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MAGNETOSPHERE

Ya. I. Fel'dshteyn

ABSTRACT: On the basis of the materials from
observations of aurorae at the zenith, with the
network of "All-8ky" cameras, during the per-
iods 1957-1959 and 1963-18965, the distribution
of the aurorae is shown in relation to the Llati-
tude and the local time, for magnetically quiet
(Kp < 1) and magnetically disturbed periods

(K, > &).

P The position of the auroral zone was ob-
tained for the IGY period on the night and day
sides of the Farth, and for the IQSY period on
the night side, with K, < 1 and K, > 6. The
presence of a noticeab%e asymmetry was also shown
for magnetically quiet and magnetically distur-
bed perinds. The paper discusses the cyclic
changes in the occurrence of aurorae during
the night, and the latitude distribution of the
mean diurnal values of aurorae-occurrence.

The results of a statistical analysis of
the aurorae distribution were supplemented with
synoptic maps of the aurorae distribution at
fixed moments of Universal Time on December 13
and 23, 1857.

The disturbed solar-diurnal variation Sp
of the components H, 7z, and D 1in the geomag-
netic field was calculated according to the ob-
servational data of geomagnetic-field variations
obtained at 24 high-latitude observatories in
the Northern Hemisphere. The paper shows that
the distribution of the disturbed vector corres-
ponde with the assumption that there is an inten-
sive current in the ionosphere passing along
the asymmetric auroral zone in the western di-
rection. The current system of the polar mag-
netic disturbance (PD) is also presented.

The concept of an oval current zone located
at higher latitudes in the day and at lower alti-
tudes during the night correlates well with the
ratio between the values of ATy, at the sta-
tions in Tikhaya Bay and Tromso, as well as with
the distribution of magnetic activity at Cana-
dian stations.
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Measurements of the magnetic field by cosmic soundings showed
that the lines of force of the geomagnetic field are constricted
on the day side of the Earth, and expanded on the night side [1-
4], As a result of the asymmetric shape of the magnetosphere,
the corpuscular streams move toward the upper layers of the atmo-
sphere (H ~ 100 km). On the day side, they move to higher lati-
tudes than on the night side. Therefore, we should expect that
there would be significant diurnal changes in the latitude of the
region for the maximum frequency of appearances of aurorae at the
zenith and of intensive geomagnetic disturbances. The auroral
zone with the coordinates &' (corrected, or invariant, geomag-
netic latitude) and ¢ (local geomagnetic time) has an oval shape
with a minimum distance from the geomagnetic pole during the day
hours, and a maximum distance during the night hours. Such an
oval-shaped zone for visual aurorae was suggested in [5,6], and
was further confirmed in [7,101].

Recent satellite observations [11-13] showed that there is
a large diurnal variation in the position of the ocuter boundary
of the radiation zone for electrons with energies > 40 KeV which
are trapped in the atmosphere, and which invade it. In this case,
the outer boundary differs insignificantly for the trapped and
invading electrons, and is 4-88° closer to the pole during the
day hours, in comparison with the night. Theoretical calculations
{14-18] showed the possibility of a latitude-dislocation of the
charged particles during their drift in the dipolar field formed
around the Earth, from the day side to the night. The magnitude
of the dislocation depends on the model used for the magnetic field.
The zone for the emptying-out of charged particles for the region
of the drift currents is found at lower latitudes on the night
side than on the day side, because of the inclination of the drift
currents toward the plane of the equator [18al].

For a statistical analysis of the frequency of appearance
of aurorae, we used the ascaplots of the ascafilms in C-180 cameras
which were published in [19] for the period from June 1, 1957 to
June 31, 1959, for stations in the Northern Hemisphere. The proba-
bility of aurora-apperaances was evaluated by the ratio between
the number of half-hour intervals with an aurora at the zenith

and the total number of intervals for the observations. The ascap-
lots were compared according to a single instruction [20] with
insignificant types of changes in certain countries. However,

the varying quality of the materials obtained, and the difficulties /99
in interpreting the films, lead to a difference in the frequency -
of appearance of aurorae, in some cases, at near-by stations. TFigure

1l shows latitude cross-sections for the probability of aurorae

at 0-1, 10-11, and 15-16 local time, in relation to &'. Each point
corresponds to a separate station. The curves in the Figure char-
acterize the leveled-out change in the probability of appearance

of aurorae in relation to the latitude. Those curves were obtained

for each hour of a day. The frequency of appearance of aurorae

from the leveled-out curves for each degree of corrected geomagnetic
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latitude was used in constructing Figure 2, in which the northern
polar cap was divided into areas where there was an identical proba-

bility of appearance of aurorae. The numbers in the corresponding
region signify the frequency

of appearance of aurorae. The

h% coordinate system used 1is the

corrected geomagnetic lati-

tude and the local time., A

representation of the data

in such a system of coordinated

is convenient for comparison

with the data from satellites.

