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I. Introduction

The object of this study was to utilize satellite magnetic field
‘measurements in the geomagnetic tail current sheet (CS), to try to deter-
mine the normal field component, and other C3 parameters such as thickness,
motion, wvector current demsity, etc., and to make correlations with auroral
activity as measured by the AE index. The satellite data used in the ini-
tial part of this study was from the Imp-C satellite, and later, in an ex-
tention of this grant, data from Imp-4 (Imp-F or Explorer 34) was analyzed.

The geomagnetic tall is formed due to a "frictional interaction”
between the solar wind and thé magnetosphere at the boundary, the magneto-
pause. This "frictiomal interaction” could be due to a classical or non-
classical (instabilities) wviscosity, or to magnetic stresses across the
boundary due to field line reconnection along the daysilde magnetopause.

It is presently generally agreed that recomnection plays an important --
if not dominant -- role in tail formation.

As magnetic field lines are dragged back into the tail, a region
of reversed magnetic field is created in the center of the tail, since
field lines of opposite polarity are dragged back from the earth's north
and south polar regions. 1In this reglon a CS must form for consistency
with Maxwell's equation. The nature of the particles or plasma which con-
tribute to this current has been the object of many observational and
theoretical studies.

If dayside reconnectiﬁn is-the major factor in tail formation,
then magnetic field lines from the dayside magnetosphere are continuously
or sporadically eroded into the tail. In order that the magnetosphere

not disappear after some time, a convection process in the magnetosphere



must be set up to return tail field lines to the dayside magnetosphere.
The tail field lines must therefore break, reconnect, and convect toward
the earth. Such reconnection will be accompanied by a cross tail electric
field which can energize particles in the weak magnetic field CS region,
and then further convect plasma toward the earth. When recomnection occurs
in the tail, an x-type neutral point or line will be formed in the CS, and
it is at this point or line that reconnection occurs. Only at that point
or line should the magnetic field be identically zero. Earthward of the
reconnection reglon there will be a weak northward-pointing normal compon-
ent which gradually increases, eventually matching dipolar values in the
near earth equatorial plane. In the opposite direction,.the normal com—
ponent should be weak and southward, eventually merging with the inter-
planetary magnetic field.

One of the objects of this study is therefore to determine the
sign and strength of the CS normal magnetic field component to see if the
reconnection region can be within about 40 earth-radii (Re). We will
furthermore investigate correlations of the normal field with Ae as well
as with spatial position in the tail and with other CS5 parameters.

Part II presents the results of the Imp-C (Imp~-3) analysis.
Forty-eight CS crossings were analyzed from data taken from March-April
1966. Part ITI presents results from analyzing Imp-F (Imp-4) data, taken
from February-May 1968. Part IV summarizes results and conclusions of

this study.




IT. Results of the Imp-C Analysis

1. Data rotations to the frame of the sheet

The characteristics of the tail current sheet, €S8, have been
measured for 48 CS crossings by the Imp-C satellite. These crossings are
summarized in Table 1. During the time of each crossing, linear fits to
X, ¥, Z solar-magnetospheric 20-second data points were made. This linear-
1y approximated data was then rotated to the frame of the sheet. The frame
of the sheet is defined as that frame where all of the time variation is
in one magnetic field component, with the other two components approximate-
1y constant during the crossing. The constant components then define the
magnetic field component perpendicular to the sheet and thus the orienta-
tion of the sheet normal with respect to the solar-magnetospheric system.
In order to make such rotations, we assume the sheet is well defined, there
are no explicitly time varying fields during the crossing, and there is no
variation of the magnetic field with satellite motion parallel to the
sheet. Such general rotations of the data can be made whenever the linear

approximations are a good fit to the data. The magnitude of the errors

rrod bacouse of thednyalidity—of one or more of the above assumptions
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can be estimated by making other "extreme" linear approximations to the
data. This method is reported in the following as "analysis errors."
Figures 1 through 6 show samples of current sheet crossings. Only
three data'points from each 5.46 minute interval are shown, although all
of the data was used for making the linear approximations which are indi-
cated on the figures. The time scale for each figure can be obtained
from Table 1. The left-side of each figure shows the original data and

straight line fits in the solar-magnetospheric system, and the right-side



shows the data in the frame of the sheet. The rotations are made as
follows: The first rotation is an angle ¢, about the Yem axis, with
¢ > 0 meaning the new x' axis is tipped down (southward) and ¢ > 0 meaning
a tipping up with respect to the earth-sun line. The magnitude of ¢ is
determined by the variation in Bx and Bz, for constant initial Bz, ¢ is
zero. (See Appendix A.) The second rotation is an angle §, about the new
z' axis, with Y < O meaning the projection of the x' axis onteo the sm
equatorial plane swings toward the dusk side of the earth-sun line, and
) < 0 toward dawn. The magnitude of Yy depends on the variation of BX and
By. The magnitude of the normal component, B,, is the square root of the
sum of the squares of the rotated {constant) y and z components, and is
shown in Table 1 for the 48 crossings.

From Table 1, we see that the CS crossings were made at radial
distances from 26 to 38 Re'(earth—radii), from 16 Re near the dawn edge
of the tail to 24 Re near the dusk edge (ysm), and from 6 Re below to
4 Re above the solar-magnetospheric equator (zsm = 0). The asymmetry of
the crossings with Yam is indicative of the aberration angle of the magne-
topause due to the earth®s heliocentric velocity, and is consistent with
the picture presented by Behannon (1970).

The magnitude of B, is shown as a function of radial distance in
Figure 7. In Figure 8 we plot the analysis error bars on the determina-
tion of B,. This error, AB,, is one quarter of the difference between
maximum and minimum B, values from the linear extremes for each crossimg.
This evaluation is used to approximate a rms deviation. Figures % and 10
are plots of B, + 8§ * fi, where 8 is the unit vector in the direction of
the spin axis of the satellite and fi is the calculated unit vector normal

to the sheet. These plots indicate the error introduced from the larger



uncertainty of the measurements along the spin axis.

From these results we can make the following conclusions for the
48 CS crossings: The average normal component is +2.9y (northward) witch
a standard deviation of 1.7y and only three crossings (30, 33, and 46),
exhibit weak southward normal components. From Figure 8 we see that the
analysis errors may at times be of the order of ly, so these "southward"
values are not unambiguous. Considering the larger uncertainty of the
measurements along the spin axis, from Figure 10 we see that those three
values become weaker and one value becomes northward. No additional
southward components are introduced due to the uncertainty of the magnetic
field component along the spin axis.

The average value of B, for 14 fast crossings (duration of the
crossing less than 20 minutes) is 2.2y. Fast crossings may imply a thin-
ner than average sheet. The weaker wvalues of B, imply a smaller radius
of curvature of the field and thus a thinner sheet.

From Figure 8, AB, appears to increase with radial distance, thus
the validity of the original assumptions appears to decrease with geocen-
tric distance. From Figure 7 we see no dependence of BL with R, and from
Figure 11, there is no apparent dependence of B, with crossing positions
projected onto the solar-magnetospheric equatorial plane.

