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FEATURED ARTICLES
& COMPARISON OF MEASUREMENTS OF SOMIET AND AMERICAR
SATELLITES

@ SOME CALCULATIONS OF THE THERMAL HISTORY OF THE MOON

& THE MATURE OF THE EARTH'S THIRD RADIATION BELT

RELATIONSHIF BETWEEN THE RESULTS OF MEASUREMENTS BY CHARGED=-

MEASUREMENTS ON THE AMERICAN SATELLITE "EXFLORER V1" AND ROCKET
WpIOHEER ¥". The following article by K. 1. Gringauz and 5, M.
Rytov was translated from Doklady Akademii Hauk S55R, Vol. 135,
No. 1, pp 48-51, Now., 1960.

In the deseription of the results obtained in 1959 in the vicinitcy
of the Earth with the help of three electrode traps for charged
particles placed on the Soviet cosmic rockets [1], it was indicated
that at discances of 55,000 to 75,000 km from the Barth's surface,
electron currents with densities of -10% ¢l cm™®-sec™and energies
2 200 #v had been detected. This made it possible to conclude that
an ocutermost belt of charged particles surrounding the Earth exists
[2.3], located beyond the radiation zones [a—?]_ It was supposed
that the boundaries of this belt lie along the force lines of the
geomagnetic field [2,3].

In 1960, preliminary results were published of measurements of the
geomagnetic field performed by the satellite “Explorer VI" (launched
in the USA on August 7, 1959, with an apogee of 48,800 km, a
revolution period of 12.45 min¥ and orbit in a plane inclined by

an angle of 47° with respect to the plane of the geographic equator)
[8], and by the cosmic rocket "Fioneer V"' {launched on March 11,
1960) ['ﬂllﬂ], These measurements showed that at distances from the

*Official data are: Perigee, 251 km; Apogee, 42,408 km;
Inclination to equator, 46,99; Period, 124 hours.



center of the Earth less than 5-6 Earth radii Rg, there was a good

agreement between tha measured values of the geomagnetic field and the
theoretical values calculated from its walues at the Earth's surface
and the eccentric dipole model according te [11].

At great distances from the Earth, systematic large-scale deviations
from the theoretical values of the field were recorded; these deviations
were observed all the time -- both in magnetically perturbed and in
magnetically quiet days -- although they changed somewhat in time. The
authors of papers [8-10] came to the conclusion that the perturbations
in question detected by Explorer VI in the geomagnetic field are due

to a permanent system of electric currents. This system of currents
should be localized in & certain way and lie beyond the limits of the
radiation zones, possibly in a toroidal region surrounding the Earth,
In order to determine the characteristies of this current system, a
hypothetical model of it was examined. This model consisted of a curremt
flowing through a circular cylinder whose center lay on the geomagnetic
equator, and having the same current density for every section. The
total magnetic field resulting from the geomagnetic field and the
magnetic field of the current ring was calculated., These calculations
were compared with the measured values in order to verify whether the
model chosen for the current ring was appropriate, and in order to
determine the parameters of the current system fitting in the best way
the experimental data.

The measurements carried out on Ploneer V,.which passed through another
part of the region under consideration than the Explorer VI and inter-
sected the supposed current system, showed that at distances from the
center of the Barth of 5-7 Bg, lower values of the geomagnetic fields
were observed, as with Explorer VI. On the other hand, at distances
larger than 13 Rgp, values higher than these given by the theoretical
law 1/R® were detected. These results confirmed the idea of the
existence of a "current ring" causing permanent perturbations of the
geomagnetic field at geocentric distances >5Rg.

The results of the calculation of the parameters of the ring current,
based on the model shown above, were the following.

a) For Explorer VI, Ry = 60,000 ks, I = 5 - 10° anp, a = 3Rg (or less),
where Ry is the distance from the center of the Earth to the center of

the circular section of the cylinder, I is the total current intensity,
A 1s the radius of the cylinder.

b) For Pioneer V, Rg = 50,000 km, I = 5 + 10% amp, a = 3Rg,

In [10] it was noted that mo agreement can be obtained between the
experimental data and the results of the calculation based on the current
model mentioned above for a < JRg.
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) comparison of the above preliminary results of messurement of the
geesagoetic fleld by Explorer VI and Pioneer V, with published data [1-3]
eoncerning the outmost belt of charged particles (discovered by means of
charged-partiele traps by Soviet cosmic rockets, and eontaining electrons
vith energles 200 ev<E < ~10* ev) undoubtedly presents a great interest,