The region with the greatest

| b / frequency of appearance of
aurorae (shaded region in the

B ° Figure) shows significant diurnal

displacements from the day

hours to the night. When o'

is less than the latitudes

of the oval shaded region, the

aurora-distribution is sym-

metrical in relation to the

noon-midnight meridians, while

a great symmetry is observed

in the circumpolar region in

60
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Fig. 1. Frequency of Appear- ~ 8:00.
ance of Aurorae Versus ¢! at Th £ . 1
(a) 0:00-1:00, (b) 10:00-11:003 € appearance ob visua
. . aurorae is caused, as a rule,
(c) 15:00-16:00, Local Time. by the invasion of electrons
with energies of several kilo-
electron-volts [21-23]. Therefore, in comparing the aurorae-dis-
tributions and the invading particles, it is necessary to make
such omparisons with low-energy electrons. However, at the present,

the distribution of electrons intruding into high latitudes 1is
known in great detail only for E > 40 KeV, which, obviously, also
reflects to some degree the behavior of electrons with lesser ener-

gies.

A comparison of the aurora-distribution with the intensity
of the invading electrons with E > 40 KeV, according to the data
of Figure 11 in [13], shows good correspondence in the shape of
the outer boundary for the region of the greatest frequency of
aurorae at the zenith and the region of the invading particles,
while there is displacement from lower latitudes during the night
hours to higher latitudes during the day. Thus, the oval zone
of the aurorae is located at the latitudes of the outer boundary
for the region where electrons, with F > 40 KeV, intrude.

However, the distribution of the aurorae, and thus that of
the invading electrons with energies of 1-10 KeV (which are responsible
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for the appearance of the aurorae), differs greatly from that pre-
sented in [13]. On the equatorial side of the region where the
frequency of aurcra-appearances is maximum, there is observed a
substantial decrease in the number of aurorae, both during the

day hours and during the night. On the day side (&' 70°), visual
aurorae appear very infrequently. At the same time, the inten-

sity of the electrons with E > 40 KeV on the day side increases
monotonically when &' decreases 78 to 70°. Since the outer boun- /100
daries for the region of entrapped and intruding electrons with

E > 40 KeV coincide roughly [12, 131, while the intruding elec-
trons are near the high-latitude margin for the region of trapped
electrons [24], a decrease in the frequency of appearance of aurorae
at lower latitudes is not unexpected.

It is of interest to examine
the latitude distribution of

72 the average diurnal values for

50 the frequency of appearance of
aurorae, This problem was first

0 solved in [25], in which the
diurnal changes in the frequency

of appearance of aurorae at a
2 large number of different stations
were used directly. Since the
7 Q&h‘ p photographic observations were
21-50 //’////‘ 7 made at these stations with an
‘ ~ interruption during the day hours,
AZ the diurnal variations in the
é%/ appearance of aurorae were extrap-
/%/K//// olated in [25] in order to obtain
70 % - .
éﬂf}/j the average diurnal values. With
Jag/'qw respect to a certain arbitrari-
20 ness in the extrapolation, the
g average diurnal values for the :
Fig. 2. Frequency of Appear- appearance of aurorae were char-
ance of Aurorae at the Zenith acterized by a significant vari-
During the Period 1957-1959 ance for stations which were
in the Northern Hemisphere, located at similar ¢'. More-
Accoding to Observations on over, the varying quality of
All Days. the ascafilms and the difficul-
ties in interpreting them were
also seen 1n the magnitude of the variance. However, the conclu-

sion was drawn in [25] that the frequency of appearance of aurorae,
averaged per day, was maximum at & -~72°, i.e., at 4-5° in the direc-
tion toward the pole from the zone for the nocturnal aurorae.

The leveled-out latitide-distributions we obtained for the
frequency of appearance of aurorae for each hour of the day pro-
vided for calculating che average diurnal value for the frequency
of appearance of aurorae without recourse to extrapolation, in
the entire range of high latitudes (@' > 70°). South of 70°, we
could not avoid extrapolations for several day hours, since, at
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these latitudes, one station does not conduct 24-hour observations.
Extrapolation was necessary within the limits of 4 hours at &' =~ 70°,
and increases to 7 hours at &' ™~ 65°.

Figure 3(a) shows the latitude-distribution calculated for
the average diurnal values of the rate of appearance of aurorae,
and Figure 3(b) shows the diurnal changes in the rate of appear-
ance of aurorae in relation to the oocal time at &' = 65° and three
possible means of extrapolation for the day hours. It follows
from Figure 3(a) that the average diurnal values fo/ the rate of
appearance of aurorae reach maxima within the range of latitudes

from 70 to 75¢, i.e., within the range of the oval auroral zone, /101
Within this range, the average frequency of aurorae per day does
not change, remaining at a level of 56%. Aurorae appear less fre-

quently in the direction toward the pole and the equator, while
the decline around the pole is smoother than that around the equator.

