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Abstract. Solar wind observations associated with the enhanced levels of solar activity in August 1972 
are reviewed with an emphasis on recent analyses which more unambiguously characterize the changes 
in the interplanetary medium. Observations from Pioneer 9 at ~0.8 AU, Pioneer 10 at 2.2 AU, and 
in the vicinity of Earth are reviewed and reinterpreted in the light of new data. Recent calculations of 
local shock velocities are reviewed and their implications discussed. These results indicate that 
contrary to previously published observations there is no significant deceleration of the interplanetary 
shocks between 0.8 AU and 2.2 AU. 

1. Introduction 

This paper summarizes many aspects of the observations of the solar wind associated 

with the August events in 1972. The Pioneer 9 and Pioneer 10 solar wind observations 

are discussed in detail since these provide the most continuous and unambiguous 

interplanetary monitoring of the events. Furthermore, the location of these space- 

craft with respect to the first series of solar flares was particularly suitable for the study 
of the radial evolution of the flare associated plasma as it propagated outward through 
the interplanetary medium. 

In Section 2 of  this paper there is a brief discussion of the solar flares and the geo- 

metry of the flares and the Pioneer 9 and Pioneer 10 locations. In Section 3 there is a 

discussion of the general Pioneer 9 solar wind plasma observations, the Pioneer 9 

shock identifications, and a comparison with simultaneous interplanetary magnetic 

field observations. Section 4 contains a discussion of the general Pioneer 10 solar 

wind plasma observations, the Pioneer 10 shock identifications, and a comparison 

of simultaneous Pioneer 10 plasma and magnetic field observations. In Section 5 the 

solar wind observations in the vicinity of the Earth are briefly summarized. The 

Rankine-Hugoniot analysis using the Pioneer 9 solar wind plasma and magnetic field 

observations of  the August events is discussed in Section 6. The calculated shock 

speeds associated with the Pioneer 9 and Pioneer 10 observations are reviewed in 

Section 7. In Section 8 the Pioneer 9/Pioneer 10 shock associations are summarized. 
Estimates of the thickness of  some of the shocks are presented in Section 9. The next 

section briefly summarizes other studies and some conjectures on the dynamics of the 
evolution of these events with increasing heliocentric distance. 

2. Flare and Spacecraft Locations 

In early August 1972 there were two 2B solar flares which were followed by two 3B 
solar flares. The first column in Table I summarizes many of the specifics of  these 
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four flares including the times of onset of activity, the times of max imum activity, and 

the locat ion of the flare sites. These solar data were obtained from World  Data  Center 

A, UAG-28.  These flares occurred in McMath  Plage 11976 during the descending 

phase of the solar cycle (solar cycle 20) as indicated in Figure 1. The smoothed sunspot 

numbers  for solar cycles 18 and 19 are also included in Figure 1. This figure emphasizes 

the similarity in the resurgence of solar activity in the declining phase of each of these 

solar cycles. 

TABLE I 

Summary of August events 

Loca- Sun Pioneer 9 Earth Pioneer 10 
tion: 

Event He Flare 2B Forward Forward 
McMath Plage 11976 Shock Shock 
N13 ~ E35 ~ SI(E) 
2 August (Day 215) 4 August (Day 217) 
Start 0316 UT 0120 UT 
End 0800 UT 
Max 0327 UT 

0410 UT 
0515 UT 
0739 UT 

Time 

Event 

Time 

Event 

Time 

Event 

Time 

Forward 
Shock 

S~(9) S~(10) 
3August(Day 216) 6August(Day 219) 
<0430UT 1520UT 

He Flare 2B Forward 
McMathPlage 11976 Shock 
N13 ~ E27 ~ Sz(9) 
2 August (Day 215) 3 August (Day 216) 
Start 1958 UT 1117 UT 
End 2355 UT 
Max 2023 UT 

2058 UT 

Forward Reverse 
Shock Shock 
S2(E) S2(10) 
4August (Day 217) 9August (Day 222) 
0221UT 1540UT 

Hc~ Flare 3B Forward Forward Forward 
McMathPlage 11976 Shock Shock Shock 
N14 ~ E08 ~ $3(9) S3(E) $3(10) 
4 August (Day 217) 4 August (Day 217) 4 August (Day 217) 13 August (Day 226) 
Start 0620 UT 2323 UT 2054 UT 0300 UT 
End 1000 UT 
Max 0635 UT 

Hc~ Flare 3B Forward 
McMathPlage 11976 Shock 
N14 ~ W36 ~ $4(9) 
7 August (Day 220) 9 August (Day 222) 
Start 1443 UT 0707 UT 
End 1730 UT 
Max 1500 UT 

1527 UT 

Forward 
Shock 
S4(E) 
8August (Day 221) 
2354UT 
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Fig. 1. Solar cycles 18, 19, and 20 with solar cycles 18 and 19 superimposed on solar cycle 20. For 
solar cycle 18 the beginning of February 1944 was placed on October 1964 and for solar cycle 19 the 

beginning of April 1954 was placed on October 1964, 
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Fig. 2. Ecliptic plane projection of spacecraft and celestial objects within 6 AU in early August 1972. 
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Figure 2, adapted from Dryer et al., 1975a, shows the ecliptic projections of the 
locations in early August 1972 of Pioneer 9, Pioneer 10, comet P/Schwassmann- 
Wachmann I and comet P/Giacobini-Zinner relative to a fixed Sun-Earth axis. In 
early August 1972, the Pioneer 9 and Pioneer 10 spacecraft were at heliocentric 
distances of N0.8 AU and 2.2 AU, respectively, approximately 45 ~ east of the Earth's 
solar longitude. Pioneer 9 was located approximately 11-13 x 105 km north of the 
ecliptic plane during this time and Pioneer 10 was located approximately 11-12 x 106 
km south of the ecliptic plane. 

Referring again to Table I, the last three columns indicate, respectively, the sequence 
of times of observation at Pioneer 9, Earth, and Pioneer 10 of the interplanetary shocks. 
Throughout this paper we will use the convention of numbering sequentially the 
shocks at each location indicating in parentheses the location. Therefore, $1(9) denotes 
the first shock observed at Pioneer 9, S~(E) denotes the first shock observed at Earth, 
and S~(10) denotes the first shock observed at Pioneer 10. 

