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ABSTRACT

New observations of the out-of-the ecliptic trajectories of type III
solar radio bursts have been obtained from simultaneous direction finding
meaéurements on two independent satellite experiments, TMP-6 with spin
plane in the ecliptic, and RAE-2 with spin plane normel to the eclipbic.
Burst exciter trajectories were observed which originatéd at the active
region and then crﬁséed the eclipbic plane at about 0.8 AU. We find a
considerable large scale north-south component of the interplanetary
magnetic field followed by the exciters. The apparent north-south
and east-west anéular scurce sizes observed by the two spacecraft are

approximately egual, and range from 25° at 600 kHz to 110° at 80 kHz.




: 1. INTRODUCTION

Direction finding measurements of type IIT traveling solax radio bursts by
spinning spacecraft are able to determine the trajectories of the fast
5 ’ electron streams which generate the radio emission. 8ince the electrons
follow interplanetary field lines, a visualization of the.large scale
magnetic field configuration 1s obtained between the Sun and 1 AU, The
first radio determination of the spiral structure of the magnetic field
in the ecliptic was obtained by this technique using the MP-6 satellite
which had its spin plane in the ecliptic (Fainberg et al., 1972). By
simultaneously tfacking soiar bursts with two satellites spinning in
different planes, information on the large scale magnetic field both in
E { and out of the ecliptic may be obtained5

This ﬁaper reports on simultaneous burst observatibné by the Goddard
Space Flight Center RAE-Z satellite and the University of Michigan ex-
periment on IMP-6. Similar measurements on other bursts.were réported
by Baumback et al, (1975) using observations from HAWKEYE-1 and IMP-8.

However, the burst trajectories presented here show considerably more

north-south structure than was reported in the previous study.
- The direction finding used data from two spacecraft, RAE-2 and TMP-6,

The instrumentation on RAE-2 ig described by Alexander EE.E;',(1975): and

~that on IMP-6 by Alvarez et al. (1974). As illustrated in Figure 1, the

é g TMP-6 spin plane was in the ecliptic (¥X-Y plane) and RAE-2 was spinning '

in the plane perpendicular to the eclipbic containing the Earth-Sun line
(X-Z plane). TFach spacecraft utilized a dipole antenna located in its.

spin plane, Because of satellite spin, the dipole pattern was repeatedly
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“E . swepht across the radio source, resulbing in spin modulation of the observed
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burst profile. From the phase of this modulation, the direction of the
source centroid projected in the spin plzne was obtained. Details of the
direction finding technique and its accuracy are given by Fainberg (1976).
As shown in Figure 1, IMP-6 measured the component of source direction

in the ecliptic, ¢IMP’ and RAE-2 measured the component out of the
eclipbic, ¢RAE° Together, the two measured angles vniquely determine

the direction of the burst.

In addition to burst direction, information on the observed angular extent
¢f the source can be obtained from the depth of spin modulation. With
just one spacecfaft, there is an ambigﬁity in the inferred éource size
because a small source whose centroid is located away from the spin
, plane can produce the same depth of modulation as a larger source located
| in the spin plane., By combining data from two satellites spinning in
different planes, the source elevation from each spin plane is known, and
thus, the appérent souice siﬁe can also be determined unamﬁiguously.

Two-dimensional direction measurements were made with RAE-2 and
IMP—6 during the three-week period beginning June 21, 1973, when RAE-E

was placed in a spin-stablized mode for making observations out of the

R Bl

ecliptic., During this periocd, about 20 type IIT bursts were observed

which extended.to obserfing frequenéies below 80 xHz. There was over-
lapping coverage of data from the RAE-2 énd IMP-6 experiments for four
of these bursts; The observationé of both tﬁe exciter trajedﬁo:y.and
apparent.soﬁrce sizé of fhese events are presented and discussed.in this
paper. The burst arrival direction data are prgsented and discussed in

Section 2, and the source sizes in Section 3.
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2. BURST TRAJECTORIES

