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Energetics and Intilntr Effects
of the August 14 and 18, 1979 Solar Flares 1-2
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August14-18, 1979
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The SWI Event No. 1, which covered the time interval August 14 -18, I O~

1979, was characterized by w energetic Aare: one on August 14 (-1243

UP nd he thr o Auust18(- 1400 UIT). Th adXry otX-ray,

optical, radio and energetic particl emissions from these fir. and their inter-

planetary effects were observed with many instruments in space and on the

ground. A summary of 1ome of these observations i presented. The results of

a preliminary analysis relevant to the acceleration of partices, coronal transients

and evolution of shoal are as follows: (1) During the August 14 Brn energetic

particles were probably accelerated but could not escape the Sun an large

numbers. On the other hand, during the August 18 flare the acceleration of

high energy particles occurred relatively high in the corona, from whence they

-; ~~could easily eape into intplntr space but could not penetrate down to

the lower altitudes in the solar atmosphere in large numbers (2) The inetic

energy of the coronal transient associated with the August 14 flare was much

z larger than the total energy of energetic electrons, indicating an additional

eery source for the transient. (3) The shock associated with the August 18

hlre extended to >_ 2 w steradins. The shock maintained its speed from the
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flare sdte to a distance of - 3S G and then decelerated to a distance of - I

AU as - R"I 8.

4.'. 1. Istreductlom

Energetic solar flares are known to produce a variety of electromagnetic emissions extend-

ing from gamma-ray energies to radio wavelengths. The flares also produce mass motions,

shock waves and energetic particles detectable in interplanetary space. The terrestria effects of

such flares vary from short wave fadeout and polar cap absorption to increases in the neutron

monitors located at high latitudes. The primary eneroy source for all these phenomena is

believed to be the manetic field (or equivalent electric currents) in the vicinity of the optical

flare. The release of energy seems to occur in the form of the acceleration of particles and/or

the heating of the ambient plasma.

Although the above general aspects of the lam have now been wel observed, the

relevant physical processes at the Sun, as well as in interplanetary space, are not well under-

stood. For example, it is not clear whether the acceleration of particles occurs in one or more

stages or what role the shocks play in the acceleration process. The distribution of enery diii-

pated in different processes such as energetic particles, heating of plasma, moo motions,

shocks, etc. is also not known. The generation of shocks and their evolution as they propagat

from the Sun is another aspect of the flare phenomenon which is very little understood.

The study of solar flares and their intrplanetr effects is often made difcult by the

absence of a weil-coordinated, wide ran e of observations for individual flares. This difficulty

4was partially overcome during the SMY/STIP Event No. 1 when institutions and individuls in

many different countries participated in a joint observational effort. This rep presents a sum-

V. ,.' mary of those observations and the pro made so far in their analysis and inupretatoc. It

is hoped that a detailed analysis of this STEP event will add considerably to our und sading

of the acceleration and propagation of energetic particls the formation and evolution of

shocks, and other phmomena associated with larm (energetic) solar &M

.4'' / .', 7 :, , / ;.
-
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11. General Caractsristies of STIP Event No. 1

The period August 14 - 18, 1979, covered by STIP Event No. 1, was characterized by two

[-r. energetic flares: one on August 14 (-- 1243 UT) and the other on August 18 (- 1400 UT).

Both flares produced large hard X-ray bursts and other energetic phenomena, such as energetic

particles, coronal transients, and shock waves, although some phenomena may not have been

observed because of the locations of the flares near the east limb of the Sun and/or data gaps in

* -" the observations. In the August 18, 1979, flare, the peak - 30 keV X-ray flux was as large as

that from the well-known large flare on August 4, 1972. Although the peak - 30 key X-ray

* flux in the August 14, 1979 flare was smaller than that in the August 4, 1972 flare by a factor

of - 10, the hardness of the X-ray spectrum and characteristic features such as the magnitude

and variation of the gradual hard X-ray emission were similar in the two flares. Thus STIP

Event No. 1 consists of two energetic flares comparable in some respects to the very lar

August 4, 1972 flare.