3. Pioneer 9 Observations 

Figule 3 is from Intriligator (1976a) and summarizes the solar wind plasma parameters 
observed in early August 1972 at Pioneer 9. The Pioneer 9 plasma data in this figure 
and subsequent figures (also from this reference) were obtained from the NASA Ames 
Research Center solar wind plasma analyzer, John Wolfe is the principal investigator. 
Figure 4 presents higher time resolution data of the solar wind proton speed and mag- 
netic field magnitude at the time of the first shock St(9) observed at Pioneer 9. The 
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Fig. 3. Solar wind plasma proton observations obtained on Pioneer 9 ~0.8 AU during the period 
2 August (Day 215) to 18 August (Day 231), 1972 by the NASA Ames Research Center Plasma 
Analyzer. The solar wind proton streaming speed, V; the solar wind proton number density, Np; 

and the solar wind proton temperature, T, are shown. 
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Fig. 4. Simultaneous observations of the solar wind proton speed, II, and the magnetic field magni- 
tude, B, in the vicinity of the Pioneer 9 forward shock SK9). The • 's, in this and subsequent figures, 
are the least squares analyzed values of the solar wind proton speed obtained by the NASA Ames 
Research Center plasma analyzer. The magnetic field data in this figure and Figures 6, 8 and 10 were 
obtained by the Pioneer 9 magnetometer. Intriligator (1976a) has noted that the data indicate that 
there is a jump in the solar wind proton speed before 0430 UT implying the passage of the shock before 

0430 UT rather than at ~0440 UT as had been previously reported by others. 

magnetic field data were obtained by the N A S A  Ames Research Center magnetometer,  

Charles Sonett  is the principal investigator. The solar wind proton speed points in this 

and subsequent figures were obtained f rom the N A S A  Ames Research Center least 

squares data reduction program that  obtains the plasma parameters of  the plasma 

distribution function by iterating the data with the specific instrument response 

function obtained in the prelaunch calibration o f  the instrument in the Plasma 

Calibration Facility at N A S A  Ames Research Center. Intril igator (1976a) was the 

first to point  out  that  previously the time of  the first shock reaching Pioneer 9 had 
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been incorrectly, reported as 0440 UT. It is clear in the higher time resolution data 
shown in Figure 4 that there is a sharp increase in the solar wind proton speed before 
0430 UT. Figure 4 also indicates that the increase in speed before 0430 UT corresponds 
to an enhancement in the magnetic field magnitude. The identification of the time of 
arrival of this first shock S,(9) at Pioneer 9 is further discussed in Intriligator (1976a) 
with the use of ion energy spectra. Figure 5, taken from this paper, shows ion energy 
spectra obtained on Day 216 (3 August) at approximately 0417 UT and 0428 UT. In 
this figure and subsequent figures of this type, the flux shown is the peak ion flux in 
ions per square centimeter per second for each energy per unit charge channel. The 
speed shown is the proton speed obtained from converting the energy associated with 
the energy per unit charge channel to the comparable proton speed in kilometers per 
second. The peak in the ion energy spectrum obtained at ,-,0417 UT was measured 
before the arrival of the first shock $1(9) at Pioneer 9. The solar wind proton speed 
associated with this peak is ~ 290 km s- 1. The peak in the ion energy spectrum ob- 

tained around 0428 UT was measured after the arrival of St(9) at Pioneer 9. The solar 
wind proton speed associated with this peak is ,,~340 km s -~. Intriligator (1976a) 
also noted the enhanced intensity of the second peak in the 0428 UT spectrum as 
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Fig. 5. Differential Ion Energy per Unit Charge Spectra. The flux shown is the peak ion flux for 
each energy per unit charge channel measured in ions per square centimeter per second in that channel. 
The speed shown is the proton speed obtained from converting the energy associated with the energy 
per unit charge channel to the comparable proton speed. The ion energy spectrum measured at 
0417 UT was obtained before the passage of $1(9). The ion energy spectrum measured at 0428 UT 
peaks at a higher solar wind proton speed implying that it was measured after the passage of $1(9). 



SOLAR WIND PLASMA OBSERVATIONS 635 

compared with the intensity of the second peak in the 0417 UT spectrum. The second 

peak in the 0417 spectrum is associated with the alpha particle intensity. The enhance- 

ment of this peak in the 0428 UT spectrum is most likely indicative of an increase in 
the number of alpha particles in the solar wind and also an enhanced high energy 
tail associated with the solar wind proton energy distribution function. The increase 
in the solar wind proton speed from 290 km s -1 at ~0417 UT to 340 km s -1 at 
~0428 UT and the general change in the shape of the ion energy spectra between 
~ 0 4 1 7 U T  and ,~0428UT have led Intriligator (1976a) to conclude that S~(9) 
arrived at Pioneer 9 before 0430 UT (e.g., ~0428 UT) rather than at 0440 UT as 

had been previously reported by others. 
Figure 6 is similar in format to Figure 4, and shows the arrival of the second shock 

S2(9) at Pioneer 9. In this figure the higher time resolution data indicate that the 
increase in the solar wind proton speed occurred between ~ 1100 UT and ~ 1130 UT. 
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Simultaneous observations of the solar wind proton speed, II, and the magnetic field magni- 
tude, B, in the vicinity of the Pioneer 9 forward shock $2(9). 
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Fig. 7. Differential Ion Energy per Unit Charge Spectra measured at Pioneer 9 on Day 216 (see 
caption of Fig. 5 and text for an explanation of the format), The ion energy spectrum obtained at 
1126 UT has a much higher intensity and peaks at a substantially higher solar wind proton speed than 

the ion energy spectrum obtained earlier at 1119 UT. 

PIONEER 9 SHOCK,S3(9) 
30 

24 

18 

12 

6 

0 I I I 

Vt 
k m / s e c  

Fig. 8. 

I100 

I 0 0 0 -  

900 

800 

700 • 2 1 5  

600 
2230 

X 

X X 

X 
X 

X 
X X 

X X  

2300 2330 

HOURS OF OAY 

I 

2400  

217 (AUG 4) 

2 4 3 0  
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tude. B, in the vicinity of the Pioneer 9 forward shock $3(9). 
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Fig. 9. Differential Ion Energy per Unit Charge Spectra measured at Pioneer 9 on Day 217 (see 
caption of Fig. 5 and text for an explanation of the format). The ion energy spectrum obtained at 
2330 UT peaks at a substantially higher solar wind proton speed than the spectrum obtained at 
2323 UT. The temperature (as indicated by the full width at half maximum) of the spectrum measured 

2330 UT is also higher. 

The marked increase in the magnetic field magnitude during this time is also clearly 
shown. The identification of the time of arrival of shock $2(9) at Pioneer 9 is further 
discussed in Intriligator (1976a) with the use of ion energy spectra. Figure 7, which is 
taken from this paper, shows ion energy spectra obtained on Day 216 (3 August) at 
approximately 1119 UT and 1126 UT. This figure emphasizes the drastic change in 
the solar wind distribution function as a result of the arrival of $2(9). Figure 7 indicates 
the large increase in solar wind proton speed from the value of 350 km s-1 associated 
with the peak of the 1119 UT energy spectrum to a speed of 550 km s-1 associated 
with the peak of the 1126 UT energy spectrum. Figure 7 also shows the substantial 
increase in intensity associated with the 1126 UT energy spectrum. 

