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ST-GM-15-10735

RELATIONSHIP BETWEEN THE DIRECTION OF THE
INTERPLANETARY MAGNETIC FIELD AND STEADY
OSCILLATION CONDITIONS

Doklady Akademii Nauk SSSR, by

Geofizika, Tom 180, No.2, 0.V. Bol'shakova and

pp 343-346, Moscow, 1968. V.A. Troitskaya
SUMMARY

This work establishes that the direction of the interplanetary magnetic
field in the ecliptic plane is the determining parameter of excitation or
attenuation mechanisms of steady oscillations of the various Pc groups. The
Pc amplitude modulation is determined by the change in field direction, tha
former decreasing to zero when the latter is perpendicular to the line Sun-
Earth. The data obtained allowed the authors to establish for the first time
the nature of the agent responsible for the sudden onset and vanishing of
Pc oscillations.

For steady oscillations of the Earth's electromagnetic
field in the Pc 2-4 range there exists, alongside with oscil-
lation amplitude control in accordance with local time [1],
an obvious modulation of conditions as a whole in accordance
with UT. Thus, for example, cases of simultaneous commencement
or simultaneous ending of steady oscillations were observed on
the entirety of the globe and so forth. These cases Trepresen-
ted a riddle for all investigators and attempts to interpret
them did not result in a satisfactory solution of this problem.
A special network of identically equipped stations was created
in order to study the influence of universal time on steady
oscillations. These stations were spread longitudinally at
approximately 120° along the perimeter of the globe. Alongside
with the global modulation, days were ascertained (approximately
1-2% of all the observed cases), when steady oscillations were
altogether absent which could in no way be in agreement with the
theory on Pc excitation by continuous solar wind at magnetosphere
boundary.

Consequently, the source of steady oscillations must possess
properties whose variations would have a determining action on
the excitation or attenuation of these oscillations in a planetary



scale. As is shown by the results of the present work, the
direction of the interplanetary magnetic field in the ecliptic
plane is such a determining parameter. On the average, the inter-
planetary field intensity is ~ 5 y, whereupon the fluctuations

of the field value are considerably lower than those of its
direction. However, constant variations notwithstanding, the
interplanetary field has a certain preferred direction which
coincides with the direction of the Archimedes spiral.

Analysis of basic characteristics of steady oscillations
was conducted during the period 1 to 14 December, 1963 for which
detailed measurements of the interplanetary field made on IMP-I
and averaged for each 5.46 min., were made available [2]. The
direction of the field in the ecliptic plane was used as the
interplanetary field parameter. This selection was due to the
fact that the total vector of the interplanetary magnetic field
is disposed at a small angle toward the ecliptic plane, while
the field value is subject to relatively slight fluctuations.

In all, use was made of more than 1500 values of direct inter-
planetary field measurements, on the basis of which histograms
were plotted of the preferred direction of the field for each

24 hour period and detailed analysis was performed of global

Pc excitation conditions. It should be noted that the direction
of the interplanetary field was not identical on all days. Most
frequently (7 out of 14 days) the direction of the interplanetary
field coincided with the direction of the Parker spiral. On some
days it is difficult to determine the preferred direction: the
magnetic field fluctuates and its direction varies constantly
during the 24 hr period. 1In spite of the existing concepts, the
preferred direction of the field during three days of the inves-
tigated time period was perpendicular to the Sun-Earth line
(Fig.1l c).

Such a variation in the preferred direction of the inter-
planetary field from one day to another proved to correspond to
a specific change in steady oscillation groups, namely: to the
basic field direction coinciding with the Parker spiral direction
corresponds the most widespread type of steady Pc 3-oscillations
(T = 10 — 45 sec); of the Pc 4 (T = 50 — 150 sec) or Pc 3-4 -
types. The case of the field perpendicularly directed toward the
Sun-Earth line is an absolutely special case during which steady
oscillations are not excited and are absent in the Earth's scales.
Since the data used represent values of field direction averaged
for a short interval of time, it was possible to compare the
sequence of field direction variations with the continuous recoxr-
dings of steady oscillations (Fig.2). The direction of the
interplanetary field in the ecliptic plane was plotted directly
on the tape. The fielid direction values were averaged for unequail
time intervals determined by a sufficient constancy of field direc-
tion (¢+ 10°). As may be seen from our example (Fig.2a), steady
type Pc 3 oscillations correspond to an interplanetary field
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Fig.I

Distribution histograms of interplanetary
magnetic field direction corresponding to
specific Pc types.

direction close to the Parker spiral. At the moments of time
when the field vector approaches a direction perpendicular to
the direction toward the Sun, steady oscillations disappear.
Fig.2b shows an example of Pc fading during several hours,
whereupon the magnetic field direction along the perpendicular
toward the line Sun-Earth was virtually constant.
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Examples of recording comparison of steady oscillation
conditions and of interplanetary magnetic field direction.
Petropavlovsk-Kamchatskiy. a) 12 Oct. 1963; b) 14 Dec. 1963

A quantitative evaluation of the number of cases of steady
oscillation conditions coinciding with a specific field direction
was performed for each 24 hrs period separately. On the average,
coincidence is observed in 85% of all the cases compared, and
the less sharply expressed the preferred field direction (Fig.I,b)
the smaller the percentage of coincidence. But with a clearly
expressed preferred direction the indicated correlation may at-
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Fig.3

Dependence of normalized Pc 3 [1] amplitude
on interplanetary field's deflection angle from
the Parker spiral [2]. December 9, 1963.

tain 99% (for instance, on 3 December, 1963).

