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ABSTRACT

Twenty-three geomagnetic storm events during 1966-70 have been
studied by using simultaneous interplanetary magnetic field and plasma
parameters., Explorer 33 and 35 field and plasma data have been
analyzed on large-scale (hourly) and small-scale (3 min,) during the
time interval coincident with the initial phase of the geomagnetic storms.
The solar-ecliptic Bz component turns southward at the end of the initial
phase, thus triggering the main phase decrease in Dst geornagnetic field,
When the Bz is already negative, its value becomes rurther negative.
The BY component also shows large fluctuations along with 'Bz' When
there are no clear changes in the Bz component, the BY shows abrupt
changes at the main phase onset. On the small-scale behavior of the
magnetic field and electric field (E:—?fx-]%) studied m details for the
three events, it is found that the field fluctuations in By, B_and E
and _Ez are present in the initial phase, These fluctuations become
larger just before the main phase of the storm begins. In the large-
'scale behavior field remains 'qu.iet because the small-scale variations
are averaged out. The power spectrum analysis for few events using .
5-11 data shows the steepening of the spectrum after the passage of the
shock wave associated with the ssc. . . It appears that large as well as
small time-scale fluctuations in the interplanetary field and plasma help
to alter the internal eiectromagnetic state of the.' magnetosphere so that

a ring current could start causing a geomagnetic storm decrease,



Introduction

Géomagnetic storms have been a subject of several early studies
[Schmidt, 1917]. In recent years beginning with pioneering work of
Chapman and Ferraro [1933)] intense research studies have been
carried out by the ur~ -:¢ satellité borne experiments, Many features
of the geomagnetic storm phenomenon are now understood [Akasofu, 1963;
Gold, 1962; Parker, 1963; Piddington, 1963]. In particular, the pres-
ence of ring current in tbs magnetosphere has been proved to be the
cause of the main phase ecrease [Cahill, 1966; 1970]. The quanti-
tative calculations and recent ob.servations by Explorer'45'sat':3ilite_
[Cahill, 1973; Hoffman and Bracken, 1967; Smith and Hoffman, 1974]
explain the main phase decrease in the gevmagnetic field,

One aspect of the geomagnetic. storm still remains unexplained;
and that is the initial phase (IP). The IP is defined as the time-period
of the magnetic fluctuations between the sudden commencement(ssc) and
the main phase decrease. This time-interval may vary from 30 min
to several hours, The physical conditions set-up during that time-inter-
val are very important in that these conditions possibly determine whether
,i;he main pha.se will begin. | It is known that the ssc's are éaused by |
solar-originated shock waves or hydromé.gnetic discontinuities [Burlaga
aﬁd Ogilvie, 1969]. Usually ssc's are associated with the geomagnetic
storms but not all the storms have ssc's preceeding'them [Akasofu, 1964].
During the initial phase of the storms, the solar wind pressure increases
and the increase in the pressure is well correlated to the increase .in
the - equatorial g‘eOmagnetic field represented by the Dst index [Virzariu,
et al, 1972]. However,: Akasofu (1964) has shown that this change in
. plaéma pressure does not contribute to the main phasé decrease o.f the
.storm Because the magmtude of the ssr is not an mdlcatlon if the
storm  will follow or not and the LnLtLaI phase plaama pressure cannot

show whether ‘the storrn will start, other factors need consideration. o



Among other parameters, interplanetary magnetic and electric field,
plasma temperature or composition of the plasma may play an import-
ant role in determining that the main phase decrease will follow the
ssc in geomagnetic field., In general, there are indications that the
geomagnetic activity represented by the indexes suvch as Ap or Kp

is influenced by the interplanetary field [Patel et al, 1967; Schatten
and Wilcex, 1967; Ballif et al, 1967 and Arnoldy, 1971], However,
these studies indicate only general nature of the phenomenon and

study of individual events are considered by Hirshberg and Colburn
[1969); Patel and Desai, [1973 Jand Russell et al, [1974]. These stud-
ies were limited to a few events because of the limited dvailability

of continuous interplanetary data. We have attempted to make compre-
hensive study of the large number of geomagnetic storms coveririg

