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ABSTRACT

Stereoscopic direction f i n d i r g  m easurements from the IMP 8,

Hawkeye 1 and Helios 2 spacecraft over baseline distanc~~ of a sub-

stantial fractios of an A.U. are used to directly deter:r~h~ the three-

dimensional trajectory ;f a type III solar radio burst. ~y comparing

the observed source positions with the direct in situ solar wind plasma

density measurements obtained by He1io.~ 1 and 2 near the ~~~~~ the re-

lationship of the emission frequency to the local plasma f. j~
.
~ncy

can be determined directly without any modeling assumptions. These

• comparisons show that the type III radio emission occurs near the

second harmonic,~~~~(of the local electron plasma frequency. Other

characteristics of the type III radio emission, such as the source

size, which can be obtained from this type of analysi~’ ~re aLso dis-

cus sed .

I.’

1

• 1-’
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I. INTRODUCTION

Stereoscopic direction finding measurements from the Helios 1

and 2 spacecraft, in orbit around the sun , and from the IMP 8 and

Hawkeye 1 satellites, in orbit around the earth, are used to track a low

• frequency (< 1 MHz) type-Ill solar radio burst in three dimensions,

independent of modeling assumptions concerning the emission frequency

as a function of radial distance from the sun. By combining these

radio direction finding measurements with direct in situ measurements

of the solar wind plasma density near the sun, the relationship between

•
the emission frequency and the local electron plasma frequency, f ,

can be determined. This relationship is of fundamental importance for

understanding the m~~hanism by which type-Ill radio emissions are gen-

erated. As will be shown by a detailed analysis of a type-Ill radio

burst using this technique the dominant emission occurs at the second

harmonic , 2f , of the electron plasma frequency.

~~~e III radio bursts are produced by electrons ejected from a

solar flare and, are characterized by an emission frequency which de-

creases with increasing time [wild, 1950; Lin, 1970; Alvarez et

1972; Frank and Gurnett, 1972; Liii et al., 1973]. The decreasing

emission frequency with increasing time is attributed to the decreasing

• electron density, hence electron plasma frequency, f , encountered by

the solar flare electrons as they move outward through the solar corona.
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According to current theories the generation of typ III radic emissions

Is a two-step process in which (1) electrostatic electron plasma oscil-

lations are produced at f by a two-stream instability and (2) the plasma

oscillations are converted to electromagnetic radiatiun by non-linear

wave-wave interactions [Ginzburg and Zheleznyakov , 1958 ; Sturrock ,

1961; Tidman et a].., 1966, Smith, 1975; Papdopoulos et al., 19714].

The occurrence of Intense electroii plasma oscillations in association

with type III solar radio bursts has been confirmed by Gurnett and

Anderson [1976, 1977]. Depending on the details of th€~ non-linear

interaction the radio emission can be generated at either the funda-

mental, f~, or the second harmonic, 2f , of the local electron plasma

frequency. The radiation at the fundamental is caused by the inter-

.. action of. electron plasma c~sciUat~~ ns with ion sound waves and th~ •

radiation at the second harmonic is caused by interactions between

oppositely propagating electron plasma oscillations. At high frequencies,

�‘ 10 MHz, radiation at both the fundamental and the second harmonic can

be detected in the frequency-time spectrums of type III rad~o b ~r~ ts

[Wild et al., 19514]. However, at lower frequencies, ~ 10 MHz, th

dispersion characteristics of type III bursts are ~‘uch that the funda-

mental and second harmonic components cannot be easily re~olv d.

Current evidence based on statistical analyses of av ragt  1 r~t pr~s~r-

r ties and various modeling techniques i m d i  ‘a~~•~- that for low frequencics

the dominant emission is at the secc id harr~~nic [Fainberg et al., l’)72;

Haddock and Alvarez, 1 i(~~; ~ainberg and St i~~ , l?714; Alvarez et al..

• 

•

•

~~~~

• 

1975; Kaiser, 19751.
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The first measurements of the trajectory of a low frequency type

III radio burst were obtained by Fainherg et al. [1972] using directi~ n

finding measurements from the IMP 6 spacecraft. The technique used con-

sists of analyzing the spin modulation ~aused by the rotating antenna

pattern to determine the direction of arrival of the radio emission.