In addition to the ground-based instruments and ne arth spacecraft, a number of inter-

planetary spacecraft were also in operation during this period (of. Figure 1; V.w 191). They

provide a variety of observational information which is complementary/supplementary to that

obtained with the near-Earth instruments. We present below the observations of the two

-2 August 1979 flares in some detail and then discuss briefly some of the implications of these

observations.

111. 14 August 1979 Flare

The principal optical and radio characeristics of the 14 August 1979 flare are summarized

in Table 1. The optical flare was of importance II and was located at S22,E73 in McMath

Region 16224. The flare started at - 1240 UT and reached two successive maxima at - 1244

UT and - 1251 UT followed by a long decay during the next two or more hours.

Prior to the opticl are, a a and unusually bright eruptive prominence was observed

in Ha by the Wroclaw Astronomica Observatory (Poland) at S32-E from 1140 to 1216 UT
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--on [ ohk 19821. Th prominence developed into an expanding arch in the later phase of evo-

lution. The Ha material was observed up to a height of 3 x 10 kn above the limb. The velo-

.. , city of eruption for the top part of the expanding arch varied from 120 km/sec to 28S km/sec

during the observational period. The synoptic maps indicate that a twisted filament was present

earlier in the place of the erupting prominence.

Figure 2 [ Vdwr et aL, 1932] shows the flare-associated hard X-ray burst observed with

L -. the ISEE-3 spacecraft. The spectrum averaged over the whole event is shown in Figure 3. The

impulsive and gradual hard X-ray emissions can be very clearly identified in this event Spectra

of both types of emissions are relatively har During the gradual phase all X-ray energies do

..-. 4not peak at the same time but exhibit an energy dependent delay, the higher energy X-rays

reaching their maxima later. This behavior has been observed before in only three other lare

flares, viz., those on 4 August 1972, 7 August 1972, and 22 November 1977.

The microwave emission recorde at Sagamore Hill Observatory is shown in Figure 4

ISMT md KAAm 19321. The impulsive maximum was not well developed, as can be seen

from the Ottawa meuumm- nts (1iur r). The two gidual maxim are shown separately in
Figure 4. The gradual emission extended to - 3S 0Hz frequency and exhibited a frequency-

dependent delay in the time of maximum, the highest frequency emission reaching the max-

imum earliest.

Intense decimetric and metric type IV bur starting at - 1243 UT have been recorded

by the Dwingeloo and Weissenau radlopectopaph, respectively (Solar Geophysical Data).

The observations of 237 - 505 Mz type IV emission made at the Trieste Astronomical Obser-

vatory [Ze and Kre. 19821 show an unusually dense and strong spike activity superim-

posd on the smoothly varying time profile. The continuum was unpolarized. However, unlike

tm type IV events, the polarization (right-handed) of spikes was evolving in time. No type U

bursts in cos asnoclation with the flare have been reported. A weak SA (shock-accelerated)

event [Cau e aL, 1911 wu observed by the ISEE-3, however, indicating the presence of a

wuak d w d aussisration of electron (Can, 19821.

_ y' _.*** ",.- .-. ,. .. . . . .- , . . . . ....- . .. - . . . .. - .. ,. . , . . . .. -, . - . ,. .. - .. , . -
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There is no clear evidence for the release of a substantial number of energetic particles

from this flare. Measurements of energetic particles are available from Helios-I and -2 (Figure

6 and Figure 7; Kwiow et aL. 1982) and IMP-S and ISEE-3 spacecraft [McGuir et aL. 1982;

Limi, 19821. Low energy particle measurements are available from ISEE-3 (Figure 8; Domwngo

anid Sawuquja 1982). A few hours after the 14 August flare the r was a small increase in the

low energy proton flux. At that time (- 2100 UT), the flux associated with the previous event

was still quite large. The timing of these particles is compatible with near amultenvous in*-

don of particles of all energies in the corona. Therefore it is plausible that they have been

accelerated near the Sun by the shock produced by the flare.

On August 17, between 092S and 1015 UT (data gap), a now particle flux increasm started

at all energies. The maximum was reached on August 17. The association of these particles

with the August 14 flare is uncertain because of the occurrence of another IB flare on August

16 at NI8,E25.