The arrival directions, ¢RAE and ¢IMP’ measured by each spacecraft
are listed -in Table I for the four bursts., Data are given for frequencies
between 80-900 kHz, which is the range over which accurate source direction
measurements could be made for these bursts., Above 900 kHz, the IMP-6
antenna pattern becomes more complex than that of an electrically short
dipole, and below 80 kHz accurate direction measurements were not possible
because of the low spin modulation due to the large source region. Since
the BAE-? experiment sampled a larger number of frequencies than the
University of Michigan IMP-6 experiment, RAE-2 data given in Table I were
selected to provide overlapping frequency coverage with IMP-6 and to £ill
in the low frequency part of the observing range.

The burst directions.were obtained by fitting the known dipole
response function to the observed spin-modulated burst intensity profile.
The amplitude énd the phase and depth of modulation of the response
function vere adjusted for the.best least sguares fit to.the data neax :
the maximum of the burst profile. The errors givén in Table I are those -
changes in source direction that cause the goodness of fit to degrade by
one standard deviation. The accuracy of direction finding depends.on the

random noise fluctuatlons in the data, the depth of modulatlon, the

number of data points used, and the presence of moduwlated background
(Fainberg, 1970). The background level was more than 10 dB below the
peak intensity of these bursts and, therefofe, had a negligible effect
on the measured source directibns. The least sqﬁaﬁes residuals in

Table T agrée with ﬁhe random fluctuations in source direction that

are predicted due to the baﬂ&width and integration timé'éf.the.receivérs.
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The four bursts were associated with twe different active regions.
The bursts at 2013 UT on June 22 and 0518 UT on June 24 were associated
with flares from the active region McMath 12390, which was located south
of the solar equator and west of the central meridian. The burst directions
measured'both in and out of the ecliptic are consistent with an origin at
the active region. The IMP-6 angle meagsurements ars west of the Earth-Sun
line on both days and are considerably more westward on'June 24 than.on
June 22, consistent with two days rotation of the Sun. The RAE-2 angle
measurements of the burst at 2013 UT on June 22 are south of the eciiptic,
in agreement with the location of the flare site in the southern hemisphere.
The RAE-e measured directions of the burst on June 24 are also south.of the
eclipbic at the ﬁighest frequencies; howevér,'the directions shift north of the
gcliptic at lower freguencies, crossing over at 130 kHZ;. Since emission
frequency decreases with increasing distance from the Sun, the RAE-2 data
show that the June 24 burét exciter.crossed the ecliptic plane going south
to north as it moved outward from theVSunu The difference in trajectories
of these bursts, opcurring two days aéaft but from.thé same active region,
may be due to evolution of the magnetic field configuration, or the ex-
citers may have been injected along different.field lines connected.td the
active.region.

The RAE-2 measurements for the other two bursts in Table I, at 0330 UT.
and 0900 UT on June 22, show that the exciters also crossed |
the ecliptic, in this case going from north to.south. The change in

observed position from north to south of the ecliptic is guite

large, as seen from 1 AU, going from 3-9 degrees north to more than

50 degrees south as the exciter moves out from the Sun. These
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angular displacements from the ecliptic before and after the crossing are
much larger than the uncertainty in the measuremehﬁs. Neither burst was
associated with an observed flare, bub the absence of an observable
flare association und the very large westward burét angles measured by
IMP-6, togebher, suggest that the initiating flares were at or beyond the
west limb. S8ince the directions of these two June 22 bursts are very
similar, they probably originated from the same active fegiop. The
associated active region could have been McMath 12379, which was just
beyond the west limb and north of the solar equator on June 22, consistent
with the RAE-2 measurements at the highest frequencies for both bursts.
"In order to chtain a three-dimensional picture of the exciter path
from the two-dimensional burst arrival dirvections, it i1s necessary to
adopt a distance scale for the burst emission levels. The burst at
0900 UT on June 22 is shown in the perspective plot of Figure 2. A
model was used with the IMP-6 data to obtain the in-ecliptic projection
of the trajectory, which was then combined with the RAE-2 measurements.
to obtain whe north-south displacement from the ecliptic plane.  The

model assumes that the projection. of the exciter path on the ecliptic

plane is an Archimedean spiral with footpoint at the active region. It

is also assumed that the coronal emission levels vary with frequency as
r_l'z, where r is the distance from the Sun in the ecliptic, and that
the emission is genérated at twice the local plasma freguency. This is
based on studies of many bursts observed by Fainberg and Stone (1971)

with the RAE-1 sdtellite, and by Alvarez and Haddock (1973) with 0GO-5.