For an electric dipole antenna oriented perpendicular to the spacecraft

spin axL the spin modulation gives the direction of arrival projected

ont : the plane of’ rotation of the ante ma. Since only one angle of the

direction of arrival is provided by thio technique additional assumptions

must be made to determine a unique trajectory for the type III burst.

Using a model for the average emission frequency as a function of radial

distance from the sun derived from a statistical analysis of the dispersion

~characteristics-of -many type lI~I bursts,.Fainberg et al.. were able. to ,. ...

determine the projection of the type III bursts trajectory onto the

ecliptic plane. Their results showed that the trajectories projected

onto the ecliptic plane closely matching the expected Archiniedean spiral

form of the magnetIc field in the solar wind [Parker, 1958). Type III

bursts are expected to follow the magnetic field lines because the ener-

getic electrons which produce the radio emission are closely guided

along the magnetic field in the interplanetary medium.

Since the spin axis of IMP 6 is oriented perpendicular to the

ecliptic plane no information could be obtained by Fainberg et a].. on

the component of the trajectory out of the ecliptic plane. Later

measurements by Bauinback et al. [1976] anci Alvarez et al. [1976] using

• two spacecraft with nearly orthogonal spin axis orientations provided

• •‘-~~-.--• - .  ~-~---~ —.— --~- .  ..---- - -~~------ ____ ____ ________
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two coordinates of the direct ion of arr ival so that the source position

out of the ecliptic plane could also be determined. However, even with

this technique it was still necessary to determine the radial distance
1~

of the source from the sun on the basis of an assumed model for the

average emission frequency versus radial distance.

Although trajectories obtained using the average emission

frequency model have the correct qualitative characteristics, large

errors can occur in individual events because of deviations of the solar

wind density from the average model. Furthermore, comparisons of the

iscion frequency with the local electron plasma frequency cannot be

performed with high accuracy because of the implicit requirement to

assume a model for the emission frequency as a 1’unct~oo of radial dir-

tance from the s m .. As will be shown, the stereosc~ pic directicr

finding analyses used in this study completely eliminate the need for

any a priori assumption regarding the emission Irequem cy as a foo~t io i

of radial distance from the sun, thereby providing a direct method I cr

determining the relationship of the emission fr~q”eoe’ to the L cal

r iectron plasma frequency.

H

-— • . ~~~~~~ ---~~~~~~ --- ~~~~~ -. .- ~ -—— -••- “•.-- -—-~~~~~~~~~~~~~~~



_ _  

_ _ _  • •

7

II. INSTRUMENTATION AND METHOD OF ANALYSIS

Radio wave and plasma density measurements from five spacecraft,

Helios 1 and 2, IMP 7 and 8, and Hawkeye 1, are used in this study .

Helios 1 and 2 are in eccerrtric so].ar orbit s near the ecliptic plane

with perihelion rad ial distances of’ 0.309 and 0.290 A. U. and aphelion

radial distances of 0.985 and 0.983 A. U., respectively. IMP 7 and 8

are in low eccentricity earth orbits near the equat orial plane at

geocentric radial distances ranging from about 23.1 to 146.3 ‘~e
Hawkeye 1 is in a highly eccentric earth orbit with the apogee located

at a radial distance of 20.5 R
~~
over the n~~~h . po1e. Th~ radio wave

measurements presented arc from very similar University of Iowa ~1asma

wave instruments on the Hellos 2, IMP 8 and Hawkeye 1 spacecraft.