The "Solwind" white light coronagraph aboard the P78-1 satellite recorded a coronal tran-

sient at - 1337 UT on August 14 1979 (Figure 9;, Poland et aL, 1981). The transient was

located on the SE limb (20") and was one of the most massive (-2x 10 g) and fastest

(--900 km sec - 1) transients ever observed.

Interplanetary scintillation (IS) observations have been made at the University of Cali-

Or fornia, San Diego and in Cambridge, England following the 14 August flare (Figure 10, Jack-

so#, 1982a; Figure 11, Jackon, Hewl, and Gappe, 1982). Sky maps of IPS made at Cam-

bridge show a major enhancement during Aug. 15-22 of the kind usually associated with a coro-

Itating stream. The disturbance approached from the East and passed over the Earth on Aug.

19-20. This was probably caused by the fast solar wind stream which was observed on ISEE-3

'0 .during Aug. 20-21. No clear evidence was found for expanding spherical shells which might

*have been associated with either of the flares on Aug. 14 and 18. (Hewish and Gapper. 19821.

A composite of NRL, San Diego, and Cambridge data from Jackson (1982b] is given in

Figure 12. Lines dashed and solid give elongations of two simple constant velocity models of

. . . . . . . . .%. .I . .. . . , -- . .. . , . . . : .:. : , , - ., _.- , .- .- _ . . .-. .. -. ,
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the position of the outermost extent of the mass of the ejection. Neither model fits the data
4*4

well. Jackson [1982a] proposes that the material of this mass ejection extends over a large

range of longitude (>90') as well as latitude throughout the interplanetary medium. The radial

speed of the ejection is not uniform with solar longitude, however, and especially, is consider-

ably slower (--400 km sec -1) in the direction towards earth along the ecliptic plane.

Other sources of information regarding the solar wind plasma are the IMP-8 and Pioneer-

12 instruments (Figure 13, and Figure 14; Solar Geophysical Data) and ISEE-3 Plasma Waves

instrument [Swa, 19811. There appears to be no detection of the shock near the Earth or a

geomagnetic sudden commencement following the 14 August 1979 flare.

IV. 18 Aupst 1979 Flare

*. Figure 15 shows the hard X-ray emission observed with ISEE-3 during the 18 August

1979 flare [Kane, 19811. This figure and Table 2 also present a summary of other emissions,

such as Ha, soft X-rays (S -GOES) and nadlo, obtained from Solar Geophysical Data.

The optical flare (-- 1420 UT, -B, N08,E0) often associated with this event occurred

later than the largest maximum in the hard X-ray burst. This flare is therefore not directly

related to the main event. It appears that two relatively arge flares occurred in the same active

region considerably before this (- 1420 UT) flare. Those two flares probably occurred some-

what behind the East limb and so could not be observed at optical wavelengths. The hard X.

ray, soft X-ray, and microwave radio measurements are consistent with this inference.

, The - 30 keV X-ray flux at the large maximum (- 1420 UT) is the largest X-ray flux

*observed by ISEE-3 in the 1978-79 period and is comparable to the very large flare on 4 August

1972. The X-ray spectrum (Figure 16), however, is considerably softer in the 18 August 1979

are. It is possible that part of the hard X-ray source was occulted from the line of sight of the

ISEE-3 instrument.

The microwave emission from this flare, which was recorded at Ottawa, Boulder, and

other observatories, had three pronounced maxima as in the hard X-ray emission (Figure 5;
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Solar Geophysical Data). However, the peak flux (490 SNU at 2.8 GHz) is smaller than that in

the 14 August 1979 flare (4030 SFU at 2.8 GHz) by a factor of - 8. Although this is con-

sistent with the softer hard X-ray spectrum, it is surprising that an apparently energetic flare

produced a very modest microwave flux. It is possible that part of the microwave source was

occulted from the line of sight.