four years period beti.2en 1966 and 1970. During this four year inter=
val good quality measurements of the interplanetary magnetxc field

and plasma were available from Explorer 33 and 35 satellites, Further,
we have studied the interplanetary data on several time scales of the
physical phenomena. 'The largest time scale used in the data analysis
is one hour and the shortest time scale is 5.11 second. Many inter-
eéfing features aré discovered b}? the large scale (hourly) and small
scale (minutes and seconds) field variations during the geomagnetic
storms starting from ssc time to the onset of main phase of the
storms. 1In several events,  both magnetic field and plasma data were.
available and the study of t*e induced electric field i" =-_\’f x ﬁ is
carried out from small scale {minutes} to large scale {(hourly) variations
in the interplanetary space during the initial phase of the storms., The
results obtained in this st-udy mvolvmg geomapnetic storms confirm

the conclusmns derived from the limited number of events and reveal
some new features shoWing large fluctuations which are discussed in '_

later sections,



Data Selection

The identificution of the geomagnetic storms included in this
study was done by using numerical values and plots of the Dst
index published by Sugiuraand Poros (1971), We have set no re-
striction on the magnitude of the main phase decrease of the storm.
However, the inclusion of the particular storm in this stu&y was pri-
marily decided on the availability of the simultaneous and continuous:
good quality interplanetary data. We have examined the magnetic
field and plasma data ifrom the Explorer 33 and 35 satellites for this
study, In the final selection, during the period of August 1966 to
November 1970, we had 23 magnetic s_torm events during which at
least the magnetic field data on a large time scale (hourly) we.re avail-
able. Continuous field and plasma data were not available on all of
these events for detailed analysis on a time scale of minutes., There
are twenty events in which the interplanetary data wr ‘e available with
minor data gaps and these events were studied by using hourly averages
of the interplanetary magnetic field, In the remaining three events,
complete magnetic and plasma in the interplanetary space were available.
We have carried out detailed study of these three events on a fine .tir.ne
scale of three minutes aﬁd five second averages. ULhe interplanétary
magnetic observations were studied in solar-ecliptic (SE) cobfdinates.
Furtﬁher, mduced mterplaneta.ry electric field was studied in these |
three events by combining plasma velOc:ltY V and magnetic field B i.e.
% =—V)' B. Finally, power spectral analysls was carried out by using
5, il second averages of the interplanetary magnetic field, Thus, the
- data analysis has been carried out on three different time. scales, hour-
ly, three minutes and 5..1 seconds, Details of the analysis in each

case are described in appropriate place with the discussion in the text. .



Large-Scale Interplanetary Magnetic Field During Initial Phase

In order to get some idea of the changes in the large-scale
interplanetary magnetic field, we have analyzed twenty-three selected
geomagnetic storms., Hourly averages have been calculated for the
interplanetary field from the original data tapes containing 5.11 sec
observations, We have exércised considerable care to exclude cali-
bration points and some spurious data points in these hourly averages,
As a rule, we felt that data points greater than 50 gammas rarely
sceur in the interplanetary space. The computer program will auto-
matically reject such points, All hourly data points do not have
equal number of 5.11 sec data points in them. We have demanded at
ieast 30 min data in one hour averages, However, in the storm
events we have studied, the interplanetury data in the initial phase .
of the storms had very good continuity in data collections. Whenever,
data are sketchy and involw toov mnany gaps, we have rejected that par-
ticular storm event, '

For the selected twenty-three events, hourly values of solar
ecliptic cd'mponents BX,IIBY and Bz were plotted on the same time
‘scale as the hourly Dat values. OQut of these events, twenty storms had
associated ssc or si.  The remaining three events did not have identifi-
able ssc or si. We have used Dst values calculated by Sugiura and.
Poros [ 197]] and the ssc's were determined from a list published by -
IUGG reportn. Because the data analysis involves large zimount of
the intéfplanetary_as well as ground geomagnetic”data, it is not possible
to publish every e.vent on diag'rar_ns. We will summarize the most imp'o'rt-.
ant features of the events and disc'uss. later on three events in detail.
'In. these thfee events, continuous data of magnetic field and plasma
‘were available on three minute time scale, We have been able to
study hourly large-scale changes as well as small-scale variations on

"'a_ three minute scale and 5,11 sec scale in theseevents.