Although these instruments differ in certain details the essential

features relevant to this study are that (i) the radio emissions are

detected by an electric dipole antenna whose axis is oriented perpen-

dicular to the spacecraft spin axis and (2) the wave intensities are

analyzed by a series of narrow-band filter channels which are the same

for all three spacecraft (four channels per decade and bandwidths of

÷ 7.5%). Further details of these experiments are given by Kurth et

a].. [1975] and Gurnett and Anderson [1977].

The plasma density measurements used in this study are from the

Max-Planck-Institut plasma experiments on Hellos 1 and 2 and from the

,o.
~ ~
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Los Alamos plasma experiments on I~~ 7 and 8. Details of these

• instruments and the procedures used in the data analysis are giv~oI ~y

Schwenn et al. [1975] and Asbridge et al. [1976].

• In order to interpret the three-dimensional radio direction finding

measurements presented in this study it is important to briefly review

k the method of arai.y~ is and the geometry used for determining the source

position. The dirf otion of arrival of a radio wave is determined by a

least square fit of the nieanured electric field ir:~~nsit~es to a

theoretical equation for a spin modulation envelopn given by

E 2 m m
= (1 - - Cos [2(PA 

-

• where E is the measured field strength and cPA is the corresponding

orientation angle of’ the electric antenna in the plane of rotation .

The parameters determined by the fitting procedur e, which is usually

• applied to a sequence of about 10 minutes of data , are the direction

of’ arrival ~~, the modulation factor m, and the electric field strength

E0 . As mentioned earlier it is only possible to determine the direction

of arrival ~u~ojected onto a plane perpendicular to the spacecraft spin

axis. The spin axis directions of’ both Helios and IMP 8 are oriented

perpendicular to the ecliptic plane as shown in Figure 1. Simultaneous

direction finding measurements from Helios and IMP 8 therefore give the

angles 
~l 

and 
~2 

shown in Figure 1, which uniquely determines the posi-

• tion of the source projected onto the ecliptic plane . Hawkeye 1 on A.

the other band has its spin axis oriented near ly parallel to the 



~
—T_-1:”

,-’ _
~
- - _ - 

~~~~

- . -  

~~~~
-v -- - -

~~~~~~~~~~~~

—-‘-‘

H 9

ecliptic plane. From the Hawkeye 1 the angle of arrival above the

ecliptic plane can be computed. As shown in Figure 1 these three

angles, 
~l’ ~2’ 

and B1 completely specify the position of the source.

By performing this analysis as a function of frequency the three-d.i-

mens ional trajectory of the type III burst can be determined.

Several geometric constraints limit the number of type-Ill radio

bursts to which this technique can be applied. Since the propagation

of radio waves emitted near the sun is strongly limited by refraction

effects, Helios must be on the earthward side of the sun to detect a

type-Ill burst which can be detected at the earth. Also, large eri-ors

occur in the position determination if the baseline distance between

Helios and. the earth is too small (
~ 
0.2 A. U.) or if the angle between

the bas?.li~ne and the source position is too small 
(
~ 20°). - - - -

• 
.
~

— I 

~~~—~~~~~~~~~~~~~~~~~~~~*~~~‘-~ - - - -- - - . - - -  -
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III. ANALYSIS OF THE TYPE III RADIO BURST ON MARCH 23, 1976

Because of the low occurrence of solar flare activity during

solar minimum and the previously mentioned geometrical constraints

the number of type III radio bursts which are currently available

for a detailed analysis is very small. One event for which all of the

spacecraft involved were in particularly favorable positions for ana l-

ysis occurred on ~~rch 23, 1976. The onset time of this event is at

about 0843 UT as det ermined by ground high frequency radio measurements

[NOAA , 1976] . No H~ solar flare was detected at this time, however a

large x-ray flare and a solar electron event consistent with- this onset - •  - -

time were detected by both Helios 1 and Helios 2 IJ. Trainer and A. Richter,

personal communication]. The type III radio emission associated with this

event was first detected by Hellos 2 at about 0850 UT. The corresponding

radio intensities detected by Helios 2, Hawkeye 1 and IMP 8 are shown

• in Figure 2. At the time of’ this event Helios 2 was east of the earth-

sun line, at an earth-sun-probe angle of 1.38° and a heliocentr ic

1 radial distance of’ 0.56 A. U., and Helios 1 was west of the earth-sun

line, at an earth-sun-probe angle of 28.8° and a heliocentric rad ial

distance of’ 0.314 A. U. The positions of Helios 1 and 2 projected onto

the ecliptic plane are shown in Figure 3. The type III burst was not
-
4
.