%% a o/ Fig. 3. Latitude-Distribution of the

<4 32 Average Diurnal Values (a) for the

« Frequency of Appearance of Aurorae (P)

P and its Diurnal Changes at a Latitude
of ¢’ = 65° (b). (1) No Extrapolation

7 7 R A for the Day Hours; (2) Upper and
Lower Margins for the Average Diurnal
£% Values of P, % by Different Means of

a0 Extrapolation; (3) Upper Margin of
6o 1 P, %; (4) Lower Margin of P, %; (5)
Average Value of P, %.
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The aurorae-distribution shown in Figure 2 was obtained by
observation during entire days, without divisions into magnetically
quiet and magnetically disturbed periods. Therefore, we examined
in greater detail the distribution of aurorae around noon and around
midnight, for X, = 0-1 and X, > 5 (Fig. 4). We determined the
frequency of appearance of aurorae at the zenith for six hours
around noon and three or six hours around midnight. TFigure 4 shows
the latitude-distribution of aurorae obtained for periods of a
maximum in the solar cycle. For a quiet magnetic field, aurorae
are observed most frequently during the night hours at ¢' = 70°,
and during the day hours at @’ = 79°. During disturbance periods,
the frequency of aurorae at ®’ = 70° increases somewhat during
the night hours, and decreases substantially at ¢' = 79° during
the day hours, but increases at lower latitudes. From the data
shown in Figure 4, it follows that, during transition from a mag-
netically quiet to & magnetically disturbed period, the follow-
ing occurs.
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First of all, the region of the latitudes where aurorae ap-
pear frequently at the zenith expands significantly toward the
equator during the night hours, while its displacement toward the
equator occurs during the day hours. During the hours around mid-
night, the frequency of appearance of aurorae increases at ¢' ~ 75-
76°. This shows an expansion of the latitudinal region encompassed
by the aurorae on the night side of the Earth, not only toward
the equator, but also toward the pole. In examining two storms
in October and December, 1961, the conclusion was drawn [26] that
the outer boundary for the region of trapped electrons with F > 40
KeV is displaced toward the equator with an increase in X,, both
during the day hours (October storm) and during the night and morning
hours (December storm). This displacement is relatea to the develop-
ment of the D i-variation of the magnetic storm. The Dgt-vari-
ation, as a rule, is accompanied at high latitudes with the de-
velopment of polar magnetic disturbances (PD), the value of which
also basically determined K,. The appearance of PD is accompanied
by a movement of the aurorae, not only toward the equator, but
also toward the pole. At the moments of extreme developments of
intensive PD's, aurorae on the night side can appear at the zenith
all the way to latitudes of &' ~ 80°. It was actually found in
[12] that the particles penetrate to @’ ~ 80° on the night side
during a period of magnetic disturbances.

The penetration of electrons to high latitudes during a period
of magnetic disturbances was also observed on the satellite "Elec-
tron-1" [27].

Secondly, in the circumpolar region with &' > 80°, the aurorae
appear less frequently, which conforms with well-known data in
the literature [28-33, 8, 101]. In this case, the discrete forms
of aurorae observed in the circumpolar region before, and at the
beginning of, the magnetic storm, disappear as the storm develops
[3u].

Thirdly, the asymmetric shape of the auroral zone is preserved:/102

during the day hours, the maximum frequency of appearance of aurorae
is found at higher latitudes than during the night.

Figure 5, with the coordinates of the corrected geomagnetic
latitude and the local time, shows a schematic distribution of
the aurorae for X, = 0-1 and K, > 5. The latitudinal region where
the frequency of appearance of aurorae is greater than 60% is plotted
conditionally in the auroral zone. The reason for such a selec-
tion was that, during the night hours in the IGY, the southern
boundary for the appearance of aurorae at the zenith was found

at ¢' ~ 66° for K, = 1, and at &'~ 59.5° for Kp = 6, at geomag-
netic longitudes of 145-190° [35]. The frequency of aurorae-ap-
pearances for K, = 0-1 and K, > 5 in Figure 4 at these latitudes

is ~ 60% at the zenith. Therefore, the reglions of latitudes where
the frequency of aurorae at the zenith was 60% were isolated in
Figure 5 by the solid lines. This region, during magnetically
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quiet periods (X, = 0-1), is an oval zone located during the night

hours at &' = 67-72°, and at &' = 77-80° during the day hours.

An asymmetrical shape is characteristic of the inner as well as

the outer boundary of the zone. In the circumpolar region, aurorae
appear at the zenith rather frequently (from 20 to 40% of the total
number of observations). They appear least frequently during the

a
Fig. 4. Latitude-Distribution of the Frequency
of Appearance of Aurorae, in Percentages, (a)

for the Hours Avround Noon, and (b) for the Hours
Around Midnight, with XK, = 0-1 (Dark Circles) and
K, > 5 (Light Circles) guring the Period of 1957-
1959.

hours around midnight at latitudes of 75-80°. During the disturbed
periods (K > 5), the outer (located closer to the pole) boundary

of the auroral zone on the day and night sides is located at an
identical distance from the pole (73-76°). The inner boundary

on the day side shifts to &' ~ 70°, while, on the night side of

the Earth, it shifts to &' ~ 59°,

Thus, the area over which aurorae appear greatly increases

more frequently than in 60% of the cases. The auroral zone remains
asymmetrical, since, on the night side, its inner boundary descends
to lower latitudes than on the day side. The outer boundary ceases

to be asymmetrical, and in this sense, the data presented confirm
the results of the study in [8] on the decrease in asymmetry during

the period when an elementary aurora develops. The decrease in
asymmetry also follows from the theoretical concepts presented
in [18a]. Aurorae practically disappear during disturbed periods

in the circumpolar region at &' > 80°.

