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A description is given of results from a determination of electron density fluctuations obtained 
by measuring the "turbidity coefficient" of the ionosphere and the energy scattered at very 
high frequencies. The linear dimensions ~ of inhomogeneities at ,.., 80 km, which are effective 
in uhf scattering, were also determined. The formulas employed were based on an expression 
for the scattering cross section a which was obtained with the auto correlation coefficient 
p(r),.., exp{- (r /~) 2}. The author concludes that when the ionosphere is sounded at frequencies 
below the critical frequency, the received signal comprises in addition to the "specularly" 
reflected wave also waves which are principally scattered forward and latter reflected at 
higher ionospheric levels. In oblique distant uhf transmission through the ionosphere scatter­
ing from inhomogeneities of optimum size makes the largest contribution. 

1. INTRODUCTION 

JT is known that one of the principal characteristics of the"calm"unperturbed ionosphere is its "statisti­
cal inhomogeneity," the mechanisms of which are still unknown.1•2 It has been argued that turbulence and 
in some instances plasma oscillations and waves participate in these processes. However, all such dis­
cussions are of a very tentative nature since the theory of the phenomena is still relatively undeveloped. 
There is also very little reliable experimental information available to serve as a basis for any theoret­
ical model. 

Up to the present time the following parameters have been determined experimentally: 
1. The ranges of linear dimensions ~s of the inhomogeneities, principally at altitudes z z 100-120 

km and Z 250 - 350 km. From experiments with vertical sounding of the ionosphere the most frequently 
encountered values are ~ 0 ,.., 200-300 m. 

2. The ranges of random velocities vs of the inhomogeneities; the values v0 ,.., 1-3m/sec have 
been obtained. 
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3. The horizontal drift velocities u; at z ...., 80-120 km Uo ...., 70 m/sec, and at z ...., 250-350 km 
u0 ...., 100 m/sec,* with 

(dUo/dz) 1oo _ 130 km...., 3.4 m/sec/km 

and 

(dUo/dz) 250 _ 500 km...., 1 m/sec/km. 

4. The ranges of the angles e of scattered waves, for which the values e0 ...., 2- 5o were obtained 
5. The degree of turbulence of the ionosphere {3 ~ = ~/~a~, which is the ratio between the energy of a 

specularly reflected wave and the total energy of scattered waves; the values {3 0 ...., 2 - 4 were obtained. 
However, there has thus far been an absence of data on the fluctuations of electron density in the 

inhomogeneities, which are represented by the quantity (t.N/N) 2 = (liN)2• It is quite evident that without 
knowledge of liN it is :impossible to obtain a complete physical picture of the effects under discussion. 
In particular, it is not possible to make calculations for uhf transmission to great distances, which has 
attracted much attention in recent years. 

Some methods are described below for determining liN and in some instances ~, and the experimental 
values are given. 

It is shown that the previously accepted picture of scattering in the ionosphere must be changed in 
some instances. Thus the random oscillations detected in vertical sounding of the ionosphere below the 
critical frequency do not result from backward scattering (with e ...., 0), as has hitherto been supposed, 
but principally from forward scattered waves ( fJ ...., 0) which are subsequently reflected at higher iono­
spheric levels. This produces, in particular, the narrow angular spread of the waves which is observed 
experimentally. In oblique distant uhf transmission inhomogeneities of optimum size are the most impor­
tant factor in the scattering rather than the angle function sin -n( fJ /2) which is usually analyzed in the 
literature. Calculations and measurements are brought into agreement when this fact is taken into account. 

The discrepancy found in the literature between the experimental results and the calculations is also 
apparently a result of improper utilization of the various ionospheric parameters. 

When the entire set of the above -mentioned parameters is examined it is a striking fact that they change 
very little from the beginning of the ionosphere to the region of maximum ionization, despite the fact that 
the density of neutral particles and accordingly the mean free path changes by a factor of approximately 
105 -106, the electron concentration by 103 - 104 and the temperature by 5 - 7. It is therefore very impor­
tant that further experiments should include a detailed investigation of the altitude dependence of these 
parameters. At the end of this paper certain "dimensional" formulas of the theory of turbulence are used 
to estimate the quantities under investigation. In a number of instances the estimates agree with the 
measurements, but for a number of reasons this is insufficient for the drawing of any conclusions. 