Decimetric (type MlG-Int. 2) and metric (type IV-Int. 3) radio bursts have been reported

by the Dwingeloo and Weissenau radiopectrogahs, respectively. Measurements of the type

IV emission made at the Trieste Astronomical Observatory (Ziobec and Koren, 19821 indicate

rapid pulsations in the 237 MHz emission (left-handed channel). The intensity of the contin-

uum decreased with increasing frequency and the polarization was 0%. A metric type II burst

was recorded at Fort Davis from 1412 to 1433 UT [Maxwe/L 19821. A type II burst was also

observed by ISEE-3 in the KHz frequency mae (Figure 17; Cane et aL, 1982).

Energetic particles (electron, protons and He nuclei) were observed by Helios-I and -2

(Figures 6 and 7 Kunow et aL, 1982) and IMP-8 instruments (Figure 18; McGure et aL, 1982).

Protons with energy > S0 MeV were detected on August 19. Faster rise time and larger peak

flux recorded by Helios-2 compared with Helios-1 indicates that the former spacecraft was mag-

netically better connected with the flare site, and hence measured the "true magnitude" of the

particle event. This is consistent with the locations of the two spacecraft relative to the Sun

(Figure 19; bused on Xunow et aL, 1982). The proton-to-alpha ratios are, however, comparable

at the two spacecraft The modulation of the particle flux during the decay is probably caused

by interplanetary shocks. This is difficult to verif, however, since no plasma or magnetic data

are presently available from either Heios spacecraft.

Low energy particle measurements from ISEE-3 are also available (Figure 8; Domingo,

1981). The relatively slowly rising flux is consistent with t - locatiov . the flare near the east

limb of the Sun.

The flare produced a shock which was well observed near the east limb (1500 UT, 18

* August) at a distance of -13 R0 from the Sun (Figure 20; Woo and Armwo, 1981) and also
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near the Earth (0550 UT, 20 August) at the ISEE-3 location (Figure 21; SmiAk, 1982; Scarf

1981). A geomagnetic sudden commencement was recorded at ',0600 UT on August 20.

Enhancement in the solar wind parameters was also recorded by IMP-8 (Figure 13; Solar Geo-

physical Data). Thus the shock seem to have extended to 2 r steradians. Using the

ground-based scattering observations of the 2.3 and 8.4 0Hz radio signals from the Voyager 1

spacecraft, Woo and Armstrong have derived the solar wind flow speed and characteristic

parameters of the turbulence such as electron density fluctuations. They found a shock speed

-* of 3500 km sc -' at 13.1 Re and an average shock speed of 3509 km sec - ' from the Sun to

13.1 RA A more appropriate value for this average shock speed has been estimated to be -

2350 kin sec - (Maxwell and Drver, 1982; Woo, 19821. The ISEE-3 measurementss [Smth,

19821 indicate an average shock speed of 1053 km sec- ' between the Sun and - 0.99 AU and a

speed of 875 km sec- ' between - 0.99 AU and - 1 AU. Cane et aL, (1982 have examined

the kilometric type H emission observed with the ISEE-3 spacecraft and other available data

(Figure 22 and Figure 23). They have found that the shock speed was constant or possibly

increased up to a distance of 35 Re and then decreased at larger distances from the Sun a

Observations of coronal transients are not available for this event.

V. Summary and Discussion

The STIP Event No. 1 has provided us two relatively large flares which ar remarkable in

many ways. We discuss below some of these distinctive features:

A. Acceleraon of Pakles at dh Sun

The August 14 flare had all the characteristics of an energetic flare. Although the optical

flare and soft X-ray burst were of medium magnitude, the hard X-ray, microwave, and metric

type IV radio bursts were intense. Both impulsive and gradual components were present in the

hard X-ray emission. The total energy of electrons Z 25 keV deduced from the hard X-ray

emission produced in a thick target chromospheric source was -3 x 10-0 ergs. The long dura-
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tion and hard spectrum of the gradual hard X-ray component extending into MeV range is

often considered as an indication of the second stage of particle acceleration. However, no

metric type U burst has been reported. Also, no significant fluxes of energetic particles were

detected in interplanetary space. This could be due to any or all of the folowing: (a) unfavor-

able location of the flare - E73, (b) relatively closed magnetic field structure near the site of

the particle acceleration region, or (c) relatively low efficiency of the particle acceleration pro-

cess during this flare. It seems very likely that particles were accelerated during the August 14

flare but could not escape the Sun in sufficiently large numbers.