For the period of a minimum in the cycle of solar activity,
we had only the data for the network of stations in the Soviet
Union available. Therefore, we could only obtain the latitude-
distribution to @' < 75°., For the day hours, the observational
materials were very scarce. Therefore, only the data of the hours
around midnight are shown in Figure 6. Since the number of "All-
Sky" cameras decreased substantially at high latitudes during the
period of the ISQY, we included the data of visual observations
at the stations in Tiksi, Chelyuskintsky, Vize, and Nagurskaya.
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According to the data of the Tiksi and Chelyuskintsky stations, /103

we obtained a conversion factor connecting the frequency of the
appearance of aurorae according to visual observations with the

data of the "All-Sky" cameras, since, at these stations, the aurorae
Wwere photographed simultaneously with the visual observations.

This conversion factor was then used for finding the frequency

of the appearance of aurorae, according to visual observations

at Vize and Nagurskaya, in relation to the data from the cameras.

In Figure 6, the values of P for the stations at Vize and Nagur-
skaya are outlined by a circle,

The years 1963-
1965 relate to years
with a minimum in the
cycle of solar activity.,
However, in the same
way as during the years
with a maximum, aurorae
are observed practically
continuously during
the hours around mid-
night at altitudes
of ~ 70°, both during
magnetically quilet
and magnetically dis-

turbed periods. Thus,
Fig. 5. Frequency of Appearance of at latitudes for the
Aurorae in the Northern Hemisphere, oval auroral zone,
(a) for Kp = 0-1, and (b) for sz_S. during the night hours,

no significant decrease

is observed in the fre-
quency of appearance of aurorae during a change in the cycle-
phase of the solar activity. When the planetary magnetic activ-
ity is intensified, the latitudinal region encompassed by the
aurorae expands toward the equator and toward the pole. A com-
parison with the years of maximum solar activity (see Fig. Uu4)
shows that, if the latitude-distributions for sz 0-1 practically
coincide, then there are definite differences for K, > 5. A sharp
decrease in the frequency of aurorae occurs at &'~ 59° during
the years of maxima, and at o'~ 6u4° during the years of minima.
Keeping in mind the fact that, during the years of maximum solar
activity, magnetic disturbances are observed very frequently,
while quiet periods are found very infrequently, and that, during
the years with minima, there is an inverse relationship, the auroral
zones which are displaced roughly by 2.5° toward the pole during
the years with minima [36] should be traced as a shift of the
position of the average statistical maximum in relation to the
redistribution of the number of magnetically quiet and magnet-
ically disturbed intervals during the course of the cycle. The
fact that, even for relatively identical (in intensity) magnetic
disturbances, the region of latitudes encompassed by aurorae on
the night side of the Earth expands to lower latitudes during
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the years with maxima than during those with minima also shas a

certain effect.

The data shown in Figures 4-6 on the distribution of auro-
rae during magnetically quiet and magnetically disturbed periods
can be used for a comparison with the distributions of soft elec-
trons invading the upper strata of the atmosphere at high lati-
tudes during periods of various geomagnetic activities.

The conclusions obtained as a result of a statistical anal-
ysis of the auroral distribution are confirmed by an analysis of

the synoptic maps for the distribution of aurorae at fixed moments
of Universal Time on December 13 and 23,
of the winter 1957/1958,
did not exceed values of 1, throughout all
The preceding day,
The magnetograms of the observatories

one of the quietest days
sum LK, = 83, and Kp

the three-hour intervals.

also magnetically-quiet.
located at high latitudes are shown in Figure 7,

1857.

and 23,
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Fig. 6.
of the Frequency
of Aurorae, in Percentages, for
the Hours Around Midnight, With
K, = 0-1 (Dark Circles) and Kpl
5 (Light Circles During the Per-
iod of 1963-1965.

ously,

the entire oval auroral zone,
field 1is quiet.

the continuous presence of energetic
simultaneously invading the upper strata of
even on those
The aurorae during the evening and night hours

December 23 was /104

The diurnal

18957,

December 22, was

for December 13

December 13 was a moderately-
disturbed day, with XK, = 264,
from 9:00 to 12:00 and from 15:00
to 18:00 U.T. The Kp was 5,
and 5_. During these periods,
the polar disturbances at the
stations located on the night
side of the auroral zone reached
values of 500 vy.

During the course of December
23, and during the quiet periods
between the disturbances on Decem-
ber 13, the aurorae mainly had
extended forms - arcs and bands
extended along the oval zone
of the aurorae, both on the day
side of the Earth and on the
night side. On December 23,
aurorae were observed continu-
ously at all longitudes along
the oval zone, which shows, obvi-
corpuscular streams
the atmosphere along
days when the magnetic

are characterized by a high intensity which reached a scale of 2-

3 on the interplanetary brightness scale,
The constant presence of bright aurorae

in the sky for a long time.

and such aurorae remaln

along the oval zone suggests the continuous generation of energetic

particles,

belt is insufficient for prolonged aurorae [24,
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in the upper strata of the atmosphere, there is a constantly-acting
mechanism of acceleration which gives. a fairly large number of ener-
getic electrons (~ 108-1010 particles/cm?.sec, with an energy of

10 KeV), even during the periods when the magnetic field is quiet.
This mechanism should satisfy the following conditions:

(1) It should act continuously, in time, regardless of the
presence of magnetic disturbances;

(2) It should give a large enough flux of energetic particles
for excitation of intensive aurorae;

(3) The region in which the acceleration originates should
be asymmetrical in relation to the geomagnetic dipole (at greater
values of ¢' during the day hours and lesser values during the night
hours), and the acceleration should occur at all longitudes along
such an asymmetrical zone.

