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the stability and inhomogeneous s t ructure of the iono-
s p h e r e and the magnetosphere. Experimental m e a s u r e -
ments of the e lectr ic field have recently been the sub-
ject of a large number of studies (see the rev iew t 5 ] ) .
The quasistationary e lectr ic field in the plane of the
geomagnetic equator Ε = - g r a d Φ is determined by the
equation [ 6 1

. 10-2 Ll [1 — (3)
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We have taken into account h e r e the fact that the high
longitudinal conductivity of the magnetosphere causes
the surfaces on which the force lines of the magnetic
field a r e situated to be equipotential surfaces for the
electr ic field, Φ = i ( L , φ)(φ is the longitude); σ ι and
σ\ a r e the t r a n s v e r s e and Hall conductivities of the
ionosphere, averaged over the alt i tude. The t e r m in
the square brackets determines the generation of the
field by the fast e lectrons or ions of the magnetosphere.
Here Tjfe and Nfj a r e the fast-part icle concentrations
averaged over the force l ine, and ω0 is the angular
frequency of the e a r t h ' s rotat ion. The t e r m Qg deter-
mines the generation of the field under the influence of
the wind of neutral molecules in the ionosphere (the
"dynamo f i e l d " ) [ 7 ] .

Near the geomagnetic equator (L —· 1) a singularity
appears in (2). An analysis of the solution in the vicinity
of the singularity shows that the electr ic field in a
narrow layer of the ionosphere near the geomagnetic
equator increases by 20—30 t i m e s (the equatorial cur-
rent jet)1·8·1. In the polar ionosphere (L 3> 1) the in-
tensity of the e lectr ic field also increases by m o r e
than one order of magnitude. This is the consequence
of the geometry of the force l ines : the field Ei in the
ionosphere is connected with the field in the plane of
the geomagnetic equator Ε by the relat ions E ^

3 / 2 3 / 2 [ CA}1*2

= E
o m a g e t c qu Ε y

L 3 / 2 and E i L = E L - 2 L 3 / 2 [ l - The a c -
tion of the e lectr ic field on the fast e lectrons and ions
is determined by the parameter 1 · 6 1

JffO"

FIG. 2. Electric field intensity in the earth's ionosphere at t » 6 min
after the burst of the electrons on the force line φ = 0, L = 1,2 (i.e.,
θ =» 25°). ψ—longitude, θ—geomagnetic latitude. The curves are labeled
with the values of E/E^ where E, is a constant that depends on the
total number of fast electrons η and on the integral conductivity σ^ of
the ionosphere (E[ « 30 mV/m at η = 102 6 and α ι = 101 2 cm/sec).

h e r e Nf0 is the average concentration of the fast par t i-
cles in cm" 3 , and aL is expressed in cm/sec (10 1 2 /σ χ

~ 1). We see that in the polar zone (L ~ 5—10) we
have λ ^ 1 already at low values of Nf0. Instabilities
of the flute type a r i s e in this case , and the e lect r ic
field acquires an osci l lator s t r u c t u r e 1 8 ' 6 1 .

Figure 2 shows the r e s u l t s of a numerical solution
of Eq. (1) jointly with the kinetic equation for the fast
electrons under conditions when an artif icial radiation
belt is produced 1 1 0 ' 1 1 1 . We see that the field is maximal
in the polar region. Ion-acoustic waves a r e excited
here 1 · 1 2 1 and considerable heating of the ionosphere
takes place.
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Yu. I. Gal'perin, Auroras and the " R e s o n a n c e "
Concept of a Magnetic Storm

The concept described below [ 1 ' 2 1 consti tutes, in fact,
an attempt to construct a cohesive phenomenological
picture of the processes occurr ing in the magneto-
sphere during the t ime of an "e lementary magnetic
s t o r m " — t h e so called substorm, based on extensive
resu l t s of measurements on satel l i tes and on land-
based geophysical observator ies , and also attempts at
their theoret ical analys i s .