2. DEDUCTION AND ANALYSIS OF THEORETICAL FORMULAS 

(a) Effective Scattering Cross Section 

We assume that the inhomogeneous medium V is characterized by any irregular function t.E represent­
ing the departure of the dielectric constant from its average value E, and that the linear dimensions of V 
are large compared with the scale~ of an inhomogeneity.t Thenthecomplexenergydensityofthesecondary 
field of volume dipoles excited by the incident wave Eo exp {i(wt- kRo)} is at the point of observation 

c • cV~ k• \\ • E0E~sin<jJ-sin<j." . , , , 
t,-;t(EH) =-41< (47t)• ~ ~ (~s) (~s') .. RR' exp {-tk[(R-R )+ (R0 -Ro)]}dVdV, ( 1) 

where the notation can be understood from Fig. 1, k = 2rr/""A, primes denote the values of quantities at the 
point P' located a distance r from the point P, and asterisks denote complex conjugates. 

Equation (1) is usually calculated as follows. We separate in the double integral 

~ (~s) (l\s')*dV = (~s) (~s')*, ( 2) 

v 

*The largest inhomogeneities with velocities Uo ,..., 200-300 m/sec are evidently to be observed when 
the ionosphere is in a perturbed state. 

tOf course, E can itself be a function of position in the medium. 
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which is the autocorrelation function of ~E. Since for the ionosphere a good approximation of the correla­
tion coefficient, especially according to experimental data on short waves, 1•5 is given by p(r) ~ exp 
(-r2/;2), Eq. (2) can be written as 

Transmitting 
point 

dV 

~ (~e) (~e')* dV = V ~E2 e-r'i~', 
v 

( 3) 

Receiving 
point 

When ( 3) is substituted in ( 1) we find that the integrand in 
( 1) decreases rapidly, so that the integral is effectively con­
tained within distances r amounting to a few lengths ; . 
Therefore, since R and ~ are usually considerably 
greater than ; , it can be assumed that the factor 

E0E~ sin <ji sin <Ji' I RR' = E~ sin2 ·~I R2 

in the integrand is almost unchanged within a radius of a 
few ; , so that it can be removed from under the integral sign, 
after which the limits of integration can be extended to infin­
ity. The calculation of the effective part of the energy Pr 
[the real part of ( 1)} at the receiving point gives after a few 
transformations 

cV~(E~k~sin2 o1J) 2 Vlle2 
00
\ ( 6) p - __ • e-r'l~' r sin 2k sin - 2 r dr,l 

r - 4rrR 2 4rr 2k0 sin (8 I 2) 
0 (4) 

FIG. 1. The geometry underlying the 
If we now introduce the scattering cross section of the 

calculation of the scattering cross section. 
medium, defined as the ratio of the energy Ps scattered by 

unit volume into unit solid angle to the energy Po of the incident wave, i.e., assuming 

Psi Po= cr, ( 5) 

with 

using for the ionosphere the formula 

e = 1 - 4rrN e2 / mw2 = 1 - w~ , 

and assuming (~N/N)2 = (c5N)2, we obtain from ( 4)* 

a = (oN)2 ( "'~ r ~; ( 2:~ y sin2 <ji exp {- ( 2~~ sin -~-f} . (6) 

We must point out here that the deduction of (6) is evidently based on the assumption that all of the 
physical characteristics of the problem are contained in a. Therefore, when the autocorrelation function 
is known from experiment and a rigorous solution based on the actual mechanism has not been obtained, 
the accuracy of the calculation of the scattered energy depends on the accuracy of the approximation for 
the autocorrelation coefficient. 

An examination of (6) shows that when UA. > 1 energy is scattered predominantly at the angle given by 

sin (6 I 2) ~'A I 2rr~. ( 7) 

Thus when forward-scattered waves, for which e ~ 0, can reach the receiving point the field energy at the 
point of reception is determined mainly by scattering from the largest inhomogeneities in the medium, in 
which case the smallest possible value of the angular range is obtained. In lateral scattering, when waves 
can be received only in a definite given direction 0 the optimum size of the inhomogeneities, scattering 
from which provides the largest part of the received energy, is determined by the equation da /d; = 0, 
which gives 

*Equation (6) differs from the corresponding formula derived by Pekeris, 3 which was subsequently 
used by Booker and Gordon4 because in these two references p (r) ~ e -r I; (see also footnote marked* 
on page 174). 
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~m = (y3j2 V~ 7:)1) sin (B /2). (7a) 