These conditions are satisfied, in particular, by the accel-
eration mechanism which results from rotation of the lines of force
of the geomagnetic field in the deformed magnetosphere. In this
case, some of the energy of the aurorae is taken from the energy
of the Earth's rotation. A description of such a mechanism is found
in Articles [38] and [15]. The presence of a mechanism which con-
tinuously accelerates the charged particles in the magnetosphere
does not exclude the existence of other accelerating mechanisms
acting sporadically and bringing about a sharp increase in the flux
of invading electrons per fraction of a second [39]. The appear-
ance of aurorae during magnetically quiet periods also conforms
well with the theory of polar drift currents whose particles pene-
trate the magnetosphere in the vicinity of the neutral points [18al].
Such currents also exist during magnetically quiet periods, while
the aurorae are the result of the precipitation of charged part-
icles from the drift currents.

~
—
(@]
[o)]

Figure 8 shows maps with the distribution of the aurorae on
December 23, 1957, at 5:05 and 13:22 U.T. The field of vision of
the "All-Sky" camera is outlined on the map by the circle which
corresponds to the zenith distance of 85° for the "Al1ll-Sky" camera
with 35 mm film, and to 80° for the camera with 16 mm film, on the
assumption that the altitudes of the lower boundary of the aurorae
are 105 km. For the stations Arctic-2 and Pyramid, the height of
the aurorae was assumed to be 150 km during the day hours [40, 281].
The lines for equal values of L related to ¢' by the equation cosd’
(1/L)% [41] are also shown. The position and the shapes of the
aurorae are plotted by the arbitrary signs which will also be used
for the synoptic maps of the aurora-distribution for the period
of the IQSY: a continuous line is an arc, a wavy line is a band,

and short lines are rays. The letters over different shapes of
aurorae correspond to the international instructions for visual
observations of aurorae [42]. The intensity of the aurorae, accord-

ing to the four-number scale, was determined only for the network
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of cameras in the USSR which met the photometrical standards, and

it is indicated in the breaks in the extended shapes of auroraes, or
by the order for the ray-designations. The data of visual obser- /107
vations in the region of the Novosibirsk observatories, where the
fields of vision of the cameras did not overlap, are plotted in

Figure 8. The homogeneous arc of the intensity (scale 2) is shown

by the point where, according to the visual obserVations, the arc

was at the zenith. These observations confirm the fact of the contin-
uity of the arc which extends from Franz-Josef Land to the coast

of Alaska, and even to Canada. TFor the stations which photographed
the aurorae on 16-mm film, the position of the lower boundary of

the aurorae is shown by a dashed line, without designating the shapes

of the aurorae.

An examination of the synoptic maps confirms the fact that
aurorae appear during magnetically quiet days, both on the day side
of the Earth, and on the night side, along the oval zone of the
aurorae. During the day hours, the oval zone is found at latitudes
of ™ 78°, and during the night hours, it is at ™~ 70°. The inten-
sity of the aurorae is rather high during a magnetically quiet day,
and quite different shapes of aurorae can be observed at various

longitudes along the oval zone. The variability (in time) of the
aurorae observed on December 23, particularly during the morning
hours and the hours around noon at &' > 75°, and during the morning

hours and around midnight at ¢’ = 70°, produces the basis on which

we can assume that, even during quite magnetically-quiet days, the /108
solar wind (whose pressure leads to the deformation of the magneto-
sphere) is not homogeneous. The nonuniformities in the density

of the solar plasma and its velocity, as well as the changes in
intensity of the magnetic field related to this plasma, can bring

about continuous movements of the boundary of the magnetosphere,

which ultimately affects the effectiveness of the mechanisms for
generation of energetic electrons.

On the basis of observations for the aurora on December 23,
1957, and on other magnetically quiet days, we constructed a gener-
alized schematic for the distribution of aurorae in the northern
polar cap, for XK, = 0-1 (Fig. 9). The proposed schematic diagram
is a certain clarification and development of the distribution of
aurorae on magnetically-quiet days presented by Akasofu [u43].

