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SHORT-TERM VARIAELLITY OF SOILAR WIND NUMEBER DENSITY, SPEED AND DYNAMIC
PRESSURE AS A FUNCTION OF THE INTERPLANETARY MAGNETIC FIEID
COMPONENTS: A SURVEY OVER TWO SOIAR CYCIES

G. A. Bowe, M. A. Hapgood, M. Lockwood and D. M. Willis
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. The variability of hourly values of
solar wind nmber density, mmber density
veriation, speed, speed variation and dynamic
pressure with IMF B, and magnitude |B| has been
eanined for the period 1965-1986. We wish to draw
attention to a strong correlation in mmber
dersity and nmber density fluctuation with IMF B,
dnrac:ter:.saibyasymtmcumasmgtraﬂin

q.m!tltiesawayf:mB,‘—om The

fAuctuation level in solar wind speed is fourd to
be relatively independent of B,. We infer that
npxber density and nmber density variability
deminate in controlling solar wind dynamic
p:assnemﬂdyxmcpt&amevarmlhty It is
a2lso found that dynamic pressure is correlated
with each camponent of IMF and that there is
evidence of morphological differences bebween the
varistion with each camponent. Finally, we examine
the variation of nmber density, speed, dynamic
pressure and fluctuation level in mmber density
and speed with IMF magnitude |B|. Again we find
that nmber density variation dominates over solar
wird spead in comtrolling dynamic pressure.

Introduction

The B, component of the interplanetary magnetic
field {D¥F), m:;.sl:a:alleltottez—msm
G (geocertric-solar-magnetospheric) coordinates,
is important as it is often used to asseas the
likelihood of magnetic recormection of the IWF
vith the terrestrial magnetic field. It is
belisped that recormection at the subsolar
sagnetcpase is favoured at times when the IMF is
directed southward (B, < 0). The dependence of
?:!:tlna-p:alarw:al’c:;\geanz (see reviews by Cowley,

; Reiff and Ludmmarn, 1986) is one primary
pimofevidenam;pm:txngﬁ:ebeliafﬂnt
mgnetic recomnection is the dominant mechanicm
z&ivingccrwectimﬂasinﬁme
(1961) . Magnetic recamection is thought to ocour
in either a "quasi-steady® mamner or in transient
hasts knoun as "flax transfer events® (FIEs).
Teee events have been evoked to esplain and
pradict smaller-scale ionospheric flow vortices
trough copling of the dayside aurcral ionosphere
vith the (eg. Lockwood et al., 1989).
However, it has also been noted that FTEs alone
mmtmfﬂcmm:tomqﬂ.ainallﬁnm
sigwhwes of vortical flow and that some, but not
all, events may have been induced by solar wind
MM - aven at times of
noxtivaad INP ( et al., 1989; Sibeck et
al., 1989). A theoretical explanaticon of how
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Soutimood and Kivelson (1990), who show that anti-
smm::dmtim of closed field lines (“viscous—

covering a period of 25 years (1963-87). A total
of 60226 hourly values of salar wind ion rmber
densityn, standard deviation in mmber density
o, , Speed v, stamh:ddavi&t;minspeadav. and
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Fig. 1. Means of (a) ion nmber density <>, (b) solar wind speed <v>, (c) number
density variation <o,>, (d) speed variation <o, >, (e) fractional rmmber density
variation <o, /n>, and (f) fractional speed vanatmn <g, /v> plotted ageinst IMF B, .

trends reported here were always cbserved. The
standard errors of the means of X and Y were also
calculated, and all errar bars shown in the
figures deviations from the mean of 1
standard error. The mmber of sapples per hour
used in calaulating n, v, o, ard o, is very
variable ("6 - 120) depetﬂingmthespacecraft
used as the data-source. To examine the effects of
inhomogeneity in the data source (due to different
sampling rates and spacecraft location), the

1968—69 (principally ATMP-1 and -2, IMP¢ ard -5
and HEOS-1 and -2) , 1978-79 (approximately hal f-
ard-half from IMP-8 and ISEE-3), 1975~76 am
1985-86 (both periods vitually all IMP-8 data).
Despite the variation in data source, the same
trends were found in the results for these data-
subsets as for the whole dataset.

The analysis was also performed for GSE
{geccentric-solar-ecliptic) coordinates, and again
the same trends in the results were cbserved. In
this paper we have used the components of IMF in
the GSM coordinate system becase they are more
relevant to stidies of sclar wind-magnetosphere-
ionosphere coupling.

Variation of n ard v with B,

Pigtnalstmthemltsofﬂmuulysisfor
solar wind nmber density and speed as hinned
values, sorted on INF B, . Frmﬂ.guresl(a), 1(c)
ard 1(e) it can be seen that there is a systematic
symetric trend in mean mmber denmity, <>, mean

rimber density variation, <0,>, and mean
fractiomal variation, <o,/n>; all of which
incresse with |B,|. The corresponding variations
for solar wind speed , v, are shown in figures
1(b), 1{d) and 1(f). Some variation with B, is

evident, in particular for <v>; however, the
standard errors are relatively larger and the
variation much smller than in the corresponding
plots relating to mmber density. Average velocity
<v>, is generally lower at large |B,| (where <>
is higher), except for the two ‘outer’ bins. The
mean velocity variation <o,> shows a weak minimm
atB‘—Orﬂ‘ Figure 1(f), when campared with
flgu.melte),revealsﬁ:atthemem-lml
variation in mmber density, <o n/n>,1sa£ac.u::
of~5graaterthant‘tmtmveloc1ty, <o, /v>, ot
B, = 0 nT increasing to ~ 7.5 at |B,| = 10 n?
becanse of the relatively small trend in <o, />
with B, . We also note that <o, /n> is relatively
constant for |B,| < 5nf.