The mignetic lines of force inferred from the burst trajectory in
Figure 2 leave the Sun from the hemisphere of the active region, bend
toward the ecliptic, crossing it at approximately 0.8 AU, and continue
on to approximately 20 degrees below the ecliptic as seen from the Sun.
Accounting for the inclination of the solar eguatorial plane to the
ecliptic, this corresponds to 15 degrees south heliographic latitude.
The trajectory for the burst occurrihg six hours earlier at 0330 UT is
very similar, indicating that the exciters of both bursts followed the
same magnetic field éonfiguration. The exciter trajectories for the
other two bursts discussed in this paper also bend toward the ecliptic
at large solar distances after emerging firom an_éctive region in the
southern hemisphere. Thus, there is a considerable large scale north-
.éouth component in the interplanetary magnetic field associated with-
these active regions.

North-south.magnetié field structure was also indicated by the
results of Baumback et al. (1975) using observations from 31 to 178 kiz
with the spinning spacecraft, HAWKEYE-1l and IMP-8. One of the three
burst trajectories which they measured appeared to bend toward the

ecliptic after leaving the active region, although it did not cross the
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ecliptic within 1 AU from the Sun. The other two bursts, which

originated from another active region, had trajectories which -wexe

;
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approximately radial in their meridional components.

Direct measurements of the solar wind magnetic field have been wade
only within 7.5 degrees latitude of the solar equatorial plane. Coleman
and Rosenberg (1971) have compiled overlapping 27-day means of the north-

south component of the field as measured by several spacecraft. During

the solar rotation periods studied, they find a systematic skewing of the

6
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average field direction such that the magnetic lines of force bend away
from the solar equatofial plane, except during several rotation periods
of enhanced solar activity, when the average field direction shifted and

the lines of force bend toward the equatorial plane. The enhanced activity

was indicated by an increase in the amplitude of magnetic field fluctuations.

Coleman and Rosenberg suggest that the change in the north-south field
component toward the equatorial plane may be due to the increased level

of activity.

3. BSIZE OF THE BURST SOURCE

The apparent size of the burst source has been determined from an
analysis of the depth of spin modulation of the burst profiles. The
analysis assumeg that the brightness distribution of the source is
gaussian with cireular symmetry about the centroid. The source size that
is derived from the analysis is the angular width between e-%'points
(2 o width). Previously, source sizes obtained from spin modulation have
assumed a uniformly illuminated circular disk as & model distribution.
The more realistic g&ﬁssian'model used here yields source sizes approximately
one-half as large as source sizes obtained assuming a uwniform disk. If the
uniform disk model is used with the data of this paper, then the source
diameters agree with previous results (Alvarez, 1976; Baumback et al., 1975).

Since the source elevabion from each spin plané is known from the
"'&irectidn measurements, source sizes could be cbtained by both spacecraft.
The precision in the sourde”size determination is-approximately,iso.
Tablé I1 shoﬁs that the rangesof source sizes measured by each spacecraft
at a:given.frequency are appfoximétely equal., This means that the

assumption of circular symmetry of the brightness distribution is valid,
s . _ - _




since the source diameter is measured in different planes by each
satellite.