Figure 8 shows the simultaneous solar wind proton speed data and magnetic field 
magnitude data associated with the arrival of the third shock $3(9) at Pioneer 9. 
There is a definite increase in the solar wind speed and magnetic field magnitude at 
,,,2330 UT. Figure 9 shows the changes in the solar wind ion energy spectrum asso- 
ciated with the arrival of $3(9). This figure is similar in format to Figures 5 and 7, 
although the vertical scale in Figure 9 has been expanded to more fully show the slope 
of these ion energy spectra and the horizontal scale now covers the range from 
600 km s- 1 to 1100 km s- 1. The ion energy spectra in Figure 9 show the large shift 
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Simultaneous observations of the solar wind proton speed, V, and the magnetic field magni- 
tude, B, in the vicinity of the Pioneer 9 forward shock $4(9). 

in the peak of the solar wind ion energy spectrum from a solar wind proton speed of 
650 km s-1 at 2323 UT to a speed of 920 km s-  t at 2330 UT. Intriligator (1976a) 

noted the general enhanced intensity of  the ion energy spectrum at 2330 UT and the 

extended high energy tail associated with this spectrum. 
The data associated with $4(9) are shown in Figure 10. The large increase in both 

the plasma proton speed and the magnetic field magnitude occur during the data gap 
~ 0700 UT. The ion energy spectra obtained just before and after this data gap are 
shown in Figure 11. This figure shows the increase in the solar wind proton speed 
associated with the peak of the ion energy spectrum from a value of 400 km s -~ in 
the spectrum obtained at 0650 UT to 540 km s-  t in the spectrum measured at 0725 UT 
after the data gap. The increased intensity and enhanced high energy tail of the ion 
energy spectrum measured at 0725 UT after the arrival of  $4(9) as compared to that 
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Fig. 11. Differential Ion energy per Unit Charge Spectra measured at Pioneer 9 on Day 222 (see 
caption of Fig. 5 and text for an explanation of the format). The ion energy spectrum measured at 
0650 UT was obtained before the passage of $4(9). The ion energy spectrum measured at 0725 UT 

shows a higher peak speed and temperature implying its association with the passage of $4(9). 

measured at 0650 UT before the arrival of  S,(9), are similar to those shown above in 
Figures 5, 7, and 9 for the ion energy spectra associated with the arrivals of  $1(9), 

$2(9), and $3(9), respectively. 

Analyses of the Pioneer 9 solar wind plasma and magnetic field data presented above 
have led to the identification (Intriligator, 1976a; Smith, 1976) that each of the four 

shocks $1(9), $2(9), $3(9), and $4(9) are fast forward shocks. These results confirm the 
earlier identifications by Mihalov et al. (1974) and Dryer et al. (1976). The Rankine- 

Hugoniot analyses of the shocks are discussed in Section 6. The calculations of  the 

local shock speeds at Pioneer 9 are discussed in Section 7 and the shock associations 
between Pioneer 9 and Pioneer 10 are discussed in Section 8. A discussion of the plasma 
wave measurements and power spectral analyses is included in Section 10. 

4. Pioneer 10 Observations 

Figure 12 is from lntriligator (1976a) and summarizes the solar wind plasma para- 
meters observed in early August 1972 at Pioneer 10. The Pioneer 10 plasma data in 

this figure and subsequent Figures 13-18 (also from this reference) were obtained 
from the NASA Ames Research Center solar wind plasma analyzer (Intriligator and 
Wolfe, 1976). John Wolfe is the principal investigator of  this experiment. Figure 13 
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Fig. 12. Solar wind plasma observations obtained on Pioneer I0 at 2.2 AU during the period 2 
August (Day 215) to 18 August (Day 231), 1972 by the NASA Ames Research Center Plasma Analyzer. 
The solar wind proton streaming speed, V; the solar wind proton number density, N; and the solar 

wind proton temperature, T, are shown. 
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Fig. 13. Simultaneous observations of the solar wind proton speed, V, and the magnetic field magni- 
tude, B, in the vicinity of the Pioneer 10 forward shock Sl(10). The dots, in this figure and subsequent 
figures, are the least squares analyzed values of the solar wind proton speed obtained by the NASA 
Ames Research Center Plasma Analyzer. The magnetic field data in this and subsequent figures were 

obtained by the Vector Helium Magnetometer on Pioneer 10. 
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Fig. 14. Differential Ion Energy per Unit Charge Spectra. The count shown is the peak ion count for 
each energy per unit charge channel measured in ions per square centimeter per second in that channel. 
The speed shown is the proton speed obtained from converting the energy associated with the energy 
per unit charge channel to the comparable proton speed. The ion energy spectrum obtained at 1514 UT 
peaks at a higher solar wind proton speed than the 1507 UT spectrum. The 1514 UT spectrum has a 
more 'ragged' shape possibly implying that it is time aliased (Intriligator, 1976a). 

presents higher time resolution data of  the solar wind proton speed and magnetic 

field magnitude at the time of the first shock $1(10) observed at Pioneer 10. The 

Pioneer 10 magnetic field data in this figure and subsequent figures were obtained by 

the Helium Vector Magnetometer on Pioneer 10 (Smith et al., 1974). Edward J. Smith 
is the principal investigator of  this experiment. The solar wind proton speed points 

in this figure and subsequent figures were obtained from the NASA Ames Research 

Center least squares data reduction program that obtains the plasma parameters of 

the plasma distribution function by iterating the data with the specific instrument 

response function obtained in the prelaunch calibration of the instrument in the 

Plasma Calibration Facility at NASA Ames Research Center. Figure 13 shows the 
increase in the solar wind proton speed ~ 1500 U T  and the jump in the magnetic field 

magnitude. In the ion energy per unit charge spectra obtained at ,,~ 1507 UT and 
subsequent ion energy spectra of  this type, the flux shown is the peak ion flux in ions 
per square centimeter per second for each energy per unit charge channel. The speed 
shown is the proton speed obtained from converting the energy associated with the 
energy per unit charge channel to the comparable proton speed in kilometers per 
second. In Figure 14 the peak in the ion energy spectrum measured at ~-, 1507 U T  was 



I0 

5 

0 

700 

PIONEER I0 SHOCK= $2(10) 

I I I I 

E l  

v, 
km/sec 600  

Fig. 15. 

