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A Search for Solar Wind Velocity Changes Between 0.7 and 1 AU 
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Simultaneous observations of the solar wind velocity as measured at the Pioneer 9 and Ogo 5 spacecraft 
during five solar rotations in 1968 and 1969 are presented. During this time, Pioneer 9 was traveling in 
toward the sun to approximately 0.7 AU while the earth orbiter Ogo 5 was spending long periods in the 
interplanetary medium. A comparison of the 3-hour averages of solar wind velocity obtained at both 
spacecraft indicates that the same basic solar wind velocity structure was seen at both spacecraft. There 
was no statistically significant dependence of average velocity on radial distance from the sun. The 
amplitude of variations about the average velocity apparently decreased with increasing distance from the 
sun; some but probably not all of this decreased variation is consistent with the exchange of momentum 
between high-velocity and low-velocity streams. The correlation coefficient of pairs of velocity averages 
computed from a corotation model decreases with increasing distance between the two spacecraft. 

This paper presents observations concerning radial 
variations of the solar wind velocity between 0.7 and 1 AU in 
late 1968 and early 1969. During this time the Pioneer 9 
spacecraft traveled in toward the sun to approximately 0.7 AU 
while the earth-orbiting satellite Ogo 5 spent long periods in 
the interplanetary medium. The Pioneer and Ogo data 
presented here are from the solar wind plasma spectrometers 
built by Ames Research Center (for Pioneer) and the Jet 
Propulsion Laboratory (for Ogo). The instruments have been 
described in reports by Intriligator et al. [1969], Graham and 
Vescelus [1967], and Neugebauer [1970, 1971 ]. The experimen- 
tal uncertainties in each absolute value of velocity are ap- 
proximately 4-5% for Pioneer and 4-3% for Ogo. About half of 
these uncertainties are due to uncertainties in the absolute 

velocity scales with the other half arising from the data-fitting 
techniques used. Thus relative shifts in velocity are more ac- 
curately determined than are the absolute values at the two 
spacecraft. Discrepancies larger than these uncertainties could 
arise in time averages of velocity if there are different times of 
occurrence and lengths of data gaps in the two sets of data. 
This effect can be important when Ogo spends an appreciable 
fraction of a 3-hour interval inside the earth's bow shock. 

The Pioneer 9 trajectory relative to the earth and sun is 
shown in Figure 1 for the 4 months following launch on 
November 11, 1968. During this period, Ogo 5 moved between 
geocentric distances of l 1,000 km (perigee) and 149,000 km 
(apogee) with a period of 62 hours. The solar ecliptic longitude 
of the Ogo apogee decreased from +78 ø to -47 ø. 

The Pioneer and Ogo velocity measurements are compared 
by using each 3-hour average of velocity at Pioneer to compute 
the time at which this plasma should arrive at Ogo according 
to a corotation model, for which 

to•o = tvi ..... q_ Rogo -- Rvi ..... _ qbOgo -- qb•,i ..... (1) 
/)P i once r A 

where t is the time of observations, R is distance from the sun, 
v is solar wind velocity, •b is hellographic longitude, and A is 

the synodic rotation rate of the sun, which is assumed to equal 
0.5515 deg/h. The appropriate 3-hour average at Ogo is com- 
puted as the average of the hourly averages for the hour con- 
taining the predicted arrival time, the previous hour, and the 
following hour. A total of 403 pairs of 3-hour averages are 
thus formed; roughly half (230) of these pairs of averages were 
obtained when Pioneer was closer to the sun than 0.9 A U. 

Table 1 summarizes the differences between the solar wind 

velocity at Ogo and Pioneer as determined from these co- 
rotated pairs of 3-hour averages. The data are divided accord- 
ing to whether Pioneer is closer to or further from the sun 
than 0.9 AU. Part 2 of Table 1 shows that for both Rmoneer 
> 0.9 AU and Rploneer ( 0.9 AU the average velocity at Ogo 
was equal to that at Pioneer within the absolute uncertainties of 
the measurements; this finding is in agreement with the 
approximately constant average velocit. y observations by 
Mariner 2 between 1.0 and 0.7 AU [Neugebauer and Snyder, 
1966]. Part 2 also shows that the standard deviations of the 3- 
hour averages are greater at Pioneer than at Ogo; thus the 
variation of velocity about the mean evidently decreases with 
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Fig. 1. Geocentric ecliptic projection of the Pioneer 9 trajectory 
from launch on November 11, 1968 (day 316), through March 16 
(day 75), 1969. 
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TABLE 1. Summary of Pairs of 3-Hour Averages 

