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Letter to Editor

CONCERNING THE OUTER IONOSPHERE AND ITS TRANSITION INTO THE

INTERPLANETARY MEDIUM

V. V. BEZRUKIKH, T. K. BREUS, G. L. GDALEVICH, B. N. GOROZHANKIN, V. A. RUDAKOV

Usp. Fiz. Nauk 92, 543-546 (July, 1967)

XHE notions concerning the outer part of the earth 's
ionosphere have been greatly altered during the last
ten years, owing to the large number of new experi-
ments performed mostly with the aid of rockets and
artificial earth satellites. Therefore the review "The
Outer Ionosphere and Its Transition into the Inter-
planetary Medium" by Ya. L. Al'pert, published in
Usp. Fiz. Nauk'-1 , would be welcome were it not for
its er rors , statements made without proof, and its
bias.

Let us indicate some of the e r ro r s .
1. We begin with Sec. 5, which is devoted to the

most important problem of the origin of the outer
ionosphere, and in which the ionization balance is
described. Indicating that the boundary of ionosphere
occurs at altitudes (3—3.5) Ro (Ro is the earth's
radius)*, the author states: "With such a definition
of the boundary of the ionosphere, it becomes ap-
parently possible to describe the ionization balance
by a single equation for the formation of the iono-
sphere, which will be considered in Sec. 5 " (p. 409
[transl. p . 790]). Yet inW the equations for the ioniza-
tion balance (26) were obtained in the usual manner
from the kinetic equation (see, for exampleP>3J), for
which purpose it is necessary to know the upper
boundary of the ionosphere. The main conclusion
drawn by Al'pert from his analysis is the trivial
statement that it is necessary to know the distribu-
tion function.

On the other hand, a new statement in this section
is that the ionization in the outer ionosphere, up to
its upper boundary, " i s due to incident ultraviolet
radiation, and the annihilation of the particle is via
photorecombination and electron adhesion" (p. 432
[transl. p . 803]). It is well known that actually photo-
ionization due to ultraviolet radiation occurs prin-
cipally in the region lower than 250 km (see, for ex-
ample, [4'5-1), and that electron adhesion takes place at
altitudes lower than 100 km (there are practically no
negative ions higher than that; see, for example, ).
The outer ionosphere at altitudes above 1000 km con-
sist essentially of hydrogen ions, which are produced
here principally not as a result of photoionization, but
by diffusion along the magnetic force tubes from the
ionosphere regions lying below 500—1000 km, where
the intense proton production is due to charge ex-

*We use the notation of ['] throughout.

change of hydrogen atoms with oxygen ions ^ ,
H + O ^ H +O. Thus, Alpert explains incorrectly the
origin of the ions in the outer ionosphere, ascribing
to it ion-production mechanisms which are effective
in the lower ionosphere.

2. In page 409 [transl. p . 790] of[1] it is stated
that "the region of the non-stationary state of the
near-earth plasma (above (3—3.5)RQ) is the upper
part of the magnetosphere. It is here that the mag-
netic field of the earth begins to break up even under
undisturbed conditions, inasmuch as frequently Ho/8
~ ( NQMVQ/2). At a distance (8—10) Ro from the earth,
as is well known, the regular magnetic field of the
earth plays already a minor role, with fields of fluc-
tuation type prevailing." This statement, made in-
cidentally without literature references, is incorrect.
It is known from results of measurements performed
with the aid of rockets and satellites that the regular
magnetic field is observed up to distances (8—10)R0

(see, for example, ) in the direction towards the sun,
and to much larger distances in the opposite direction
(in the so-called " t a i l " of the magnetosphere) t9-1.

3. It is stated in p . 410 [transl. p . 791] that the
average altitude variation of the electron density
N( Z ), is obtained by measurements made with the
aid of coherent radio waves from satellites ^0>n\ has
additional maxima which lie near the maximum of the
F region (see curves 18 and 19 of Fig. 1 of [I-1), and
"the nature of these maxima is not c lear ."

The nature of these maxima was analyzed in'-12-', a
fact about which Al'pert is silent, and is explained by
means of an erroneous interpretation of the primary
data in'-10'11-' (in particular, the plots of N(Z) were
constructed using values of N obtained in different
days, in different times of the day, and over geo-
graphic locations separated by hundreds of kilometers;
this, taking into account the variability of the iono-
sphere in space and in time, is meaningless). We
therefore see no grounds for connecting the non-
existing additional maxima with the "complicated
dynamics of the upper atmosphere," as does Al'pert.