� 9  
D 

ooe oe-e 

e 0 0  �9 

O e  �9 O l e e e O � 9  

�9 � 9 1 4 9  �9 

�9 e � 9  

5 0 0  I I i I I 

1200 1300 1400 1500 I 6 0 0  1700 1800 

300  

HOURS OF DAY 222 (AUG 9) 

Simultaneous observations of the solar wind proton speed, V, and the magnetic field magni- 
tude B, in the vicinity of the Pioneer 10 reverse shock Sz(10). 
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Fig. 16. Differential Ion Energy per Unit Charge Spectra. This figure is similar in format to Fig. 14. 
The ion energy spectrum measured at 1538 UT peaks at a higher solar wind proton speed than the 

earlier (1530 UT) spectrum. 
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Fig. 17. Simultaneous observations of the solar wind proton speed, V, and the magnetic field magni- 
tude, B, from Day 224 to Day 230. The simultaneous jump in these parameters on Day 226 is asso- 

ciated with the passage at Pioneer 10 of the forward shock $3(10). 

measured before the arr ival  o f  the first shock St(10) at  Pioneer  10. The solar  wind 

p ro ton  speed associa ted  with this peak  is ~ 4 0 0  k m  s-1.  The peak  in the ion energy 

spec t rum obta ined  at  -~ 1514 U T  was measured  after  the arr ival  of  St(10) at  Pioneer  

10. In  In t r i l iga tor  (1976a) ion  energy spect ra  ob ta ined  at  ~ 1530 U T  and ~ 1538 U T  

are  also presented,  and  it is noted that  the ion spectra  ob ta ined  at  1514 UT,  tha t  is 
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shown in Figure 14, has a generally more 'ragged' shape than the others possibly 
implying that it is time aliased. 

Figure 15 shows the arrival of the second shock $2(10) at Pioneer 10. In this figure 
the higher time resolution data indicate that there is a gradual increase in solar wind 
proton speed on Day 222 (9 August) between ~ 1200 UT and 1640 UT. The higher 
time resolution magnetic field data in the top panel of Figure 15 indicate that unlike 
the other shocks at Pioneer 9 and Pioneer 10, there is a sharp drop in magnetic field 
magnitude at ~1550 UT. This drop in magnetic field magnitude has led to the 
identification of $2(10) as a reverse shock. The ion energy spectra associated with the 
arrival of $2(10) at Pioneer 10 are shown in Figure 16. This figure shows the increase 
in the solar wind proton speed between 1530 UT (Day 222) and 1538 UT. In Figure 
17 Pioneer 10 measurements of the solar wind proton speed and the simultaneous 
magnetic field magnitude are shown for Days 224-230. The sharp increase in the solar 
wind speed at the beginning of Day 226 is accompanied by a dramatic jump in the 
magnetic field magnitude. The change in the solar wind ion energy spectra due to the 
arrival of Sa(10) at Pioneer 10 is shown in Figure 18. The ion energy spectrum measured 
at ,,~0230 UT was obtained before the arrival of $3(10). This ion energy spectrum 
peaks at a solar wind proton speed of ,,~ 500 km s- i. The ion energy spectrum measured 
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Fig. 18. Differential Ion Energy per Unit Charge Spectra (see caption of Fig. 14 for an explanation 
of the format). The ion energy spectrum measured at 0230 UT was obtained before the passage of 
$3(10). The 0328 UT spectrum was obtained after the passage of Sa(10) since it peaks at a higher solar 
wind proton speed, shows enhanced intensity, and a higher temperature as indicated by the full 

width at half maximum. 
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at ~0328 UT was obtained after the arrival of $3(10) at Pioneer 10. In contrast to the 
earlier ion energy spectrum, the one obtained at N0328 UT peaks at a solar wind 
proton speed of ~ 600 km s-l,  and shows an enhanced intensity of the solar wind 
proton and alpha particles and also shows evidence of a high energy tail to the solar 
wind proton (and perhaps alpha particle) distribution function. 

Analysis of the Pioneer 10 solar wind plasma and magnetic field data presented 
above have led to the identification (Intriligator, 1976a; Smith, 1976) of Sl(10) and 
$3(10) as fast forward shocks and $2(10) as a reverse shock. In Section 7 there is a 
discussion of the calculations of the local shock speeds associated with these shocks. 
The shock association between Pioneer 9 and Pioneer 10 and the implications of these 
identifications are reviewed in Section 8. Estimates of the thickness of Sl(10) and 
$2(10) are reviewed in Section 9. Power spectral analyses of the Pioneer 10 data are 
briefly discussed in Section 10. 

5. Near-Earth Observations 

Solar wind observations associated with the August events in the vicinity of the 
earth have been reported by Cattaneo et al. (1974), Zastenker et al. (1975) and Vaisberg 
and Zastenker (1976). 

Figure 19a is adapted from Vaisberg and Zastenker (1976) and shows measurements 
of the solar wind speed (based on hourly averages) obtained on Prognoz-1 and 
Prognoz-2. The Prognoz satellites had highly eccentric orbits with apogee ~ 200 000 kin, 
perigree ~ 1000 km and an orbital inclination of ~ 65 ~ (Vaisberg and Zastenker, 1976) 
thereby allowing them to spend a large fraction of the orbital period in the solar wind. 
Column 3 in Table I lists in the vicinity of the earth the sequence of arrival of the four 
shocks in early August 1972. In Figure 19a the jumps can be clearly seen in the solar 
wind speed on Day 217 (4 August) at ~0100 UT, N0200 UT, and ~2100 UT which 
are associated with the arrival of the first three shocks SI(E), S2(E), and S3(E) in the 
vicinity of Earth. The higher solar wind speed following the data gap on Day 221 
(8 August) is associated with the arrival of the fourth shock S4(E ). 

Figure 19b is similar to Figure 19a but some additional data have been super- 
imposed on the Prognoz-I and Prognoz-2 measurements. Following Vaisberg and 
Zastenker (1976), the HEOS-2 plasma speeds have been added. The dots are the solar 
wind speed measurements and the dashed lines are the measurements of the plasma 
speed in the magnetosheath. In Figure 19b the continuous histogram indicates the 
three-hourly value of the Kp index for geomagnetic activity recorded at ground 
stations. There is a general tendency for the arrival of interplanetary shocks to pro- 
duce increases in geomagnetic activity as indicated by the /~  index (Intriligator, 1973) 
and sudden commencements. Figure 19b also indicates, however, that there are 
several times when the increases in the Kp index are not accompanied by the arrival 
of shocks or large increases in the solar wind speed. 

Croft (1975) has published data on the electron content along the path from Earth 
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Fig. 19a (upper panel). Solar wind proton speed obtained on satellites Prognoz-1 and Prognoz-2 
in August 1972. 

