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Abs~ct. ~orotating so131 wind streams e~~a~ting from stab& coronal 3t~~c~~~res provide an unique 
~ppo~rl3~ity to cnmpare tke response of pianetary ionospheres to the energy conveyed in the streams. 
For recurrent. solar conditions the “signai” propagating outward akmg spiral paths in interplanetary 
space can at times exhibit rather similar content at quite different downstream locations in the ecliptic 
plane. Using solar wind measurements from plasma detectors on ISEE3, Pioneer Venus Orbiter (PVO) 
and Helios-A, as well as in-situ ion composition measurements from Bennett Ion Mass Spectrometers 
on the Atmosphere Explorer-E and PVO spacecraft, corotating stream interactions are examined at 
Earth and Venus. During May-Juiy 1979 a sequence of distinct, recurrent coronal regions developed 
at the Sun. Analysis of these regions and the associated solar wind characteristics indicates a corrre- 
spending sequence of corotating streams, identifiable over wide distances. The time series of solar wind 
u&city variations observed at Earth, Venus, and the Helios-A positions during June-July attests to 
interv& of corotating stream propagation. The characteristics of the sheam whisk passed Ear& on 
July 3, are ohsexwd at Helio3-A and at Venus (WC?) about 8 days iaW, cansisterrt %GjEljth Ihe spiraf gs&l 
prop~ati~31 de&y times between the ksatians in the ecliptic plane. On July 3, Earth and Venus have 
a wide azimutkd separation of about 142”., AM5ugh the piane&ry en~~onments are distinctly dBer- 
ent, pronounced and somewhat analagous k?nospheric responses to the stream passage are observed at 
both Earth and Venus. The response to the intercepted stream is consistent with independent investi- 
gations which have shown that the variability of the solar wind momentum tlux is an important factor 
in the solar wind-ionosphere interaction at both planets. 

1 o Introduction 
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generated pfasma streams and coherent corotating plasma streams may be observed over 
large radial distances within the solar system (Burlaga ef al., 1980; Dryer, et al., 1982; 
Akasofu et al., 1983; Suess, ef al., 1984). During recurrent periods of solar activity, 
relatively orderly and coherent plasma streams spiral outward, corotating with the Sun. 
Sporadic solar fluctuations such as strong flares or filament eruptions can produce bursts 
of outward propagating plasma streams which overtake the outward spiraling corotating 
stream, producing downstream field and plasma interactions which may seriously compli- 
cate the apparent signature of the original corotating stream (Akasofu et al., 1983). In 
addition, the leading edge of the propagating corotating stream is continuously inter- 
acting with the downstream solar wind plasma, such that a shock may form at the 
leading edge and evolve in structure, with both time and distance (Burhga, 1979) The 
interaction of these processes often results in complicated do~~nstream characteristics 
in the solar wind. 

The wide variety of potential complications notwithstanding, there do occur periods 
of relatively persistent and coherent coronal structures at the Sun for which it is possible 
to identify reasonably similar structures in the solar wind momentum flux at widely 
different times and locations. This becomes possible when corotating streams progress 
through interplanetary space. In this paper, we identify an evolution of solar coronal 
regions, and a sequence of associated corotating streams in the period June-July 1979. 
Subsequently~ we examine the evidence of ionospheric perturbations at Earth and Venus, 
in response to the passage of a prominent stream which intersected Earth on July 3, and 
subseq~entIy encountered Venus late in the day on July 11. 

2. Identification of Recurrent Solar Coronal Regions 

In an earlier paper Suess et al, (1984) examined a sequence of recurrent solar conditions 
identified in three consecutive Carrington rotations of the Sun occurring between June 
and September 1979. Line-of-sight photospheric magnetic field data from the Stanford 
Solar Observatory were used to compute potential field models of the corona. The mag- 
netic field strength at the source surface radius to 2.6 solar radii was compared to the 
solar wind flow speed observed at 1 AU and k~nemat~~ally extrapolated back to the Sun. 

It was found that some features in the solar wind appeared in successive rotations and 
that these features were associated with stable, long-lived coronal structures inferred from 
the source surface models. The solar wind features were high speed streams, and the coro- 
nal features were relatively strong field regions on the source surface which tended also to 
be the location of coronal holes. The source surface data for the interval June 20 to 
September 9 is shown in Figure 1, together with the locations of the coronal holes. 