As can be seen from Fig. 3 of [ 3], the Soviet rockets cut the geomagnetic
€quator at a helght of about 60,000 km from the surface of the Earth, i.e.,
Just In the zome where the center of the current ring is located, and
vhose existence follows from the data of American magnetic measurements.
As can be seen from Fig. 4 of [1], the center of the region in which
currents of electrons with E %200 ev vere dizcovered (Elight of the

second cosmic rocket of September 9, 1959) lies at a height of ~60,000 -
€5,000 km from the surface of the Barth (i.e., near the center of the
section of the current ring, according to the data of Explorer ¥I}. The
density maxisum of the electron currents lies in a reglon about 20,000

i= wide (at heights of 55,000 - 75,000 kn), and the extension of the

vhole reglon in which electron currents were detected was~ 40,000 km, a

vilue very close to the diameter of the section of the eurrent ring
Ia® 6 Rg caleulated in [ 10].

The current density (of the electron flow), according to the data of
experiments with charged-particle traps, becomes greater at shorter

and shorter distances from the center of the region where they exist,

and drops to zero at the boundaries of the existence region, whereas

it vas taken as constant along the section of a eurrent ring in [10].
Bowever, [10] clearly indicates that such a model of & currenmt ring

was taken only in order to simplify the calculation. The mean current
density in the current ring calculated according to [10] is about & -10-13
&=pfen?, whereas the density of the electron flow in the maximum of the
outermost belt of charged particles is, according to [1-3] , abour 2 - 10°
elfca® « goc = 3,2 « 108 amp/cn®.

However, one should keep in view the fact that by means of the traps of
the experiments reported in [1], the density of the whole electron flow
with E>200 ev could be determined, whereas the changes of the geo-
magnetie field could be given only by the component of this current
perpendicular to the lines of force of the geomagnetic field. Such a
component must exist because of the vell-known phenomenon of charged-
particle drifting in a nonuniform sagnetic field (see, e.g., [12]3).

In order to be able to evaluate the drift current density and the current
in & trap, we shall consider the gecmagnetic field as the field of a
dipole, and suppose that the distribution of electrons aecording to their
welocities is & Maxwell distribution. This assumption is certainly
conventional. The Maxwell distribution will be introduced only as some
effective distribution, 1.6., as one which gives in a trap the pame
currents as that observed in fact,
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Under the assumptions mentioned, the general formulas for the drift in
a nonuniform magnetic field [12] give the following expression for the
density of the drift current in the plane of the magnetic equator:

where ¢ is the velocity of light, @ and N are the energy temperature

and the concentration of the electrons; Rg is the radius of the Earth,

B_ is the fleld at the surface of the Earth; B is the field R from the
dipole. Naturally, positive ions also carry a contribution to the drift
current {at thermal equilibrium the expression given above should be
doubled), but, as will be seen in the following, taking into account
this insufficiently determined addition does not play any role in further
consideracions.

Under the same assumptions, the current density in a trap intersecting
glectrons with kinetic energies (along the normal to the surface of
the trap collector) lower than ev, is

L a8 - - eV
j1 = Znm B

where g and m are the charge and mass of the electron. Dividing jy. by ip
and expressing 8 through the parameter x, we obtain

2 x
jl BR"g e 'fi—

Taking R = 10Rg (Rg = 6.4 * 10%), B, = 0.5 gauss, eV = 200 ev, and
substituting the values of the other constants, we obtain

] ) e
_j.d.l'_ = 1.55 « 10 g
1 ﬂf"

The observed ratic of the current densities (of the erder of 10
corresponds to x 5 9.5, i.e., 8 & 21 ev, or 230,000° abs, if the root
x~10"T , which corresponds to an exceedingly high temperature, is
neglected. Let us note that for such values of x the quantity X
depends very weakly {logarithmically) upon the ratio of the currents,
the distance from the dipole, and the potential of the grid of the trap.
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Using the value obtained for @, it Lls posslble to calculate from the
formuala for J,, or (which is even simpler), from the fmuh_{xr Yags
the walue of Che electron concentration N. For jyr = & * 10
amples® = 1.1 - 1077 CGSE, we get NS £00 elfcs.

The evaluation made shows that within the frame of the rough assumptions
made (dipole field and Maxwell distribution of electrom welocities), it
is possible to get a reasonable agreement between the intensity of the
electron flow measured by the charged-particle traps in the cutermost
belt discovered by the Soviet cosmic rockets, and the intensities of the
perturbation of the geosagnetic {leld observed in the same region in the
American experiments, In addition, if the electron distribution according
to their velocities (s actually close to a Maxwell distribution, a
decreasre of the potential of the grid ¥V should produce a significant
increase of the current In the traps, slnce a trap with V = 200 v works,
as can be seen from the value obtained for 8@ & 21 ev, on the tail of

the effective Maxwell distribution. In a further study of the cutermost
belt of charged particles, It will be extresely important to find out
which is the energy spectrus of the electrons (e.g., simultaneously using
traps with different values of V).