Fig. 19b (lower panel). HEOS-2 data and the three-hourly ground based Kp index have been super- 
imposed on the Prognoz data. The dots are the HEOS-2 solar wind speed measurements and the 
dashed lines are the HEOS-2 measurements of the plasma speed in the magnetosheath. The histogram 

shows the three hourly K~ index and refers to the scale at the right of the figure. 
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The normalized average electron density (in electrons cm-  3) measured along the radio path 
from earth to Pioneer 9. The insert at the right indicates the path. 

to Pioneer 9 based on measurements with the Stanford dual-frequency system on 
Pioneer 9. Figure 20 is adapted from Croft (1975) and shows the normalized average 
electron density (in electrons c m  -3 )  measured along the radio path from Earth to 
Pioneer 9 in early August 1972:In Figure 20 we have inserted a schematic drawing 
indicating the specific location of this radio path from Earth to Pioneer 9 during early 
August 1972. The data in Figure 20 were obtained by taking the estimated electron 
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content  a long the entire pa th  f rom the surface of  the Ear th  to the spacecraft ,  then 

subtrac t ing  the large con t r ibu t ion  f rom the Ear th ' s  ionosphere ,  and  then dividing the 

remaining  electron content  by the pa th  length ( ~  111 x 106 km). The da ta  in F igure  20 

show large var ia t ions  dur ing  this interval  of  the average electron number  densi ty  

a long this path.  The da ta  imply  first ~ 3 Augus t  the presence of  higher densi ty regions 

and  then ~ 5, 6 Augus t  the vir tual  evacuat ion  o f  most  electrons f rom this path.  

6. Rankine-Hugoniot Analysis 

Dryer  e t  al. (1976) have per formed  extensive calculat ions of  the parameters  associa ted  

with  the four  forward  shocks at  Pioneer  9. Using the s imul taneous  p lasma  and  

magnet ic  field da ta  they have ob ta ined  many  i m p o r t a n t  quanti t ies  such as the M a c h  

numbers ,  the p l a sma  betas and  the o ther  p lasma  paramete r s  l isted in Table  I I  (which 

is adap ted  f rom Dryer  e t  al. ,  1976). These quanti t ies  have been der ived f rom the use 

of the Rank ine -Hugon io t  relations.  In  this type of  analysis (T idman  and  Kral l ,  1971 ; 

Lepp ing  and Argent ie ro ,  1971 ; Dryer  e t  al . ,  1975b) the magne tohyd rodynamic  shock 

j u m p  condi t ions  (Landau  and Lifshitz, 1960; Co lburn  and Sonett ,  1966) are der ived 

f rom the conservat ion  equat ions  and Maxwel l ' s  equat ions,  assuming tha t  the solar  

TABLE II 

Plasma parameters derived from Rankine-Hugoniot analysis (adapted from Dryer et al., 1976) 

Plasma parameter $1(9) Sz(9) $3(9) $4(9) 

Alfv6n Mach No., Ma 4.4 5.1 2.9 3.8 
Alfv6n Mach No. perpendicular to 

shock plane, MA• 10.6 26.8 6.2 3.5 
Ordinary Mach No., M 17.3 10.0 39.6 10.3 
tip = 2lmkTp/B 2 0.16 0.41 0.016 0.24 
fie = 2 pnk  Te/ B 2 1.90 0.86 0.18 0.008 
fir = tip + fie 2.06 1.27 0.20 0.25 
Angle between shock normal and 

magnetic field, 0B, ~ 76 ~ 79 ~ 64 ~ 37 ~ 
Angle between shock normal and 

relative velocity, 0v, ~- 54 ~ 74 ~ 16 ~ 43 ~ 
Preshock electron temperature, 

T~(~ 2.7 • 105 1.8 • l0 s 4.3 • l0 s 0.4 • 105 
Postshock electron temperature, 

T~(~ 3.7 • 105 16.0 • 105 11.0 x 10 s 7.1 x 105 
Preshock proton temperature, 

Tp(~ 0,2 • 10 s 0.9 • 105 0.2 • 105 1.2 x 105 
T~(~ 0,9 • 105 3.3 x 105 15.0 • l0 s 4.5 • 10 s 

Shock velocity in direction (0, ~b) of 371 645 1096 601 
normal, Vs, km s -1 ( -21  ~ 203 ~ (3.5 ~ 166 ~ ( -3 .8  ~ 158 ~ ( - 2 6  ~ 178 ~ 

Shock velocity in radial direction, 
VSR, km s -~ 431 667 1183 672 

Ion inertial length, c/cop~, km 57 29 175 106 
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Fig. 21 (upper panel). Conceptual drawing of the interplanetary plasma and magnetic field para- 
meters as a function of (increasing) time. The parameters VI, N~, and BI characterize the inter- 
planetary medium before the discontinuous jump in the parameters associated with the shock front. 
The parameters V2, N2, and B2 characterize the interplanetary medium after the time of the shock. 

(Lower panel) Drawing of the shock reference plane. 

wind behaves as an infinitely conducting, ideal gas in which the dissipating processes 
are negligible. At the top of Figure 21 is a conceptual drawing of the interplanetary 
plasma and magnetic field parameters as function of (increasing) time. The parameters 
V1, N1, and Bt characterize the interplanetary medium before the discontinuous jump 
in the parameters associated with the shock front. Following the time of the shock 

the parameters V2, N2, and B2 characterize the interplanetary medium. In the lower 
section of Figure 21 is a drawing of the shock reference plane. Using the coordinate 
system defined in this figure the M H D  shock jump conditions discussed above can be 
written as shown in Figure 22. For the purpose of these calculations the solar wind is 
assumed to consist only of protons and electrons and charge neutrality is assumed 
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Fig. 22. The magnetohydrodynamic shock jump conditions using the coordinate system defined in 

the shock reference plane drawing in Fig. 21. 
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Fig. 23. The derived values of  the kinetic energy flux, the magnetic energy flux, and the thermal 
energy flux obtained from the Rankine-Hugoniot analyses of  Pioneer 9 data. The times of  occurrence 

of  the four forward shocks observed at Pioneer 9 are also indicated. 
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Oze=np=n). The plasma velocity, v, is measured in the shock reference frame so the 
top equation in Figure 22 is used to calculate the shock velocity Vs in terms of the 
plasma velocity measured in the spacecraft coordinate system, u (Dryer et al., 1975b). 
For  the four forward shocks seen at Pioneer 9 Dryer et al. (1976) have performed a 
three-dimensional least squares fitting of the simultaneous plasma and magnetic field 
data to the MHD shock conservation requirements shown in Figure 22. Using this 
analysis they have calculated the kinetic energy flux, the magnetic energy flux and 
the thermal energy flux in the interplanetary medium in early August 1972 based on 
the measurements at Pioneer 9. In Figure 23 which is adapted from Dryer et al. (1976), 
we have inserted information on the times of the four forward shocks $1(9), $2(9), 
$3(9), and $4(9). Dryer et al. (1976) have taken the kinetic energy flux to be homo- 
geneous over a surface area at 0.78 AU subtended by 2n ster centered at the Sun 
(this assumption was made on the basis of the large volume indicated by the observa- 
tions of the August 7th flare by Pioneer 9 and the interplanetary scintillation observa- 

tions). 