detected by Helios 1, probably because of’ the unfavorable viewing
s
v~~~~

’

geometry for detecting the burst and the lower sensitivity of the Hellos 1 - - :~~

instrument at high frequencies [see Gurnett and Anderson, 1977). 

- -~~~~~*M. .-~~~~. ~E n ~a w a ~~~~ ~~~~~~~~~~~~~ 
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— The direct ion of arrival measurements obtained for this event

are sumn~rized in Table 1. The time intervals used to obtain the para-

meters given in Table 1 were selected on the basis of a sliding average

analysis and only th~~e intervals which give a consistent direction of’

arrival for several successive continguous intervals were used in

computing the average directions of arrival. Reliable fits were obtained

for three frequencies, 500, 178 and 100 kHz, fr om IMP 8, for two fre-

• quencies, 178 kHz and 100 kHz , from Helios 2 -and for one frequency,

178 kHz, from Hawkeye 1. Although Table 1 shows results from Hawkeye 1

for 100 k}iz , the standard deviation and fluctuat ions in the direction :f

arrival for this frequency are so large triat this measurements was not

used in the ..ubsequent analysis. For all frequencies belcw 100 kHz

the intensities and. modulatto n factors were too snall to give a re-

liable fit.

The directions of arrival projected onto the ecliptic plane are

shown in Figure 3 for each frequency analyzed. The source positions

at 100 and 178 kHz are indicated by the corresponding intersections of’

the directions of arrival from IMP 8 and Helios 2 for these frequencies.

The crosshatched regions give the uncertainty in the source positions

as determined from the estimat ed errors in 
~l 

and 
~2 

(see Table 1).

Both the IMP 8 and Helios direction finding measurements clearly show a

systematic eastward shift in the directions of’ arrival with decreasing

frequency and increasing radial distance from the sun, characteristic

of’ the typical Archimedean spiral trajectory of’ a type III

burst. The beat fit Archimedean spiral tluvugh the source positions

__ __________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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is shown in Figure 3. The equation used for the Archimedean spiral is

cp = c p 0 - (~~—)r ,

where cp and r are the heliographic longitude and radial distance, V~~ is

the solar wind velocity, and ~ is the rotational velocity of the sun.

The solar wind velocity is assumed to be 600 km sec* As will be dis-

cussed in the next section, this solar wind velocity is an approximate

average value based on direct measurements by Helios 2 and IMP 8, with

an appropriate delay to provide measurements in the source region. The

trajectory of the type III burst in Figure 3 shows that the particles

which produced the radio emission were emitted slightly east of the

central meridian.

The position of the type III burst position out of the ecliptic

plane, as determined by Hawkeye 1, is shown in the meridian plane

projection of Figure 14. Unfortunately, accurate source positions in

the meridian plane can only be obtained at one frequency, 178 kHz,

for this event. Nevertheless, this measurement is Lmportant because

it shows that the type III burst trajectory is very close to the

ecliptic plane.

From the modulation factors given in Table 1 it is also possible

-
. 