The groundwork was laid by theoret ical calcula-
tions1^31 that revealed the possibility of existence, in
the nighttime magnetosphere, of a special " r e s o n a n t "
component pj (Fig. 1) of protons (ions) with energy
E o ~ 10 keV (more accurately, E o / Z ~ 10 keV, where
Ζ is the charge of the ion), having a longitudinal drift
frequency ω^ Γ close to the frequency WE of the e a r t h ' s
rotation. According to this captured component in a
non-rotating coordinate system should have an asym-
m e t r i c a l component and becomes concentrated in the
near-midnight region; the motion of these part ic les is
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FIG. 1

determined only by the asymmetry of the geomagnetic
field and the e lectr ic fields in the magnetosphere.

The main elements of the proposed concept reduce
briefly to the following:

a) After a quiescent period in the solar wind
(average proton energy ~ 1 keV) t h e r e appears in the
interplanetary space, as a resul t of the processes on
the sun, a "corpuscu lar f lux" moving with velocity
~1000—1500 k m / s e c , represent ing a component of
higher energy-protons with ~10 keV energy ( s e e [ 4 ] ) .

b) These solar-wind part ic les p+ (see Fig. l ) a r e
capable of penetrating inside the magnetosphere in the
so-called " p l a s m a l a y e r " on the morning side and can
be displaced as a resul t of the gradient drift towards
the evening side of the magnetosphere [ 5 > 6 ] , since the
magnetosphere is closed at least up to distances
3 0 R E [ 7 > 8 ] and the magnetosphere r e p r e s e n t s an equi-
potential s u r f a c e [ 5 ' 9 > 1 0 ] .

c) An analysis of the experimental data on the
plasma motion in the midnight region near the plasmo-
p a u s e [ 1 1 ] , in the zone of the annular c u r r e n t 1 1 2 ' , on the
internal edge of the plasma layer [ 1 3 " 1 5 ] , and inside the
plasma layer C l 6 ] leads to the concordant conclusion
that 0.5—1 hours ahead of the s tar t of the substorm
there occur motions of the p lasma towards the ear th,
corresponding to the appearance of a large-scale
e lect r ic field directed towards the nighttime side from
east to west, and part icular ly strong (~0.3—1 mV/m)
in the near-midnight sector (more accurately, near
23 n ) . The boundary of the plasma layer then comes
within a distance ( 5 - 7 ) R E [ 1 2 " 1 4 ] , SO that now the so lar-
wind par t ic les , moving through the plasma layer, a r e
capable of reaching the region where the closed r e s o -
nant t ra jector ies of the protons (ions) pj were located
during the quiescent t i m e . The physical meaning for
the occurrence of a field of this type is simply postu-
lated on the bas i s of the experimental data.

d) As a resu l t of the loss of energy of the quasicap-
tured part ic les (in par t icu lar , loss to Joule dissipation
of the produced e lectr ic polarization fields in the
lower ionosphere), the resonant part ic les a r e capable
of accumulating in the potential wells produced on the
night side of the magnetosphere, giving r i s e to clouds
of quasiparticle hot protons and ions with approximate
energy 10 keV.

e) The appearance of azimuthal asymmetry of the

quasicaptured protons (this corresponds to asymmetry
of the annular current) causes the appearance of an
electr ic field at these L - s h e l l s [ i 7 ] ; the field subtends,
in local t i m e , the ent i re magnetosphere beyond the
plasmopause, which changes in turn the character of
the drift of a l l the cold and high-energy captured part i-
cles in these regions of the magnetosphere.

f) It is assumed that the accumulation of the r e s o -
nant part icles and of the annular current in general
continues until a cer ta in threshold density value is
reached, followed by an as yet unidentified instability—
magnetospheric explosion" or "magnetospheric sub-
s t o r m " (for example, some convective instability at

β > 1). As shown by ground-based magnetometric
measurements 1 ^ 8 1 and also the resu l t s of an analysis
of the drift directions of a hot plasma during the
f l a r e [ 1 2 ' 1 6 ] , this is accompanied by a strong increase of
the e lectr ic field produced prior to the s t a r t of the
substorm, and by a further decrease of the distance
between the plasma and the earth, by an eruptive flare
of hot plasma in a radia l direction away from the earth,
and the part ic les having the same sign and energies up
to 20—30 keV rapidly spread under the influence of the
Ε x Η drift on both sides of the midnight region. As a
resul t of the appearance of large fluctuating induction
electr ic fields, the part ic les a r e appreciably acce ler-
ated in the magnetosphere and the flux of part icles in
the loss cone, increases strongly, corresponding to an
a u r o r a flare (cf., e.g., the concept of [20], where there
is no accumulation of part ic les) .