The considerations reported above provide some grounds for believing
that the results of the measuresents made with three electrode traps onm
the Soviet cosmlc rockets and with magnetoseters on Explorer VI and
Ploneer V are in good agreement with each other. Thus, these investi-
gations, independent of one another, and carried out with different
methods, apparently support and supplement each other, and prove that
the current ring discoversd in the magnetic experiments is nothing else
than the drift current produced by the noauniformity of the geomagnetic
fleld in the cutermost belt of charged particles permanently present
at beights of about 60,000 km. Further direct investigations of this
belt will make it possible to determine more accurately its properties,
im particular Lts variations in time and space, and also the energy
spectrus of the electrons producing the effects discovered by the
Soviet and Aserican experiments.
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SOME CALCULATIONS OF THE THERMAL WISTORY OF THE MOOW. The following
article by B, Yu. Levin and 5. V. Maeva was translated from Doklady
Akademii Nauk SS5R, Vol. 133, Wo. 1, pp 44-47, July, 1960.

In calculations of the thermal history of the Moon, as well as in
analogous calculations for the Earth, one sust examine the various
models of these bodies, i.e., the simplified schemes of thelr structure
and evolution. In the caleulations carried out below, the authors have
striven to picture the evelution of the Moon as strictly as possible as
having developed through an aceumulation of eold solids.

1. Initial data. As a consequence of the smallness of the Moon's mass,
the heating by the impacts of the bodies which formed it, as well as

the raising of the temperature of the core as a result of its compression
by the sccusulating exterior layers, was, in contrast to Earth, negligibly
small, Therefore, an initial temperature distribution, which had been
established at the moment of practical completion of the Moon's growth,
wis determined by use of the fact that the central portions had formed
and begun to accumulate radiogenic heat before the peripheral portions.
The "initial" temperature distributions used were calculated for two
alternative contents of radicactive elesments (see below) in the supposi-
tion that fermation of the Moon took 0.23 109 years and proceeded
according to the rule obtained by V. 8, Safronov [1] for Earth. The
temperature of the surface was assumed ar all times equal to 0°, which

corresponds approximately to the conditions on the equatorial zome of
the Hoon.
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The mean content of radloactive elements in the Moon was taken the same
as In meteorites. The analyses of meteorites carried out by various
suthots in recenmt years, although glving values which differ by orders

of magnitude for the content of U and Th, nonetheless indicate a general
tendency towards reduction. Therefore, along with calculations based
upon the mean content of the anticline [2], which we denote as version c,
caleulations are also presented for version €y, in which the contents

of U and Th are taken smaller by a half with the s content of K,
Version C contains (in g/g): U-5.2:10"%, Th-21-10"" and X-0.7:10-2 }
version ﬂi containg (in ;,‘g):u-z.ﬁ-m"-m-m.s-n"‘.d K-0.7+10" In version GJ,
the content is very close to that assumed by A. P. Vinogradev [3].
MacDonald [4] assumes a still smaller {twofold) content of U and Th; he
bases this on results of analyses of meteorites cacried out by & neutron-
sctivation method which glves systematically smaller values than the
other methods . The age of the Moon reckoned from the beginning of its Forma-
tion is taken to be 5:10" years,

The thermal conductiv ity was taken in the form of a sum of the molecular
and radiation thermal conductivities hw= AJT + %ol ¥y, where T is
the absolute tesperature; o, the Stefan-Boltzman constant; n, the index
of refraction (n? was taken equal to 3); and € the coefficient of
absorption (we took¢= 10 em”1 and € = 40 cw™*)., The constant A was
determined from the condition that 0°C, where the radiation thermal
conductivity {s unimportant, A= 1.2°10% cal/cm sec - deg (dunite).

The heat capacity was taken equal to 0.2 cal/g -~ deg.

The calculations referred to below were carrled out on a hydrointegrator
of V. 5. Luk'yanov's design in the Mintransstra Central Scientific
Institute of Construccion.