Furthermore, if we remember that the fluctuations of electron density t..N must increase with N so 
that c5N2 does not vary much as N changes, we obtain a ~ w~ ~ N2• Therefore if the range of sizes of 

Maximum N(z) ---------

FIG. 2. The geometry 
for the calculation of the 
energy scattered during 
vertical sounding of the 
ionosphere. 

inhomogeneities is identical in different ionospheric regions the scattered 
energy increases in proportion to N2• 

We shall now for two kinds of experiments consider what possibilities 
exist for determining the parameters of the ionosphere from measurements 
of the energy in scattered waves. 

(b) Vertical Sounding of The Ionosphere 

We shall assume as a basic fact that in vertical sounding of a "calm 
ionosphere"1 the angular spread of the received waves is narrow. The calcula­
tions are considerably simplified as a result. Indeed, an element of the scat­
tering volume can be taken to be dV ::::: 1r( ze0/2) 2dz so that the received energy 
at the observation point is 

62 Zr 

Pr = ~p0crdV = 7t4° ~ p0 crz2dz= ~a~; (8) 
v z, 

where z0 and zr are, respectively, the heights of the beginning of the layer 
and the point of wave reflection withE = 0 <wk = 1) {Fig. 2). If the dependence 
of the electron concentration is given by a parabolic curve, which is often in good 
agreement with experiment especially for a "quiet ionosphere," we have 

( 9) 

where zm is the half-thickness of the parabolic layer and We is its critical frequency. 
We now assume on the basis of the foregoing considerations that e0 ~ A./271'~ [see (7)], that is, we shall 

take into account only a forward beam, since ~ 0 »A.. If e0 is almost constant over the entire path of the 
wave the exponential term in (6)* is everywhere of the order e-1 • Furthermore, since damping is neg­
lected here, Po= Pt/4rrz2 (Pt is the radiating power of the source) and the energy of a specularly re­
flected wave is given by a~ = Pt/16rrz~. We have f1nally 

( 10) 
z, 

or after calculations in which ( c5N)2 is taken outside of the integral sign we obtain 

4 A4 
(oN)2- _e_ c ' 

- 7t V;t ~ozmA• (a+ i- m0 )2 ~~M (a, m0 ) 

M =a~~ ~0m0 {4oc (oc + 1) (oc + 2) + 2 (1- m0) (oc + 1) (oc + 2) 

- { (1- m0) 2 (oc + 3) + (i-3 mo)3
}- 4oc (oc + 1) (oc + 2) In ( 1 + i-:-mo). 

wheret 

( 11) 

( 12) 

Thus when the values of the parameters in ( 11) are known it is possible to determine experimentally the 
fluctuations of electron density in the reflecting region of the ionosphere. Since ( 10) depends principally 
on the upper limit of zr, oN frequently characterizes a region of relatively small thickness ~z adjacent 
to the point Zr. 

It must be kept in mind that here as throughout this paper the dependence of wavelength on height is 
. not taken into account. This will be done in a separate paper. 

*For waves scattered backward we obtain under actual conditions ~ e - 40 - e - 50, that is, negligibly small 
values of Pr. 

tWe note that for real ionospheric parameters ( 12) is the difference between two approximately equal 
quantities, so that the numerical work must be very accurate. 
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(c) Oblique Propagation 

When scattered waves are received at the angle e to the incident wave at frequencies for which the 
ionosphere is transparent, and especially at very high frequencies, the energy Pr at the observation point 
is calculated as follows. In such experiments directional antennas are usually employed. When the receiv­
ing and transmitting antennas have identical directional characteristics f (a, y) (where a andy are angles 
measured in the vertical and horizontal planes, respectively) and their maxima are in the direction of the 
midpoint of the scattering region (Fig. 3), the received energy Pr scattered by an elementary volume dV 
is 

l::iP =a M! dV =a { Ptgo If (a., y) 12 } ~ dV 
r Po r 4n:R~ R2 ' ( 13) 

where !:::.. Qr AVR2 is the solid angle of reception of the antenna, A0 = X..2g0/ 471" is the cross section, g0 

= 471"/JI fl (a, y)l 2dn is its maximum gain and 

-~ 
FIG. 3. The geometry for the calcula­

tion of the energy scattered in oblique 
propagation. 