The angles &, and p, are defined as the angles required to rotate
Zem into the sheet normal, first about Yom (6), and secondly about the

new x' axis. (See Appendix A.) A summary of the angles, 0, for the 48

crossings is given in Figure 12. The error bars are approximately +5°
near dawn, iZOD near midnight, and flOo near dusk.
A summary of the current per unit length from curl B is given in

Figure 13. (See Appendix B.) The current density could be determined



for each crossing by dividing by the sheet thickness for that crossing if
it were known. Note that the current is generally across the tail from
dawn to dusk, with an average component down the tall in the dawn side of
the tail. Table 2 gives the averages of the rotation angles ¢ and p, and
the current density. Tor the dawn side of the tail (ysm < 0) there is a
net current component down the tail (-x direction), but there is no net
current in the x-direction for the dusk half of the tail. This current
component down the tail on the dawn side agrees with the Imp~A resulte
(Spelser and Ness, 1968), although there was not equivalent coverage by
the satellite on the dusk side, so the asymmetry was not observed.

From Table 2, there appears to be a net tipping up of the C5 with
respect to the earth-sun line for Yem < -SRe, but no other net tippings
are apparent. On some individual orbits, tippings of the order of 30o ar
more are observed. (Note that the standard deviation of all §'s is 240,
and 38° for all p's.) Therefore, normal field components made without
regard to these inclinations could be In error. As an example, Figure 14
shows the wvalues of the z-component of the field in the solar-nmgnetospheric
system near a neutral sheet crossing. Comparing these results with Figure
7, we see that many more southward components are erroneocusly determined
if we do not consider the orientation of the sheet. Note that the normal
component can be determined by measuring the direction and magnitude of
the mapnetic field at the exact time of observation of the minimum in the
total magnetic field. This method has the advantage of simplicity, but
it has several disadvantages. The first disadvantage is that this method
is accurate for only one or two data points at the minimum of |§|. (The
linear approximation method, however, uses all of the data during a sheet

croasing.) Secondly, this cannot distinguish between "anomalous' normal



components at the center of the sheet which may be produced by enhanced
filamentary currents within the sheet. Such enhanced filamentary currents
may produce either northward or southward perpendicular filelds at the cen-
ter of the sheet. TFinally, if data points are taken near the minimum of
]%[ but not exactly at this minimum, then a tipping of the sheet with
respect to the solar-magnetospheric equatorial planme can result in paral-
lel field components being taken as part of the perpendicular field and
vice versa, as shown in Figure 14. Some of the normal components reported
by Mihalov, et al. (1968) from Explorer 33 measurements may not be true

normal components, since CS orientation was not considered.

2. Rooting distance of the sheet

The simple rooting distance of the CS is defined as R0 =
zsm/sin Xss’ where Zom and xss values are given in Table 1. For Imp-A,
Speiser and Ness (1968) found that R0 has an average value of 10 Re with
a standard deviation of 3 Re for measurements near the.midnight meridian
plane. The average Ro values for Imp-C are given in Table 2. Only cases
with Xgs > 5% are considered, as positional error of ;he sheet can give
large uncertainties for small Xgs® For these measurements the average
R0 is about 14 Re with a standard deviation of 7 Re for measurements with-
in 5 Re of the midnight meridian. The fluctuation is so large that it
would be unreasonable to use a given value of Ro to predict the CS position
in Eﬁe absence of magnetic field measurements.

Another parameter is a "circular hinging distance," Rc’ as suggested
by Russel and Brody (1967). This assumes the CS has a circular shape

with the center of the circle on the Xom axis, and the formula is:




5 2 1/2

' - -
z (Rc “ Yam ) sin Xgg .

Russel and Brody found their best fit with Rc = 11 Re, using Imp-A data,
with Yem values less than 11 Re' For the Imp-C results, we find the value
of Rc for each crossing knowing the crossing position and Xss' The average
value of Rc is 17.5 Re with a standard deviation of 6 Re for all the data.
From the standard deviation, Rc does not appear to be a better parameter
than Ro' Howevér, we will see in the next section that Rc does have a
high correlation with the Ae index and R0 does not for these Imp-C
measurements.

Note that there is an inherent ambiguity in the use of these types
of rooting distance as there may be times when Zem and xss have opposite
signs. In fact, 18 of the 48 crossings in Table 1 have this characteris-
tic. Taking the meaning of the rooting distance literally would imply, at
these times, that the CS is rooted in the day-side magnetosphere! Physi-
cally the problem probably arises when the C5 is not parallel to the solar-
magnetospheric equatorial plane. Thus a positive angle of Xgg should
imply the CS being found above the solar-magnetospheric eguator, but if
the CS is somehow bent down, it may be found below that plane.

Suth bending might be expected to be correlated with magnetospheric
dynamics, such as the magnetospheric substorm. Therefore it is worthwhile
to see if these rooting parameters, with positive or negative values, have
any correlation with ground measurements of magneltic activity. These
correlations are made in the next section.

Fairfield and Ness (1970) have suggested an elliptical hinging
distance, defined in Table 3, as appropriate. For these measurements we

find the average value of R, to be 12 + 9 Re (22 cases) and the average

16



value of R,, to be 7.5 + 10 Re (31 cases). This parameter does not seem

24
to order the data as well as the circular hinging distance. See also the
following section.

In all of thése formulas (simple, circular, and elliptical), we
note that fo; Xss approaching zero, the C8 should be found colncident with
the sm equator. However, from Table 1, we find that for Xgg < 5° (12 cases),

the average values of Z and [Z | are: <Z > = =.58 and <|Z |> = 2.05;
s sm sm sm

o
= = = T -4 -
for ¥ < 107 (17 cases), T .1, and <|Zsml> 2.93. (For Imp-4& the

corresponding values are: Xgs < 50, <Zsm> = 0.0, <]Zsm|> = 0.54; Xss < 100,

<z = -.62, <|Zsm|> = 0.93.) Therefore, either some sort of correction
must be made to these formulas which is independent of Xgg» ©F this scatter
is due to the flapping ﬁotion of the CS. Hruska and Hruskova (1%70) suggest
the polarity of the radial component of the interplanetary magnetic field
plays a role. If so, this should be evidence for the Dunges (open) model

of the magnetosphere. Since the above averages of ZSm are small whille the
averages of IZsm[ are as much as 2 Re’ these results are consistent with a

flapping sheet and emphasize the error in assuming that the C$ lies in

the sm equatorial plane for small Xss'

3. Correlations with magnetic activity

Table 3 presents a summary of correlation cocefficients, O,
between various parameters used in this study. The "t-test" is a test of
the significance of the results, thét is, it.gives the brobablity that a
given correlation coefficient could be determined from a set of random
numbers. The fifth column gives the observed t-value (tobs = g/N-2/v/1-02 .

N is the number of cases), the sixth column gives the t-value for 1 percent
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probability of chance occurrence. Only t-values for 0 > .10 are given.
These correlation coefficients that are significant (whose t-values are
larger than the 5 or 1 percent values) are underlined.