2, Mmmmm&.;m The Moon was considered
homogeneous Lo density (p = 3.3 glcm with a uniform distribution of

radioactive elements. The calculatlion was started from the moment of
practical completion of the Moon's growth, i.e., from the time t = 0.23-10P
years (the time t is reckoned from the begloning of formation of the Moon).
For both versions of the radioactive element content (C and Cy one cbrains
melting of materlal starting from the center. Petrous material, con-
sisting of various minerals, melts gradually in a certain temperature
interval. It was assumed that melting of lunar material proceeds in a
200-degree Interval and is completely ended when the melting temperature
of dunite is reached, For the latter, the melting curve was taken
according to Wolf [5], L.e., the dependence on pressure p was taken
according to the formula gy = 8, + ap + bp . The constants s, = 1250°,
a= 0,005 and b = -0,020°10° “were obtained from measurements at
relatively low pressures. According to this formula one finds that the
melting temperature of dunite (and according to the assumptions indicated
above, also the temperature of the initial melting) in the center of the
Moon is 190 degrees higher than on the surface.
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The heat of fusion was taken equal to 100 cal/g. Its absorption was
considered to proceed uniformly in the assumed melting interval, Melting
of the material in the center began at time t = (0.5:10° years in version C
and at time ¢ = 0,7 - 107 years in version Ci. We note that melting in the
center is obtained even for a still smaller content of radioactive elementi

but it begins still later [4].

3. Qualitative picture of the processes going on during melting. Since

the pressure in the core of the room is small, melting of its material
implies not only a transition from a crystalline to an amorphous state
but algo a transition to a liquid fluid state. In the course of warming
up, the lowest melting-point materials and eutectics must have been the
first to melt. As a rule, they are less dense and, in addition, the
melting itself decreases their density. Therefore the molten materials
must have tended to move upwards, seeping between particles which had
remained solid, while these solid, more dense, particles must have tended
to move downward, squeezing the molten materials upwards. A differentia-
tion in density and in chemical composition was obtained. (Moreover,
large-scale vertical displacements must have occurred, aleng with which
coarse-sized materials must have acquired somewhat different densicies
becavse of fluctuations of composition and structure of the solids which
were accumulated). Insofar as the tesperature gradient was several times
greater than adiabatic, the vertical displacements of material imsplied
the transfer of a tremendous amount of heat, equivalent to a certain
degree to a substantial increase of thermal conductivity.

Oxides of the radicactive elements constitute alloying additions which
lower the melting temperature of siliceous material [ 3]. Therefore,
they get into the lightweight melds and are carried to the surface with
them. In the course of heating up the Moon, this process sust have
abetted the undermelting of the external solid crust and lessencd the
heating of the internal regions of the Moon in which the comtent of
radicactive elements was decreased. In the central portions of the Moon,
on account of gravitational differentiation, an irom core grew containing
altogecher very little of the radicactive elements.

Idealizing the further course of the heating up of the Moon, we assume
that the undermelting of the external solid crust has continued up to
such time as when it became so thin that all of the heat generated in
the core was able to pass through it. If one ascribes to the external
layer a constant thermal conductivity independent of temperature, then
its thickness D can be calculated from the condition that the heat flux
through the surface &aE A(-3T/8r) is equal to the generated heat
*LnB H(t)[H(t) 1s the gemeration of heat per unit volume]. Heglecting
the generation of heat within the confines of the considered layer, one
can take -3Tfar = T,‘,FI]. By means of the obtained curves of the distribu-
tion of temperature with depth one can find approximately the moment of
maximum melting ET.. and fhen, knowing ll(f_!). find D, WithA= 0.4™% for
;::;;un Cy, £, % 1.3 107, D=40 km, and for version €, t™0.9- 10*,

km,
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Such thin solid shells, more dense than the underlying molten material,
cannot exist. This calculation shows that at a certain stage of under-
melting of the external crust, breaks must have formed in it, om
account of inhomogeneities of structure and density, and the pleces
which were formed would have sunk and melted, being subjected thareby
to the same differentiation as the residual material of the Moon. The
exposed molten material, solidifying, also sank, and in its place new
lava outpourings arrived. How and when this process stopped in the
further coolimg of the Moon depends essentially on the degree and
character of the differentiation of the lunar material. The very
trangition from heating and melting te cooling and freezing was
related to both the decresse in the overall amount of radicactive
elements on account of their decay and to their being carried to the
surface in the course of the differentiation of the core.

&. Calculations of the cooling of the Moon. In spite of the uncertainty

introduced in the stage of development described above, one can estimate
from calculations of the Moon's cooling the present temperature dis=-
tributien in its core. With 3 to 3% billion years elapsed after the
transition from heating to cooling, the effect of the "initial" (for
this calculation) temperature distribution is washed out to a con-
siderable degree and the present temperature distribution depends
basically on the distribution of radicactive elements and also on the
thermal conductivity.