Po= Ptgo J f (C!:;r) / 2 /47tR~-

Integrating over the entire volume (over the angles a and 
y of the transmitting point and the angles a' and y' of the 
receiving point) we obtain 

-.!!_= g~A2 (('\' crlf(a.,y)l 2 1f(a.',y')i' dV. (14) 
Pt (4n:)' j ~ ~ R2 R' 

X y R 0 

It can easily be seen that ( 14) is a generalization of the 
so-called radar formula. Equation ( 14) can be integrated 
only under certain simplifications which in practice, how­
ever, satisfy the accuracy requirements of such experiments. 

It is customary in such calculations to move the antenna 
directivity functions outside of the integral sign and, depend­
ing on their location with respect to the scattering region g0, 

to replace them with the effective antenna gain g = 47rA/X..2 

(or effective area A) which is calculated for a given antenna. 
Also, when the angles of radiation of the antennas are small 
the integrand is determined principally by the dependence of 
all quantities on z, so that in the integrand we can write the 
values of e, Ro and R along the line 00', which is the axis 
of symmetry of the scattering volume, we can assume that 

R 0da. dz z 
dV= sin(60 j2) RoCOSCI:d'"( 2' Ro~R= sin(6/2) 

and take e0/2 ,...., a (neglecting the spherical shape of the earth). As a result, instead of ( 14) we obtain 

( 15) 

or 

( 16) 

where y1, y2, a 1, a 2 characterize the angular direction of the effective radiation patterns of antennas that 
radiate into the scattering region and 

a (z) = (oN)2 (wN I w) 4 cv~ /8i,) (2r=; I i-)3. 

It is easily seen that the integral over z in ( 16) can be expressed through the integral in ( 10) which 
was calculated above. Therefore, assuming that z1 ~ z0 and z2 ~ z0 + 2zm, we have 

P, g2 ( Wc4) ~(y2 -yJ)('N) 2M( )I . { ( 2n:~sin" 1 )2\ 1 (2n:~sina2 )2} (17) 
~=zqi;t -w- zm '' IX,mo\exp- A 1--exp\-\ A . 

We note that in the calculation of ( 16) it was assumed that Ux.. is independent of z. 
The derivation of ( 17) is based on the inherent assumption that the region which is irradiated by the 

antennas is quite extensive in height and that the waves scattered by the region as a whole make a con-
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siderable contribution to the field at the receiving point, Such conditions regarding the magnitude of 
z2 - z1 are realized, for example, in connection with short waves. But is not known whether the entire 

ionosphere then participates in the scattering. For a number of 
reasons it can be assumed that this is not the case, and the en­
ergy can be calculated more simply by taking the effective scat­
tering region to be very thin. Such conditions are undoubtedly 
realized in the case of very short waves. The solid angles of 
radiation of the antennas used in these experiments are indeed 
very small, as are the dimensions of V, so that we can take 

FIG. 4. The geometry underlying 
energy calculations at ultra high fre-

a ~ const, R0 ~ R and then write (see Fig. 4) 

R~ t.O Rzi,2L1z 
quencies. V = ---~z = ----

sin (6/ 2) A sm (tl 1 ::!) 

which by utilizing ( 14} gives 
F v- 4 3 
_r = (0N)2 ___2:._ ( "'N) ( 2"'~ J 
P1 8). w , A i 

AM exp {- ( 2~~ sin _62-1/,z} . 
R~sin(6/2) " ( 18) 

It is easily seen that ( 18) enables us to determine c'lN and ~. Thus, for example, when Pr is measured 
at different distances and fixed frequencies subject to the assumption that under the experimental condi­
tions (<'iN) 2, ( wNI w) and ~ remain unchanged, we obtain for the ratio of the energies at different points 

(P rh _ Ri sin (6, I 2) f "' 2 r . 2 62 • 2 e, ) } 
(Prh - R~ sin(6.;2) exp \-k·:; \sm -z-s!D 2 , ( 19) 

in which only~ is unknown. It is similarly possible to determine ~ from measurements of P for differ­
ent frequencies at a single point. Furthermore, from a knowledge of~ and the other parameters of the 
ionosphere which characterize the experiments ( c5N)2 can be determined from ( 18) by measuring Pr at 
different distances and frequencies. 

A corresponding analysis of the experimental results is given below. 