On the other hand, the August 18 flare produced energetic electrons, protons and heavier

nuclei, which were detected in interplanetary space. The type II radio burst and interplanetary

shock were well observed. The metric type IV radio burst (intensity 3) and the soft X-ray burst

(X 6) were also very intense. The hard X-ray emission had a large flux at - 30 keV, the total

electron energy Z 25 eV being -4 x 0 n ers. However, the spectrum for the impulsive as

well as the gruba hard X-ray components was rather steep. There was no detectable flux of

X-rays 400 keV. The microwave emission was also relatively weak. Thus, in the hard X-ray

and microwave emissions, there is no clear signature of the second stage of particle accelera-

tion. It appears that, in this flare, the acceleration of high energy particles occurred relatively

high in the corona, from whence they could escape easily into interplanetary space but could
7.- not penetrate down to the lower altitudes in the solar atmosphere in sufficiently large numbers.

(b) Coronal Transients
The massive coronal transient observed in association with the August 14 flare

corresponds to a kinetic energy of >4 x 103 ergs if Z'h the mass of -2 x 1016 g was moving at

a speed of - 900 km sec - . This energy is at least -10 times larger than the total energy

(-3 x 10'0 ergs) in > 25 keV electrons deduced from hard X-ray emission produced in a chro-

imospheric thick target bremstrahlung source. This energy can be increased by a factor of -2 if

electrons down to - 10 keV are included. Also, if the X-ray source for the gradual hard X-ray

emission is coronal rather than chromospheric, the total energy carried by the energetic elec-

* .-.

a.A. ' _7...
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trons will be considerably higher. However, there is an indication here that the kinetic energy

of the coronal transient was larger than that carried by energetic electrons, indicating an addi-

tional source of energy in the flare. This is consistent with the observations of coronal tran-

sients even in the absence of large solar flares [Poland et aL, 1981.

Wc Interanear Shock
The interplanetary shock associated with the August 18 flare seems to have extended over

S2 r steradians. It appears to have maintained its speed or accelerated from the flare site up

to adistance of -35 Re and then decelerated out to adistance of- 1 AU as- R-0'. It has

been suggested by Cane et aL 11982] that the shock was driven out to -35 Re and then was a

blast wave out to a distance of Z I AU.
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Figure Captios

Figure 1. Locations of interplanetary spacocraft during STIP Event No. I (Ven, 1911.

Figure 2. Hard X-ray emission observed by ISEE-3 in association with the August 14, 1979 flare I VIaimi, et

aL. 19121. Information about the optical flare, so" X-rays and radio bursts is aiso given.

Figure 3. ISEE-3 observations of the X-ray spectrum averaged over the entire bard X-ray burs associated

* - with the 14 August 1979 flar [Maw. 1982J.

Figure 4. 2.7.- 3.5 0Hz microwave emission observed at Sagamore HI at the time of the August 14. 1979

flare [Smoar and Kamw. 19121.

Figure 5. It1 0Hz emission observed at Ottawa during the August 14 and 18. 1979 flare (Solar Geophysical

Data].

Figure 6. 0.3 - 0.3 MeV electrons observed by Helios-I and -2 during the August 14.- 22, 1979 period

* (KsosoetaaL. 1912.

Figure 7. Same as Figure 6 except for 12.6 - 22.5 MeV protons (Ksmsw at &L. 19821.

Figure 8. ISEE-3 observations of low energy protons during the August 14.- 22, 1979 period [Doumiug and

Smmhsox 19821.

Figure 9. P78-1 observations of a massive coronal transient in association with the August 14 1979 flare

[PaiNd a &L. 19111.

Figure 10. Velocity data from the San Diego multi-station IPS (Interplanetary Scintillation) equipment.

Shown is an increase in velocity present at 3C 273 and not at 3C 291, indicating that the region of enhanced

scintillation and velocity associated with the transient on the solar east limb bad reached 3C 273 (eongation

43") but not 3C 29 (elongation 680) (Jackson. 1982a].