As shown in Figure 1, the coronal hole and strong field region near Carrington Longi- 
tude 210” persisted for three solar rotations. Although not modeled by Suess et aZ., it 
is evident from I-Ieraaae a synoptic maps that the coronal feature was first detected at 
210’ on June 4 (CR.) 1682. Thus there is evidence that the recurrent coronal hole condi- 
tions actually persisted over four rotations. 
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It may be noted from Figure 1 that the general large-scale structure in the corona 
between Carrington Longitudes 180’ and 250’ is the only long-lived, stable structure in 
the corona at the time. The large size suggests that a high speed emanating from the 
region would occupy a large solid angle. In particular, it can be expected that the stream 
must have a large latitudinal extent and be visible everywhere near the ecliptic. These 
conditions provide a stimulus for examining interplanetary data for evidence of corotating 
streams and their consequences. We examine in particular the solar wind conditions associ- 
ated with the coronal hole identified in C.R. 1683, crossing the central meridian on 
July 1. We use interplanetary data from the ISEE3, Pioneer Venus Orbiter (PVO), and 
Helios-A satellites to infer the presence of a corotating solar wind stream associated with 
this hole. Subsequently we examine the ionospheric perturbations at Earth and at Venus 
believed to be associated with the passage of the corotating stream at the two planets. 

3. Evidence of Corotating Interplanetary Streams 

Consistent with the foregoing characteristics identified in the coronal field behaviour, 
examination of the similarities in the structures of the down stream solar wind times 
series, at three distinct locations in or near the ecliptic plane provides further evidence 
that coherent corotating streams emanate from the Sun during the summer of 1979. The 
solar wind data at the Venus location are obtained from the Plasma Analyzer Experiment 
(OPA) on the PVO. Comparable solar wind results for Earth are obtained from the plasma 
detector on the ISEE- satellite located in a halo orbit upstream from the planet. Support- 
ing interplanetary evidence is obtained from the Helios-A satellite at azimuth positions 
between Earth and Venus, in the ecliptic plane. 

We first examine the period June-July, 1979, when the solar wind enchancements 
emanating from the recurrent coronal regions are most clearly identified in the data. 
During June-July, PVO and Helios-A were located at significantly large solar azimuthal 
angles with respect to the Earth. In Figure 2, panel (a), the trajectories of each of the 
satellites (also Venus, in the case of PVO) relative to the Sun is shown for the interval 
June 1 to July 13. The delay times in days for the arrival of a corotating spiral stream at 
each of the satellites, corresponding to the beginning and ending dates of the interval are 
also shown. The spiral paths and delay times are calculated for a constant solar wind 
velocity of 300 km s-l and a solar equatorial-sidereal rotation rate of 25 days. It is seen 
that at the beginning of the interval (June 1 at Earth), a corotating stream travelling at 
300 km s-l would intersect Helios-A about three days earlier than Venus, with a delay 
relative to Earth of about four, and seven days, respectively. At the end of the interval, 
due to their different rates and trajectories, Helios-A and Venus are closer together with 
respect to the Earth and the spiral propagation time from Earth to the two locations dif- 
fers by only about one day. By July 13 (at Earth) the delay for propagation to Helios-A 
and Venus with respect to Earth has increased to more than eight days for the two 
locations. 

In panel (b) of Figure 2, the spiral paths and corresponding delay times are shown 
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Fig. 2. (a) Trajectories of Venus (PVO) and Helios-A about the Sun and relative to a fixed Earth 
position all projected into the ecliptic plane. The trajectory segments are determined for the Earth 
interval June 1 to July 13, 1979. The spiral stream propagation paths illustrate the delay times (and 
corresponding dates for a corotating stream passing Earth on June 1 and July 13, respectively, to 
later intersect the paths of Helios-A and Venus. Spiral propagation paths and delay times are calcu- 
lated assuming a constant solar wind velocity of 300 km SC’ and a solar equatorial-sidereal rotationrate 
of 25 days. (b) Illustration of spiral paths and delay times for the propagation of a corotating stream 

passing Earth on July 3 to intersect the positions of Helios-A and Venus (PVO). 