We have given the details of twenty-three geomagnetic storms
and the interplanctary magnetic field in Table 1, Because a very large
amount of information has been condensed in this table, some explana-
tion is necessary. The main phase onset (Ti) _is determined {rom the
Dst values when the continued decresase begins in Dst value for sever-
al hours, The plots of Dst prep,red by Sugiura and Poros (1971) are
used é.s a guide, The average vs;'lue of Dsf at 'I',L UT hours is taken
as base value (Bi) for the standard base in calculating the main phase
decrease of the storm. This value of Bi is within 5 gammas from
the average of a few hours steady Dst value before the main decrease
starts. Finally, the maximum decrease in the storm is determined
from the Dst values as.Bma

Occuring at UT time Tma . The difference

X *x

% and B, determines the maximum decrease of the storms.
i : 2.

We note that the events we have studied have storm decrease of 235gammas

between Brna

te the smallest one having 30 gammas, The small decfeases actually
are small storm events accompanied by the events with decreases of
68 to 117 gammas (e.g., storms of Nov. 6,7,1970, Sept, 6,7, 1968
and December 13, 14, 1966). '

The length of the initial phase is determined by using the onset.
‘of the main phase (Ti) and. occurrence time of ssc. The difference
between these two UT times is the initial phase (A Ti) of the storm,
These ssc times are accurate within a few minutes but the subjectivity
in the d_e.termina.tion of the T,1 makeg.error of + 1 houx;; ‘I'he. gsc
times _hayre been rounded to the closest hour because Dst values are
hourly values, Within these conditions the length of the initial phase
for the storm is anywhére from one hour to 13 hours, This analysis
compares well with the study made by Antsilevich[1967]. Other para-
meters of interest are time required to complete the¢ continued decrease
and the rate of decrease in the storm, The time (ATmp) is defined

as the difference between T‘max where the maximum decrease is registered



and the time of onset of the main phase Ti' The value of A Tmp
for the storm events in the Table is from 3 to 32 hours, The smaller ]
value of ATmp means that {4¢ main phase decroase is completed |
faster compared to the storms that have large values. We have also
calculated the rate of decrease for the storm events listed in the
Table, The rate is obtained from the maximum decrease AR and the
time A Tmp required to effect the decrease. The ratio AB/ATmp has
a range of 1.9 to 33.6 gammas/hour. The highest rate of decrease
occurs jn the biggest storm (March 23, 1969) and the lowest rate of
decrease is evident in one of the smallest storms on March 5, 1970,
Apparently, the storm events studied in this paper do not show any
consistent relationship between the rate of decrease and the magnitude
AB of the stornﬁ

The larg'e-scale interplanetary magnetic field during the Initial
phas&é of twenty-three storms has been analyzed by studying hourly
values of Bx' BY and Bz solar-ecliptic components. Primarily, the |
component BY and Bz are considered because they are important in
- .luencing electromagnetic state of the magnetosphere through internal
- convection patterns and the reconnection processes. These processes
have been described in details in a review paper [Nishida, 19753]. The
component Bx signifies the sector boundaries of the interplanetary field
and sector-boundary effect is not considered in this study.

In the 'Tab.le, we have giv'en'the ranges of fluctuations of the B
an.d B; components during the initial phase, The limits indicated in
the Table are the upper and lower limit of the fluctuations, e¢.g., the
storm on February 16, 1967 has interplanetary field component BY
which fluctuates between -20 to +7 gammas and Bz-.f.luc'cuatee". between
2 to 13 gammas remaining positive during the initial phase. When an
average value of BY or Bz is listed in the Table, the field has been

mors or less glteady with that given value of BY or B . The magnitude

oo



of the storm decrease ig not related to the fluctuating or quiet
large-scale magnetic field during the initial phase. Some of the
large storms, March 8, 1%70 (AB = 114 vy) have highly varying By
and 13z components with the variations as large as 27 gammas,
Some other storms having large main phase decreases (AB =117y on
Nov, 7, 1970 and AB = 1104 on Feb., 7, 1967) have steady and quiet
B and Bz components, ' |