Figure 11. Position of the region of enhanced scintillation at - 1700 UT, 17 August 1979 from the 3.6 he-

tare IPS array in England. Depicted is the outermost extent of the IPS region of enhanced scintillation in

polar coordinates centered on the Sun's position on 17 August 1979. Solar northis at the top, astis to the

left. The region of "no information" is caused partially by interference. The general outline of the region of
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enhanced scintillation changes from day to day. Shown is the elongation of the region and its latitudinal

extent three days folowing the mass ejection at the solar surface [Jackson, Hew&. and Gapr. 19821.

Figure 12. The elongation of the IPS enhanced region shown versus time. Arrows indicate elongations of

the sources 3C 273 () and 3C 298 (x) and whether the region of high velocity has passed that source at that

time. The average outermost extent of the region of enhanced scintillation from the single station IPS array

in England is shown (H). Lines dashed and solid give the respective elongations of the modeb of a 900

km/sec constant velocity spherical shell and outward moving material at the position of the flare normal

kJackson. 1982b). Obviously, the data (and observations at earth) do not support either model

Fgure 13. Solar wind plasma observed by IMP- [Solar Geophysical Data].

Figure 14. Pioneer-XII observations of the solar wind parameters (Solar Geophysical oaDa.

Figure 15. ISEE-3 observations of the hard X-ray emison associated with the August 18, 1979 fAre. Infor.

motion about the Ha flare, soft X-rays and radio bursts and energetic particles i also given [Kam. 19121.

Figure 16. ISE-3 observations of the X-ray spectrum averaged over the eadre had X-ray burst associated

.with the 18 August 1979 flar (Km 12.

Figure 17. The ISEE.3 dynamic spectrum of the August 18 event. The intense fast-drift burst at -1412 UT

is an SA event. The dark band drifting from high to low frequencies is the type i burst. It is clearly visible

from -1700 UT on August 18 until -1400 UT on August 19. The other band at the low frequency end of

the spectrum is local thermal noise. The sudden jump n the background intensiy at -000 UT on August

20 is caused by the passage of the shock at ISEE-3 (Can taL, 19821.

Figure 18. (a) Energetic protons observed by IMP-8 instrment during the period 13 -22 August 1979. (b)

Maximum flux spectra of protons and alpha-particles for the 18.20 August period (M[. swe eaL,. 19621.1Figure 19. Locations of the Helios-I and .2 spacecraft at the time of the August 18. 1979 hre (based on

(Kmow er taL, 19821.

Figure 20. Characteristics of the shock wave at 13 Ra associated with the August 1. 1979 fre. The

deduced parameters are baed on pround-based radio memsurmen Woo ad Anmav , 19111.

'e o. o. o• , . ... .............. . - .



Fure 21. ISEE-3 mesurments of plumtn waves amociand with the August 13. 1979 &Mr IScef 19611.

Figure 22. Heisht of the shock s a function of urns usia remoe senift of the shock &Wd the drift rane of

the rype U burst I Cow a &L. 11962.

Figure 23. Velocty of the shock as a functio of hlontric distace The distance is the mean bewee

heliocentric distances of two detections of the shc.(Can era&L. 11962.



Tabl*e1.

Tab" 1. Chaactristics of 14 AugSm 1979 Flar
He
suan WLY) 1243
MAX WU) 1244
End (UT) -14SI

Jinpormo.I1
Location S22. E73
McMam Region 16224

Microwave Radio
Frequenc (Hz) 2i8 9.4 15
Start (UT) 1242 1242.5 1242
Max (UT) 1251.3 1248.7 1248.3
End (UT) 1400 1326.8 -

Type GD C 0s
Peak Fl"a (sfu) 4030 12139 2000

Mwerand Dechusuic Radio

Wavelength rawg Metri Decimi
Starn (UT) 1242.7 1243
End (UT) 1416 1313
Intensity 3 3
Type IV IV

Hard X-rays (ISEE-3)
Type Impulsive Gradual
Tim of max (UT) 1243.1 1248.1
Pak Fkm at -30 MV 2 12

(phoon cm* 2 90C-I keV-1)
Coronal Tnsmien (P78.1I)

flue (UT) 1337
Ma.s (gram) -101"
Speed (k c)900
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Table 2.
-4....