g) In the case of continuing " p u m p i n g " of the mag-
netosphere by resonant part icles from the solar wind,
the process of substorm generation may repeat . The
proposed scheme differs only in the picture of the
large-sca le background (or " m a n t l e " ) a u r o r a , caused
by the a u r o r a l e lectrons, and comparatively uniform
emission band due to the penetration of aurora l protons,
i.e., quasicaptured part ic les with character i s t ic energy
on the o r d e r of 10 keV. It has become clear long ago
that the aurora l phenomena a r e determined by part i-
cles having c h a r a c t e r i s t i c energies of this o r d e r [ 1 9 1 .

Resonant mode! of substorm
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solar wind, Ε/Ζ ~ lOkeV
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The processes of eruption and spreading of a cloud of
hot plasma in the magnetosphere is clearly reflected
in the expansion towards the pole and in longitude of
such forms of auroral glows during the substorm
time [ 2 1>2 2 1

The energies of the substorm is determined in this
case by the depth of modulation of the energy flux
carried by the solar-wind particles drifting across the
tail of the magnetosphere, i.e., essentially by the en-
ergy of the plasma-layer particles. The role of the
electric field produced in the substorm is analogous in
this case to the role of the grid voltage that controls
the plate current in a vacuum tube.

The appearance of intense local (so-called discrete)
forms of auroras excited by the electrons and protons
(ions) with average energies ~1 — 5 keV does not follow
directly from the described picture, and their interpre-
tation calls apparently for a detailed analysis of the
vibrational and other collective processes in the mag-
netospheric plasma.

It is interesting that for Jupiter, which also has a
magnetosphere and belts of captured particles, owing
to the large magnetic moment Μψ and the rapid rota-
tion ωψ, the resonant energy may be the particle en-
ergy Εφ:

ΕΨΧΕ° ^ ΊΓΨΙΓΕ ~ °·" Ε° JFE ·

i.e., higher by at least one and a half or two orders of
magnitude than the value Eo ~ 10 keV which is typical
for the earth. In this case, if the conclusion that
Jupiter's magnetic moment has a direction opposite
that of the earth is correct, then the resonant particles
there are relativistic electrons, which appear rela-
tively rarely in the solar wind, but are effectively
generated in Jupiter's magnetosphere.

The purpose of this communication was to empha-
size the presently unclear aspects in the planetary
physical picture of the phenomenon of magnetospheric
substorm and auroras, and to present a working hy-
pothesis that is presently being verified and compared
with the experimental data obtained in recent compre-
hensive earth-based and outer-space experiments with
the satellites "Kosmos-264" and "Kosmos-348," and
are also further analyzed theoretically.
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N. S. Kardashev, Yu. N. Pariiskn, and A. G. Sokolov,
Cosmic Radioastronomy

The present paper discusses the prospects of inves-
tigations in the ordinary radioastronomical band, with-
out discussing the region where the earth's atmosphere
and ionosphere are not fully transparent.

The recent major discoveries in the field of radio-
astronomy (observation and investigation of quasars,
pulsars, residual background, discovery of numerous
interstellar molecules) are due, on the one hand, to the
expansion of the spectral band of the research, and on
the other to the increased size of the radio telescopes
and the sharp reduction of the receiver noise. Of tre-
mendous significance is also the use of computer both
during the course of radioastronomical observations
and during the time of their reduction.

The most important parameters characterizing the
capabilities of experimental radioastronomy is the
minimum observable spectral flux density
min F [W/m2Hz] and the minimum angular resolution
min θ [ Ί ·

The Fv band covers in modern radioastronomy about
10 orders, and the weakest among the observed sources
have approximate fluxes of 10"28 W/m2Hz. The angular
resolution is attained with the aid of interferometers,
and the highest attainable resolution is ~3 x 10"4

seconds of arc C l 1 . For comparison, in the optical band
astronomical observations cover about 20 orders in
Fv and the attained angular resolution (also with the
aid of interferometry) is ~10"4 second of a r c [ 2 ] . It is
important to note that by methods of radio and optical
observations we usually obtain information on different