The most conspicuous behavior of the interplanetrry field occurs
at the end of the initial phase, The IE’;z component 4t the onset time
of the main phase (end of initial phase) turns southward (negative)
from the northward (positive) in 16 storm events out of 23 events
studied, Whenever the Bz is already southward before the main phase
begins, its negative value further becomes more negative in four storm
events___ In twenty storm events (out of 23 events si:udied), the change
in the ]3z compongnt seems to be an important parameter (within.i 1)
in causing the onset of the main phase, In the remaining threec events
(2/28 /68; 9/7/68 and 5/14/69), no abrupt change in B, component is
observed, As far as the BY component is concerned, we have not ob-
gserved as consistent behavior asg the ZBz component, The BY component
has shown some large variations that might incldue the change of the
direction or merely change in magnitude. When Bz does not show
clear c_hange__,_ cqrr.espondingly BY also does not show variatioqs in these
storms. Some factors other than interplanetary field becomes important

in starting the main phase .



Small-Scale Interplanetary Fields During Initial Phase

It has bheen possible to study twenty-three geomagnetic storms
ueing hourly .averages of the interplanetary data, However, it has
been pcusible to study only these events on the small-scale by using
3 min averages of the magnetic and plasma data, We have selected
3 min time period only because the plasma data were available on
that time scale. Detailed study has been carried out for these three
storms using magnetic field solar ecliptic components Bx, BY and
Bz and the plasma parameters: density (per cc), bulk speed and
plasma flow directions in terms of ecliptic longitude and latitudes,

The three minute averdge of magnetic field was formed by using
original data points of 5, 11 sec from the data tdpes. Usual caution..
was exercised to eliminate calibration and spurious points. Further,
electric field components were. calculated by matching 3 min solar wind
plasma velocity and interplanetary field. In calculating electric field
BT x ﬁ’, the values of E were omitted in computer program when
gaps in V or B existed,

We discuss important features of the small-scale variations in the
interplanetary field and plasma for these three storms during inijtial .
phase, First, data on the Feb, 7, 1967 event ave shown in Fig. 1
There are two ssc's 6bserved in this event, Oné at 1416 UT (eleven
observatories)and another at 1636 UT (50 observatoriea). In the first
ssc the solar wihd data show s small rise in plasma density, The
solar wind speed is not considerably changed but note the marked change
in solar wind plasma flow longitudinal direction. Such large changes
exceeding 10° are rare in plasma directions. However, the second
ssc at 1636 UT seems to be the major cause of the disturbances, The
plasma velocity changes from 450 to 650 km/s and the density rises
from 5 to 20 particles/cc. _'_I‘he flow direction in latitude shows larger

than 10° fluctuations. Correspondingly, .the rhagnet_;ic field components |



Bx' By agd Bz all show fluctuations of 10 to 15 pammas. Such
fluctuations are not seen on the large scale variation in hourly
averages (Table 1). When electric field component Ex' EY and Ez
are calculated and plotted in Fig, 1, only EY and IEIz components
show large variations of ¥ 15 mV/m, Further, the variations weie
examined for the electric field by computing AE = El - Ei-l where
Ei. is the ith point in 3 min averagee time series, It is very clear-
ly shown in Fig. 1, that the electric field fluctuations bhegin with the
second ssc.  The ssc at 1636 UT is the main cause of the large
fluctuations in the interplanetary fields., The fluctuations in EY and
Ez (corresponding to 13Y and '.Bz) are predominent in the initial phase,
while Ex has no significant perturbations, The large perturbations dim-~
inish when the main phase proceeds to show decrease in the hourly Dst.
.The starm decrease observed on the earth is about 110 gammas,
Another storm of the same magnitude occurred on Feb. 15-16, 1967
during which detaileﬂ interplanetary data were available, There are
two ssc's in this event: 2348 UT on Feb, 15 and 0835 UT on Feb. 16,
in the Table, we have considered 0835 UT ssc¢ as the beginning of in-
itial phase because it is the nearest time to the onset of the main
phase decrease, However, the interplanetary data and the rise in the
geomagnetic field indicate that the initial'phase begins at 2348 UT onFeb. 15,
as shown in L.E‘.ig. 2, The first s8C appeafs to have been caused by
a shock-wave which is apparent (Fi_g.. 2) in solar wind plasma data.
The plasma den'sity rises from 10 to 25 per cc and tie plasma velocity
from 300 to 450 km/s. The most remarkable is the change in the
plasma flow angle of latitude exceeding 10°, The interplanetary field
which was very quiet before the arrival of the shock-wave begins to
fluctuate in BY and Bz components within + 15 gammas. - Similar fluct-
uations are best seen in A_E-z and AEY plots in_Fig. 2. Note 1:_ha1_: th¢
extremely quiet E-Y apd Ez field component .show large flucﬁ.uations as
shown in A:_EY and AEz-coipcident with the ssc. ~ The fields have verly