280 R. A. TAYLQR, JR. ET AL. 

for a specific solar wind stream paSSing first at Earth on July 3 then passing I-Ielios-A 
(+ 8.0 days) and Venus (+ 8.8 days). These stream paths illuiitxstrate that for the Stream 
passing Earth on Juiy 3 and Venus 8.8 days later, late on July 1 I, the azimuthal separa- 
tion was about 142’. 

This relatively large separation in azimuth requires that the coronal source of the high 
speed stream be reasonably persistent in order for Similar corotating stream effects to be 
encountered at the different Iocations, Fortunately as indicated by the earlier study of 
Suess et al. and from the evidence that follows, the coronal structure was sufficiently 
persistent that evidence of comparable coherent interplanetary variations are indeed 
re~ugn~ed at the different positions and times, 

The extended time series of Vsw jl~ustrating the ~om~arabI~ evidence of the ~nd~~~~al 
sofar wind Streams observed at Earth, Venus, and Nelios-A for the &&ervaf June I-July 3 3 
(Earth) and June l&July 22 (Venus and flelios-A) are shown in Figure 3. Noting first 
the solar wind data for Earth we observe apparent recurrent structures detected late on 
June 6 and subsequently early on July 3 with an approximately 27 day separation due to 
the solar rotation” Between these two most prominent features several Smaller enhance- 
ments in V,, OCCW, including a relatively prominent increase on June 22. 

Examination of the corresponding solar wind variations at the locations of Venus and 
of IIeIios-A Shows that while details of the velocity variations sometimes differ, the 
overall broad features of the recurrent ~rturbati~ns in V,, are fairly welt idealized at 
each of the other 1u~atio~S. The ~o~eSpon~~ time Series of P& detected at Veils 
@V@ and Ilelios-A are @otted with a time shift of nine days to fa&tate ~a~i~~arly the 
~nter~orn~~~su~ between Earth. on July 3 and Vemrs and Helms-A on JuIy 1 l-12. SinGe 
the positions of Venus and Helios-A change considerably relative to Earth acrosS the 
overall interval, the three I&, time series are closely aligned only near the July 3 (Earth) 
region indicated in Figure 3. If one considers the differences in trajectory for Venus and 
Welios-A, it can be appreciated that the individual patterns in V,, are variably shifted in 
time, relative to each other across the interval. Also, owing to evolving solar activity, it is 
quite probable that a number of associated perturbations are superimposed upon each 
V,, time series. young for such differences, it is apparent from the I& data that the 
prominent and re~~~~~t en~~n~m~ntS seen at Earth on June 6-7 and July 3, and later 
with ~~~ro~~iate ~ro~a~at~on delays at Venus alld II&as-A, are very likely the conse- 
quence of streams ~r~a~ating from the coronal holes described earlier. 

IIaving noted the broad features indicating the sequence of Gorotating strGam &UC- 
tures, we look closer at the details of the V,, signatures associated with the particularly 
prominent stream which intersected Earth on July 3. As noted earlier in Figure 2, the 
delay times for the July 3 (Earth) stream to reach Helios-A and Venus are about 8.0 and 
8.8 days, respectively. In Figure 4 we plot the time series for I”,, at each of the three 
locations, allowing approximately for these time spirai propagation delay times. Note that 
the prominent e~har~~en~ent in V,, observed early in the morning of July 3 at Earth is 
s~~bse~~entl~ deteGted late in the night of July If at Verms. This delay, kdicated by 
the sjmila~ties in the observed I& ~ha~~te~S~~Gs, is very close the the delay expected 
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Fig. 3. A comparison of the time series of the solar wind bulk velocity V,, detected at the positions 
of Earth, Venus, and Helios-A during the interval June l-July 13 (Earth) and June lo-July 22 (Venus 
and Helios-A). The date intervals for Venus and Helios-A are shifted by nine days (later) to reflect the 
corotating stream delay time appropriate for July 3. The dashed line indicates the similar enhancement 
seen in each time series. Since the positions of Earth, Venus, and Helios-A are constantly changing the 
true time relationships between similar events during the interval is variably distorted, and thus the 
data are best aligned only for comparing the observations of the stream which passed Earth on July 3 

and later passed Helios-A and Venus on July 11. 