The best correlation is item 1, for |Rc[ and the Ae index. The
corresponding value of 0 is -.70 with a probability less than .0005 of
being produced by a random set of numbers. The correlation of IRCI with
ZKp (item 5) 4is not quite so good (~-.58), so further correlations were
made only with the Ae index.

The best linear fit to the IRCI and Ae data from a linmear regression
is

IR | = -.041 A + 22.8
[od ‘ e

From the spread in the data about the linear fit, we see that if the above
formula were used to predict the position of the CS, with known values of
Ae’ IRcI would be good to within + 3 Re’ for half the cases,and the absol-
ute value of Z . woﬁld be known to about + 1/2 Re. Unfortunately the deter-
mination is double valued. However, we see in Table 1 that if we restrict
the range in Y om to crossings with |ysm| < 10 Re, than only two cases ap—
pear with Xas and Zsm having opposite signs (crossings 13 and 16). For
these crossings, excluding numbers 13 and 16, we find the average value of
Rc to be 16 + 5 Re' The correlation coefficient with Ae is -.71 (Table 3,
item 30) with the probability for chance occurrence still much less than

1l percent. The linear fit is:

R = -0.36 A + 21.7 Iy | < 10 R ,
e e

sm

therefore, this relationship does present the possibility of prediction

of the CS Z.m position for |ysm| < 10 Re in the tail, knowing Xsg® Yom?
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and Ae. We cannot say whether or not an x-dependency should be included,
that is, whether or not these results hold for crossing distances larger
than about 40 Re.

Because most of the negative rooting distances occur for |ysm' >
i0 Re’ a model incorporating this behavior would seem approprriate. Ac-
cordingly we tested a model with circular cross section, with the center
of the circle translated to negative Zom values for ﬁositive Xgg* The
model alsec keeps fixed a chord of length 20 Re lying in the sm =zguatorial
plane, i.e., the circle always crosses the sm plane at Yam = + 10 Re.

This model then eliminates the sign ambiguity for all but 6 of the 48 cases.
The average vélue of RT {rooting distance of the translated circular cross
section) is 13 + 12 Re’ and there is no correlation with Ae’ item 21,
therefore this model, while resolving the sign ambiguity, does not order
data very well.

Itemé 10 and 1! in Table 3 give the correlation between the
"elliptical" hinging distance and Ae. No correlation is seen with R24’
while a significant correlation is seen with R16’ perhaps because the
cross section is more nearly circular with Rl6' The correlation of R16
and A.E {item 10) is certainly better than RC and Ae (item 2) but not as
good as RC and Ae (item 20) for |ysm| < 10,

No correlation with Ae is seen for the following: flapping of
the CS, item 12; the total tipping of the sheet, the uncertainty in this
angle, or the angle of t;igg_igg_apgut__ysml items 14, 15 and 23; the dis-
tance from the solar-magnetospheric équator, item 16; the normal field
component, item 17, or; the simple rooting distance, items 6 through 9.

"Noise" is defined as fluctuations of the magnetic field components

with a time scale which is small compared teo the duration of the sheet
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crossing. We see that there is a slight positive correlation between noise
and Ae’ item 13, indicating that these fluctuations are enhanced in the C5
whean A,e is large. There 1s also an enhancement of the current per unit
length as Ae increases, item 18. Since J ig a measure of the field strength
outside the current sheet (see Appendix B), the fleld strength outside the
current sheet appears to become stronger as Ae increases.

The time duration of Imp-C CS crossings appears to decrease for
crossings at larger geocentric distances, item 22, but for the lmp-A cros-
sings, item 24, the correlation is not so high, although it 1s still
negative. The Imp-A crossings were mostly between 14 and 30 Re’ while
the Imp-C crossings are from 26 to 38 Re’ s0 it 1s possible that this
effect beqomes important for larger distances. Faster crossings imply

either a thinner sheet or a faster moving sheet.

4. Thicknesses and velocities

In the study of Imp-A current sheet crossings (Speiser and
Ness, 1968), CS thickness and velocities were estimated statistically.
Those results indicated a CS thickness of about 5,000 km near dawn and
500 km near the midnight meridian. In general, it is not poasible to
determine thickness or motion of the sheet for a single orbit of the
satellite. However, when multiple crossings (flapping) occur, we can
determine the sheet thickness and motion by assuming that the flapping
motion is sinusoidal. This seems the simplest assumption which can be
made. The four parameters of the arbitrary sine wave can then be deter-~

mined by fitting at four points, knowing the satellite motion. The four
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points are chosen as the times when the Bx eomponent turns over, and when
Bx goes through zero. As an example, Figure 15 shows an example of multi-
ple crossings from Imp~A (Speiser and Ness, 1968, Figure 6), and times
T, and T2 are chosen as turning points, that is, times when the sheet

1

velocity equals the satellite velocity,.and times T3 and T4 are crossing
times. Using these parameters, the motion of the sheet center is determined
and plotted in Figure 16 along with the satellite motion and the relative
motion (ZS - Zc)’ which should reflect the data of Figure 15. The thick-
ness 1s then just twice the absolute value of ZS - Zc at times T1 and T4.
From Figure 15 we see that these values are about 800 and 1,000 km, These
thicknesses should be, however, corrected by a factor Bx(F)/Bx(Tl or Tz),
assuming the field does indeed change linearly across the sheet and that
this factor corrects for partial sheet crossings. (Bx(F) is the final
value of Bx after leaving the reversal region, i.e., Bx(F) = 10y at 0130
hours in Figure 15.) Making this correction, the thicknesses become

1,460 and 1,480 km at times T1 and T2.

This technique has been applied to ten cases from the Imp-C data
where multiple crossings occurred. These results are summarized in Table
4, There were a few more flapping cases for which we were unable to find
a solution to the sine wave equation. The corrected thickness TI and T2
in Table 4 can be compared, and agreement or lack of agreement between
them is one indication of the validity of the model. No apparent correla-

tion with A.E is evident from the data. Times for the data in Table 4 ecan

be found in Table 1.
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ITI. Results of the Imp-4 Analysis

Eighty-five CS crossings were selected from Imp-4 magnetic data in
the tail from February to May, 1968. Dr. Donald Fairfield, Goddard Space
Flight Center, furnished plots of average data {and some detailled data) in
SE and SM polar coordinates from which an initial selection of crossings
was made. Dr. Fairfield then supplied a tape of the 2.5 sec data at the
crosgings in Cartesian SM coordinates.

For the selections, crossings that were primarily relatively sharp
and clean were selected. Table 5 summatrizes the times, satellite coordin-
ates, and normal magnetic field vectors for each of the 85 crossings.