quiet _coﬁfigﬁra'tion before ssc. The electric field fluctuations include



10

variations in both B and V and the plasma flow angles, The gaa-
magnetic storm is apparently triggered by the second ssc at 0833 UT
on Feb, 16, This svc does not have very large changes in velocity,
but the density decreases from 15 to 5 per cc. It is possible that the
second ssc is related to reverse shock wave in the interplanetary space,
The magnetic and electric field changes are very large as seen in Pip. 2.
The Bz component qﬁickly changes to negative value (-15%) from the
positive value of 15y. Thg BY component simultancously changes from
negative to positive value. The fluctuations are reflected in Ey and Ez.
electric field components in which 15 to 20 mV/m fields are¢ observed
before the main phase of the storm starts. These field values are the
larguat fluctuations observed in the initial phase of the geomagnetic
sieeras, The variations AEV and AEZ in Fig, 2 also show larger
fluctuations associated with the second ssec.

In Fig. 3 is shown the interplanetary condition in the storm of
Feb. 10, 1968. The ssc on the ground is seen at 1621 UT. The
interplanetary plasma data show a shbck wave indicated by the rise
in the plasma density and velocity, The field and plasma conditions
are extremely quiet before the ssc. The fluctuations in the field
components of B and B field are shown in the initial phase. The main
phase decrease begins with Bz component making a chnage from positive
‘to negative value, while BY also changes from positive to negative value,
The initial phase time duration is also characterized by the fluctuations
in EY and Ez and the AEY and. AEz' The interplanetary field and
plasma fluctuations are smaller than the Feb, 15-16, 1967 event.

In order to study simultaneous variations in Y and Z components
of the interp.la'ne:tary field, we have corhbined E én’d Ez and plo'ttéd
them vectorially as shown in Fig. 4. Because E is calculated from
-V x B and V is mostly radial i.e., V'H'-'Vix,l the +B)"'r corresponds
to +Ez and -BZ corréesponds to +EV. As stated previously in the vector
-~ representation YZ solar-ecliptic plane, near the onset of the main

phase of the storms Ey turns positive (—Bé.) and Ez (By) is positive
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or nagative (e,g., Feb, 15-16, 1967 event), The details of the simul-
taneous variations in Ey and Ez are shown in Fig. 4 for the three
storm events,

For a limited amount of continuocusly available data, power spectrum
analysis was carried out by using 5,11 sec data, Dynamic power. spectra
were obtained for a two hour peridd of time for Bx’ By’ Bz and XY
and X7 plane projections near the ssc associated shock wave, Three
such events were studied in which continuous good data at 5.11 sec
interval were available, The Fast Fourier Transofrm computer al-
gorithm based on work of Cooley and Tukey [1965} was used. The
Cooley-Tukey algorithm restricts the number of points to 2" where
n is integer, We have selected 256 points of data at 5,11 _seé‘ intervals,
The power spectra were obtained by using first 256 points, then again
calculated for 256 pointﬂl. segment starting at 128th point, Thus over-
lapping of 128 points is continued until two hour interval is completed.
The origianl 5.11 s data points were examined for calibration and bad
data points, The rejected or missing data points were filled by linear
extraypolation, If the gap exceeded 8 data points, a linear detrending
was applied to 256 point interval, The power spectra from 5,11 sec
data are presented in Figs., 5, 6 and 7. The data are analyzed around
ssc at 2348 UT on Feb, 15, 1967; 0835 UT on Feb. 16, 1967 and
1621 UT on Feb. 10, 1968. -