Calculations of esoling were carried out for the following stratified
model of the Moon: The Moon is assumed divided into an iron core

(radius 685 km), comprising 1f; of the overall mass, a jacket and skin.
The content of radicactive elements in the nucleus was taken the same

as that in iron meteorites according to A. G. Starkeval 2], namely

(in gfg): U 0.5 - 109, Th 2+10™, K - 0. In the jacker it vas taken
similar to that in dunite, namely: U 1.2 - 10°®, Th 5.2 - 107%, E 6+ 1077,
In the skin it was taken similar to that in a mixture of /s (by wlm?_’
granite and 2/, basalt, namely: U 1.6 * 100%, Th 6.6 = 107, K 3 - 107%,

The thickness derived for the skin, enriched in radicactive elements, is
@qual to 17 km for version C and 10 lm for version G;‘.

For a provisional "initial” temperature distribution, the melting curve
for iron at high pressure [6]. was used in the core while an inicial
melting curve obtained in the following way was used in the jacket

{the presence of a thin skin was not taken into account). Although
the same content of radicactive elements was assumed for the entire
jacket, it is supposed that this was somewhat differentiated, the more
dense refractory minerals being concentrated below, Therefore, the
temperature of initial melting was taken to be 200 degrees below the



melting point of dunite at the surface but 100 degrees below it at the
boundary of the core. It was assumed that the overall melting procesds
in a tesperature interval of 100 degrees. Such a temperature distribe-
tion was assumed for the time t = 1.5 - 102 years after the ealeulation

of cooling was begun.

In this model it was found that the external layers cool quickly while
the lower parts of the jacket are heated and partially melt (cf. Fig. 1.
The cooling is gradually spreading deeper and at the present time the
thickness of the solid erust amounts to 500-700 km. The lower strata

of the jacket have continued to be slowly heated up to the present,
however, not reaching complete melting. If the radiant heat conductiviey
plays a moderate role (€ = 40, the solid curves), then the irem core
also is partially melted (not by more than 15%); Lf, however, the
radiant thermal conductivity is large (e = 10, the dashed curves)

then it escols off by approximately 50 degrees.

Figure 1
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The stratification models for the versions € and c,l vhich we examined
differ only in the thickness of the skin and, therefore, the tesperature
distributions in the inside obtained from them are practically fidentical.
tnly at the surface is the temperature gradient, and along with it also
the heat flux, Ln version C greater than in version Cy by 15 to 207,
These fluxes amount to 0.2-0,25 » 10-2 cal/en® « gec. The caleulation
for the case of a surface temperature of -150°C, which corresponds to
the polar regions of the Moon, gave a present heat flux 121 greater and
a present thickness of the solid external erust 70 km greater than the
caleulation for the 0°C surface. The temperature increase of the
insides, with respect to the "inieial” temperature which we assume,
obtained during the caleulation shows that for the given conteat and
distribution of radicactive slesents such an "initial" tesperature
distribution could not have taken place. The lower portions of the
Jacket would have had to resain partially melten. In order to get
cooling, however, i.e., a solid condition of the entire jacket and

core of the Moon, it is sufficient to slightly lower the assumed content
of radicactive elements in the jacket, even Lf enly in its lower portions,
which is very Likely, Insofar as the provisiomal "initial® temperature
distribution expresses itself only slightly in the temperature distribu-
tion st the present moment, which depends in the main on the content of
radicactive elements, and insofar as the content assumed in our calcula-
tions can be considered maximal, one deduces that the Moon is at present
solid to a depth of not less than 500-700 lm. Under conditions of almost
complete gravitational differentiacion, one cannot expect the existence
in the interior of the Moon of light molten masses which would be able
to erupt and gush out through this crust.
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| THE NATURE OF THE EARTH'S THIRD . This article by I, s,
Shklovskil, V. 1. Moroz, and V, G. Kurt, which was abstracted in SIN,
June 1961, is reproduced in its entirety in the following translation
from Astronomicheskii Zhurnal, Vol. 37, No. 5, pp. 931-934, Sept-Oct,

1960.

A third and outermost terrestrial radiation belt has been detected
(beyond the first two belts); this third belt, consisting mainly of
electrons with E >200 ev, has been detected by means of computations
based on current measurements made with ion detectors [1]. At

R = 50,000 km, the electron flux is N<2 - 107em™ 2+ goe~2, while in the
region between 55,000 and 75,000 km, N=2 - 10%a®: gec™l. This
radiation belt is formed by interaction between the permanent weak cor-
puseular "solar wind" flux and the Earth's magnetic field; this leads
to a redistribution of energy from the protons to the electrons. The
energy density of the Earth's magnetic field is in accord with the
yalue of the charged-particle flux. The third belt is characteristic
of magnetically quiet days. Favorable comsideration is given to the
premise that the concentration of interplanetary plasma does not exceed
the concentration in the solar wind, i.e., =1 em™3,

Computations based on current measurements made with fon detectors which
were installed in Soviet space rockets have led to the decection of a
third terrestrial radiation belt in the outermost position[ 1]. This
belt is primarily composed of relatively soft electrons having energies
E>200 ev. In the region of the so-called "second" radiation belt, up
to a distance of about 50,000 km from cthe center of the Earth, the flux
of electrons with E>200 ev is N2 - 100 ce™®+ sec™®. 1In the zone
55,000<R <75,000 km, H~2 - 10Pe=™@ sec™l, Thus, as has been shown
in [1], the second belt must consist mainly of electroms with fairly
high energies (about a hundred kilovelts). These electrons move in
the Earth's magnetic “ctrap".

