. and W:Lnge, Ce Re, Jr.: 1974, "The latitude depen-

dencies of “the solar winé Sola;r Wind. tli'hreé-, 'Ins-biﬁute of
Geophys:.cs a.nc'i. Pla.ne'bary Ph;y-s:.cs s UCIA, 300-310 |
Scha:bten, K Ha: 1972 "Iarge-scale propertles of the mterplanetary"
 magnetic field, Solar Wind, I\IASA publication SP-308, 65-95. .



33

Schatten, K. H., Ness, N. F., and Wileox, J. M.: 1968, ".Influence
of a solar active region on the interplanetary magnetic_.fiel ",
Solar FPuys. 5, 240-256. |

Slysh, V., I.: 1967, "Long-wavelength solar radio emissions cbserved

by the lumar sabellites Imna 11 and Tana 12", Cosmic Research

(English transl.) 5, 759-T69.

Smith, D. F.: 1970, "Type IIT solar radio bursts”, Adv. Astron.

- Astrophys.. 7, 147-226.
Smith, D, F.: 1974k, "Type III radio bursts and their interpretation”,

Space Sei. Rev. 16, 91-1kk,

Stone, R. G.t 1974, "Traveling solar radio bursts", Solar Wind Three,

Institute of Geophys. and Flanetary Pays., UCIA, 72-97..

Suess, S. T.: 1974, "Three dimensional modeling, Solar Wind Three,
Tastitube of Geoplys. and Planetary Phys., UCLA, 311-317.
Suess, 8. T., Hundhausen, A.T., and Pizzo, V.: 1375, YIatitude
) dependent nonl:l.near hn.gh-speed solar Wlnd s{;reams s J .

GeoPhys. Res. 80 2023—2029

'Sues's, 8. T. and Nerney, S F.. 1975, "The global sola.r w1nd and

predictions for Pioneers 10 and 11", Geophys. Res. Lebtt. 2,
T5-TT. R

Van Allen, J, A. and Krimigis, 8. M.: 1965, “Impuls:.ve emission of

b0 eV electrons from the sun", J. Geophys Res. ZN, 5737-.

575L.



3h

Wild, J. P.: 1950, "Observations of the spectrum of high~inbens ity
solar radiation at metre wavelengths (III. Isolated bursts)",

Aust. J. Sei. Res. A3, 541-557.

Wild, J. P. and MeCready, L. L.: 1950, "Observations of the spectrum
of high-intensity solar radiabion at mebtre wavelengths (I. The

apparatus and spectral types of solar bursts observed)", Aust.

Ja SCi. RES. % 387-398&
wild, J. P., Murray, J. D., and Rowe, W. C.: 1954, "Harmonies in

the speetra of solar radio disturbances", Aust. J. Puys. 7,

1439-459. |
Wild, J. P., Sheriden, K. V., and Neylan, A. A.: 1959, "An investi-

gation of the speed of the solar disturbances responsible for

 type '.F.II'"'ra;dib"bui'st's“., Aust. J. Phys, 12, 369-398.



35

Table I
Iatitude and Longitude of Type ILI Radio Bursts

(Geoccentric Solar EBelipbic Coordinates)

Frequency Latitude Iongitude
 June 8, 1974 |
500  khz - =T H
178 kHz =~ .- - 16° #1°
100  kHz  -2° + 6° -20° +1°
56.2 kHz -11° + 7° 9% +l°
42,2 kHz  -10° +.9° -
31.1 kHz  -3@° #32°F o
July 5, 1974
CA78 KBz -21° £ 7° - 2° #1°
100 kHz  -20° +2° - 35° 46°
56.2 KHz =~ -30° +16°" -
hp,.2 kHz  -32° 3-_25"* -
July 6, 197k
500 KHz 0 o == o 2 5°41
178  kiHz - - 8° #°
Ji0c k2 -- A
»
42.2 kHz  -25° *+15° -—

Involves model fitting, not a direct measurement.
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FIGURE CAPTIONS

The position of the source plane relative to the sabellite

spin axis, null position (8), and the sun for HAWKEYE 1 and

- IMP 8. The vector A is perpendicular to the source plane,

and the spin axis (8) is perpendicular to the spin plane-
The source plenes for IMP 8 and HAWKEYE 1 intersect, and.

the source is located along this intersection. The oource

- location is computed by taling the cross product between

ﬁl’ a vector normel to the IMP 8 source plane, and A, &

2.’
vector normal to the HAWKEYE 1 source plane. & is the angle
between the spin axis of the satellite and the sun-

satellite line.