Two distinct slopes are.apparent in frequency range 10“3 to IO"ZHz
and 1072 to 107} Hz in Figs. 5,6 and 7. The dashed curves in these
figures represent several sample power law dependenéi.es on frequency
if the power P(f ) ozf-B. Previous studies estimate = 1 to 1.5 for quiet
conditions and £ = 1.5 to 3 for disturbed conditions [Sari and Ness, 1969],
The important observation in Figs. 5,6 and 7 is that the spectrum is
steepened after the shock. The pre-shock f values are LLos fs1.5

while post-shock values are 2.0% < 3.0. The cha.nge in power law
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near and after the shock is apparent in the center diagram (2338-
2400UT) in Fig. 5, the fourth diagram (0819-0841UT) in Fig., 6

and the center diagram (1600-1621UT) in Fig. 7. 'These intervals
are the interplanetary shock phenomena (slightly different time from
. the earth observed ssc UT times)., The change in spectral slope is
larger in ¥ and Z components as compared to X component. One
would expect this result hecause the Y and Z components show larger
variations in originzl data., The spectral eﬁergy is larger in Y and
Z components than that in X components, The result of analysis

.of the XY and YZ projection is not shown in diagré.ms because it does
not contain any more information than that repreéented in Y and Z

components power spectrum analysis,

o e
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Summary and Discussion

The study of the initial phase of 23 geomagnetic storms with
simultaneous interplanetary fields and plasma indicates that in most
of these events, the solar-ecliptic Z component (Bz) of the inter-
planetary magnetic field turns southward when the main phase decrease
begins [Hirshberg and Colburn, 1969; Patel and Desai, 1973; Russ-
ell et al., 1974], Further, it is noted that if the field has negative E.z
component in the initial phase, then it becomes more negative when
the main phase decrease starts (see Table 1), When both of these
statements do not hold for the Bz component, the BY component re-
versal (positive to negative or vice-a-versa) or the sharp change in
magnitude occurs. Only two events (5/14/69; 9/7/68) did not show
any significant change near the main phase onset but exhibited large
fluctua.‘;,.ions in Bz or BY during initial phase. The change in ]i’:z com-
ponent is similar to that found in five storm events in 1968 by Russell
et al,, and the Feb, 15-16, | 1967 storm studied by Hirshberg and
Colburn [1969], However, in our extensive study of the 23 storm
events, we find that large variations of By are also found with those
appearing in Bz.- When the Bz variations are not so pronounced in
some storm events, BY variations seem to play the important role in
initiating the main phase decreases of the storm. The variations in
By and Bz are observed on the large-scale (hourly) and small-scale
(3 min) fluctuations of the fields in the interplanetary space. Another
important observation of the small-scale fluctuations .BhOWS that the
initial phase is marked with the irregular (possibly hydromagnetic turbu-
lence) fluctuations .i.n the interplanetéry épace as shown in Figs'. .1 to 4.
Both magnetic field compohenté By’_ and Bz ‘and the electr.i.c fiéld-c_bmponents
E_, and Ez(in three events studied) show especially large fluctuations just be-

y
‘fore the main phase onset time, The small-scale electromagnetic fluctuations
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are best seen in AEY and AEZ. Such small-scale fluctuations are averaged
out in the data containing hourly averages and therefore are not
apparent in large-scale observations, Power spectrum analysis
carried out for a few selected events also indicates that the spectrum
is steepened in the initial phase near and after the shock, The low
frequency fluctuations in IOH3 to 10"2 Hz have larger power contents,