Maturally, the question arises - what is the nature of the electroms
which produce the Earth's third (outermost) radiation bele? In this
connection, we must first of all point out that solar activity was
insignificant and magnetic disturbances were weak at the time of both
the January and September Soviet space rocket flights. However, there
is presently serious basis for thinking that even during periods of

low activity the Sun appears to be a source of constant though relatively
weak corpuscular radiation. Following other authors, we shall call this
phenomenon the "solar wind".
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Blermann's initial estimates of the energy flux in the "solar wind",

made by analyzing the acceleration in several types of comet tails [2],
were ebviously high. The introduction of magnetie hydrodynamiecs (which
Biermann did not do) permits significant lowering of the "solar wind"

flux estimates obtained by analyzing the acceleration in comet tails 3.
However, reliable quantitative analyses have not yet been made. It

should be noted that this problem is a very complex one. See[ 4] for
details concerning the "solar wind". Since eur experiment with ion
detectors was carried out during a period of magnetic calm (K-index~0 or 1),
the corpuscular field in the vieinity of the Earth should have been
primarily due to the “solar wind". Therefore, analysis of the results
obtained with the aid of these ion detectors leads to direct determination
of the basic characteristies of the "solar wind” as it exists in space in
the vieinity of the Earth.

At great distances from the Earth, all detectors registered positively-
charged corpuscular fluxes of intensities up to 2 * 10%m~%+ sec’.

This result was obtained during the flight of two space rockets. The
energy of these corpuscules, as determined by the experimental conditions,
exceeded 15 ev in any case. It is evidently much higher than this value,
vhich was determined by the value of the maximum detector potential with
respect to the rocker body. Furthermors, at these distances no case was
observed where all the detectors showed simultanecus negative current.
Individual detectors showed negative current at times, but this is
explained by photoeffect with the second grid [5]. Since the detectors
were €0 positioned on the body of the rocket that at least one of them
had to be in the shade at any given moment, only the simultaneous
indication of positive currents by all counters could indicate the
presence of fluwes of fast electrons. Comsequently, we can assert that
fast electron fluxes (E>200 ev, which was the potential of the anti-
ghthlﬂctrn“ grid) with K>2 - 107em™?+ gec=were not found im this
remote” zone. Why are they observed in the anmular zone of 55,0008«
<75,000 km? Let us examine the weak corpuscular flux and its "frozen-in"
magnetic field moving at a sufficiently great distance from the Earth.
Since the velocity of such a flux is several hundred kilosmeters per
second, the kinetic energy of the protons generating this flux is <10 ev,
while the kire tic energy of the electrons is very small, =1 ev.

When such a (weak) flux encounters the Earth's magnetic field, it
evidently cannot penetrate the latter sufficiently deeply. The
netration depth can be determined from the simple relationship
R)/8g =g, vhere @ is the energy density of the corpuscular £lux.
In addition, a significant process of energy redistribution from the
praton component of the flux to the electron component must occur im
the peripheral region of the Earth's magnetic field. The mechanism of
this process might pechaps be a plluuitLln modification of the scheme
proposed fairly recently by Veksler 1&_]. As a result of such a
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redistribution, the electron emergy in the flux approaches the energy
of the protons, and becomes ~10%-10%w, It is precisely for this reasen
that electrons of relatively high energy will be found in a shell of
some thickness surrounding the Earth, while there will be few or no such
electrons outside the shell. If we assume, per the results of the
detector measurements, that the average flux value of positively charged
pargicles g a distance from the Earth's magnetic field is ~1-2 - 10°
cem = +sec” ", while the particle velocity is 500-1000 km/sec, we shall
find that the concentration of lg‘lﬂr corpuscules undisturbed by the
Earth's magnetic gilld is =2 em™ ", and their kinetic energy density is
=5 + 10°®to 2 « 10 %erg/ce®. Such a value of energy density for the
Earth's magnetic field occurs at a distance of ~50,000 to 70,000 ka.
Fast electrons were observed at precisely such a distance during the
flight of the second Seviet space rocket. Consequently, two independently
measured quantities - the distance of the third radiation belt on one
hand, and the flux magnitude of positively charged corpuscles cutside the
Earth's magnetic field on the other hand - are in good agreement with one
another., If the electrons of the corpuscular flux accelerated in the
gone of the third radiation belt did not accumulate there, but instead
spread out inte interplanetary space, then the f would decrease
relatively slowly with distance, such as with R™. In actual fact, it
is 5=10 times smaller at R ~75,000 than at R~ 60,000 km, This indicates
that the accelerated electrons are detained within the reglon mentioned
above for some time, moving in a magnetic field which has already lost its
regularity to a considerable degree because of the disturbing action of
corpuscular fluxes. Moving in such a field, the electrons will be
degraded to relatively low levels only in the region of very high geo-
magnetic latitudes (75-85%). There they can cause specific geomagnetic
phenomens (iengsapheric and magnetic disturbances, aurora) of a local
character. Since the "solar wind" evidently appears to be a permanent
phenomenon independent of solar activity phases, the above-mentioned
high-latitude geophysical phenomena should also be of a permanent
character, As is known, these particular geomagnetic amd ionospheric
disturbances are observed in geomagnetic latitudes higher than these