Rm ..... • 0.9 AU Rp1 ..... • 0.9 AU 

1. Number of pairs of 3-hour averages 173 230 
2. Average velocity, km/s 

Vp• ..... 432 + 70 459 + 84 
Vogo 432 + 66 447 + 69 

3. Width of histogram: 95% value minus 5% value, 
km/s 

Pioneer 560- 324- 236 618- 361 = 257 

Ogo 547- 326 = 221 589- 369- 220 
4. Differences between Ogo and Pioneer 

(Vpj ..... -- Vogo), km/s 0.3 11.3 
(IvPt ..... - Vogol), km/s 15.7 31.6 
(togo - tv• ..... ), hours 8.2 3.4 
Range of togo - tmon,,r, hours 0.7 to 14.6 -22.0 to 14.6 
Correlation coefficient between Vogo and Vp• ..... 0.96 0.84 
Distance between spacecraft, AU 0 to 0.09 0.09 to 0.40 

increasing distance from the sun. This second conclusion is 
supported by the information in part 3 of Table 1, which shows 
that the velocity histograms are narrower at 1 AU (Ogo) than 
at a distance closer to the sun (Pioneer), with the difference in- 
creasing with the radial separation of the two spacecraft. These 
findings are in agreement with those of Collard and Wolfe 
[1974], who compared the solar wind velocity measured once 
per day at Pioneer l0 (4.1-5.0 AU) with similar measurements 
at Pioneer 11 (1.0-2.7 AU). Collard and Wolfe suggest that the 
decrease in the amplitude of velocity variations with increasing 
distance from the sun is caused by the exchange of momentum 
between the high-speed and the low-speed streams in the solar 
wind. 

Figure 2 shows the relation of the Ogo 5 and Pioneer 9 
velocity differences to the solar wind stream structure. The 
bars in this figure are 3-hour averages of velocity observed at 

Pioneer 9, and the circles are the corresponding values at Ogo 
computed when both Pioneer and Ogo data are available at 
the proper times (as computed from the corotation model). 

The high-velocity stream observed on days 24-28 is an ex- 
ample consistent with Collard and Wolfe's suggestion of 
momentum exchange and damping of the stream structure. 
Figure 2 also shows, however, that probably some of the ap- 
parent decrease of velocity variations with distance shown in 
Table 1 is due to chance and to the inaccuracy of the corota- 
tion model rather than to momentum exchange between high- 
velocity and low-velocity streams. For example, consider the 
data at the very end of day 59 in Figure 2 when Ogo did not see 
the >700-km/s plasma observed by Pioneer 9. The correct ex- 
planation of this large difference between the Ogo and Pioneer 
observations is probably the breakdown of the corotation 
model rather than the damping of the stream. If one assumes a 
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Fig. 2. The 3-hour averages of the solar wind velocity observed at Pioneer 9 (bars) and at Ogo 5 (circles) as a 
function of time at Pioneer 9. The Ogo 5 data were translated to Pioneer 9 time by using the 3-hour average of the 
velocity at Pioneer 9 and the corotation model (see text). 
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Fig. 3. The correlation coefficient of corotation pairs of velocity 
measurements as a function of the distance between two spacecraft. 
The correlation coefficients from this study (solid bars) and from 
Gosling [1971] (open bars) are shown. The separation between the 
spacecraft in Gosling's study was mainly azimuthal (see text). 

spherically symmetric model in which the last term of (1) is 
neglected, this particular high-velocity stream would have 
reached 1 A U during a data gap at Ogo. 

The general trend shown by Figure 2 and by part 4 of Table 
I is for the difference between the velocities at Ogo and 
Pioneer to increase with increasing distance between the two 
spacecraft due to temporal and spatial inhomogeneities of the 
solar wind. Figure 3 is a graph of the dependence of the cor- 
relation coefficient of corotation pairs of velocity 
measurements on the distance between the two spacecraft. The 
two highest correlation values come from this study of Ogo 5 
versus Pioneer 9 observations where the separation between 

the two spacecraft is at times both radial and azimuthal (see 
Figure 1). The three lowest values were obtained by Gosling 
[1971] by using the daily quick-look velocities [Solar- 
Geophysical Data, 1970; Intriligator, 1974] from Pioneer 6 and 
Pioneer 7 where the separation between Pioneer 6 and 7 is 
mainly azimuthal. 
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