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In July and September, 1975 at middle latitudes of the 

Europe~ part of the USSR the complex measurements of the 

electron density and collision frequency were carried out at 

solar{ienith angles 69° and 67°. The .density was measured by 

the dispersion interferometer method on the rocket of "Verti

cal" series (including "Vertical-Ju according to Intercosmos 

program). Simult~cously the vertical sounding and polariza

tion measurements of the radiowa.ve absorption at ten frequen

cies were also performed. In results of the joint processinG 

of the graund-based and rocket data the profiles of the elec

tron collision frequency were deterniined. The colnparison of 

results of measurements with theoretical profiles is presented. 



1. Introduction 

The complex ground-based and rocket experiments were 

carried o~t to compare different methods .:for the measuring 

of the .vertical variation of ionospheric parameters and to 

work out reQoruendations for ground~based methods • .... 

Electron density profiles, n.e("-) were measured in the 

height range 80 + 500 km and effective electron collision 

frequencies were determined in the imler ionosphere. 

The electron density ne and the collision :frequency 
0 v 

~e in the ionosphere are two o:f' mpt important parameters 

of the upper atmosphere .from point o:f' view o:f' physical and 

chemical processes as well as :from point of view of applied ,. 

problems. However, while ne(k)- profiles were repeatedly mea-

sured by different means, the reliable measurements of 'Ve(h) 

were likely performed only at h "- 100 km oainly by rocket 

methods. At > 100 km and especially at h> 150 + 170 km 

the main data on Ve were obtained. by the well~known method 

by Appleton [ 1] in which some mean frequency ~e is deter

mined from the radiowave absorption r.1easured by A1-method 

or a modification of this method (see the review in [ 2] ). 

It is dif:f~cult to make direct rocket measurements of ~e at 

these heights owing to low values of ·ve .and in any cese 
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such measurements are unknown to authors of the present paper. 

\/ The method by Appleton also has certain short--comings [ J J • 
Recently methods for the determination of Ve(h)-pro

filea ·are developed on the base of multifrequency measurements 

of the radiowave absorption and from vertical sounding iono

grams [4] • These measurements at present s eem to be the only 

ef'fectiv.e way to determine ~e in the F-region. The main short-· 

comine of such measurements is some uncertainty of the ne(h)-
0 

profile~calculated from ionograms with taking into account of 

the interlayer ioniz.ation (the valley) betv1een E and F 
region of the ionosphere~ That is why the measurements of 

"Ve0t}- profiles are of r;reat importance durin{; rocket measure

;:1ents of ne(h) ' when ne(h)- profile and, in particular, the . 

ionization in velley is measured sufficiently reliable~ Such 

o complex measul~ements were already performed at rocket launch-

However, the performance of such experiments presents 

certain difficulties. In the main the difficulties are due.;. 

t@ til@ U@QQf.l§4 t~· te meg,§Y;P.§ the .t:'et'leotioD Qoeffieient fl'orn 

F e'Jf~~.ifm, b@§~. d~f!l 'line m~u~fjYJ.'leuunl ·tr; by the \UHt@.l method ~t en~ 

fre~uency do not give satisfactory results. Therefore it is 

¥HH#~§~ar~ to tl.:iH~, fi.r:; t ~ mu.l ti!.requ.ancy measu.rements and, 

s econd, pOlarizat.ion ones as only in this case one can be 

<: e r: t ;:~.i:n Uu:i. t; · in the frequency· J.'ange J+6 Uc the interaction of 

~..~ :i. glu.tls of both r :tS.f;l'H~t.oionic components is. absent which leads 

to the dir:1tort:lon of resul "liS o:f radiowave absorp·tion measure

lll1'3.nts, .Dif.ficulties arise also in the interpretation of obtain• 

ed .rEu::.ul ·t,r.., becaWHJ ·the absorption r.1easu.rements for the total 

removal of the influence of the long;_termed fading are usually 



.. 