• 
to estimate the apparent size of the source. As can be easily shown

the modulation factor is sensitive to the angular width of the source

projected in the plane of rotation of the antenna. The modulation

- • factor is the largest for a point source and decreases monotonicali.y

with increasing source size • The modulation factor is also affected

L~ -~ ~~~.
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by the angular position of the source wi tL respect to the sp in plane u±

the antenna. Since the detailed shape of the source camiet be ter n r. -:~

from this type of analysis some assumptioo must i~e made concern~ ng the

form of the source intensity distribution. For this analysis w have

assumed that the source consists of a uniformly illuminated circular

disk normal to the direction to the sun and centered on the se irce

position determined from the triangulation measurements. Because cf

the geometric complexities the best f i t  source size must be determined

by a computer fitting procedure which gives the best agreement wi th

the measured modulation factors. For 178 and 500 k}Iz, which are the

only frequencies analyzed, the half-angles of the source regions as

viewed from the earth are 36.5 ° and 10. 5 ° . It is evident that the

source region of the type III radio emission at these frequencies is

quite large. These source sizes are probab ly larger than the true sire

of the radiating region because of scattering in the interplanetary

medium.

I I

• I

L~~ • • • . ... _ • .
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IV. COMPARISON WITH THE SOlAR WIND DENSITY

Since the trajectory of the radio burst has been determined

without reference to any specific model for the emission frequency

these results can now be compared with the in situ plasma density

measurements to determine the relationship of the emission frequency

to the local electron plasma frequency. Fortunately the trajectory of

the type III burst passed very close to the ecliptic plane, since this

is the only region in which plasma density measurements are available.

For this event plasma densities can be obtained over a wide range of

heliocentric radial distances . Densities are available from IMP 7 and

8 at 1.0 A. U. , from Helios 2 at about 0.55 A. U. and from Helios 1 at

about 0.32 A. U. As shown in Figure 3 the trajectory of’ the type III

burst passed eastward of’ all of these spacecraft. Therefore it is not

possible to determine the plasma densities in the source region at the

time of the burst. Instead the comparisons must be made a few days A
W;

later, after the appropriate time delays for the so’_ar rotation to bring

the magnetic field line through the source region into coincidence with

the spacecraft pc~itions. The geometric considerations required to

determine these time delays are illustrated in Figure 5, which shows

the trajectories of IMP 7 and 8, Hellos 2 and Helios 1 in a coordinate

system fixed to the sun. The appropriate time delays are approximately

3.9 days for IMP 7 and 8, 2.6 days for Helios 2 and 8 days for Helios 1.

H
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Since the large scale rotaticna]. structure of the solar wind has been

found to be quite consistent and repeatable for several solar rotations

during solar minimum conditions, it is believed that any temporal changes

which may have occurred in the plasma density during this f’ew day period

should be small. Fortunately, the short3st delay is for Helios 2 which

passes the closest to the observed source location s (compare Figures 3

and 5).

The solar wind plasma densities obtained from IMP 7 and 8,

Helios 2, and Helios 1 are shown in Figure 6. Although the plasma in-

struments actually measure ion densities, the measurements shown ar e

equivalent electron densities computed assuming the plasma is electri-

cally neutral. The time scales in Figure 6 are adjusted so that meas-

urements obtained at the same heliographic longitude are aligned vertically.

The points A, B and C corr espond to t imes when the spacecraft cross the

best fit trajectory of the type III burst. Although large variations in

the electron dens ity are evident, particularly in the IMP 7 and 8 data,

the density is relatively smooth and constant in the region near the

type III burst trajectory. The density enhancement evident at all

three radial distances (day 87 at Helios 1, days 83 and 8~ at Helh :,

and days 8~ and 86 at IMP 7 and 8) is evidently a co-rotat~rIg struc:~rc

which has an Archimedean spiral structure similar to the type III t-~~st,

• 
.~~ but displaced approximately 20° westward in longitude. Th-~ c~ rresp . ndir:c~

solar wind velocity variations, illustrated in Figu~~ 7, stx~w that this

density compression preceeds the onset of a high-speed stream, following

the well known pattern discussed by Hundhausen [1973]. The steepening

, I  

_ 
_ _ _  

_ _ _ _ _ _ _ _ _ _ _ _
_ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _  •:~i~ ~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