4. On pp. 429 and 430 [transl. pp. 801 and 802]
of*- are shown spectra of the dimensions of iono-
spheric inhomogeneities and fluctuations of the elec-
tron concentration of these inhomogeneities, which
for some reason are credited to the Gor'kii group
(E. A. Benediktov, G. G. Getmantsev, N. A. Mityakov
et al. ^13^), although actually these spectra are con-

602



L E T T E R T O T H E E D I T O R 603

tained nei ther in the cited paper nor in other p a p e r s
by these a u t h o r s . In this connection, the method of
obtaining the inhomogeneity s p e c t r a shown in F i g s .
15 and 16 of [ l j is not c lea r , although it is noted that
they were obtained by "ana lyz ing the fluctuations of
the difference of the Doppler frequency shifts 6 $ " of
r ad i a l waves emit ted from the " E l e k t r o n " sa te l l i t e .
We note that if this r e f e r s to the method desc r ibed
by Ya L. A l ' pe r t in 1965'-14^, then the inconsis tency
of this method was demons t ra t ed in'-12^.

5. A l ' pe r t s t a tes that the re a r e no methods for
de te rmining the potential of a space ship in the iono-
s p h e r e . Thus, he says on p . 427 [ t rans l . p . 8 0 0 ] : " . . .
not only is the potential of the body unknown during
the t ime of the m e a s u r e m e n t s , but t he r e a r e even no
sufficiently accu ra t e methods of i ts d e t e r m i n a t i o n . "
It is not c l ea r from this s ta tement whether the po ten-
t ial of the body is unknown during the t ime of the
m e a s u r e m e n t s , or whether it is m e a s u r e d but with
insufficient accu racy . The c r i t e r ion of sufficiency of
the accu racy is not indicated in this c a s e . At the
s a m e t ime, methods of de termining the potent ia ls of
sa te l l i t e s exis t and a r e r e p o r t e d in a number of known
p a p e r s (for example [ 1 6 > 1 7 j ) , and the values of the
potential were m e a s u r e d in different r eg ions of the
ionosphere [15>16 j .

6. Casting doubts on the poss ibi l i ty of probe
m e a s u r e m e n t s in the ionosphere, A l ' pe r t makes
(pp. 414—415 [ t rans l . p . 793] many far- fe tched a s -
sumptions concerning the physica l p r o p e r t i e s of the
outer ionosphere, namely those based on probe
m e a s u r e m e n t s made with the sa te l l i te OGO-A. and
desc r ibed in the paper of Sagalyn and Smidd.* A c -
cording to the data on the fluxes of posi t ive ions
(Nv) i , the ion densi ty Nj, and the e lec t ron fluxes
( N v ) e (apparently reca lcu la ted to re fe r to the unpe r -
turbed ionosphere) , it is a s sumed that the re is no
quas ineut ra l i ty and an intense e l ec t r i c field Eo

~ 10~2 V / c m exis t s a t d i s tances from 20,000 to
160,0*00 km from the ea r th . In spi te of the fact that
these au thors themse lves , a s follows from ^ , were
unable to obtain information on the e lec t ron densi ty
from the i r own p r i m a r y data .

It is not c l ea r from^1-' how it is poss ib le to d e t e r -
mine the e lec t ron and ion fluxes in the unper turbed
ionosphere from sa te l l i te m e a s u r e m e n t s without in-
formation concerning the sa te l l i t e potential (the d e -
te rmina t ion of which is a s sumed in'-1-' to be i m p o s s i -
ble; see our preceding r e m a r k 5).

7. It is s ta ted in pp. 426-427 [ t rans l . p . 800] that
the re a r e no r igo rous theore t ica l formulas which r e -
late functionally the m e a s u r e d ion c u r r e n t I with Ni,
and that a t a l t i tudes - 2 0 0 0 km the formula frequently
used for V 0 / v i » 1, namely I = SeNiV0 (S—effective

a r e a of the ins t rument , Vo—velocity of space p robe )
is not val id.

Actually, t he re a r e formulas m o r e r igo rous than
those p resen ted in'-1 , which es tab l i sh the connection
between the ion densi ty and the c u r r e n t ! m e a s u r e d in
the ins t rument , with al lowance for the t h e r m a l p r e s -
s u r e of the ions (see, for example, ti5>i6,i8,i9]j*j a n d

which a r e indeed used in the reduct ion of the e x p e r i -
menta l data (for example t l 6 > 2 o : l ) .

We mus t mention again the a l r eady s ta ted fea ture
of the a r t i c l e '-1-' connected with the bias of i ts author
both in the choice of m a t e r i a l included in the rev iew
and in i ts exposit ion.

It is s ta ted in p . 405 [ t rans l . p . 787] that the e x i s t -
ence of the outer ionosphere, up to i ts upper boundary,
as outlined in accordance with modern data, has been
known " long ago from genera l c o n s i d e r a t i o n s , " and
that observat ions of whistl ing a tmosphe r i c s , made in
1953, have demons t ra ted that N ~ 400—600 c m " 3 a t
a l t i tudes - 1 2 500 km (the figure 18 000—19 000 km
given in the a r t i c l e is w r o n g ) . Therefore , the fact
es tabl i shed in 1959 that the ionosphere extends to
d is tances up to —20 000 km from the e a r t h ' s s u r -
face '-22'23^ did not introduce, as it were , any changes
in the notions concerning the upper boundary of the
ionosphere .