7. Shock Speeds 

Dryer et al. (1976) using the method described above have also obtained the local 
velocities of the shocks at Pioneer 9. These results are also included in Table II. 
Recently a series of calculations have been carried out by Intriligator (1976a) and 
Smith (1976) to estimate the inertial speed of the shocks seen at Pioneer 9 and Pioneer 
10 in association with the August events. These calculations are based on the assump- 
tion that the shocks are quasi-perpendicular. Then the conservation of magnetic flux 
leads to the relation for the inertial speed of the shock 

V 2 B  z - V 1 B  1 
VShock(V, /~ )  --  (1)  

B2 - B1 

where (as in the top drawing in Figure 21) V1 and V2 are, respectively, the values of the 
solar wind speed before and after the shock and Bt and B2 are, respectively, the values 
of the magnetic field magnitude before and after the shock. Table III, taken from 
Intriligator (1976a) lists the shock speeds found from this relation for each of the 
shocks observed at Pioneer 9. The shock speeds found from this relation for each of 
the shocks observed at Pioneer 10 are listed in Table IV. In Intriligator (1976a) there 
is also a discussion of the uncertainties associated with the calculated shock speeds 
shown in Table III and Table IV. 

Intriligator (1976a) has also noted that shock speeds remarkably similar to those 
shown in Table III and Table IV are also obtained for each of the respective shocks at 
Pioneer 9 and Pioneer 10 when the shock speed is calculated using the equation 

Vshock(V, N ) =  V z N p z -  VtNp, (2) 
N~2- N~, 

where (as in the top drawing of Figure 21) V~ and V2 are, respectively, the values of the 
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TABLE III 

Local shock speeds at Pioneer 9 using Equation (1) 

651 

Event Day Time Vt Bx V2 Bz Vshook (V, B) 
(UT) (kms -~) (gamma) (kms -~) (gamma) (kms -1) 

$1(9) D 216 0420 297 1.5 345 4 374 
(3 Aug.) 

$2(9) D 216 1117 358 20 540 70 613 
(3 Aug.) 

$3(9) D 217 2323 685 9 938 23 1100 
(4 Aug.) 

$4(9) D 222 0707 403 8 546 18 660 
(9 Aug.) 

TABLE IV 
Local shock speeds at Pioneer 10 using Equation (1) 

Event Day Time V~ BI V2 B2 Vshock ( V, B) 
(UT) (kin s-  ~) (gamma) (kin s-  ~) (gamma) (kin s-  ~) 

Sx(10) D 219 1520 412 2.5 615 7.5 717 
(6 Aug.) 

$2(10) D 222 1540 592 5 631 3 534 
(9 Aug.) 

$3(10) D 226 0300 502 1.2 605 3.5 659 
(13 Aug.) 

solar  wind speed before and after the shock;  and  Npt and Np, are, respectively the 

solar  wind p r o t o n  number  densities before and after the shock. The results f rom 

es t imat ing the shock speeds at  Pioneer  9 and  Pioneer  10 using this equat ion  are shown 

in Table  V and Table  VI, respectively. 

In  Table  VII  ( from Intr i l igator ,  1976a) there is a compar i son  o f  the shock speeds 

ob ta ined  by these three different methods  for each o f  the fast fo rward  shocks at  

Pioneer  9. In  the co lumn Vshock(V, B )  the shock speeds are l isted (as in the last  

TABLE V 
Local shock speeds at Pioneer 9 using Equation (2) 

Event Day Time I/1 NpL V2 N 2 Vshock(V, Np) 
(UT) (kin s-  t) (protons cm- 3) (km s- ~) (protons cm-a) (km s- l) 

Sx(9) D 216) 0420 297 6.3 345 14.2 383 
(3 Aug.) 

$2(9) D 216 1117 ' 358 18 540 111 575 
(3 Aug.) 

$3(9) D 217 2323 685 0.7 938 1.4 1191 
(4 Aug.) 

$4(9) D 222 0707 403 2.5 546 7.2 622 
(9 Aug.) 
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TABLE VI 

Local shock speeds at Pioneer 10 using Equation (2) 

Event Day Time VI N~ V2 Np2 VShor Np) 
(UT) (km s- ~) (proton cm- a) (kin s- t) (proton cm- a) (km s- ~) 

Sx(10) D 219 1520 412 1.6 615 5.1 708 
(6 Aug.) 

$2(10) D 222 1540 592 1.2 631 0.4 573 
(9 Aug.) 

Sa(10) D 226 0300 502 0.4 605 1.0 674 
(13 Aug.) 

TABLE VII 

Comparison of calculated shock speeds at Pioneer 9 

Event Day Time Vshock(V, B) gShoek( V, N) VsR~o~y~. 
(UT) (km s- ~) (km s- 1) (kin s- ~) 

$1(9) D 216 0420 374 383 431 
(3 Aug.) 

$2(9) D 216 1117 613 575 667 
(3 Aug.) 

Sa(9) D 217 2323 1100 1191 1183 
(4 Aug.) 

$4(9) D 222 0707 660 622 672 
(9 Aug.) 

column of Table III) from the calculations above (Equation (1)) assuming that the 

shocks are quasi-perpendicular. In the colunm Vshock(V, N)  the shock speeds are 
estimated (with Equation (2)) using the solar wind speed and the solar wind proton 
number density (as in the last column of Table V). The last column in Table VII lists 
the radial shock speeds, VSRCDryc, calculated by Dryer et al. (1976) (as in Table II) 
using the Rankine-Hugoniot relations. It should be noted that as discussed in Section 
3, previously, e.g., Mihalov et al. (1972); Dryer et al. (1975a, 1976) the time of the 
first shock at Pioneer 9, $1(9), was incorrectly identified as ~0440 UT. Intriligator 
(1976a) suggested the earlier (<0430 UT) identification and the shock speeds 

Vshock(V, B)  for S1(9) and Vs~o~k(V, N )  for $1(9) are based on assuming that $1(9) 
occurred at ,-~0420 UT whereas the calculation of the radial shock speed Vsecu~y~r) 
employs the 0440 UT identification. 