--
~~~~~~~~~~~~
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of solar wind velocity profile and the increase in the fractional ampli-

tude of the density perturbation in the compression region with in-

creasing radial distance from the sun is clearly evident. The good

qualitative agreement between the observed solar wind velocity and

density profiles and the variations expect~ d for a nearly stationary

co-rotating solar wind structure give us added confidence that valid

comparisons can be made with the local plasma densities several days

after the event.

When the electron plasma frequencies obtained from these plasma

densities are compared with the observed emission frequencies considera-

tion must be given to the uncertainties in the position of the source

and the apparent size of the source. Although points A, B and C in

Figure 6 represent the best estimate of the type III trajectory, based

on the Archimedean spiral f it, these intersections are somewhat un-

certain because of our lack of knowledge of the exact stru cture of the

solar wind maguetic field. Point C probab ly has the largest error

because it represents an extrapolation by several tenths of an A. U.

into a region where the Archimedean spiral angle is quite sensitive to

the solar wind velocity. Note from Figure 7 that the solar wind velocity,

= 600 km sec~~, used in the Archimedean spiral fit is in close agree-

-

. 

• ment with the velocities measured by Helios 2 and IMP 7 and 8. Point B
I -

on the other hand is probably very accurate since it is determined by an

interpolation between measured source positions less than 0.2 A. U.

apart. Point A is also considered to be reasonably accurate since the s

Archimedean spiral model for the magnetic field is less subject to errors

_ _ _ _ _ _ _ _ _ _ _ _ _  

j
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close to the sun. Also, in the region close to the sun the direction

finding measurements (500 k.Hz in Figure 3) show good qualitative agree-

ment with the best fit Archimedea.n spiral, even though exact source

positions cannot be determined by triangulation.

Because of the large apparent source size a choice must be made

• concerning the size of the region over which the electron densities are

to be compared. Although the IMP 8 and Hawkeye 1 spin modulation

measurements indicate that the source subtends a half-angle of about

140°, as viewed f rom the sun, this source size is almost certainly deter-

mined by scattering and is too large. This viewpoint is supported by

the Helios-2 measurements at 178 kHz which still have a sizeable spin

modulation (m = 0.1414, which corresponds to a half-angle of about 146°

for a uniformly illuminated disk) even though the spacecraft is cnly 1~ °

in heliographic longitude from the center of the source. These results

suggest that the angular size of the source is on the order of 10 to 1Y

half-angle, as viewed from the sun, or possibly even smaller. On th-s
k

basis of these estimates of the source size we have averaged the- el:c-

tron density measurements over a region of + 10° helio~~aphic longit . d

on either side of the centroid. of the source as determined by the points

A, B and C in Figure 6.

The average electron plasma frequencies within the + 10° regions

centered on points A, B and C are shown in Figure 8, plotted as a

function of heliocentric radial distance. The standard, deviation ef the

• plasma frequency in each region is also shown by the error bars in

Figure 8, to indicate the range of variability of the plasma frequency -~~
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in the assumed so urce region. The electron plasma freq~ ency is also

• - considered to be uncertain by about ÷ 15% beca zse of ins trumental

limitations in the absolute density determination [w. Feldman, personal

communication]. Also shown in Figure 8 are the observed type III

emission frequencies and their corresponding heliocentric radial dis-

• tances, as determined from the triangulation measurements in Figure 3.

The error limits on the emission frequencies and radial distances,

indicated by the crosshatched regions, are determined by the filter

bandwidths ( ‘I- 7.5% ) and the uncertainties in the triangulation measure-

ments .

The systematic decrease in the solar wind plasma frequency and

the type III emission frequency with increasing heliocentric radial

distance is clearly evident in Figure 8. The electron plasma frequencies

are seen to be in good agreement with the expected l/R variation with

radial distance, as indicated by the solid line. The emission frequen-

cies are in all cases substantially above the local electron plasma

frequency, too far removed to be consistent with generation of the

radiation at f . For comparison the second harmonic of the electron

plasma frequency, 2f , is shown by the dashed line in Figure 8, based

on the l/R curve through the average plasma frequencies. The observed

emission frequencies are seen to be in reasonably good agreement wit1~

the second harmonic , 2f , much better than for the fundamental, f .

r 

•~~~~~~