of the auroral zone [7,8].

We can draw an important astrophysical conmclusion from the fact that
high-energy electron fluxes are absent from interplanetary space

(R >100,000 km) at the time when fluxes of positively charged parcicles
are observed. If interplanetary space contained a statlonary plasma
with a density not less than that of the corpuscular flux density,
instability would occur during the motion of the latter. In this case,
electron plasma vibrations of rapidly increasing wave amplitude would
arise in the flux. The period of amplitude increase in the plasma .
vibrations by a factor of & would be 1/fyy, where fyy is the plasma

ion frequency. For ngy~1 - 10%n-2, IJ'El is ~107 = 10*sec. This
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process of collective interaction between the plasma compoments would
very quickly cause the electron energies in the corpuscular flux to
become equal to the proton energies. Not only the interaction of the
corpuscular £luwe with the inhomogeneous magnecic field, bur also
interactions of the flux with the stationary plasma and with ieself

lead to energy redistribution between electrons and protons in the flux.
From the fact that in interplanetary space (R >»100,000 km) the lon
detectors did not register high-energy electron flux, while chey did
register positively charged corpuscular fluxes, it follows that the
statlonary interplanetary plasma concentration does not exceed the
Eﬂfwlcéular concentration of the “solar wind", i.e., about one particle
per cm”. From this we immediately come to the conclusion that the
lonized gas in interplanctary space exists only in the form of
corpuscular fluxes, and that for practical purposes there ls no statlonary
plasma present there. Evidently the corpuscular fluxes, with their
"frozen-in" magnetie fields, "sweep up” the interplanetary gas from the
inner portions of the Solar System.

On the basis of available experimental material, it is possible to con-
clude that the third radiation belt represents a formatlon characteristic
of magnetically calm periocds of small solar activity. During periods of
strong solar activity, whem sufficiently powerful corpuscular fluxes
invade the Earth's atmosphere, one can expect the third belt (as well as
the second) to ba greatly deformed and to have its basie characteristics
'13'“”1“-1'“:1? altered, Therefore, there is great interest in investiga-
tions made with {on detectors aboard space rockets during perlods of high-
level solar activity,
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(Soviet Astromomy, March-April, 1961)

,JA HON-ROTATING VENUS? Recent Soviet and American observations of Venus
strengthened the view that there may be no day-night sequence on that
planet.

Although the results are not conclusive, they would mean that, like
Mercury, one side of Venus is continuously roasted in scalding sun-
light, whereas the other side is forever frigid. GSince Venus is
enveloped in clouds, the nature of its rotation has been unknown.

The Soviet observations consisted of radio il:u.d.l_nl,: at the Lebedev
Institute in Moscow. Thelr measurements disclosed temperature dif-
ferences between the light and dark sides of the planet so radical
that they implied an extremely slow- or non-existent transition from
day to night.

The Soviet results were backed up by American observations consisting
of radar signals bounced off the planet by the Jet Propulsion Laboratory
in California., The rader experiment was based on the fact that if the
planet is turning on its axis at a rate comparable to that of the Earth,
one edge would be moving away from the signals at considerable speed
and the other edge would be coming towards them, Due to the Deppler
effect, the reflected signals would vary in frequency from one edge of
the planet to the other. The observed broadening is reported to have

been no more than about two cycles per second, suggesting lietle or no
rotation,

The Soviet experiment was based on the fact that a heated substance
emits radiation at characteristic radioc frequencies, thus permitting
temperature studies by radiotelescope. Measurements made by this
method are usually consistent with those obtained by optical observa-
tions and infra-red emissions. However, because of its clouds, Venus
prasents many problems.
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Radioc observations made by the Harvard College Observatory have obtained
a Venus temperature of 6007 F at 21 centimeter wavelengths., Similar
tesperatures have been obtained by the Naval Research Laboratory om 3
and 10 centimeter wavelengths.