As discussed in section II, the normal component can be determined
in two ways: by making a rotation of the data into the frame of the sheet,
or by choosing the magnetic field vector at the exact time of the minimum
in the magnitude of the field accompanied by a change in the sign of the
tail (x-component) field. The former method seemed useful and adequately
accurate for the Imp-C data where a magnetic field vector was determined
about once every twenty seconds. This method depended upon being able to
make reasonably accurate straight line fits to the component data. How—
ever, on inspection of the temporally more sensitive (2.5 sec) Imp-4 data,
it became apparent that in many cases a straight line fit was not an
adequate approximation to some of the compomnents during a crossing, Fig-
ure 17 shows an example of multiple crossings {(numbers 35-39, Table 35),
where, although the x-component data could be reasonably linearly approxi-
mated at the crossings, the y- and z-component data change nonlinearly
during the crossings. Therefore, the previous rotation scheme used for

the Imp-C data (Appendix A) will not work. We decided to use the latter
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method above for determining B . Although the former method utilizes

more data during the crossing, it could generally give a somewhat larger

B, than the latter method if B; decreases somewhat during a crossing. Such
a decrease is not expected to be large, but it might be expected from
consideration of a simple tail model where ]Bxl decreases with -x, and

? . § = 0 1s required. On the other hand, the minimum B method is more
subject to variations due teo spatial irregularities in the current density.
In fact, it was suggested {(Speiser, 1973) that the magnetic field signa-
ture of Figure 17 represents a filamentary current structure within the CS§.

Correlations of various CS parameters were made with each other in
Table 6. For the correlations, 64 of the 85 crossings were included.
Eleven crossings were eliminated using the criterion that we should have
at most three crossings per hour. The reason for this choice is that many
of the multiple crossings in a short time would tend to bias any correla-
tion Eo that particular satellite location, or temporally to that particu-
lar state of geomagnetic/tail activity.

For the correlations in this section, the t-test yields the follow-
ing significance criteria (correlation coefficient; probability percent):
(0.40; 0.1 percent), (0.32; 1 percent), (0.25; 5 percent). That is, a
correlation coefficient of 0.32 would be achieved by correlating two ran-
dom sets of 64 numbers only 1 percent of the time, etc.

In Table 6, there are some high correlations of parameters which
should cbvisusly be well correlated. For exauple, Px and Rx highly corre-
late with Tx as they should since Tx = Px + Fx’ and IBL] correlates highly
with B, B;z’ and Bl. Other correlation coefficients of possible signifi-

cance with IBL' are Fx and Ysm' The former implies that |B, | is likely to

N

be large 1f there are a large number of complete-multiple crossings, and
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the latter that IQLI has a tendency to be larger near the dusk edge of the
tail than near the dawn edge. This would tend to support the theoretical
pradiction of Cowley (1971) for a tail reconnection model.

Some other correlations of interest are: multiple crossings are
more likely to occur near the earth (within the range of Imp-4) —- (Tx’R)’
(Tx’xsm); B3/At is proportional to the current density times the relative
(sheet-satellite) velocity (jV), if jV is large, noise is large; nega-
tive BJ_Z is more likely when jV is large; B, is likely to be smallest when
iV is large, and; when jV is large, [zsm] is likely to be small.

The correlations of tail parameters with each other in Table 6 are

for all types of geomagnetic activity. The varlous parameters were there-

fore correlated with the 2.5 minute Ae index to get an indication of varia
bility with geomagnetic activity. (Note these correlations were done with
the AE index derived from five stations -- the eleven station index was
unavailable at the time. A're—calculation using the eleven stations Iindex
is being pursued.) These correlations are plotted in Figures 18 and 19.

The correlations we;e done with Ae values at the time of the crossing

(0 - abscissa) and for A.e values up to 4 hours before and after each cros-
sing. In Figure 18 we see that B3 (proportional to the current density
times the thickness of the CS, or to the current per unit length down the
tail) has its maximum positive correlation with Ae about 5 minutes earliar.
Therefore, the current/length appears to be largest about 5 minutes after
the peak substorm intensity. Many multiple crossings (Tx) are most likely
tb occur about 30 minutes to 1 hour before the substorm maximum. This
probably means "flapping" is induced near the onset of a substorm. The
magnitude of the normal «omponent, |BL|, seems to be largest about 2 hours

before the substorm peak. This would imply the field lines are more
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dipolar between substorms, and more stretched out during a substorm.
(The |BLI curve does go negative near t = 0, but the correlation coeffici-
ents are not significant.)

From Figure 19, magnetic noise appears to be largest about 30 min-
utes after the substorm peak, while the CS tilt angles are largest when a
substorm is going on near the time of a C8 crossing, and B3/AT peaks with
Ae values near t = 0, in a similar fashion to B3 (Figure 18) but with a

smaller correlation.

Iv. Discussion

There is little indication from either Imp-3 or Imp-4 CS crossings
of detectioﬁ of southward normal components, regardless of substorm phase,
closer than about 40 Re in the tail. <Certainly some 'monlinear'" southward
normal components are found probably with enhanced filamentary current
systems within the CS5 -- and that may or may not be the expected signature
of a reconnection neutral point or line in the tail. There have recently
been some observations that long-lasting southward normal components are
found in the near earth tail plasma sheet =- outside of the CS8. (See,
for example, Nishida and Nagayama, 1973.) If the reconnection is indeed
closer to the earth than the satellite near the onset of a substorm, why
then do we not see relatively constant southward components at these times?
One possibility is that the normal component away from the (S may be
influenced by tilting, and therefore not necessarily indicative of the
magnetic field through the CS. Another pessibility is that the CS normal

component is dominated by spatial and temporal irregularities (filamentary
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currents, etc.) so that the normal component determined in the external
region is more indicative of the real normal componenﬁ. This question is
presently being studied further.

The current density in the C5 appears to peak near the peak of a
substorm, and the largest tilt angles with respect to Zsm seem to occur
at this time, while "flapping" seems to precede substorms, or perhaps
occur near a substorm onset, or in the expansion phase.

Further study of quéstions raised in this study, correlations with
particular substorm phase, etc., are being pursued under NASA Grant NGR-
06-003-215. A summary publication with the results of this latter study

is being prepared.
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APPENDIX A

Data Rotations

1. Approximate CS data by a linear fit: Bz = at + b; By = ct + d;

Bx = et + f, where t is time, Bx’ By’ Bz’ in sm coordinates.

2. Make two rotatilons to B" ; By" = constant, and Bz" = constant:
B"=“P®B
where
cos & 0 -sin ¢ cos ¥ sin ¢ 0
b = 0 1 0 g Y = |-sin¥ cosV¥ O
” sin ¢ 0O cos ¢ ~ 0 0 1
3. Solutlons:

tan ¢ = -a/e ; tan ¥ = + c/a1

2 1/2
al = (a” + e7)
| 2 2 172
a, = (a” + ¢ +e7)
33 = ab + cd + ef
a4 = ab + ef
as = be - af
no__
B "=t (azt + a3/a2)
2
" - —-—
By [da1 ca4]/a1a2
" .
Bz = + 35/a1
2 5 /2
— [} n ] (3}
3# = (Bz + By 3 x (sign of BZ )

where + sign chosen to make slope of Bx” in the same direction as
the slope of Bx'

. Then: tan 6 =

B, B
v TzL

4, Rotate B, back to sm system to get Bx

J..,
) B 2 2.1/2
BXL/BZL’ tan p = ByL/(Bxl. + BzL ) .
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APPENDIX B

Evaluation of the Current per Unit Length, J

UO J A B A B
T*.—,UOJEVXB:————)’—@-& £ 8
- - b Az ® Az 4

where the latter values are taken in the "prime" system, after

the first rotation, ¢. {Appendix A.)