5 

performed during about: 90· min while the rocke-t meuurem~t o:r· 

the ne<h}-profile is performed much more_ qtu.cklJe llocreov!!r, a 

non-a1aa.tionari ty of the ionosphere in the ·period ·o:r the lelUleh-
c 

ing may be considerable and irregl.llar through the frequ:ency 

range, In the described experiment the majority of the :Jiienti(;)'J.\,.... 

ed difficulties was overeomed and 'Ve(h)-profiles were obt-&i~P~ 

at heights from 100 km to the F -region ·maximum • 

The rii'liability estimation for the method of tran$f'orrna-. 

tion ionograms into ne(h.) -profile is also of co~:iderable -~ 

terest. Having the rocket neth.) -profile and the data from t .he 

ionospheric sounder located near the rocket . take-off one can 
. ea.Sily make Stich an estimation [ 6] • 

. . 

2. Coridi tiona of the exp.eriment 

The complex measurements were performed at middle lati

tudes of turopean part of the USSR during the flight of two 

geophysical rockets up to heights about 500 km conducted on 

July, 15 and September, 2, 1975 at sol~r zenith angles 69° and 
lo• 

67°· respectively. ne(h) -profiles were measured by the dis::per-

sion radiointer:ferometer method at frequencies 144 and 48 Me 

[ 7] and were also calculated :from. the ionosond dat~. 'Ye{h)· 

profiles were determined from the data of 0 -com~onent absor

ption measured by A1-metbod at ten fixed freque:ne'ies in the 

range i + 7 Me [ 8 ] • 

~ The interferometer receiver was located n:ca~ the rocket 

take-off', the ionospheric sounder was at the distance about 

40 km :fro~ the rocket take-off in such a way that the retlee• 
.. 

tion of the 0 -component occured near the rocket trajectory. 

To estimate a typicalness of the conditions in the ionospbe_re 
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during launchings of .rockets t he ground-based measurements· 

were conducted several days before and after the rocket launc~-:

ings. The rocket ne(h)- profiles were obtained in the height 

range 80 ·• . 480 km during both experiments at the rocket d·es-

cent. 

For determining of the r eflection coefficients reflect

ed pulses amplitudes continiot~ registration was pertormed 

at 'ten frequencies by means of pulse sounding device. Then 

valueslof amplitudes were averaged over 2.5 min intervals. 

In this case at ten frequencies at which the radiowave absor

ption was measur~,P. ("knot" frequencies) the effective height 

was registered more exactly by means of the electronic alti-· 

meter and this gave the possibility to exclude errors inherent 

to the usual ionograms. Polarization ionograms in the period 

of measurements were r egistered one every 5 min. 

J. Calculation of ~(h)-profiles from 

ionograms 

In the used method of tbene(h} -profile calculation 

(from the base of the ionos phere up to the height of the 

ionization maximum) :f'rom the vertical sounding data the moa1. 

sui table sources of t .he addi t ional in:f'ormation are taken 

for the given height range at different stage of the calcula-

tion. 

At the first stage t he calculation is made of the lowet 

ionization ( ]) -layer and the base of F -layer) from the 

absorption and effective height data, as well as the ioniza

tion correcting in the valley is made from the data of X-com-



ponent ln the ionogram and the calculation of the ionization 

above the valley mainly with the use of 0 -component with taking 
. . t 

into account of the above-determined lower and val~ey ionizati~ 

on. The h-m.a" determination is :made wi tb the use of tbe para

bolic approximation of the ionosp~ere. The r ocket profile wae 

used .only at certain limitation of the valley depth. In ~be 

model ·profile calculation of the lower ionization the modified 

method was employed ( 9] in which the absorption L 2..0 · at the 

fixed frequency near 2 Me was used with the reflection from the 

flat bound~ry of E -layer and several values of effective · 

heights he (j) 
;• . ionization mojlel 

from f~ to this first knot frequency. The 

fte(h)= noeX'p(h- ho)tis used; where ol and 

ho (at neo =100 cm-3) are determined through the minimization 

of the sum of squares of difference between calculated and 

measured values of · he. ( ~) aud L 2..0 which are measured 

and calculated with the use of the model. The height dependence 

Vm (h.) ·in this range is well-known, ~m = kp ( k =7.8•105 

.J(·im2 sec-" and the pressure p model is taken from [1o]). 