282 H. A. TAYLOR, JR. ET AL. 

800 

600 

400 

200 

800 

600 

400 

200 

<’ 

_ EARTH (ISEE-3) 

I I I I I I I I I 
2 3( 4 5 6 7 8 9 

- VENUS (PVO) 
‘0 

I I I I I I I I I 
10 11 12 13 14 15 16 17 18 

1000 

800 z 
ii 
2 

600 y 

400 
3 
>” 

200 

JULY 1979 
Fig. 4. A comparison of the details of the time series of V,, detected at the positions of Earth, 
Venus, and Helios-A for the solar wind stream passing Earth on July 3 and seen later on July 11 at 
the other two locations. The dashed line indicates the abrupt onset of the shock-like feature in V,, at 

each of the interplanetary locations. 

from the calculated spiral stream propagating time of about 8.8 days. At the Helios-A 
position the details of the V,, enhancement is not fully identified due to gaps in data, 
yet the overall pattern of V,, recorded at the Helios-A position shows that a similar, 
large scale velocity perturbation arrived there about one day earlier. This time of arrival 
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at Helios-A is also constant with that calculated for a corotating stream propagation. 
Although we have not analyzed the solar wind and interplanetary magnetic field 

parameters in detail to determine that the Rankine-Hugoniot conditions classically 
associated with a shock are satisfied, we consider the closely related solar wind behaviour 
observed at the three locations to be suggestive that a corotating shock wave is formed at 
the leading edge of the corotating stream. While not shown here for brevity, a more 
detailed analysis of the solar wind and the related solar coronal field conditions for this 
particular event (Suess et al, 1984) adds confidence that we are observing the passage of 
a corotating solar stream linked to a relatively persistent coronal configuration at the Sun. 

Not all of the solar wind disturbances emanating from the sun during the first week of 
July are attributable to the coronal hole. In particular, a series of flares and erupting fila- 
ments occurred on the visible disk of the the Sun on July 4 and 5. These events may be 
associated with some of the structure evident in V,, detected by BEE-3 on July 6 and 7. 
Results of these disturbances are apparently not seen at Venus, since the planet was 
beyond the west limb of the Sun. While these and other active events on the Sun may 
have produced perturbations interspersed with the corotating stream events, we believe 
that the coherent nature of the correlations shown supports the inference that the events 
identified on July 3 (Earth) and July 11-12 (Venus) are the result of a corotating high 
speed solar wind stream. 

4. Comparable Earth and Venus Responses to Corotating Streams 

We next examine the relative responses of the ionospheres of Earth and Venus to the pas- 
sage of the July 3-l 1 corotating stream. First, to illustrate the overall response at Earth, 
we use the time series of the planetary magnetic disturbance index, Kp, as a simple global 
indicator, and compare variations in this parameter with those of several solar wind param- 
eters, in Figure 5. 

It is seen that the momentum flux (pv’) increases significantly just in advance of the 
arrival of the shock-like enhancement in V,, indicated by simultaneous jumps in the pro- 
ton density (n,) and temperature (T,). At the time of the largest increase in V,, near 
0600 UT on July 3, the largest increase in pv2 also occurs, indicating the peak of the 
energetic interaction, at least as measured by these parameters. Note that the sharp peak 
in pv2 is accompanied by the largest enhancement in the Earth magnetic field disturbance 
indicated by Kp also seen near 0600 UT. Note that nP drops sharply, and Tp correspond- 
ingly increases just after the dramatic increase in pv2 and rise in I$, . This is characteris- 
tic of shock front interactions (see, e.g. Dryer and Steinolfson, 1976). 

After the stream passage on July 3, the momentum flux decreases to very low values 
for several days then, subsequently, several additional significant enhancements occur on 
July 6 and 7. These perturbations appear to be associated with the sequence of flare and 
filament activity noted earlier. Note that the Kp time series indications of magnetic dis- 
turbance tracks several of the large enhancements in pv2 rather well, and does not 
reflect others. 