Table 2. Characwtestics of 18 August 1979 Flare
Ha
Start-end (UT)
Location Behind east limb
Importance Lae

Microwave Radio (18 GHz)
Start (UT) 1345.5
Max (UT) 1423.5
End (UT) 1450
Type C
Peak Flux (S.F.U.) 490

Memc Usa Decuimtric Radio
Wavelength range Metric Decimetric
Star (UT) 1409.0 1401.0, 1410.2
End (UT) 1456.0 1403.0, 1411.9
Intensity 3 2.2
Type IV DIG. i11

Kilometric Radio (ISEE-3)
Stan (UT) -1425 1700
End (UT) - 1400
Type III 1

Hard X-rays (ISEE.3)
Time of max (UT) 1347.5 1412.3
Peak Flux at -30 keV 35 140

, (photons cm- IgC-1 keV-t)

Energetic Particles (Helios-2)
Type Electrons Protons

(0.3 -0.8 MeV) (27 - 37 MeV)

Start (UT) -1430 -1430
Max (UT) -1800 -1s00
Peak Flux

Interplanetary Shock
Distance from Sun 13.1 RO -I A.U.

ime (UT) 1500 0552 (20 August)
Speed (km sec- ') 3500 727

Geomagnetic Effects
Sudden Commencement -0600 UT (20 August)

A.-. .t)
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HARD X-RAY SPECTRUM
(ISEE- 3)

102 14 AUG. 1979
At =2144 sec.
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2.8 GHz RADIO EMISSION
( OTTAWA )
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0.3- 0.8 MeV ELECTRONS
(WIBBERENZ atoll 1981)
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Fig.6
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13- 27 MeV PROTONS
(WIBBERENZ et al, 1981)
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PIONEER XII

AUGUST 1979

DATE TIME ESV UH+ TH+.. Au (UT() • U NH+ T+
)Aug (UT) (Km/sec)(H+/CC) (x1060K)

'79

1 1147 164. 428. 22.3 0.203
2 1117 573. 5.3 .436
3 1212 473. 6.8 .13
4 1220 837. 26.3 .519
5 1310 618. 4.8 .282
6 0855 495. 5.4 .078
7 0521 419. 6.6
8 1524 323. 13.2 .032
9 1006 318. 26.1 .048

10 1022 313. 56.4 .047
11 1129 471. 41.9 .721
12 0653 562. 8.8 .117
13 0000 528. 12.9 .279
14 2207 597. 4.4 .102
15 2358 173. 459.
16 0007 ---- 10.8
17

.. -. 18

19
20
21
22
23
24
25
26
27
28
29
30 176.1
31

NOTE: PN-12 data estimated suspended until approximately
9 Sep 79.

Venus undergoing superior conjunction. Communication
link immersed in solar corona resulting in somewhat
noisy and unsatisfactory data.

Additionally, PN-11 undergoing Saturn encounter thus
reducing PN-12 Deep Space Net (DSN) priority.

:,. .

Fig. 14
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HARD X-RAY SPECTRUM
(ISEE-3)
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Fig. 16

r.-.:.-



AUGUST 18, 17

12 UT 02

-- AUGUST 19,1979

12 IUT I's 24
AUGUST 19, 1979

OUT 06 12
AUGUST 20.,1979

Fig. 17
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SPECTRUM AT TIME
OF MAXIMUM FLUX

19-20 AUG 1979 IMP-8/GSFC04 I I I I 1111" I I I I 1"11

103  dJfdP:430 exp(-P/41 MeV/c/NUC)
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Fig. 18b
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SHOCK WAVE INFERRED FROM RADIO MEASUREMENTS

IS AUG. 1979 FLARE

(WOO & ARMSTRONG, 1981)

VIEW FROM 0= ooUT
THE EARTH C'I

=V0GA 1

SHOCK AT 13.1 R*

TURBULENCE-1
PARAMETERS k.

a, DENSITY]

a I. . iu s

SOLAR WINDj
FLOW SPEED

DENSITY i

Fig. 20



PLASMA WAVES (ISEE-3)
(SCARF, 1981)
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Fig. 21.
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