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V. SUMMAR Y AND DISCUSSION

By usir!b long baseline stereusoopic d~r-rction finding measurements

from the IMP 8, Hawkeye 1 and Helios 2 spacecraft the three-dimensional

trajectory of a type-Ill solar radio burst has been determined and aria-

• IL ,2~ d. In contrast to previous direction finding analyses ~-f type-Ill

radio bursts the trajectory in this case was obtained completely inde-

pendent of any modeling assumptions regarding the radial dependence

of the emission frequency. Comparisons of the observed emission fre-

quencies with the plasma densities measured along the trajectory were

used to determine whether the radiation is generated at the fundanental,

or second harmonic , 2f , of the local electron plasma f’requency.

For the event analyzed the results show that the radio emission is gen-

erated near the second harmonic, 2f , and not at the fundamental.

In considering possible uncertainties in our result several factors

must be considered. The primary uncertainties in the analysis are

concerned with (i) the constancy of the solar wind density distribution

from the time the event occurred until the time that the density meas-

urements were obtained, (2) the size of the source and (3) the plasma

densities out of the ecliptic plane. The temporal stability of the ro-

tating solar wind structure during the period of interest is supported

by the close agreement between the solar wind velocity and density

variations observed by IMP 7 and 8 near the earth and by Helios 1 and 

~ • • • ~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2 closer to the sun and by the fact that the solar wind sector structure

is relat ively stead~ an r- atable for several solar rotations during

solar minimum. The u :o • ‘~~ir~ty regarding the source size arises because

of the necessity for comparing a large scale average property, the emission

frequency, with a series of local measurements. Because of the presently

unknown role of scattering in the interplanetary medium the actual source

size is not easily related to the apparent source size given by the

modulation factor measurements. Since the actual source size is not

well known, except for an upper limit, the size of the region over which

the electron density must be averaged to compute the “averaget’ electron

plasma frequency is not accurately known. Fortunately, the spatial

variations in the plasma frequency are not so large that the basic con-

clusion is affected by the assumed size of the sour - -c region. Even if the

source size is increased by a factor of two or more, the electron plasma fre-

quencies detected by Helm s 1 and 2 are not changed suffici nti;. to be

consistent with generation of the radiation at the fundamental. Another

limitation is that in situ plasma density measurements are only available

near the ecliptic plane. It is, of course, possible that the plasma

density is unexpectedly large in the region away from the ecliptic plane,

in which case the radiation could be generated at the fundamental and

still be consistent with our measurements. Since the centroid of the

source is located very close to the ecliptic plane (see Figure L~) this

hypothesis is not considered very likely since it would require that the

average plasma density increase symmetrically, by at least a factar of

‘ i 14, within a few degrees on either side of the ecliptic plane. Considering 

- -— .- .•,• -,•-- . •~- -- —--— .__•_,~; 
—•---— — — ~-— —-- —~-— — —• — ----—--- — —~--~~ •— —~-— ---—-~ •----——•---—- — __IIj
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the observed range of longitudinal variations such large latitudinal

variations of the plasma density away from the ecliptic plane seem quite

unlikely.

The conclusion of this investigation, that the low-frequency type-

III radio emission is generated at 2f , is consistent with and confirms

the earlier results of Fainberg et al. [19723, Haddock and Alvarez [1973],

Fainberg and Stone [19714), Alvarez et al. [1975], and Kaiser [1975].

The main advantage of this study is that the relationship is determined

directly by comparisons with in situ measurements rather than relying

on an assumed model for the radial dependence of the emission frequency

and/or aver~tge statistical properties of tI~ solar wind.

4 —
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Table 1

-

• 
Frequency Helios 2 IMP 8 Hawkeye 1

m 
~l 

m m

500 kHz -- -- 3.9 +1.10 0.985 -- --
• 178 kHz 142.0 +0.14° 0.141414 17.14° +1.2° 0.809 14.1° +0.6° 0.14148

100 kHz 78.0° +14.1° 0.0147 35~~~ 14 0  ÷0.6° 0.521 214.7 +9.14° 0.130



• 

28

FIGURE CAFrIO~~

Figur e 1 The geometry used fcn the three-dimensio nal stereoscopi c

dir ection finding with IMP 8, Hawkeye 1 and Helios . The

• spin modu lat ion gives the direction of arrival projected

onto a plane perpendicular to the spacecraft spin axis .

IMP 8 and Helios have their spin axes perpendicular to the

ecliptic plane which gives the angles 
~~ 

and 
~2’ thereby

determining the source position projected ont o the ecliptic

plane . Haw keye 1 has its spin axis nearly parallel to the

ecliptic plane, which gives the angle 
~~~~