In physical terms, the initial phase of the stormus contain large-
scale (houily) as well as small-scale (3min to 5,11 sec) fluctuations,
These interplanetary field fluctuations somehow help to change the
electromagnetic conditions in the magnetosphere so that the ring
current particles mainly protons of 1 to 1000 kev energy could enter
the magnetosphere, The southward Bz which appears in almogt all
the storms when the main.phase decrease starts, help to make
connection bétween the interplanetary and magnetosphere' fields as
suggested by Dungey [1961], The reconnection regionsin the slunward
side and the tail region are possible locations where the sclar plasma
can enter the magnetosphere. The fluctuations in the B'y component
could alter the plasma convection patterns in the magnetosphere
Nishida,[ 1975]. The fluctuations in the interplanetary space exhibited
in AEY and [‘_Ez and the corresponding variations in the magnetosphere
could possibly accelerate the particles to ring current energies so that
th¢: main phase decrease could proceed. The definitive acceleration
mechanisms are unknown at this t_ir'ne.. | |

This study indricates that iarge as well as small-scale ﬂuctﬁatibné
in the initial phase of the storm are always present and beécome en-
“hanced before the main phase starts, However, many questions remain
unanswered, For example, what determines the length of the intial
phase. and.why certain main phase decreases have large or small mag-

nitude under almost similar interplanetary conditions., In general, it is

o e e e e rits
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found that large geomagnetic storm decreases are associated with
large fluctuations in the interplanetary space during the initial phase,
However, i \re are events in which the interplanetary field and plasma
show very large changes and the geomagnetic storm has only moderate
decrease in the Dst [Hoffma.n et al, 1974]. Further study of many
events on the iarge and small time-scale using simultaneous obsérva.-_
tions in the interplanetary space,ragnetosphere and geomagnetic data
are needed to find answers to these unsolved problems nf the geo-

magnetic storm,
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Figure Captions

February 7, 1967 storm event with equatorial Dst index

and Explorer 33 magnetic field solar ecliptic components
By, Byand B,., The field components are 3 min averages,
Plagma data show change in bulk speed V, number density
(particles/cc) and plasma flow angles., The elgctric field
components shown are obtained by E = - x B, The change
in the electric field (AE) components show large fluctuations
in the ini“ial phase of the storm,

February 15.16, 1967 storm event, The data shown are
from Explorer 33 with the description-given in Fig. 1,

Note unusually large fluctuations in the plasma flow direction
during the initial phase of the storm,

February 10, 1968 storm event, Explorer 33 interplanetary
data are similar to that described in Fig. 1. Note the
fluctuations in plasma flow directions and electric field
components,

Electric field components in solar-ecliptic coordinates cal-
culated from interplanetary magnetic field and solar wind
plasma are projected into yz plane to show simultaneous
variation of y and z components for the storm events on
Feb, 7, Feb. 15-16, 1967 and Feb, 10, 1968,

Power spectra calculated from 5.11 sec Explorer 33 mag-
netic field data in interplanetary space for storm event of
Feb, 15-16, 1967. X, Y, Z are designated for solar-
ecliptic componente By, B, and B_. Note the spectral
change with passage of a shock wave (center figure), Data
time interval used in the analysis is shown at the top of

each of the figures. Sample power.dependence is illustrated

- by the dotted lines.

Power spectra calculated frorﬁ. Explorer 33 5,11 sec inter-
planetary data for By,- BY and B_ components. Note spectral
changes during 0819 - 1841 UT ﬁhird block) when second '

shock corresponds to the second ssc on Feh. 16, 1967.

Power spectra calculated from Explorer 33 5.1l sec inter-
planetary maynetic field data, ~Note the spectral changes at
and after the shock (beginning with center block) during
Feb., 10, 1968 storm event. - o ' '



Table 1.

Table Caption

Interplanetary magnetic field variations in the initial
phase of the geomagnetic storms, For each storm
event: T,; is the time when the main phase decrease
begins, B; is the Dst value at T;, Bmax and Tmax