A type IIT burst observed simultaneously by HAWKEYE 1 and

IMP 8. The type IIT burst is characterized by a rapid

decrease in frequency with inéreasing time, and at éach

frequency the intensity has a rapid rise time followed by

8 slower e;z&ponen'tiai' decay.,

' The 'aiuplitude:, geocentric solar eelipbic Tongitude, and mod-

ulation fa.ctor for a 'b;ype IIT ‘burs’s detected by IMP 8 on

June 21 a'b 100 kHz S[he Spln modulatlon is evu.dent as a

small ampln.tude, per:r.od:.c change 1n the observed 1ntms:|.ty.

The long:utude dr:.f‘ts from neayr zero degrees near the beg:-.n-
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ing of the event to about 45° near the end. The modulztion _
factor near the beginning of the event averages abhoub
0.65, dropping to about 0.25 at the end of the event,

The apparent shift in source loeatlon could be caused by
polarization effects, deénsity inhomogeneities, or by
radiziion from different source regions at both the funda-

mental and second harmonic of the plasms frequency.

The RAE emission level scale gives the average radisl -

distance of a 'b:ype TiI burst from the sun as a function
of frequency of emission. The density scale sssumes
emission at the second harmonic of the plasma frequency.
For- one. of tﬁe events a'ﬁalyzé& the RAE 'eﬁlissi‘on level
scale was adaus’sed so that the dens:.ty at 1.0 AU agreed

wrth 111 s:.‘tu mea.surements at 1. 1) AU.

Three models of the solar magnetic Pield.

Constant fatitude: Archimedean spirals wound on cones.

of conztant heliocentric latitude.

Convergent field line model: Archimedeen epiral field
lines which extend to lower heliocentric latitude with
ineressing radisl distance..

Divergent Tfield Line model: Archimedean spiral field

‘Yines vhich extend to higher heliocentric latitudes.

with increéasing radial distance.
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Source locations for a typé ITI event (June 8). The source.

locations follow an Archimedean spiral configuration

- in the eecliptic plane. The source locations oub of the

eclipbiec are showm aé a function of heliocentric lablitude
and radial distance. The bobtbom panels show the geccentrie
longitude and latitude of the source predicted by a least
squares Tit of the constant latitude field 1ine model to

the observed geocentric longitudes and latitudes. Note

" thak Jch:i.'s evént déviafes from the consta-n'h' la'hifudé model -

8t 56.2 kHz and 42.2 kHz implying that the megnetic field
lines may extend to lower heliographic latitudes with in-

creasing radial distance. The predicted flare localion is

found ty extrapolating the least squares £it Ffield line

back to the sun.

Direcbion-finding measurements for another type III event
(July 5). ZProjected into the ecliptic plane the source lo-
cabions Tollow an Arehimedean spiral configuration. Oubt of
the eclipbic plane the source locations are at nearly con--.
stant heliocentric latitudes. Fxcept for the 100 kHz emis-

sion the data is consistent with the constant latitude model.

Direction-finding measurements for the third type IIT

event (July 6). Projected into the ecliptic plane the

gource regibns folloy an Archimedean spiral canfignration.

. Oub of the ecliptic the source locations are at very nearly

constant lé,titude, which is in excellent agreement with the

constant latitude model for the solar.'magnetic-_field.._ S
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Pigure 9 The source size of a btype IIT burst as a funcbion of
frequency as seen from the earth using a thin, flat disk
as the sodeled source. As the source region approaches

the earth the source size inereases, as would be expected.

Pigure 10 Squrce sizes as a function of frequenqy_for the same
| event as in Figuﬁe-g viewed from the sun. Note that the
source size remains essentially constant in the range from
500 to 100.kHz. The source siées ére, however, larger -

~than those previously determined from particle measurements.
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