3. ANALYSIS OF THE EXPERIMENTAL RESULTS. VALUES OF c'lN AND~ 

(a) Vertical Sounding of the Ionosphere 

The method described in Refs. 1 and 6 has been used to determine the coefficient of turbidity {3 under 
various conditions. A eomplete analysis of the data would proceed as follows. For each value of f3s, c'lNs 
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must be calculated from (11), using in each instance the indi­
vidual values of z0, zm, w, we and ~s· It is thus possible to ob­
tain distribution curves and the dependence of c'lN on height and 
to investigate their variation under different conditions. Such a 
detailed treatment of the experimental results will be the subject 
of a special paper. Here we are primarily interested in deter­
mining c'lN from the measurements of {3. For this purpose we 
shall make use of the theoretical curves of {f3~ (c5N)2} (Figs . 
5, 6) which were calculated according to ( 11) and ( 12) for a 
number of characteristic parameters of the different iono­
spheric regions, and we shall also use all of the measurements 
of {3 (Fig. 7). 

FIG. 5. Theoretical dependence of ( {30 c5N)2 on A.c/A. for the F 
layer of the ionosphere with ~ 0 = 200 m and z 0 = 250 km. Curves 
1 and 2 correspond to Zm = 100 km and A. c = 50 m and 25 m; 
curves 3 and 4 correspond to Zm = 200 km and the same values 
of A.c· 
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ltiJ.'-:-LI ..l_l......c_.J_J__j_j.,-L-.L...L__J_L..L..l_l_J._.L_j_J 

~ & w 
Ac/ }._ 

FIG. 6. Theoretical depend­
ence of ({3 0 <5N)2 on A.0 /A. for the 
E layer of the ionosphere with 
; 0 = 200m and z0 = 110 km. 
Curves 1 and 2 correspond to 
zm = 10 km and A. 0 = 100m and 
75 m; curves 3 and 4 correspond 
to Zm = 20 km and the same val­
ues of A.0 • 

The distribution curve of (3 in Fig. 7 was plotted from extensive 
diurnal and seasonal measurements for the F2 region of the iono­
sphere (z,..., 250-400 km). These data correspond mainly to condi­
tions under which w was ( 0.8- 0.9) w0 and doublets of magnetically 
split signals were observed, so that the experimental results were of 
the required clarity. Fig. 7 shows that most frequency (30 ,..., 2- 4 so 
that, taking ; ::::: 300 m, we obtain from the curves of Fig. 5 

rJJ 

= 0) 
;. 
0) .... 
0 

0 z 

8N ~ (0.3- I) .IQ-2 ( 20) 

6 8 !OIZ 

f3 

FIG. 7. Distribution of 
values of the turbidity 
coefficient (3. 

and similarly for the E region 
( z ,..., 100 - 130 km) 

8N ~(I-+- 4). 10-2. ( 20') 

(b) Measurements at Very High 
Frequencies 

The experimental results at 
very high frequencies are collected 
in Table 1. The measurements 
were made at noon when the 
"ionospheric" field component due 

to scattering clearly exceeds the "meteoric" component. 
From the tabulated data we obtain by means of (19) 

; = 6.2 m; 6.9 m; 8.0 m; 4.8 m; 5.6 m. (21) 

The theoretical optimum values of ;mare [see (7a)] 

;m =10m; 5.8 m; 2.7 m. (22) 

Thus from experiment and calculation we obtain as an average 

; :::::6 m. (23) 

TABLE I. Measurements at various frequencies f and 
distances d. 

Since the scattering of very short 
waves during the day takes place at 

d, = 491 km 
d, = 592 " 
d, = 811 , 

{, = 27.775 Me 
{, -49.8 " 
f, = 107.8 " 

f, = 27.775 Me 
f, = 49.a " 
f, = 107.8 , 

f = 49.8 Me (Fig. 16 of Ref. 7) 

e~ = 19° 
e,,{ = 16.4° 
e '= 13° •;, 

(P ,), : (P ,), = 4.8 and 7.6 
(P ,), : (P ,), = 5.3 

d = 1243 km (Fig. 19 of Ref. 7) 

>.., = 10.8 m 

A,= 6 m 

A,= 2.78 m 

(P,),: (P,), = 69.(50) 
(P ,), : (P ,), = 1580.(2240) 

d = 1243 km (Figs. 8, 9 of Ref. 7) 