To illustrate the ionospheric response at Earth much more directly we show the per- 
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turbations of the equatorial ionosphere, sampled by the AE-E satellite, which during this 
time was in a circular equatorial orbit with a perigee of 450 km. The dominant topside 
ion, O*, was measured by the Bennett Ion Mass Spectrometer (BIMS). In Figure 6 measure- 
ments of n(0’) across the noon-midnight local time sector illustrates two examples of 
perturbations, relative to the average distribution observed for the month of July. On the 
events of July 3 and 7, respectively, the upper F-layer concentrations of O+ near 2000- 
2400 h are seen to have decreased significantly relative to the average level. In particular, 
on July 3 n(0’) has decreased by three orders of magnitude below the average. Though 
not shown for clarity, the pass six hours earlier on July 3 exhibited an n(O+) distribution 
very close to average in concentration in the same local time region. Unfo~unately, there 
are no AE-E passes available just prior to or imme~ately after the strong ~sturbances 
identified on the two disturbed days. For this reason we cannot determine the rates of 
onset and recovery of the 0’ distribution as further characteristics of this event. 
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Fig. 6. A comparison of profiles of n(O+) measured from the AE-E satellite in the noon-midnight 
local time interval during July 1979. The average of all profiles observed near 450 km is shown by the 
dashed curve. The distributions identified for July 3 and 7, respectively, illustrate the strong depletion 

of n(0’) associated with solar wind perturbations occurring earlier in each day. 

At Venus there is no evidence of an intrinsic planetary magnetic field and we have no 
global, plasma related index comparable to Kp. The Venus ionospheric response is, how- 
ever, well identified from daily observations of the 0’ distributions measured by the 
Bennett RF Ion Mass Spectrometer (OIMS) on the PVO. In Figures 7 and 8 we compare 
day-to-day variations observed at Venus in the solar wind parameters and associated 
responses in n(O’), respectively. 
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In Figure 7 the time series of the solar wind parameters exhibits similarities relative 
to those exhibited at Earth. Noticeable enhancements in pv2 occur in advance of the 
arrival of the large, abrupt enhancement in V,, , observed near 2200 UT on July 11. Also 
as in the case for Earth, the arrival of the shock front in V,, is associated with the largest 
enhancement in pv2, which is also observed at about 2200 UT on July 11. Also as noted 
at Earth, an abrupt decrease in py 2 follows the initial enhancement at the shock front. 

Because of the high degree of variability in the solar wind, and the rapid response time 
of the Venus ionosphere, it is necessary to consider the timing of the PVO passes through 
the ionosphere, relative to the timing of the pv2 events. In Figure 7 we have marked the 
pv2 time series to show the periapsis times associated with the series of corresponding 
ionospheric 0’ profiles shown in Figure 8. The sequence of individual time series of 
n(O+) portrays the day to day variability of the ionosphere observed as PVO (in a near 
polar orbit) makes a once daily periapsis pass. The atomic oxygen ions dominate the day- 
side upper ionosphere and the altitude and latitude extent of these profiles indicate the 
size of the thermal ionospheric ‘envelope’. Note that the ionosphere appears to expand 
and contract with large differences in the altitude of the abrupt depletion in n(O’), refer- 
red to as the ionopause. 

The strongest compression of the ionosphere is observed on July 11 in the midst of the 
shock front passage where the largest enhancement in pv2 occurs. In sharp contrast, the 
next day, on July 12, pv2 drops to very low values and the ionosphere is seen to have 
expanded significantly. A comparison of the marked PVO periapsis intervals in the pv2 

time series of Figure 6 with the corresponding variations in the n(o+) extent shows that 
the Venus ionosphere is highly responsive to the solar wind momentum forcing, as noted 
by Dryer et al. (1982 and references given therein) and by Wolff et al. (1982). Theoretical 
studies indicate that the compression of the ionosphere occurs rapidly in response to 
enhancements in p u 2, and that the recovery time for the lower ionosphere during a 
period of sustained reduction in ram pressure should be of the order of at most a few 
hours (Cloutier et al, 1983). 

5. Discussion 

Although we realize that the detailed structure of solar wind perturbations depends in 
a complex way on field-particle interactions within the propagating stream (e.g., Bur- 
laga et al, 1980), we believe that the bulk of the solar wind perturbation event we have 
examined can be characterized as a high speed stream, preceded by a corotating shock, 
emanating from a coronal hole region. The time period we have examined appears to be 
conducive to our interpreting the interplanetary disturbances as evidence of corotating 
streams, both through the analysis of the solar coronal behaviour of Suess et al (1984) 
as well as by virtue of the orderly recurrent features in I&, observed at the different 
interplanetary locations. 