Actually, some p a p e r s published p r i o r to 1959 (for
example ,^ 2 " and ) and cited in'-1 , contain s t a t e -
men t s to the effect that the re ex i s t s an extensive
ionosphere (which according to ^2i' r e a c h e s d i s tances
up to (8—9)R0 from the e a r t h ) . These , however, did
not contain the n e c e s s a r y exper imenta l proof of the
exis tence of such an ionosphere, and the quanti tat ive
c h a r a c t e r i s t i c s c la imed for it we re i n c o r r e c t . It
should be noted that if the boundary of the ionosphere
is taken to mean the region in which the concen t r a -
tion of the ionospher ic p a r t i c l e s is equal to the con-
centra t ion of the i n t e rp l ane t a ry -p l a sma pa r t i c l e s ,
then t he re can be no word a t a l l of a c o r r e c t d e t e r -
minat ion of the posi t ion of the l imi t of the ionosphere
and quanti tat ive c h a r a c t e r i s t i c s of the pe r iphe ra l
region of the ionosphere before 1959, for until the
m e a s u r e m e n t s made with the f i r s t space rocke t s the
fluxes and the concentra t ions of the charged p a r t i c l e s
in the in te rp lane tary space were exaggera ted by
2—3 o r d e r s of magnitude (this is seen, for example,
from •'). In pa r t i cu la r , in A l ' p e r t s pape r s , dating to
1958 (for e x a m p l e [ 2 6 ] ) , the height of the boundary of
the ionosphere was es t ima ted at 2000—3000 km, from
which it follows that in 1958 Al ' pe r t had nei ther a
p r i o r i concepts nor exper imenta l information c o n c e r n -
ing a m o r e extended ionosphere .

We m u s t dwell on the manner in which Soviet e x -
pe r imen ta l work on the ou te rmos t p a r t of the iono-
sphe re a r e t r ea ted in A l ' p e r t ' s r ev iew. In plotting

*Unfortunately, the reference to this paper (R. C. Saglyn and
M. Smiddy, Preprint, 1965) is given in ['] without indicating the
name of the paper and the proposed publication journal.

*Since Al'pert is the co-author of [19], it is all the more strange
that he does not mention these formulas.
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(Fig. 1) a summary review of the altitude variation
of the ion concentration, taken from '•27-' and obtained
in 1959, Al'pert does not mention the fact that inC27]

itself notice was taken of both the unconditional r e -
liability of the bend of the upper part of the curve of
the altitude variation of the concentration, and of the
fact that the values of the concentration pertaining to
altitudes 2000—15 000 km are only the lower limits
of its possible values, since the recorded ion currents
could be greatly underestimated.

The question of the possible causes of the differ-
ence between the ion-concentration curve given in '•27-'
and the data obtained later (including the data by V. V.
Bezrukikh and K. I. Gringauz on the satellite
Elektron-2) was considered in123-1, which presents
besides a possible methodological cause also con-
siderations, first advanced by ObajashiC28], connected
with the fact that the data obtained with the space
ship Luna-2 [ 2 7 j pertain to higher latitudes than the
later results. This argument, presented in^2 , and
also data obtained with Elektron-2 and published in
the same paper *-23\ are not mentioned at all in'-1-',
although Al'pert could not be unaware of them, since
he was one of the editors of the book in which ^23-' was
published. Al'pert 's bias in this case is perfectly
obvious.

The list of the e r rors in the review ^ could be
expanded. For example, on p . 409 [transl. p. 789] the
boundary of the ionosphere is defined as "the region
of formation of the knee" (as is well known, the
"knee" is not always observed, see, for example,'-29-',
and consequently, according to Al'pert, the iono-
sphere has no boundary in such cases); on p. 415
[transl. p. 793] there is an error in the normalization
of the distribution function, etc. We consider it un-
advisable, however, to increase the size of the p re s -
ent note, since, in our opinion, both the scientific
level and the degree of objectivity of'-1-' are obvious
from the examples considered above.

Note: After this letter was sent to the editor of Usp. Fiz. Nauk,
the authors have learned of one later paper by Ya. L. Alpert, this
time published in a foreign journal [*°], which differs from ['] only
in small details. In particular, it makes no mention of the work by
the Gorkii radiophysicists on the ionosphere inhomogeneities, and
indicates that the inhomogeneity-size spectrum shown in Fig. 15
of [30] (Fig. 15 of [']) was obtained by Alpert and his co-workers
in ["]. We note that Fig. 15 of [30] is not contained in ["]. All
other errors of ['] are fully repeated in [30].

A second publication of this article, whose contents was
briefly analyzed above makes it particularly important, in our
opinion, that it be properly judged.
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