E = 28 db (34.5 db) (P,), = 2. 7 X 10-13 w 

E = 17" (16 ") (P,), = 2.1-x 10..,• • 
E-7 "(-12.15"')(P,),=2.1x10-16 " 

(In db above I J.LV; 1 J.LV corresponds to 4.2 x 10-16 w). 

z ~ 80 km,8 our results suggest the pres­
ence at this level of inhomogeneous 
blobs of electrons a few meters in extent, 
which are able to scatter such wave­
lengths. If it is assumed, furthermore, 
on the basis of various experimental 
findings, that at this altitude N ~ 5 
x 102 and we select Az ~ 10 km, it fol­
lows directly from Table 1 [see (18)] that 

oN ~(O.l _,_ 1.3). IO-z, (24) 

which is close to the values calculated 
above for the highest altitudes, 

These results are evidently in agree­
ment with the f<;>regoing hypothesis that 
the principal factor which affects scat­
tering is the size of the inhomogeneities 
and that a wave "selects" a region con­
taining the optimum size. This may fur­

nish an explanation of the fact that in the experiments with very short waves scattering occurred in a 
lower part of the ionosphere rather than at 100 -110 km, to which height most of the energy was radiated. 
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If this explanation is not accepted and, as in Ref. 9, we take s ~ 200 m, we must still account for the fact 
mentioned above and also explain why very short waves are not scattered mainly at still higher altitudes 
where the inhomogeneity size is s ~ 200 - 300 m with the electron concentration increasing by a factor 
of about 103, so that the scattered energy should increase by 106.* 

For the purpose of clearing up these questions it would be particularly interesting to perform similar 
investigations with short waves, accompanied by measurements of the scattering altitude and by altitude 
sounding of the ionosphere in a range including low frequencies and providing the needed information 
concerning N(z). Such complete experiments could, in particular, furnish very important information 
concerning the relation between inhomogeneity size and altitude. 

4. CONCLUSIONS 

It is well to take note of a number of relationships observed in the present work as well as of previ­
ously known facts whieh can be of importance for theoretical investigations of the mechanisms involved 
in the statistical inhomogeneities of the ionosphere. 

First, it is well known that from the bottom of the ionosphere ( z ~ 80 km) to the height of maximum 
ionization ( z ~ 350 - 4,00 km) the electron concentration N changes by a factor of 103 - 104, and that the 
density of neutral particles and the corresponding mean free path changes by 105 - 106, while the tempera­
ture changes by a factor of 7 to 8. Also, according to the data obtained here the fluctuations of the elec­
tron density <'>N as well as the known values of inhomogeneity size so and random velocity v0 evidently 
change very little with height. t This is a striking fact which at first glance seems incomprehensible. 

Secondly, in vertical sounding of the ionosphere, when the transmitting and receiving points coincide, 
most of the received field must result from scattering by the largest inhomogeneities. Therefore the 
most frequent experimental values s ~ 200 - 300 m for heights of 100- 300 km and higher must be char­
acteristic of the largest inhomogeneities. In addition, estimates of the sizes of small-scale eddies, plasma 
wavelengths, and the mean free path lead to the conclusion that inhomogeneity sizes of 200-300 m would 
be "forbidden" above 200- 250 km, which is also unexpected and difficult to understand. 

Further, the velocity u0 of horizontal drift in the ionosphere between z ~ 80 -130 km and z ~ 300 km 
evidently changes from u0 ~ 70 m/sec to ~ 100 m/sec. The velocity gradients du0/dz at these altitudes 
are, respectively, about + 3.4 m/sec per km and + 1 m/sec per km, and if their values were of the same 
order of magnitude over the entire range of heights, then at z ~ 300 km u0 would be 400-500 m/sec or 
greater, which does not correspond to reality. It is thus suggested that the velocity gradient has the in­
dicated values only in limited altitude ranges, i.e., there are very narrow local regions with active wind 
development and large gradients together with extensive relatively windless regions, or tbat the sign of 
duo/dz changes with altitude. If such conditions exist in the ionosphere the retardation at the "walls" of 
these regions could under certain circumstances result in turbulent streams of particles. 