The model aurcra in Figure 9 encompasses all the longitudes,
and various shapes and structures of aurorae are located along the
oval zone in relation to the local time. During the hours around
noon, there are rays; during the evening hours, there are homogene-
ous arcs; and during the night and morning hours, there are radial
arcs and bands. Several forms of aurorae are frequently observed
in the sky. 1In the circumpolar region, during quiet days, there
are observed quickly-disappearing and re-appearing weak lines located
along the direction toward the Sun. They differ radically from
the aurorae in the oval zone. On the night side, such types of
aurora are observed all the way to the latitudes of the Pyramid

132



station (&' = 75.3°). Such aurorae are plotted in Figure 9, condi-
tionally, by the wavy lines located along the noon-midnight merid-
ian. The distribution of aurorae, which is described by this model,
was fixed in relation to the direction toward the Sun. A change

in the shapes of the aurorae at a station located at high geomag-
netic latitudes will occur as a result of the Earth's rotation on
its axis.

Figure 10 shows synoptic
maps for the distribution of
teh aurorae on December 13,
1957, At 8:35, the magnetic
field was relatively quiet.
The distribution of observed
aurorae is characteristic of
a quiet period before or after
an elementary polar magnetic
disturbance. The aurorae are
located along the oval zone,
with a predominance of radial
forms, during the day hours.
On the night side, the aurorae
are located at the latitudes
of the average statistical auroral
zone. At 16:00, the intensive
negative bay-shaped disturb-
ance reaches a value of ~ 400 A
for the horizontal component
(Tiksi Bay). The brightness
of the aurorae increases sharply
during this period. They appear
at the zenith over a large area.
In Figure 10(b), the region
of intensive emission, according
to the data of camera located at stations Arctic-2, Arctic-1, Tiksi,
Olenek, Barrow, and Farewell, on the night side of the Earth, is
shaded. In this region of the sky, various forms of aurcrae are
observed. These aurorae move in all possible directions. With
respect to the increase in total emission intensity, the ascafilm
during this period in total emission intensity, the ascafilm during
this period was dark, and this leads to difficulties in plotting
different forms of the aurorae on the map. At 16:00, an intensive
radial arc coming from the north side of the oval zone is found /109
at the zenith of the Arctic-2 station. This is a rare example of
the extension of the aurorae during a period of disturbances to
latitudes of @' ™~ 80° from the night side of the oval zone. For
other moments, the synoptic maps confirmed the shift of the oval
zone on the day side to lower latitudes as the magnetic disturb-
ance developed.

—HA mmmmm A4 e B8 i £

Fig. 9. Generalized Schematic

Diagram for the Distribution

of the Shapes of Aurorae during
Magnetically Quiet Periods, in

the Northern Polar Cap.

The development of polar magnetic storms is closely connec-
ted with changes in intensity and position of the aurorae. There-
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fore, we can expect that the value and direction of the vector of
the magnetic disturbance corresponds to the location of the aurorae,
and, in particular, to the shape of the auroral zone. It was shown
in [44] that, for the winter season of 1957-~1958, the direction

and value of the vector of the disturbance in the horizontal plane
in the northern hemisphere can be explained by the current flow-

ing in the western direction along the oval zone located at &' =~ 65°
on the night side of the Earth, and at ¢'~ 76° on the day side.

The currents in the circumpolar region were assumed to be the result
of the cutting-off of some of the current from the evening side

of the Earth to the morning side, which occurs along the oval zone
of the aurorae. The presence of an oval zone for a thickening of
the current lines in the Sp current system was described in [#45]

for the period of the IGY, from which it follows that the vector

of the disturbances in the horizontal plane has a maximum value,
while the vertical component changes its sign along three spiral
segments. the morning and night spirals are located at the lati-
tudes of the oval zone over which the current flows in the west-

ern direction. However, the general appearance of Budro's current
system essentially repeats the principal characteristics of the
generally-accepted current systems [U46-48].

Figure 11 shows the space-time distribution in the northern
hemisphere for AT and AZ, for the period November, 1857-February,
1958, with the coordinates of the corrected geomagnetic latitude
and the time of the eccentric dipole [49]. The local time of the
eccentric dipole was calculated according to the formulas presented
in [50] and [511: AT = V(aH)? + (AD)?. AZ was calculated for the
three components of the geomagnetic field as the divergences of
the field on five international disturbed days from the values for
quiet days. The results of the variation-observations of the geo-
magnetic field at 24 observatories were also used. The data of
the minimum number of observatories which provide for clarifying
the plcture of the distribution of the vector of the disturbance
are plotted in Figure 11. The arrows show the direction of the
vector of the disturbances in the horizontal plane, and the length
of the arrow corresponds to the value of AT. The numbers at the
base of the arrow are the values of AZ, considering the sign for
the change in the vertical component. The minus-sign corresponds
to the vector of AZ directed toward the zenith. The thick solid
lines with the numbers 1, 2, and 3 show the relationship between
the appearance of maxima in the diurnal variation of AT and the
geomagnetic latitude. Lines 1 and 2 form an oval located on the
night side at latitudes of &'~ 62-64°, During the evening hours,
the maximum values of AT are observed at latitudes of &'~ 63° (Line
3). Along Lines 1, 2, and 3, the sign of the Z-component of the
variation in the geomagnetic field changes. such a distribution
of the value and the direction of the vector of disturbances pro-
duces the basis on which we can assume that intensive currents flow
along these lines. The maximum values of AT along the oval are
caused by a decrease in the horizontal component, while, during
the evening hours, at ¢'~ 63°, AT is determined by the increase
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in the horizontal component. Such a direction of the vector of

the disturbance can be explained if the current along the oval flows
in the western direction, while, during the evening hours, at &' ~
63°, it flows in the eastern direction.