Variation of Py with IMF Components

Piguresz(a), 2(b) amd 2(c) show, respectively,
variatimofmeandyrmcp:assure. <P;>, with

variation of n, v and Py with |B|

Piqures 3(11) through 3(e) show, respectively,
variation of <>, <>, <By>, <®0,/n> end A,/
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Fig. 2. Mean dynamic pressure <P;> plotted
aginst IMF component: (a) B,,(b) B,, and (c) B,.

with INF macnitude [B]. Mean ion mmber density,
<, exhibits a minimm at |B| » 4 nT where mean
corresparding maximm; <v>
also shows a flat minimm at |{B] = 9 nT ard its
bighest values at large |B|. The anticorrelation

of qv with |B| for ]B:L<4rﬂ‘ {corresponding to
"25 § of the dataset) consistent with the
resilts by Burlaga (1968), Vellante and

Iazavus (1987), Roberts et al. (1987) and Roberts
(1590) . An interpretation of the anticorrelation
as being due to the presence of nonpropagating
struchires with internal pressure balance and a
characteristic time scale of < 10 hours was put
forverd by Vellante and Lazarus. Roberts (1950)
poposed that the "“psendosound™ theory of
Nondzprmery et al. (1987) may be a possible
eplanation for the presence of these structures
in the solar wind. Vellante and Lagarus also noted

tentatively that this may be responsihle for the
ternaround in the variation of <n> with |B| in
tigee 3(a). We do not, however, offer these
reailts as evidence of positive correlation of n
vith |B] at larger time scales. Although the

the mean of hourly values. Indeed, detailed
Mmtiazofalinitainﬂaarofhi@iﬂl,hi@
h eases has shown that sich conditions can prevail
ter time—ecales as long as 20 hours. Furtheraore,
in sme ceses, these conditions were followed by
enhanced solar wind speed., The positive
due largely to the growth (e
*plling-up™) of the interaction of fast
salar wind streswms (Burlaga and vie, 1970).
This wuild be consistent with the positive

!

1827

correlation of <n> with |B| in figure 3(a),
ocauring for high |B|, and with the associated
high mean solar wind speed, <v>, of figqure 3(b).
Mean dynamic pressure, <P;>, and mean rmber
density fractional variability, <o,/n> show the
szme general behaviour as <> with a minimm at
|B| = 4 nT. The fractional variability in speed,
<g,/v>, is lower than that in mmber density by a
factor ~ 4 at [B| = 4 nT and ~ 8 at |B| = 19 nT.
Kkpin this suggests that mssber ty dminates
over speed in controlling solar wind dynamic
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Fig. 3. Means of (a) ion mmber density <>,

(b} solar wind speed <v>», (c) salar wind dynamic
pressure <P;>, (d) fractional mmber density
variation <g,/n>, and (e) fractional speed
variation <o, /> against DMF magnitude |B|.

Conclusions
The results presented in this peper are largely
af a phencmencl natire - we have not sought
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the analysis is such that short-term (< 1 hour)
variability alone has been investigated directly.
We speculate that large scale features in the
solar wind such as stream interaction regions and
perhaps "flux-bubbles" from coronal ejections
(for example see review by Holzer, 1979) may be
responsible for the enhancement in dynamic
pressure at larger than average values of IMF and
during periods when the IMF has a large out—of-
ecliptic camponent. An analysis of 10 wajor
magnetic starms, which ocamred during 1978/1979
and which were associated with large soutlmard B, ,
led Tsurutani et al. (1990)toattr1.mtenmeof
the ten to interplanetary shocks and the remaining
one to a non-campressional density enhancement.
The averages of solar wind mumber density, rumber
density fluctuation lewvel and dynamic pressure
have all been shown to increase systematically
with |B,| and symmetrically about B, = 0 nT; i.e.
there is no difference between northward and
southward IMF orientation. Because sclar wind mean
speed ard its mean variability are fourd to be
relatively independent of B,, we infer that the
fractional variability or "buffeting level™ of
dynamic pressure (i.e. <0py/P4>), on a time scale
of "0.1 - 1 hour, will increase with |B, |,
reflecting the variation in <0,/n>. We conclude
thatl:uffetmgofthemgnetcpausebydymc
pressure variability could, in theory, influence
the cbserved anti-correlation of trans-polar
voltage with B, when B, < 0. However, in arder to
postulate that increased buffeting contributes
significantly to the additional transpolar voltage
that is dbserved when the IMF is directed
southward (the voltage usually being ascribed to
the effects of subsolar magmetic recamection),
same viable explanation mst be supplied to
acca.mtforthefactthattlusdosmtoccurwhen

the many experimental groups who contriluated to
the OMNItape dataset. In recognition of the large
fraction of these data from the IMP-8 spacecraft,
we would particularly like to thank R. P. Lepping
of Goddard SFC and A. J. lazarus of MIT. Thanks
also go to J. H. King of NSSDC far the assembly
and provision of the OMNTtape dataset, to A. J.
lazarus and R. A. Harrison for discussions of the
work, and to B. J. Read for providing the
relational datahase management system used in the
analysis.
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