are the Dst value and the time when the storm decrease
iy maximum. ATi is the time length of initial phase,
A'B is the magnitude of the storm decrease, ATmp the
tilne required to complete the decrease i.e. (T, . -Tj),
the" vate of decrease AB/ATmp and the interplinetary
field variations in the initial phase and at the beginning
of the main phase {end of the initial phase). The ss8c-UT
is the time observed at the earth,
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TABLE 1
 Initlal Interplanetary Ficld Change in
Muln Phaee Phase Main Fhaoe In Inltial Phase Interplanetary Field
'Ly
an Maxhnum Varistions at Mani Phaer
DNate SSC-UT '1“ Bl Bm“ Tm" ATI a8 ATmp m BY 9 N, I,
{houras) {gammas} {(gemman) (gamman) {gammas).
B/29/66 1315 2000 28 . 67 0100 0700 92 0700 13,1 ~s5 . 12 = ltodv } 4 4to-l0
‘ 8/30 :
B/30/66  J112 1700 15 L110 2400 ocbH0O 125 0700 17.9 ~. 10 e 2t0+]0 - Tto .13 4 Hto 15
10/ 4/66 1314 2000 45 . 70 0400 0700 115 0800 14,4 “12ta+ 5 +2tc+ B 4 510420 + 7ta-15
10/5
12/¥3/66 0109 0400 22 .« 31 1900 0J00 51 1500 L4 +2ton -7 ¢ Jto=-2 +# 1tatl? - 2to-10
12/14/66 1225 1400 -10 . 95 2000 OZQD 85 0600 14,2 ~+15 Oto+ 2 #l5w O 0to =18
2/ 7/61 1636 1800 - 11 -121 2400 0200 110 0600 18,3 ~e7 ~ 8 « Tto-15 ¢+ Bto: B
2/16/67 0BY5 J000 - b -120 1400 0200 )l4 0400 28,5 «20to + 7 ¢+ 2to+13 .20to+ & +i2to .17
5/ 2/67 1012 1906 - 4 130 0500 0900 126 1000 12,6 ~ 10 - 2ta+l0  Qito«l5 -15ta -20
1030 _ 5/
12/30/67 1006 2300 . 9 .i04 2300 1300 97 2400 4.0 ~ 10 3 ~ 0 . 210437 .
12/31
2/10/68 1621 1800 17 -123  0BOO. 0200 106 400 T.6 ~.2 Qo+ 2 - 2to-l2 ¢ 2to-12
2/
2/27/68 None 1900 1 - 37 - o200 38 - 0700 5.4 -4to- B ¢+ 3to. B
2/28 )
2/28/6B Nenme 1300 - T - 75 2300 68 1000 6.8 - 5te-17 -8
9/ 6/68 1488 2100 11 . 28 2400 0600 37 0300 12,3 a7 - 210+ B no change(-)t S5to . &
1823 _ 0300
9/ 7/68 1047 2000 - 7 - 95 QBO0 1000 B8 1200 7.3 ~-12 0to 10 no change{-}no cltir-__fgul-}
14098 9/8 0600
210769 2024 2200 -9 . &3 ©0Z00 0200 54 0L00 13,5 ~$3 42 + 310-7 + 2ta-l0
2/
2N1/69 o7t 000 -57  -123 2000 0200 g4 1000 0,4 ~ 4 -lo $ 4t 3 10t~ 2
1/19/69 1441 2300 - 5 . 64 0300 OBOO 59 Q400 14,8 ~42 ~ 4 +2t10-9 ¢ Itn- 5
1958 . 3/20 0300 S L
3/23/69 1012 1900 - 5 -240 6200 - 0900 235 0700 33L& «2to-12 +4to- b 212104 2 t Jto .18
. 1826 3/24 0100
5/14/69 1929 2200 - & -133 0500 0300 127 0700 18,1 Gto-15 O0to + 3 no change(-no change{+)
. 5715 .
'3'/ £/70 © 0805 1800 16 - 51 0200 1000 61 3200 1.9 ~l2to+ 4 4 Zto !0 nochange + Zto- §°
37
/e/r0 14i7 1800 -46 -268 2300 0400 222 0700 319 “l3ie ¢ - &to+ld Dto+$25 +16to .15
11/ &/70 MNone 0300 -2 - 29 1100 3l 0BOO 3,9 +B8ta=-31 Oto-7
11/ 7/10 O0D46 0200 15 -l02 1000 0100 117 OBOO  14.6 ~+12 ~31 “413to +18 4 3o 7

*When Main Phase starts within +1 hour

* 5] Checked by 68 obaervatorics

+ minor 58C at two ohezrvatories
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