Then:
JX = —ABy- (sign of &Bx) / M
I, o= |aB_| 7 v

assuming T = Az.



Table 1
IMP-C NEUTRAL SHEET CROSSINGS,

€48 Crossings)

1966

Perpendicular
' Magnetic
Cross-{Length of Time of Position of Satellite {in Re) Field of
ing {Crossing~ o Crossing Crosiing
Orbit|Number| (in Min) day hour min. | X(5M) Y(SM) Z(5M) R -
48 1  43.68 63 7 24.3 -21.9521 -16.5147 0753 27.4707 5.48 ~15.5%
48 2 180.18 63 8 10.1 -21.5110 =-16.3473 8175  27.0301 3.49 -13.88
49 3 32.76 68 11 51.7 -30.7682 =-15.3759 -=3.5152  34.5754 3.04 - 1.0
49 4  92.82 68 13 26.4 -30.2566 =15.2222 °“-3.5539  34.0559 4,32 2.5
49 5  76.44 68 14 17,6 -29,9525 -=15,0982 =3.7625 33.7530 . 5.10 4. 8%
. 49 6  38.22 69 3 55.8 ~23,6521 ~14.3843 -1.2209 27.7095 4.09 ~15,79
49 7 98.28 69 5 38.3 ~22,5798 <-14.2478 L8143 26.7116 4.51 ~15.70
50 8 49,14 - 75 2 3B.2 -22.4039 -12.1378 4438 25,4844 3.19 -11.94"
51 9 . 38.22 80 . 22 10.4 -23.3601 -10.2538 .8052  25.5241 1.49 2.00
52 10 16.38 85 22 - 57,2 -33.6436 - 5.1765 -2.8781  34.1610 3.83 1.59
52 11 | 16.38 86 0 26.9 ©  =33.1333 - 5.5394 =2.3580 33.6758 4.97 -2,77
52 12 16.38 86 3 18.5 -32.0182 - 6.3467 ~.8328 32.6335 2,40 ~  -8.57
52 13 16.38 86 6 4.2 -30.8194 - $.6054 9656  31.5343 1.57 -8.49
52 14 38.22 86 15 - 6:6 -25.8168 - 7.3494 3.8860 27.1224 2.15 113,24
52 15 38.22 86 16 45.7 -24.6723 -~ 7.8067 3.7116  26.1427 3.00 14.31
‘53 16 - 21.84 91 20 39.7 ~33.0494 - 3.1534 -.1131  33.1997 4 .80 10.36
53 17 32.76 92 1 10.1 -31.1693 - 4.1458 1.1520  31.4649 5.54 -2.47
53 18 5.46 92 1 44 .8 -30.9020 - 4.2450 1.3961  31.2231 2.28 ~3.78
53 19 5.46 92 1 45.9 -30.9020 - 4.2450 1.3961  31.2231 3.16 -3.78
54 20 81.90 97 4 34.5 -36.5492  1.9460 -1.2404 36.6219 3.34 -5.05
54 21 60.06 97 5 30.4 ~36.3864 1.7156 =1.0533  36.4421 5.17 ~4.74
54 22 . 32,76 97 20 37.9 ~31.6771 - 2.0543 3.1317 31.8977 1.74 12.53
54 23 27,30 97 20 42,2 -31.6771 -~ 2.0542 3.1317  31.8977 .97 12.53
56 24 92,82 97 22 19.0 -30.9104 -~ 2.5720 3.4547  31.2090 2.66 7.70
54 25 65.52 97 .22 26.4 ~30,8715 = 2.5967 3.4760 31,1749 2.24 7.45
55, 26 . 49,14 103 7 48.6 =34,7498 ° 4.1299 1.4860  35.0259 3.07 1.07
55 27  21.84 103 8 36.8 -34.5430 4.0255 1,6220 34.8l46 4.28 2.90
. 85 28 21,84 103" 8 " 45, -34.4979  4.0011  1.6659 34.7691 2.86 3,34



Table 1, continued , _ p.2

erﬁendi cular | _

i Cross-Length. of gime :f Position of Satellite (in Re rgig;ztig
Crossing- rossing : _

Orbijnizfp](in Min? day . hour win. X (SM) Y(sM) _ Z(SM) R_| Crogsing | - Xas
55 29  21.84 . 103 11 45.3 -33,5826 3.4997  2.5586 33.8613 6.23 ' 12.23
55 30  10.92 103 11 51.7 -33.5573 3.4748 2.5949  33.8364 41 12.47
55 31  10.92 - 103 12 5.7 -33.4737 3.4213 2.6796° 33,7546 2.53 13.20
55 32 10.92 103 - 12 15.3 -33.4195 3.3774 . 2.7516 33.7022 4.38 13.67
55 33 10,92 103 12 28.5 ~33.3344 3,3205 2.8493 33.6203 -1.13 14.37
55 34 16.38 103 12 47.6 ~33.2436 3.2472 2.9506 33.5319 1.96 . 15.04
56 35 21.84 108 21 58.4 -35.5354 8.1437 3.2868 36.6044 2.77 12.47
56 36 10.92 108 22 25.7 -35.4747 8.0206 3.3891 36.5276 .72 11,21
56 37  21.84 108 22 35.1 -35.,4509 7.9757 3.4272  36.4983 45 10.70
58 38 38.22 119 20 4.6 -33,1518 . 18.7175 1.2037 38.0899 1.49 -21.133
59 39  21.84 | 125 16 5.1 -31.3256 21.1865 -1.9723 37.8689 2.86. - 27.86
59 40 16.38 © 125 16 38.8 -31.3943 21.1766 -1.0507 37.8834. - 2.35 27.95
50 41 16.38 125 17 0.3 -31.4266 21.1594 « .5390 37.8898 2.44 27.87
59 42 21.84 125 17 23.9 -31.4688 21,1077 - .1122 37.8923 1.69  27.64
59 43 49.14 125 .17 39.5 -31.4943  21.6668  .4848 37.8938 2,70 27.43
59 44 87,36 126 10 54.5 ~31.4040 18.3434 L4154 36.3713 1.73 - 17.26
60 45  21.84 : 131 11 12.2 ~29.0341 23,3691 -6.5758 37.8462 6.37 19,36
60 46  a3g.22 | 131 11 32.5 ~29.0865 23.3821 =6.3645 37.8583 -.72 20,61
60 47 27.30 131 14 27.5 ~29, 4095 23.6870 -3.2333 37.9005 2,58 27.81
60 4B oy an . 131 14 54.4 ~29,4391 23.7195 -2.5865 37.8941 2.83 g 28.45

"-gzZ-



Table 2

Averages of

All Y 3 8 = - 8 *
S

Y < =5 ; 8 = =21 #
Sm

-5 <Y <5 3;8=-6¢%

sm

Y >5 1 3= 1+
S5

Orbit 48 ;8 = -42 ¢
Orbit 49 1§ = =19 +

s

1

5.

and

1

3;

P

Q1 O T T} Dy

k=l |

]
+
[
]

Averages of Current Components

ALY 3 J =-.19 % .30

Y <0;J =-.35+.1

5

¥ >03;J =-,08% .32

Averages of RD

Wi

All R 3
o 0

-5<Y <5 ;R
[o]

= 5.3

13.7

Orbit 60 ; ﬁo =-12.6

(Xss

N
y

16.9
6.6

6.4

1.27

+ 38

* 24

38

+ 40

-
I+
o

.55

> 5% (o)



Item

10.
11.
12.
13.
14.
15.