If thus appears that at the present time the picture of these effects is complicated and obscure. We 
still have no theoretical basis for a profound analysis using definite mechanisms. Since, however, there 
exists a certain tendency, just as in the case of other similar phenomena, to ascribe these effects to tur­
bulence, we shall briefly summarize estimates based on formulas derived in the theory of turbulence from 
similarity considerations .12 

It must first of all be understood that the utilization of formulas from the theory of turbulence for the 

*We note here that in Refs. 9 and 10, in addition to the unjustified choice s ~ 200 m, values of N ~ 2 
- 5 x 104 are used, which correspond to the electron concentration of the E or sporadic E layer, 
although the experiments themselves yield values of Z below the heights of E and Esporadic· It is also 
appropriate to point out that when s is determined from the experimental data by the method described in 
this section and the Booker-Gordon formula4, imaginary values of s are obtained. We recall also that the 
formula for the autocorrelation coefficient p(r) ~ e-r/s which is the basis for the deduction of r:r in Refs. 
3 and 4 is known to lead to fundamental contradictions because of the finite value of the derivative dp/dr 
at r == 0, with a corresponding discontinuity of the dielectric constant at this point. 

tit must be remembered that in all of the papers in which s 0, v0, and f3o were determined the altitude 
dependence of wavelength in the ionosphere was not taken into account. A proper review of these values 
would require some modification of the familiar methods of determining these quantities. It is not known 
what changes would result. The auther is now investigating these questions. 
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purpose of calculating the properties of inhomogeneous blobs of electrons is in itself not legitimate. These 
formulas were derived for media consisting of neutral particles so that without a special analysis they can 
certainly not be applied, especially to calculations for a highly rarefied plasma. This problem can only be 
solved by a study of electron motion in a turbulent flow; thus far this has not been done. 

It is known that the microscale Ls and velocity change ~us of eddies are given by 

(25) 

where Re = ~u0L0/v is the Reynolds number, L 0 is the thickness and ~u0 is the change in laminar velo­
city of the turbulent flow, and v is the kinematic viscosity. 

We can also add the formula 

(26) 

which is obtained for homogeneous isotropic turbulent flow based on 

( 27) 

where ~Ps represents the pressure fluctuation of the inhomogeneities, p is the density of the medium and 
v~ is the root mean square particle velocity; it is assumed that ~PsiP"' ~PsiP "'~Ns/N = c5Ns. 

We now assume that L0 is commensurate with the thicknesses of the layers and that ~u0 has two possi­
ble values: the first of these values corresponds to the velocity u0 of horizontal drift, and the second to 
the assumed change in u0 given by ~u0 = (du0/dz) ~z. Then from (25) and (26) there are obtained the val­
ues of Ls, ~us and c5Ns listed in Table 2. 

Table 2 shows, first, that the Reynolds number is generally quite large; this is usually a criterion of 
turbulence. But it is not known whether this criterion is valid for the ionosphere and what is "large" in 
this instance. It is therefore hardly possible to draw any conclusions from these values. 

Secondly, up to the height z ::::: 200 km the values of Ls and ~us corresponding to the minimum (!) 
size of small-scale inhomogeneities are close to the experimental values of ~ 0 and v0, but at greater 
heights there is strong divergence. 

~ 
~ 
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80 

100 

200 

300 

TABLE II 

E\~ I 
s\& Ll.u,~ tl~:~ I ~ Re s sec 

',::;.. J .; 
<l 

400 5 70 4-105 3.5 
400 5 18 2-103 2.6 
400 5 70 2-104 7 
400 5 18 102 5 

1000 30 100 50-400 60 
1000 30 30 15 15 
1300 100 200 10-80 70-100 
1300 100 100 5 70 

Ls, m 

4 
15 
5 

140 
160-1600 

4-103 

(4-18)-103 

30-103 

G> 

~ 

< ·o 

G 
0.8 
3 
4 
3 
2 

40 
90 

And, finally, the electron density fluctuations (c5Ns)2 

are everywhere approximately 103 - 104 times smaller 
than the experimental values obtained above. If, however, 
it is assumed that the change of electron density I ~Nsl 
"' I dN/dzl Ls, thus resulting from the altitude gradient 
of the electron density, there is obtained for all hej.ghts 

(8N)s=~ I 6.Ns I IN~ (I ~3) 10-3 , 

which is in close agreement with the results obtained above. 
It must again be emphasized that although estimates of 

the ionospheric parameters based on turbulence concepts 
are in some instances consistent with other data, any 
conclusions based on this fact would be premature. 
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