The detailed characteristics of the time series of both the V,, and pv2 at Venus and 
Earth indicate that regardless of the label applied to the particular solar wind event we 
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Fig. 8. An illustration of the day-to-day var~~b~~~ty in the extent of the Venus ionosphere, observed in 
association with perturbations in the solar wind momentum flux. The dayside upper ionosphere is 
dominated by 0’ and thus the extent of the profiles in latitude and altitude are indicative of the 
dimensions of the ionosphere, and its short term variability. On July 11 (orbit 219) the ionosphere is 
extremely compressed even more than the substantial com~Iession indicated on Duty 10. In COntmSt, 

the ionosphere has expanded to extreme dimensions on July 12 and 16. The correiation between 
ionosphere compression and solar wind e~ltanceme~t is evident from comparisons with Figure 7. 

have ~x%rnilled, we are dealing with rather similar solar wind forcing conditions at both 
planets. Given the similar inputs, we have shown that for pronounced solar wind pertur- 
bations, the ionospheres of Venus and Barth can respond in pronounced and somewhat 
similar ways. 

From our brief investgation it is evident that the solar wind momentum flux is one of 
the important parameters for determing the timing as well as magnitude of the iono- 
spheric response. This evidence is consistent with many previous investigations of the 
i~de~endeilt beha~our of each of the in~vidua~ planetary ionospheres e.g. Burlaga 
(1975); Taylor, et af, (1980). We nate that behaviour along these lines has also been 
suggested in the case of comets, e.g. Dryer et ad. (19%). The signature of the response 
observed in the equatorial upper F-layer at Earth is interpreted as the consequence of 
the upward expansion of the ionosphere, resulting in turn Erom auroral heating OCCUC- 
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ring during the magnetic storm indicated by the KP variation. This type of atmosphere- 
ionosphere response to solar wind-magnetic storm perturbations is discussed by Rishbeth 
(1975) Tanaka (1979) Mayr et al., (1980) Benson and Brinton (1983) and many others. 
In general, aurora1 heating stimulates the flow of equatorward thermospheric neutral 
winds, and through ion-neutral drag, ion motions are guided equatorward along magnetic 
field lines. Due to field line curvature, this process results in an upward expansion of the 
F-region. Since AE-E is at a fixed altitude, upward motions of the F-layer can appear as 
abrupt local depletions of the ionosphere, as indicated in Figure 6. This happens because 
the underside of the F-layer is in the form of a sharply decreasing gradient in plasma dens- 
ity and on expansion, this gradient moves up to the AE-E altitude, causing a local plasma 
decrease. Thus, what appears as an ionospheric depletion or loss is actually only a redistri- 
bution of plasma, 

The ionospheric response detected at Venus is consistent with numerous published 
results which show that the ambient ionosphere distribution is highly dynamic, responding 
critically to variations in solar wind forcing e.g. (Taylor, et a1,1980; Brace et al, 1980; 
Cloutier et al, 1983). Significant compression of the ionosphere, similar to that attributed 
to the high speed stream on 1 l-12 July, can also occur in response to the passage of solar 
flare associated solar wind shocks, as shown by Dryer et aZ., (1982). Together, the inter- 
mingling of corotating streams and shocks from solar active regions provides a continuing 
flow of complex solar wind variations past the planet, and the overall ionospheric response 
can be highly variable, i.e. like a candle flame flickering in the wind. 

At Venus, like Earth, the apparent ionospheric depletion associated with the solar 
wind stream passage is probably also simply a redistribution of plasma. The solar wind 
ram pressure indicated by the py2 intensification is understood to result in a downward 
compression of the ionopause, which in turn drives horizontal plasma convection away 
from the compression zones. The enhanced convection may increase the day to night 
redistribution of plasma, but does not necessarily result in any net depletion of plasma. 

Thus, in a simplified picture, we can appreciate that during persistent solar coronal 
conditions, coherent corotating streams propagate over large distances in the ecliptic 
plane. These disturbances may produce rather analagous ionospheric perturbations at 
Earth and Venus (albeit for somewhat different reasons) where large scale redistributions 
of plasma are stimulated. These variations are in part, though not totally, stimulated by 
large variations in the solar wind momentum flux associated with the stream. Clearly, the 
presence of the geomagnetic field at the Earth and the characteristics of the IMF draped 
about Venus present additional complications in determining detailed redistributions of 
plasma. We recognize that this brief study bypasses potentially interesting complications 
involving other parameters not considered. However, we trust that the results may encour- 
age further efforts toward detailed inter-comparison of planetary responses to both 
recurrent and individual solar perturbations. 
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