Sclentists at the Lincoln Laboratory of the Massachusetts Institute of

Technology have suggested that the surface of Venus may be at room

temperature. The radioc emissions, they say, could be accounted for by

a densely ionized portion of the planet's atmosphere, Such intense

ionization of the Venus atmosphere would make it diffieult, if not

mﬂhle. for a space vehicle on that planet to commnicate with the
th.

It should be pointed out that thege results are contradictory to
earlier radar measurements made by the Soviets, SIN, June 1961. The
earlier measurements determined the planet's period of rotation to be
elther 9 or 11 days.

We can only hope that future investigation of the planet Venus will
yield more consistent results and clear up some of the mystery. (New

York Times, Jume 15, 1961)

'TWO MORE WATURAL EARTH SATELLITES. A Polish astromomer, Dr. K.
Kordylewski of Cracow Observatory, has discovered two faint, cloudlike
objects circling the Earth in the lunar orbit. The find, if confirmed
by other astromomers, would mean discovery of the first natural
satellites of the Earth other than the Moon.

From the information diselosed, however, Lt appears that the two
objects are almost certainly mot solid bodies, but swarms of meteoric
material caught in a pocket of low gravitational field strength of
the Earth-Moon system, according to Dr. Kenneth L. Franklin of the
American Museum - Hayden Planetarium.

The pocket in which the material is trapped is sixty degrees ahead of
the Moon. Another such pocket exists sixty degrees behind the Moon in
a similar priemtation., It is believed that the trailing pocket may
also contain satellites. (New York Times, June 23, 1961)

2 ACE STILL UNIDENTIFIED. British and Soviet sclentists
were still umable today to identify positively certain signals from
outer space as those of the Soviet Venus probe launched February 12.

Working with Sir Bernard Lovell, Director of the Jodrell Bank Radio
Observatory, which is trying to trace the probe, are Prof. Alla Maseviteh,
the woman dircctor of the Soviet tracking stations, and Dr. Jouli
Khedarev, an expert on the Venus rocket.
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Sir Bernard described the unidentified signals as "éxtremely shore
bursts™ and said the longest received so far had lasted about fifry
seconds .

"L a= not prepared to guess at the moment whether these signals come
from the Venus rocker," he said,

The Soviet rocket was to have reached the vicinity of Vemus about
three weeks ago. Radio communieations with the probe ended on March 3
but Jodrell Bank has picked up signals on the same wavelength since
May 17th. (New York Times, June 12, 1951)

SOVIETS, BRITISH FAIL TO CONTACT VENUS FPROBE. Final attempts to contace
the Soviet Venus probe have ended in failure. After such confusion a5
to whether the probe had malfunctioned or was deliberately turned off
until it passed near the planet (SIN, June 1961} Seviet Prof. Alla
Masewitch and Dr, Jouli Khodrey travelled to Jodrell Bank June 9-16 o
assist In the tracking. This seemed to be an indication that the
Russians are as much in the dark concerning the fate of the probe as
the rest of the world. (Aviation Week, June 26, 1961)

SOVIETS FROPOSE NEW LUNAR TV SATELLITE. Soviet Scientist N. Varvaroy

has proposed a satellite equipped with television cameras te photograph
the entire surface of the Moon from a circumlunar-polar orbit at an
aleitude of about 120 miles..

1t would take 308 of these 2 hour: - 7.5 min orbits to complete the
migsion, but if the satellite were equipped with small rockets to
change the plane of each orbit, the jobeould be done in no more than
eight hours.

NEW SOVIET SPACE CHIEF. Konstantin N. Rudnev will sueceed Lt. General
Hikhail V. Erunichev, who died recently, as chairman of the recently
established Soviet State Committee for the Coordination of Scientific
Research, the top missile and space post in the USSR (SIN, May 1951
p. 6). Rudnev was formetly chairman of the Council of Ministers for
Defense Technology.

THRUST OF VOSTOK CARRIER. It is estimated that the carrier vehicle
that injected Vostok into orbit with passenger Gagarin developed
between 1.3 and 1.8 million pounds of thrust. (Missiles and Rockets,
June 12, 1961)

SOVIET WOMAN IN SPACE IMMINENT. Government scientists are predicting
that the Russlans are preparing to put a woman into space probably ia
the near future. The prediction is based on reports from tracking

stations that women's volces are being picked up from launching sites.
The reports go on to predict that the space capsule will carry two men
along with the woman astronaut. (Washington Daily News, May 20, 1961)
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