In the limited range of latitudes around @' ™ 70°, negative
changes in the field are mainly observed in the horizontal compo-
nent [52]. This gives us the basis on which we can assume that, /
during the disturbed days, no significant cutting-off of the cur-
rent occurs from the oval auroral zone during the afternoon hours
at &' ™~ 65°. Thus, an increase in the horizontal component at the
latitudes of the Fritz zone (the zone of nocturnal aurorae) during
the winter season at the evening hours, and a decrease in the hori-
zontal component along the oval zone, are independent geophysical
phenomena, although they are closely related. The relationship
between both parts of the current system is found in the fact that
the intensity of the night and evening vortices change synchron-
ously, although individual exceptions have been observed. An analy-
sis of the changes in the magnetic field at middle latitudes also
shows the necessity of separating the evening and night current
vortices.

[
=
o

The value and the sign of the vector of the disturbance in
the geomagnetic field, shown in Figure 11, were also observed during
the disturbed periods on December 13, 1957 (see Fig. 7). At 9:00-
12:00, large negative disturbances appeared at the stations in College
and Churchill (the night side of the Earth). At the latitudes of
the Fritz zone, during the evening hours, positive changes in H were
observed (Tiksi Bay); a more intensive decrease in H was observed
at the longitude of Tiksi Bay, but at higher latitudes (Arctic-
1). During the day hours, at the latitudes of the Fritz zone, the
field was quiet (Kiruna). From 15:00 to 18:00 UT, intensive AH > 0
during the night and early-morning hours were observed at the lati- /111
tudes of the Fritz zone (College, Uelen, Tiksi); AH > 0 during the
evening hours (Kiruna), and more intensive AH < O were observed
at the meridian of Kiruna, but closer to the pole (Tiksi Bay). During
the afternoon hours, the magnetic field was weakly disturbed at
the latitudes of the Fritz zone (Reykjavik).

The current system Sp of the variations for the winter sea-
son of the IGY which is shown in Figure 12 takes into account the

isolation of the night and evening vortices. The coordinate system
is the corrected geomagnetic latitude and the time of the eccen-
tric dipole. The intensity of the currents induced on the Earth
were taken into account. The current system was constructed by

the approximation method described in [53]. A current of 10,000
amperes flows among the current lines. The intensity of the night

current vortex is 180,000 amperes, and that of the evening is 40,000.
The greatest intensity of the night vortex is observed during the
early-morning hours - a polar electric stream. A definite thick-
ening of the current lines is observed along the oval auroral zone.

In the circumpolar region, the currents are the result of the cutting-

136



off of part of the current from the evening side of the Earth to

the morning side, which occurs along the oval auroral zone. On

the day side of the Earth, at latitudes of 60-70°, the iIntensity

of the magnetic disturbances is insignificant. At these latitudes, /112
very insignificant currents are found. During the morning hours,

at o' ™~ 659, the positive changes in the horizontal component are
determined by the appearance of relatively weaker evening electric
streams which are completely cut-off through the middle latitudes.

This leads to negative bay-shaped disturbances during the evening

hours at middle latitudes.

Some of the current from the night electric stream is also
cut off through the middle latitudes, which leads to the appear-
ance of positive bay-shaped disturbances during the morning and

12:00

18:00

Fig. 11. Space-Time Distribution of the Vectors of a Magnetic Dis-
turbance AT and AZ, in the Northern Hemisphere, During the Winter
Season of the IGY. The Coordinates of the System: Revised Geomag-
netic Latitude, Time of the Eccentric Dipole.
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night hours. Obviously, the penetration of energetic charged-part-
icles along the oval zZone of the aurorae leads to a substantial
increase in ionization, and to the appearance of the electric field
of the meridional direction toward the equator, which, together

with the vertical magnetic field of the Earth, causes the appear-
ance of an intensive current. These electric fields can appear

as the result of a separate penetration of protons and electrons

into the ionosphere [54]. The changes of the magnetic field in ,

the circumpolar region can be explained by the cutting-off of some

of the current from the oval auroral zone, from the evening side

to the morning. The increase of the field on the evening side (the
positive bay-shaped disturbances), within the framework of the exist-
ence of only ionospheric currents, can be explained by the cutting-
off of some of the current from the oval auroral zone through lower
latitudes, or by the appearance of an electric field directed toward/113
the pole at ¢’ ~ 63° during these hours. It is possible that, within

)
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Fig. 12. Current System of the Sp Variation at
High Latitudes of the Northern Hemisphere During
the Winter Period of the IGY.