16.

Correlation Coefficlents

Table 3

Parameters No. of Cases
IR | va. A 35
c e
R vs. A 35
¢ e
B vs. A 21
e e
R. vs. A 14
c e
|Rc[ vs. K 35
iR ] vs. A 35
o e
R vs. A 35
0 e
R+ vs. A 21
0 2
R vs. A 14
e
R16 vs. A.E 22
R24 vs. Ae 31
Flapping vs Ae 48
Noise ws. Ae 48
X vs. AE 48
Ax  vs. Ae 48
|z | vs. A 48
sm e

-.70
+.19
-.69
+.72

~-.58

.49

-.06

+.16

+.15

_-lg

tobs.

5.5

1.14

4.37

3.88

4.09

1.09

3.22

1.09

2.21

1.03

1.31

t(.05)

2.04

2.04
2.09
2.18

2.04

2.18

2.09

2.1

2.01

2.01

2.01

£(.01)

2.75

2.75
2.86
3.06

2.75

3.06

2.85

2.69

2.69

-27-
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Table 3 (Continued)

Ltem Parameters No. of Cases o tobs. i t(.05) t(.01)
17. B, vs. Ae 48 ~.03
18. |3 vs. A, 48 +.33 | 2.37 2.01 2.69
19. 1z | ve. A,
20, R wva. A ,|Y |<lO 17 -.71 3.90 2.13 2.95
[ e sm —
. +.01
21. Rt va Ae 29
22.  Agvs. R (Imp-c) 48 -.30 |2.13 2.01 2.69
23. § vs. ¥ s 48 +.20 1.38 2.01 2.69
]
Parameters
¢ - Correlation coefficient
Ae— Auroral electrojet index, hourly wvalues.
Kp— Magnetic activity, (EK ), 3 hour index.
Rc— Circular hinging dlstance, after Russel and Breody, see text.
Rt- Circular hinging distance, positive values only

RE - Circular hinging distance, negative values only
|Rc|— Circular hinging distance, absolute value

R Rooting distance; R = 2__ / sin X
R

16 ~ Elliptical hinging distance; ‘6 = Z / [zl (Y /16) )%Bln Xg ) for [Y ] < 16 R,
Ros ™ Elliptical hinging distante; R24 = Z / EIl (Y /24) )asin X ;] for |Y ] < 24 R
R~ Translated circle hinging distance, see text.

t
Flapping - HNumber of C8 crossings near a given crossing

Noise - Fluctuations in magnetic field near a crossing, see text.
X - The angle between Zsm and the sheet normal
Ax ~ Uncertainty in y from the "analysis errors"

s Y - Solar magnetospheric co-ordinates of satellite position at CS crossing

8m sm



Table 3 (Continued)

LI - CGCeomagnetic latitude of the sub-solar point

Bl. — The normal field component

'ch - The distance from the average Russel and Brody CS positionm,
|zcl== [zsm—z|; z=(17'.52-\zsmz)l.5 sin X

At - The time duration of each crossing

S - The first rotation angle, see text

R(Imp-c)- The radial distance of the Imp-c C3 crossings
R{Impwa)- The radial distance of the Imp-a CS Crossings



TABLE 4
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Thicknesses of Current Sheet, Flapping Model, Imp-C
Imp-C | Cross'g |Satellite |Positiom (sm) | Flapp'g | Model THICKNESS
Orbit | Number x(Re) y(Re) z(Re) P%;iz?) A?iii Tl(km) Tz(km) Ae
Hr. av.

49 3 -30.8 ~15.4 -3.5 37.9 419 5000 3522 24
49 6 -23.7 -14.4 -1.2 29.4 3088 23400 23072 27
52 13 -30.8 -6.6 .97 37.1 2858 5000 6262 | 304
55 28 -34.5 .0 1.67 27.6 53. 301 178 { 101
55 28 -34.5 4,0 1.67 54.2 200 356 657 1 101
55 30 -33.6 3.5 i.59 27.2 940 6169 1290 332
55 33 -33.3 3.3 2.3 24,6 1411 4710 4010 | 224
59 40 ~-31.4 21.2 -1.1 34.9 3657 5390 8426 1 75
60 47 -29.4 23.7 -3.2 66.1 2814 18800 79007 52
60 48 -29.4 23.7 -2.6 74.4 1382 1490 750 | 52




TABLE

N
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IMP~4 Current Sheet Crossings, 1968