Generally, the shock speeds Vsho~k( V, B) calculated by Equation (1) assuming that 
the shocks are quasi-perpendicular agree quite well (within _+ <10%) with the 
VsR(o~yer) calculated by Dryer et al. (1976) using the Rankine-Hugoniot relations. 
Even the shock speeds Vsho~k(, V, N)  calculated using Equation (2) agree quite well 
with the others. For $2(9), using Equation (2) one obtains Vsho~k(V, N )  of 575 km s- 1. 
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Intriligator (1976a) has noted that Mihalov et al. (1974) calculated a shock speed of 

~ 645 km s - i  for $2(9) using 

Vs N p 2 V z - N m V I "  
Np2-- Np t 

where ~ the best-fit shock normal was ~- - ( -0 .938 ,  0.341, 0.064). However, the 
Pioneer 9 number densities and other parameters used by Mihalov et al. (1974), were 
preliminary (as indicated in their note added in proof) and their subsequent analyses 
have led to the revision of these parameters to the values in Dryer et al. (1976). 

To date no Rankine-Hugoniot analysis has been performed for the Pioneer 10 data 
but Intriligator (1976a) has compared the shock speeds obtained at Pioneer 10 using 
Equation (1) with those obtained using Equation (2). This comparison is summarized 
in Table VIII. There is a very good agreement ( _+ ~ 10%) between the calculated shock 

speeds at Pioneer 10. 

TABLE VIII 
Comparison of calculated shock speeds at Pioneer 10 

Event Day Time Vsl,ock( V, B) VShock( V, N) 
(UT) (km s- 1) (kin s - ~) 

S~(10) D 219 1520 717 708 
(6 Aug.) 

$2(10) D 222 1540 534 573 
(9 Aug.) 

S~(I0) D 226 0300 659 674 
(13 Aug.) 

8. Pioneer 9/Pioneer 10 Shock Associations 

Recently, Intriligator (1976a) and Smith (1976) have pointed out the similarity of the 
shock speeds calculated for $2(9) and Sl(10) and have compared these shock speeds 
with the estimated average velocity of the shock obtained by assuming that the shock 

S2(9) propagated radially outward from Pioneer 9 to Pioneer 10 where it is identified 
as $1(10). This leads to an estimated average shock speed of ~ 770 km s-~. The agree- 
ment between this average shock speed with the local shock speeds $2(9) and S~(10) 
have led Intriligator (1976a) and Smith (1976) to conclude that the previous association 
by others between Sa(9) and St(10) was incorrect. This conclusion appears to be further 
supported by the HEOS-2 data obtained near Earth. Cattaneo et al. (1974) have 
calculated that the shock speed of Sz(E) was on the order of 730 km s-1. 

The association of S2(9) and S~(10) is also important (Intriligator, 1976a; Smith, 
1976) because it leads one to the conclusion that there was no strong deceleration of 
the shock as it propagated outward from Pioneer 9 at 0.78 AU to Pioneer 10 at 
2.2 AU. This conclusion is emphasized in the top section of Figure 24 from Intriligator 
(1976a). In this figure the local shock speeds VsR(Dryer ) and Vs(V, B )  at Pioneer 9 
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Fig. 24. (upper panel). Summary of local shock speeds obtained (see text) for the forward shocks 
$2(9), S2(E), and $1(10) and the average shock speed l,~v(Pn 9/Pn 10) implied (see text) by associating 
$2(9) with S~(10). This figure emphasizes the similarity of each of these speeds and implies that the 
fast forward shock $2(9) propagated between 0.8 AU and 2.2 AU without strongly decelerating. 
(Lower panel) Summary of local shock speeds obtained (see text) for the forward shocks $4(9) and 
$3(10) and the average shock speed VAv(Pn 9/Pn 10) implied (see text) by associating S4(9) with 
$3(10). This figure also emphasizes the similarity of each of these speeds and implies that the fast 

forward shock $4(9) propagated between 0.8 AU and 2.2 AU without strongly decelerating. 

are shown, the shock speed VS(,EOS) of  ~ 730 km s -  ~ calculated near Earth by Cat taneo 

et al. (1974) is shown, the local shock speed Vs(V, B)  at Pioneer 10 is indicated. The 

line VAv(Pn 9/Pn 10) represents the estimated average shock speed ( ~ 7 7 0  km s -~) 

based on the elapsed time of  observation between $2(9) and S~(10) at Pioneer 9 and 

Pioneer 10, respectively. It  is evident in the top section of  Figure 24 that all of  these 

speeds are similar and that contrary to some theoretical expectations and earlier 

reports there is no evidence between ~0 .8  A U  and 2.2 A U  for a strong deceleration 

of  the shock with increasing heliocentric distance. 
In Figure 25 (from Intriligator, 1976a) the shock associations are summarized. 
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Fig. 25. Summary of flare and shock associations based upon the analyses of local shock speeds. 
The times of the four flares (see Table I) are indicated at the left by arrows. The dots indicate the times 
of arrival of the shocks at Pioneer 9, Earth, and Pioneer 10. The straight lines connecting the dots 

indicate the shock associations at the various sites of observation. 

S~(9) was overtaken beyond 1 AU by Sz(9 ) which propagated outward to become 
S j(10) (as indicated in Figure 24 S~(9) is identified with SI(E) at Earth and $2(9) is 
identified with S2(E) at Earth). 

A comparison of the estimated shock speeds for 84(9 ) in Table VII with the estimated 
shock speeds for $3(10) in Table VIII points out the similarity between these two local 
shock speeds. Intriligator (1976a) and Smith (1976) have identified S~(9) at Pioneer 
9 with $3(10) at Pioneer 10 and then on this basis have each estimated an average 
speed of ~ 635 km s- j for the propagation from Pioneer 9 to Pioneer 10. In Figure 25 
the shock identification of S4(9 ) at  Pioneer 9 with $3(I0) at Pioneer 10 is clearly 
indicated. In the lower section of Figure 24 this average estimated speed VAv(Pn 9/ 
Pn 10) and the local shock speeds at Pioneer 9 and Pioneer 10 are shown. As in the 
case of the association of $2(9) and $1(10) discussed above, it is evident in this figure 
that all of  the speeds are similar. Therefore, the identification of $4(9) and $3(10) and 
a comparison of their local shock speeds leads to the conclusion (lntriligator, 1976a; 
Smith, 1976) that in this case also there was no strong deceleration of the shocks 
between Pioneer 9 at ~0.8 AU and Pioneer 10 at ~2.2 AU. 