, thereby deter-

mining the source position out of the ecliptic plane.

Figure 2 The electric field intensities detected by IMP 8, 1{awkeye 1

and Helios 2 for the type III radio bur st on day 83,

March 23, 1976 . The larger intensities detected by i~P b

are due to the longer antenna length, 121.8 meters tip-to-

tip for the IMP 8 plasma wave exper iment , compared to 142. 145

meters for Hawkeye 1 and 32.0 meters for Helios 2.

Figur e 3 The ecliptic plane pr oj ection of’ the sour ce positions

determined by triangu lation from IMP 8 and Hellos 2.

The uncerta inty in the centro id of the source position is

indicated by the crosshatche d reg ions at the intersections 
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of’ the directions of arrival. The best fit trajectory

is an P~rchimedean spiral through the observed source

positions . The parameters of the Archimedean spiral have

been selected to represent the expected conf iguration of

the solar wind magnetic field for a solar wind velocity

of’ 600 1cm/sec .

Figure 14 The observed source position of the type III burst in

the meridian plane . Unf ortunately , reliable direction

finding measurements can only be obtained for one fr e-

quency , 178 kHz, fro m Hawkeye 1 during this event . This

one measurement does however show that the traject ory of

the type III was very close to the ecliptic plane.

Figure 5 The trajectories of’ IMP 7 and 8, Helios 2 and Helios 1

in a coordinate system fixed to the sun . The spacecraft

intersect the best fit trajectory of the type-Ill burst

at the points marked A , B and C. Point B represent s the

best position for comparisons with the local plasma

frequency since this intersection is the closest to the

observed source positions (compare with Figure 3)  and 
j

occurs at the shortest time (2.6 days) after the event .

4



30

Figure 6 The electron densities observed by IMP 7 and 8, Helios 2

and Helios 1 for the several day period after the type III

event on day 83. The intersections with the best f it

trajectory occur at points A, B and C, as determined from

Figur e 5.

Figure 7 The solar wind velocity observed by IMP 7 and 8, Helios 2

and Helio s 1 for the several day period after the type III

event on day 83. Note that the velocities at B and C are

in close agreement with the assumed velocity of 600 km sec~~

used for the best fit Archimedean spiral in Figure 3. The

velocity at A is lower, how ever the shape of the best fit

spiral is less sensitive to the velocity in the region close

to the sun.

Figure 8 A comparison of the observed emission frequencies of the

type III burst and the measured electron plasma frequencies

as a function of radial distance from the sun. Since the

angular size of the source is rather large, as viewed from

the earth, the electron plasma frequencies have been

averaged over a longitud e ra nge of -4- 10° centered on the

points A, B and C in Figure 6. The error bars give the

standard deviation of the electron plasma frequency over

this interval.
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