Magnetic field (') at Satellite
Cross- Crossing Time crossing (SM) (x10) Co-ordinates (SM) (Re)
ing # Orbit Date (hr;minjsec;) Bmin Bx By Bz _ Xss - R X Y
1 63 2-18 06; G7; 50 5.7 =1.2 1.9 5.2 -230 30.3 -28.4 8.1
2 63 2-18 06; 18; 15 1.7 -1.4 .1 .9 —~228 30.4 -28.5 -8B.2
3 64 2-19 05; 4B; 12 o5 ~ .1 0.0 .5 =230 3.4 ~31.9 -9.7
4 64 2-23  07; 213 50 .6 - b =2 b . =193 33.5 ~32.6 -7.3
5 64 2-23  07; 27; 00 .6 2 -6 0.0 =192 33.5 -32.6 =7.3
6 64 2-23 07; 33; 20 1.1 0.0 .9 o7 -189 33.5 -32.6 ~7.3
7 64 2-23  09; 02; 50 1.8 6 -.3 1.7 =152 33.6 -32.7 -7.4
8 64 2-23  09; 12; 00 2.6 .7 1.0 2.6 =148 33.6 -32.7 -7.4
9 64 2-23  Q9; 43; 45 5 -~ .2 0.0 .5 =132 33.5 -32.7 -7.4
10 64 2-23  21; 54; 40 .8 22 .7 - 69 32,2 -31.4 -7.2
11 64 2-24 00; 33; 18 1.6 -.1-.2 1.6 =148 31.6 -30.7 -7.3 .
12 64 2-24 00; 36; 54 6 - .2 -2 ) ~-150 3l.e -30.7 ~7.3 - .
13 65 2-27 05; 34; 54 5 -.,1-1 -.5 =202 32,4 -31.9 -4.2 -4.
14 65 2-27 05; 35; 42 3 0 -.2 -1 -2 =202 32.4 -31.9 4.2 4.
15 65 2-27 073 51; 00 .3 ¢.¢c .3 -.1 ~168 32.8 -32.3 -4,7 -3.
16 65 2-27 08; 15; 48 .6 1 .4 -4 -158 32.9- -32.4 -4,8 -3.
17 65 2-27 08; 37; 00 1.0 .9 0.0 oA -149 33.0 -32.5 -4.8 -2.
18 65 2-27 10; 00; 48 .2 - .2 .1 -2 -108 33.2 =32.7 -4.9 =2,
19 65 2-27 103 15; 12 .3 0.0 .3 -.1 ~101 33.2  -32.7 -4.9 -2,
20 65 2-27 19; 28; 48 3.0 2.9 .7 .5 6 33.5 =33.1 -4.6 -1.
21 65 2-28  02; 29; 30 1.5 -1.4 .4 -.2 =179 32.8 -32.4 -5.1 -
22 65 2-28 0Q2; 31; 00 1.8 - .81.3 -.9 -180 32.8 -32.4 ~5.,1 -
23 65 2-28 02; 34; 24 2.7 1.82.1 ~-.2 -180 32,8 -32.4 ~5.1 -
24 66  3-2 01; 20; 12 2.2 0.0 -.6 2.1 -144 28.8 -28.2 .1
25 66 3-2 01; 41; Q6 3.8 .9 -2.0 3.1 -152 29.0 -28.4 0.0
26 - 70 3-20 15; 07; 20 .9 .8 .3 .2 108 33.2 =-32.2 6.6
27 70 3-20 15; 18; 00 2.8 1.6 1.9 2,1 119 33.2 -32.2 6.6
28 71 3-23  18; 02; 42 2.6 - .5 1.4 2.1 123 29.4 -28.0 5.1
29 71 3-23 18, 07; 12 2.7 - .51l.6 2,1 122 29.4 -28.0 2.1
30 71 3-23 18; 09; 48 2.4 42,0 1,3 122 29.4 -28.0 9.1
31 71 3-23  18; 12; 18 2.4 .8 .8 2.1 121 29.6 -28.0 9.5
32 72 3-27 213 34; 48 W2 .2 .1 -.1 62 27.5 -=25.4 10.5
33 72 3-27 21; 433 00 .2 .1 .2 0.0 58 27.5 -25.4 10.5
34 72 3-28 063 223 24 So- 02 =2 A - 76 30,9 -28.8 11.3
35 'y 3-28 11; 19; 42 3.9 2 -3.7 -1.2 50 32.2 ~30.0 11.6
35 72 3-28 11; 21; 54 4.3 -3.6 .9 2.2 52 32.2 -30.0 11.6
k¥ 72 . 3-28 11; 25; 36 3.9 2.1 -~-1.1 -3.1 54 az.2 -30.0 11.6
38 - 72 3-28 11; 30; 48 4.4 -2.6 -2.7 2.3 56 32.2 -30.0 11.6
39 72 3-28 11; 35; 24 4.3 1.3 .2 -4.1 58 32.2 -30.1 11.6
40 72 3-28 16; 14; 24 2 A1 -2 W1 149 23.0 -30.8 I1.5
41 72 3-28 17; 21; 42 .8 - .3 .3 o7 148 33.1 -30.9 11.2
42 72 3-28 17 30; 12 .8 2 -2 .8 147 33.2 ~30.9 11.2
43 72 3-28 18; 21; 30 .8 1.8 .1 139 33,3 -31.0 10.9
44 73 3-31  22; 08; 42 4.3 - .8 1.5 4.0 60 23.2  -20.4 11,0
45 73  3-31 223 11; 30 5.0 ~3.5 -.4 3.5 58 23,2 -20.4 1ll.0
46 73 3-31 22; 143 42 4.3 2.1 2.6 -2.7 57 23.2 -20.4 11.0



"TABLE 5 - Continued

iMP~# Current Sheet Crossings, 1968

' =-32-

Magnetic field (#') at Satellite
Cross- Crossing Time crossing (SM) (x10) Co-ordinates (SM) (Re)
ing # Orbit Date (hr;minjsec;) Dmin Bx By Bz  XKss '™ R X Y
47 73 3-31 22 18; 54 3.4 3.3 .2 - .7 55 23.3 -20.5 11.0 -
48 73 3-31  22; 19; 48 2.1 .5 A0 2.0 54 23.3 -20.5 11.0 - .
49 73 3-31 22; 22; 36 1.7 - .1 -1.6 .7 53 23,3 -20.5 11,0 -.
50 73 3-31 22 243 06 1.3 - .4 3 1.2 52 23.3 -20.,5 11.0 - .
51 73 3-31 22; 27: 30 1.6 - .5 - .4 1.5 50 23.4 -~20.6 11.0 -
52 73 3-31 223 34; 06 I | 3 .8 47 23.4 -20.%6 11.0 0
53 73 3-31  22; 37; 12 4.2 -1.,5 .9 -3.9 45 23.5 -=20.7 11.1 O
54 73 3-31 22; 37; 54 7.5 .6 6.0 4.5 45 23.5 -=20.7 11.1 0.
55 73 3-31 22; 39; 30 3.9 -2.7 2.0 =2.0 44 23.5 -20.7 11.1 0.
56 73 3-31  22; 41; 06 3.3 .8 3.0 -~1.2 43 23.5 -20.7 11,0 0,
57 73 3-31 22; 41; 18 3.4 +3 1.9 -2.8 43 23,5 -20.7 11.1 0.
58 73 3-31 22; 44; 06 1.2 G- 8 - .8 41 23.6 -20.8 11.1 0.
59 73 4-1 18; 01; 06 1.4 .5 -.5 =1.2 158 31.9 -28.8 13.1 3.
60 73 4-1 18; 06; 00 2.1 -1.5 .6 1.3 157 31.9 -28.8 13.1 4
61 73 4-1 18; 09 48 .8 .5 W1 .6 157 31.9 -28.8 13.1 4
62 74 4-5 13; 49; 18 3.0 A 1.2 2.7 149 27.6 =-23.9 13.9 -1
63 74 4~5 13; 52; 54 2.7 ¥ .b 2.6 149 27.6 =23.9 13.9 -1
64 T4 4-5 13; 5363 42 3.0 -1.1 0.0 2.8 151 27.6 -23.9 13.9 -1
65 74 4-5 15; 10: 24 1,5 .9 .8 - .9 171 28,2 -=24.4 14,2 -~
66 74 4=5 15; 11; 12 1.4 -1.3 A4 0.0 172 28,2 -24.4 14.2 -
67 74 4-5 15; 21; 18 .3 A 0.0 - .2 174 28.3 =24.5 14.3 -,
68 74 4-5 15; 30; 00 3.7 -1.6 =-1.1 2.9 175 28.5 -24.6 14.3 -,
69 74 45 15; 37; 12 2.7 2.0 1.3 1.3 176 28.5 -24.6 14.3 Q.
70 74 4-5 15; 403 54 S -1 =1 -.5 177 28.5 -24.6 14.3
71 74 4-6 00; 09: 00 2.4 -1.4 1.5 1.2 18 31.5 -27.3 1l4.&4 6
72 - 74 4-6 00; 13; 30 1.7 .7 1.4 .7 16 31.5 -27.3 l4.4 &6
73 74 4-6 00; 14;: 00 1.9 .3 l.9 W2 16 31.5 -27.3 l4.4 6.
74 76 4-13  21; 23; 24 1.6 - ,1 -1.5 4 128 22.3 -17.1 14,2 1
75 76 4-13 213 243 06 8 .6 .1 6 127 22,3 -17.1 14,2 1.
76 76 4-13 21; 26 42 .8 1 - .8 0.0 126 22,3 -17.1 14.2 1.
77 76 4-13 21; 29; 54 3.8 2.3 2.6 1 125 22,3 -17.1 14.2 1,
78 76 4=-14 12; 39; 18 2.4 - .1 - .7 2.3 154 30,2 -23.7 18.7 .
79 76 4-14  13; 41; 18 50 .2 J 4,9 179 30.5 -23.9 i8.¢ 1.
80 76 4-14 15; 14; 42 5.0 - .4 - .9 4.9 206 31.0 -24.3 19.0 2.
gl 78 4=-22 15; 34; 30 7 - .3 - .6 .3 237 23.9 -16.2 17.6 -~
82 78 4-22  15; 35; 24 1.0 - .1 3 1.0 238 23.9 -16.3 17.6 - .
83 78 4-22  15; 35; 48 1.6 - .6 -1.2 .8 238 23.9 -16.3 17.6 - .,
84 78 4-22 15; 37; 00 B - .1 2 .6 238 23.9 -16.3 17.6 -,
85 78 4-22 15; 45; 06 S -1 -1 .5 239 24,0 -16.3 17.6 -
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TABLE b
Imp-F Current Sheet Parameter Correlation Coefficients, 64 Values