the limits of the ionosphere, the current system 1is not closed off,
since the ionospheric currents are part of a more complex system
of currents which encompasses the magnetosphere can also be the
result of wind movements. These electric fields are transmitted
along the lines of force to the Earth's magnetosphere, and, pos-
sibly, are the cause of the acceleration of the particles in the

magnetosphere [57].
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The distribution of the vector of the disturbance shown in
Figures 11 and 12 was obtained by averaging for the entire winter

season. It is of interest to examine the instantaneous average
hour pictures. However, the construction of a large number of syn-
optic maps for fixed hours, Universal Time, is very laborious. There-

fore, we decided to replace a comparison of the synoptic maps with
graphs showing the relationship between the values of ATy, at the
stations in Tromsd (@' = 66°) and Tikhaya Bay (&' = 74.5°) for dif-
ferent hours of Universal Time: 9:00-12:00 (the hours around noon,
local time), 14:00-18:00 (the period of maximum positive AH at Tromsd)
and 21:00-1:00 (the hours around midnight). Both stations were
located roughly along one geomagnetic meridian, but one was in the
Fritz zone, while the other was much farther north. The relation-
ship between the values of ATy, at these stations is shown in Fig-
ure 13 for all the days of January, 1958. The relationship between
the values of ATy, at various hours during the day conforms well
with the concept of the oval current zone located at higher lati-
tudes during the day and at lower latitudes during the night.

Actually, ATh,p was greater, as a rule, during the day hours
at Tikhaya Bay than at Troms®, while AT} oy during the hours around
noon was greater at Tromsd than at Tikhaya Bay. At 14:00-18:00
UT, when the large values of ATy, at Tromsd were caused by the
positive changes in AH (the positive AF in Troms®d were maximum during
these hours), large values of AT were also noted at Tikhaya Bay,
but they were caused mainly by negative values of AH. In this case,
between 14:00 and 18:00 UT, the values of AT were approximately /115

identical at Tikhaya and at Tromsd, i.e., the value of the disturb-
ance vector in the horizontal plane was identical at the latitudes
of the oval zone and the Fritz zone. At the same time, it follows
from the latitudinal section for 6:00-18:00 (Figure 3 in [49]) that,
at 18:00, the value of Alp,p at the stations in the Fritz zone were
much greater than that at higher latitudes (at which the oval zone
of the aurorae is located). It was assumed that the average values
of ATy op for the winter season, at 18:00, are significantly decreased
at the latitudes of the oval zone as a result of the fact that the
field vector undergoes significant changes in the orientation of

the magnetic meridian during these hours, while, at separate hours,
AH may even have positive values. Therefore, in averaging the resul-
tant vector, it is much less than AThop in the Fritz zone, where AH
is always positive. The test conducted showed that this assump-
tion agrees with the actually-observed variations. Figure 13.b)
shows ATy, at Tikhaya Bay and at Troms&, for 14:00-1800, during

the same period as in Figure 13(a). However, AT assumed a plus-

or minus-sign in relation to the sign of AH. We can see from the
data presented in Figure 13 that AT is always positive at Tromss,
while, at Tikhaya Bay, in addition to the negative values of AT,
there are also noted positive values.

It was shown in [u44] that the region with maximum values of

the @-index of the magnetic activity during the winter season of
the IGY is found at higher geomagnetic latitudes on the day side
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than on the night side. Such an average distribution of the activ-
ity is also confirmed by an analysis of individual cases. Figure
14 shows the latitude-distribution of a number of cases when the
magnetic activity at a chain of Canadian stations (Minook, Church-
111, Baker Lake, Resolute Bay) and at the circumpolar station in

Tula, was maximum at any of these sites. The distribution was con-
structed only for those hours when the &-index assumed a value >
5, even if this occurred at only one station. This means that,

during this hour, there was actually observed a magnetic disturb-
ance, and, moreover, that, from the examination, we could exclude
those hours which were characterized by small indices of the mag-
netic activity, when the error in determining the index was great.
We calculated the number of cases (n) when the disturbance at any
station was maximum, in comparison with the other stations. The

calculations were made on analytical machines. During the winter,
in the day, a maximum magnetic disturbance was observed most fre-

quently at the Baker Lake station (&'
During the night hours, inten-

the pole and toward the equator.

= 759). It decreased toward

sive disturbances appeared most frequently at the stations in Minook

(¢’ = 62.3°) and Churchill (o' =

70.2°).

In the circumpolar region,

magnetic disturbances appeared quite infrequently at any hour of

the day. Thus, both in individual cases and as a rule, a maximum
magnetic activity was observed during the day at higher latitudes /116
than during the night, which conforms well with the concept of the

oval shape for the region of the maximum magnetic disturbance.

”
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Fig. 14, Latitude-Distribution
of the Number of Cases When the
Magnetic Activity was Maximum
at the Stations Located Along
the Geomagnetic Meridian 7™ 330°.

During the summer, in
the night hours, disturbances
were observed most frequently
at the latitudes of the Fritz
zone. However, during the
day, the intensity of the mag-
netic disturbances in the cir-
cumpolar region increased sharply,
which has been shown many times
in the literature.

Thus, the distributien
of aurorae, and the vector
of disturbances in the magnetic
field and the magnetic activ-
ity at high latitudes are com-
bined into a single pattern,
and can be clearly explained
by the penetration of ener-
getic particles into the oval
zone located on the day side

at higher latitudes than on the night side. The presence of such
an oval zone is explained directly by the asymmetrical shape of

the Earth's magnetosphere.
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