9. Estimates of  Shock Thickness 

Using the local shock speeds calculated above and the high resoIution magnetic field 
data, /ntriligator (1976a) and Smith (1976) have estimated the shock thickness for 
$1(I0) the first forward shock observed atPioneer  I0 and for $2(I0) the reverse shock 
observed at Pioneer 10. The data gap at the time of $3(10) precludes the calculation of 
the shock thickness for this forward shock. For S~(10), using Vshock( V, B)  ~ 717 km s- 1 
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and A t e 2  s they obtain AL~1400 to 1500km. For Sz(10) using Vshook(V, B ) ~  

534 km s -1, and A t <  I s they obtain AL~500 to 600 km. Intriligator (1976a) and 

Smith (1976) have noted that these shock thicknesses are larger than the comparable 

c/o9pl, the ion inertial length. 

The thickness obtained here for $1(10) is substantially less than the upper limit for 

Sz(9) for 11.6 • !0 '  km reported by Dryer et al. (1976). In general the estimates of 

Dryer et al. (1976) appear quite high (Intriligator, 1976a). Using the reported thickness 

of Dryer et al. (1976) for $2(9) and the local shock speed Vs~ock(, V, B) obtained above 
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Fig. 26, Summary of the solar wind proton speed measurements obtained by Pioneer 9 (~ 0.8 AU) 
and Pioneer 10 (2.2 AU). The times of the four forward shocks observed at Pioneer 9 are indicated. 
Also shown are the times at Pioneer 10 of the two forward shocks $1(10) and $3(10) and the one 
reverse, shock $2(10). The obvious decrease in the speed following S~(10) in contrast to the generally 

higher levels following $2(9) is shown. 
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of -~ 613 km s -*, Intriligator (1976a) shows that this implies a d t ~ 3  rain (~-, 189 s). 
Even if the shock thicknesses at Pioneer 9 were on the order of ~ 500 km to 1600 km 
as is the case at Pioneer 10, they would still be substantially larger than their respective 
ion inertial lengths (see Table II). 

10. Other Analyses 

In Figure 26 the Pioneer 9 and Pioneer 10 measurements of the solar wind proton 
streaming speed are summarized and the shocks S1(9), Sz(9), $3(9), S4(9) and Sdl0), 
S2(10), and S3(10) are indicated. Mihalov et al. (1974) and others, e.g., Intriligator 
(1976a, b), Scarf and Wolfe (1974) have noted the general change in the profiles of 
the solar wind speed. The most obvious change is the decrease in the speed following 
Sl(10) in contrast to the generally higher levels following $2(9). In contrast the solar 
wind temperatures measured at Pioneer 10 following S~(10) are higher than those 
expected for a pure adiabatic expansion of the solar wind. The elevated temperatures 
at Pioneer 10 could be attributed to stream/stream interactions and/or to the systematic 
conversion of the (directed) streaming speed into the (random) temperature. This 
systematic conversion could be the result of the growth of turbulence in the inter- 
planetary medium and/or the result of plasma/wave interactions and plasma insta- 
bilities. 

Scarf and Wolfe (1974) have studied the Pioneer 9 plasma wave and plasma measure- 
ments and reported that enhanced wave levels were detected over extended time 
periods associated with the August events. Figure 27, taken from Scarf and Wolfe 
(1974) is a wave level/proton density scatter plot for the time period of the August 
events. The plot contains all pairs of measurements made with a time separation of 
1 min or less. Scarf and Wolfe (1974) note that the in-flight threshold levels for the 
broad band channel were measured whenever the density was low. The vertical dashed 
line in the lower left side of the figure indicates the lowest proton density for which the 
ion acoustic wave dispersion relation 

~- k2kTe + --7 + "'" (J)p 

gives a solar wind rest frame frequency equal to the channel cutoff at 100 Hz. Scarf 
and Wolfe (1974) concluded that the data in this figure are consistent with the use of 
the ion acoustic wave dispersion relation in the solar wind frame of reference. Scarf 
and Wolfe (1974) also speculate on the magnitude of a numerically small average 
Doppler shift ((AJ)f)<0.2) for (k-V) combinations that yieldf(wind)<f(Pioneer 9). 

Recently Intriligator (1976b) has estimated power spectra (lntriligator, 1975a, b) 
of the solar wind proton streaming speed measured at Pioneer 9 and Pioneer 10. The 
results indicate that the time series analyses and the power spectral analyses of the 
data from both spacecraft are consistent and may imply that as the interplanetary 
disturbance $1(9), $2(9) propagates outward there may be a conversion of the (directed) 
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Fig. 27. Pioneer 9 wave level/proton density scatter plot for the time period associated with the 
August events. This figure contains all measurements made with a time separation of 1 minute or less. 
In-flight threshold levels for the broadband channel were measured whenever the density was low. 
The vertical dashed line in the lower left indicates the lowest proton density for which the ion acoustic 
wave dispersion relation (see text) gives a solar wind rest frame frequency equal to the channel cutoff 

at 100 Hz. 

streaming energy of the solar wind protons into the (randomized) thermal heating of 
the solar wind protons. The power spectral analyses of the solar wind proton stream- 
ing speed are in the I0- r  --' Hz frequency range (Intriligator, 1975a, b): The inter- 
planetary scintillation of radio sources (Jokipii, 1973) is a useful probe for indirectly 
measuring the tttmmations in the solar wind electron density at higher frequencies. 
The interplanetary scintillation of radio sources can also be used to probe in regions 
of the solar system currently not accessible to spacecraft (e.g., out of the ecliptic). 
There is a detailed review of the interplanetary scintillation observations associated 
with the August events in Kakinama and Watanabe (1976). 

11. S u m m a r y  

We have reviewed many of the interplanetary features associated with the solar flares 
in August 1972. It is anticipated that future studies of these interplanetary features 
will reveal additional information that will enable us to further understand the solar 
wind dynamics associated with these events. In addition, as a result of the recent 
Pioneer 10 and Pioneer 11 direct exploration of the solar system to extended hello- 
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centric distances (to date  as great  as 10 AU),  there have been some impor t an t  studies 

(e.g., Smith  and Wolfe,  1976) of  the in terac t ion  between adjacent  solar  wind streams 

at large hel iocentr ic  distances.  I t  is ant ic ipated  that  future studies of  this k ind  and  

compu te r  shnulat ions  of  solar  wind phenomena  out  to large hel iocentr ic  distances 

(e.g., Dryer  et al., 1976; Dryer  and  Steinolfson, 1976), and  l abo ra to ry  exper iments  

may  also enable  us to more  fully unders tand  the solar  wind dynamics  associa ted with 

the August  events and  o ther  solar  wind phenomena  at  large heliocentric distances.  
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