| o 819N n R
VISV AT | B1 |83 | Px | Fx | Tx_(Neis® Biaplip (B | Bz | TILBWTESN R Xen y Yem  Fem 1Zed Ro JRof (R IR
.04 .33 .8 ]-.22f .17) 11| 42| 48] w09 .15] .07 |-.15] .20 .25}-.05 |-.04 |-.124 |-.01]-.08 | .15
.30 |-.26 |-.38 |-.16 | .13{ .17| .17] .12|-.09 |-.57 |-.26 | .19 [-.20 |-.17 |-.07 | .20| .17} .17] .13} .00
21| .07] .20| .38 }-.26 | .04 |-.21|-.15] .43] .87 |-.02|-.13] .16 .11 | .10 |-.23|-.06|-.18|-.02 |-.12
.20 |-.09 | .08 .36 |-.12| .00 |-.06 .07 | .38 .75 .09 [-.29 | .33 | .14 |-.03 |-.16 |-.17 |-.09 |-.14 | .04
px | .08 .76| .17 -.04| .23| .03|-.04] .17 .22 |-.14 |-.47| .43] .21} .11 }-.01] .06 .08 |-.06 | .14
k“*~L§E\\ .69 |-.16 |-.13 |-.19 |-.25 |-.16 |-.18]| .08 | .09 |-.18| .10 | .13 .04 |-.39 |-.19 |-.33 |-.11 |-.26
Definitions for Table 2 Tx | -01}-.13} .03|-.14 |-.13| .01 | .21 }-.05 |-.47 | .38 | .22 .07 |-.28|-.10-.18-.14 |-.0¢

~\\\‘35ifi-,18 .16 -.28 |-.16 | .13 .54 .00 | .02 |-.07 }-.15] .11 |-.05] .00|~-.03] .05 }-.1n
|Bs| - The minimum magnetic field ftgzi .39 .75} .62 .00 |-.39 |-.11 .16} .22} .14 L1686 .22 .09 .221{-.04 ] .20

1 !
i-
e e ek

et £ et s =

strength at each crossing 1ip | -52| .58 }-.11] .00 |-.38 |-.17 | .17{ .02 .02} .17} .14 .11|-.02 | .12
AT ~ The current sheet crossing time Rt .91 01 |-.36 ~.18 }-.25 .28 .13 ;-.04 ) .28 06| .24 ]-.05] .31
Bl - The largest magrnetic field strength within \ BLz |~.19 -.25|-.23|-.16 { .20 | .08 |-.13| .16] .00 .04 |-.09 | .10
'~ -one minute of the crossing ' | .25 .26 .21 .18 .05 .19 .02} .05| .12 .11} .11
B3 - The largest magnetic field strength within three \BS/AT .01}-.05] .02 [-.07] .02 |-.32}-.20-.26 |-.12 .24
minutes of the crossing ~‘“~;fig;l .14 {-.15] .08 .23| .10] .10| .23] .18 .18
Px -~ The number of partial crossings per minute X R -.95|-.55] .02 | .30} .20} .27} .32} .05
Fx - The number of full crossings per minuts ~dx | .71 .124-.261-.14t-.21 124 1 L07
Tx - The total number of erossings per minute (Fx + Px) \S& b4 .59 |-.131{ .05 }-.01}-.02j .51}
Noise- A subjective measure of the deviation of the magnetic field from a straight- Lz L0811 .37} .33] .38 .44
line fit to the individual component data at each crossing e | Zsm‘ .73 .76 .63 .6]
Sign By, ~ The sign of the Bz component at the crossing (+1, 0, or ~1) l\Rq\ .55| .89 44
Flip - The product of Sign B on two adjacent (multiple) crossings \IR{| 471 .92
By - The product of |BL| afd Sign B R .36
By z - The solar magnetospheric z- component at the time of winimum field - 'y \Q\JR\C"
TILT - A measure of the inclinitation of By from the solar magnetospheric z-direction = i (20 +37) /5;)“
B3/AT- B3 divided by AT MR-V T
Sign B,y - The sign of the B_ component at the crossing (+1,0, or -1) Sl
R - Radial distance in R ~of the satellite at the crossing
rsm — Satellite position at the crossing, solar mapnetospheric X-component
Y - Satellite position at the crossing, solar magnetospheric Y-component
Zgg - Satellite position at the crossing, solar magnetospheric Z-component
|z__}~ Satellite position at the crossing, absolute value of Z
R °® - The hinging distance of the tail current sheet, 238 | where X _ is the geomagnetic latitude of the
o , sm ss
R = sin X sub-solar point
[Rol -~ The absolute value of R, ° sﬂ_ s& Yo,
Re - The Russel-Bredy circullr hinging distance, R = -+ X _,,,}
|Rc| - The absolute value of R_ 5_75:‘4 Zsm /sin Zss
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