The data in Table II show that the apparent size of the emitting
region is very large, in agreement with previous results. Assuming a
uniform brightness distribution, Baumback et al. (1975) obtained source
sizes as seen from the Sun which were larger than the 60° extent in solar
longitude {between half-maximum flux points) of electron streams associated
wvith type TTI bursts (Lin, 1974; Alvarez gg‘g;;, 1975). Even using the
gaussian source distribution, we find that the source diameter as seen
? from the Swn is on the order of 100 dégreeé. 8ince this is also much
= . larger than the ~ 60° extent: expected for the burst exciters, it suggests
significant scaﬁtering of the burst rﬁ&iation by irregularities in the

solar wind.

L, SUMMARY

Direction finding measurements of type III solar radio bursts have

? ' ? revealed large scale north-south structure in the interplanetary magnetic
? ; field. The trajectories for two bursts associated with an active region

% ? in the northern hemisphere were observed to cross the ecliptic going north

to south at a distance of about 0.8 AU from the Sun. One of the two bursts

associated with another active region in the southern hemisphere also

crossed the ecliptic, in this case going south to north. Thus, the inter-
? : planetary magnetic field lines appear to curve away from the latitude
of the associated active region (10-15 degrees) and toward the solar

equator.
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The apparent angular size of the burst source has also been determined,
Comparison with the extent in solar longitude of exegiter electron streams
indicates that the apparent source of the emission has heen broadened by
coronal ray scabbtering,

The results show thet two-dimensional radio tracking of solar bursts
as a function of frequency provides unique information on large scale
magnetic field structure out of the ecliptic and over a wide range of solar
distances., The use of this technigue could be & very valuable tool in

future out-of-the-ecliptic studies.




TABLE I.

BURST ARRIVAL DIRECTIONS
The measured angles are defined in Figure 1

22 June, 1973} 24 June, 1973

Frequency 2013 uT 0518 UT

(kHz) RAE -2 IMP-6 RAE -2 IMP-6
900 3+l W " 8 W
600 3+1 °s Gl W 3+1 s 9412 W
350 141 “s 642 W 441 °8 1441 %
230 0+1 “s 2+1 % 441 °8 1843 W
130 s¢1 °s 342 O 043 ©
110 5+2 s 1044 ©N

96 6+2 °8 1046 ON

80 943 s 6412 ON

22 June, 19732 22 June, 19732

Frequency 320 UT 0%00 U1

(kHz) RAE -2 IMP-6 RAE -2 IMP-6
900 142 “E
600 3+1 °N 642 W
350 6+1 °N 8 W 6+1 °N 1042 W
230 741 °N 13+4 W 8+1 ON 2242 W
130 742 °N 3847 W 942 °N 5145 W
110 3+3 %s 345 98

96 2243 98 4749 98

80 5449 °8 6343 W 53+5 %8 68+5 W

1Bursts coincident with flares from active region, McMath 12390,
located at $12°, W34° on June 22 and at §12°, W52° on June 24.

2No flares observed. Bursts are believed to be associated with

the active region, McMath 12379, which was beyond the limb at
N159, W125° on June 22.
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TABLE II.

SOURCE DIAMETERS

Range of source diameters as seen from Zarth determined from spin
modulation of observed bursts. The tabulated values are the 2o widths
517 the assumed gaussian brightness distributions.

Frequency RAE -2 IMP-6 Mean
(kHz) (deg) (deg) (deg)
600 22-28 20-29 25
350 22-42 28-38 34
230 36-54 38-46 44
130 49-72 70-74 66
80 92-122 104-120 110
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Figure 1

Figure 2

FIGURE CAPITONS

Diagram showing the components of burst direction mesmsured
by IMP-6 with spin plane in the ecliptic (X-Y¥ plane), and

by RAE-2 with spin plane normael to the ecliptic (X;Z plane).

Burst trajectory obtained from combined RAE-2 and IMP-6
observations, using 2 model for the distance from the Sun
fér each emission frequency. The burst exciter follovs
interplanetary magnetic field lines which cross the ecliptic
plane at 0.8 AU. At the crossing the field lines are in-
clined 60° to the ecliptic., A similar trajeckory was
observed 5% hours earlier for a burst from the same active

region.,
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TYPE III RADIO BURST TRAJECTORY

0900U.T., JUNE 22,1973
0.1 AU.
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