In the case when the field direction coincides with the
Parker spiral or is sufficiently close to it the amplitude of
Pe 3-oscillations is maximum. With field deviation from spiral
direction, the Pc-amplitude decreases. When the field is per-
pendicular to the direction toward the Sun, the Pc-amplitude
approaches zero. Therefore, the Pc-amplitude is apparently
determined by the deflection angle between the interplanetary
magnetic field and the preferred direction. As is shown in
Fig.3, a clear inverse dependence exists between these two
values.

A detailed investigation of the preferred day to day
direction inside one sector from December 2 to 12, shows that
a preferred field direction perpendicular to the direction to-
ward the Sun accompanies field inversion. Inasmuch as to such
a direction corresponds an attenuation of Pc intensity or their
total absence, it becomes possible to assume that cases of Pc
absence correspond to times of interplanetary field inversion,
i.e. to sector boundaries. This assumption can be verified by

»utilizing the data obtained on "PIONEER-6" and IMP-I regarding

" the polarity reversal of the interplanetary field. 1In 75% of

all the compared cases field inversion corresponded to an attenu-
ation or decrease to zero of the Pc-amplitude. The Pc 3-ampli-
tude drops along the direction toward the boundaries of the

sector and usually has a maximum in the first half of the sector,
smoothly decreasing in its second half. This variation in Pc-
amplitude within the sector is in good correlation with solar

wind velocity behavior during the same time. The values of solar
wind velocity inside the sector were obtained from direct measure-
ments, as well as indirectly, making use of the ration between this
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Fig.4

Spectrum of Pc
“"fadings" for the
period 1-14 Decem-
ber 1963 converted
into the linear
dimensions of inter-
planetary magnetic
field inhomogenei-
ties.

damped and no steady

velocity and the Pc-periods obtained in
[4]. The decrease in velocity at sector
boundary may contribute to the attenuation
of steady oscillation intensity.

One may attempt to explain the effect
of interplanetary magnetic field orienta-
tion on Pc conditions by assuming that stea-
dy oscillations of the geomagnetic field
set in as a consequence of hydrodynamic ins-
tability of the magnetospheric plasma. It
is considered [5,6] that Pc-oscillations
are excited when solar wind flows past the
magnetosphere. In this case surface waves
are excited and the steady oscillations ob-
served on Earth result from the transforma-
tion of surface waves into Alfen or magneto-
acoustic resonance waves.

This transformation takes place when
the interplanetary field is directed at an
angle toward the magnetosphere surface. On
the other hand, if there exists only one
component of the interplanetary field, per-
pendicularly directed toward the Sun, the
surface waves at magnetosphere boundary are
oscillations are observed on Earth.

At the present time it is considered on the basis of the
results of observations from satellites, that the interplanetary
magnetic field consists of separate tubes of force of » 10 km

in diameter mutually
Bends and expansions
to the Parker spiral
derly interplanetary
neities on which the

intertwined and forming a complex structure.
of tubes of force, which are not inherent
were detected. Such disruptions of the or-
field structure may serve as the inhomoge-
field is directed perpendicularly to the

Sun-Earth axis and the instants of their approach to magneto-
sphere boundary correspond to the instants of the disappearance
of steady oscillations. Apparently, the dimensions of such in-
homogeneities correspond to the "fading" time of steady oscil-
lations. The continuous KPK recordings being available, it is

possible to plot the

spectrum of such "findings" for a specific

Pc group, for instance Pc 3. Taking the value of solar wind
velocity corresponding to these Pc periods [4], one may attempt
to determine the mean dimension of these interplanetary magnetic
field inhomogeneities. When using the average fading time value

of Pec 3, tz, = 10-20
mogeneity dimensions

min. and Vav = 6:10’ cm/sec the mean inho-

are iav = Vavtav = 17 X 60 X 6'107 Cm. In

the case of maximum values we have [, = 1,4-10'! cm. This is
in agreement with the evaluations of the interplanetary field
inhomogeneity dimensions based on cosmic ray anisotropy [7] and




with the theoretical evaluations of expansion and bend dimen-
sions of the tubes of force given in [8].

Therefore, the excitation of the steady oscillations of
various Pc groups is connected with a specific orientation of
the interplanetary magnetic field. The modulation of Pc-ampli-
tude is determined by the variations in field directions, where-
upon the amplitude decreases to zero when the direction of the
field is perpendicular to the line Sun-Earth.

The obtained data have made it possible to establish for
the first time one of the fundamental facts essential for the
understanding of the Pc excitation mechanism, namely, the nature
of the agent responsible for their sudden appearance and disap-
pearance in the planetary scale.

The established connections make it possible to plan the
following ways of utilizing the observations of steady oscil-
lations for the determination of a series of solar wind struc-
ture parameters of major importance.

1. The fact of the excitation of various types of steady
oscillations bears witness to the existence of a definite
orientation of the interplanetary magnetic field; the absence
of Pc conditions constitutes the indicator of sharp change in
the preferred interplanetary field direction from a direction
close to the Parker spiral to that perpendicular to the direction
Sun-Earth.

2. The detected correspondence of prolonged Pc “fadings"
with the instants of interplanetary field inversion can be used
to evaluate the regularity of interplanetary field's sectorial
structure in various phases of the solar activity cycle.

3. The spectrum of separate Pc "fadings" can be used to
evaluate the mean dimensions of interplanetary magnetic field
inhomogeneities.

* % % THE END * % %

Institute of Physics of the Manuscript received
Earth , 5 January, 1968.
In the name of 0.Yu. Schmidt
of the Academy of Sciences
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