All calculations for\~his height range are performed in 

term of the generalized magnetoionic theory (11] • 

For the valley the single-layer approximation of ne (h.) . 
is taken and it is considered that the electron density there 

. not less than 0.9 r~.ern.a" E . Near the F2 maximum, as it was 

mentioned the parabolic approximation of the ionosphere is 

used. Parabolic parameters are determined by two methods. In 

fibst method (1) the conjugation of the parabolas is made by 

the derivative at the boundary of latest reliable recovered 

interval. I~ second method (2) parabolic parameters are deter

mined from the coincidence of the parabola with parts of the 

· ... 
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. ne(h) -profile determined at values(o.s + 0.9)nema"E and 

the known value of ne t11.ti!C E. • 

4• Discussion of o .. btained tle ( ~~ .-p..£._oj'j].es 

In Fig. 1, 2 all main .results of calculations of rte (h) 

profiles obtained during both launchings are presented. Solid 

curves (without circles) are ne(h) -profiles meaHured by U!e 

roc~t interferometer. Curves with blacked circles are monoto-
1' 

nic ne (h) -profiles calculated from the 0 -component of io-

nograms and ·the data on absorption at ~ , =2 Me, Curves with. 

unblacked circles are non-monotonic ne (h.) -profiles calculated 

with taking into account of both magnetoionic components and 

the· absorption at t =2 :Me. Dashed lines, ~ ( f} , are cur

ves obtained just before the rocket launching- Circles indicate 

the location of tbe ionization maximum according to different 

methods of the calcu.lation from ionograrns. On the left from 

each curve the part correspon~ing to the interlayer ionLzation 

is given (in calculation of this part the influence of the 

sporadic Es -layer was taken into account). 

Let LlS consider the ;results of ne (h.) -profiles deter

mination separately for each ionospheric region. 

4.1. D -region and the base of E -layer 

Durinb first and decond rocket launchings the electron 

density measurements were performed :from ne =104cm-3 and 

ne =2•10.3cm-3 respectively (Fig,.1 ~2). That is why model dis

tributions of ne(n) are represented by values of the density 

more than 104cm-3 and 103cm-J. The comparison of model and 

rocket profiles in the height range h ~ 100 Jon shows that 
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d~.t"ing tht' f.i.rat launching the height dif:(~.t·~inoe is on av~rage 

about 1 km. During the .second lau~nching. in the. -height range 

h =87 + 100 km the model ne{h) gives more values· and at 

h.<. 87kin leas ones of ne than those obtained in rocket mea

surements. Maximum height-difference between profiles in the 

range h =87 + 100 km is about 3 km .. At the conjugation- point 

( h.=:: 100 km) of the model t'te (h) and the profile from ionogra.ms 

the height difference is leas than 1 km. 

So the use of the absorption and effective height data 

for the 0 -component leads to better recover)' of the inter

layer ionization profile than the use of both magnetoion com

. ponents ( 12] which are reflected at f -layer. 

4.2 Valley ionization and E -layer 

The ionization drop above the E -layer maximwn was 

insignificant during launchings of both rockets and it is 

well seen in Fig~1, 2. Let us compare profiles for each launch

ing sepa.ra·tely. 

The experiment on July, 15, 1975. Pig.1 shows that the · 

valley in this case is a rectangular plateou about JO km wide 

at which increases of the ionization are observed at two place~ 
I •' 

The lower part, as it follows !rom the ionogram, baa sporadic 

semi-transparent st~~cture. The calculation of the whole ne(hJ

profile (with taking into account of the absorption and X -co~ 
ponent) shows a good agreement with the rocket curve. Particu-

larly it should be noted that the width of the valley was 

found corre_ctly. The difference in the density at the E. -lay

er maximum { h. = 110 km) between results of rocket and ground

based experiments one can explain by the presence of Es-layer!. 



IO 

Really it is impossible to find the difference be~veen regUlar 

and sporadic layers by means of the rocket method while iu tbe 

ionogram this difference is usually seen. However if it is 

taken in. the ne (h) -profile calculation that E.s -layer 

brings in also grou.p de'lays essential in the calc1.1lation of'. 

the upper ionization then 5 as one can see from Fig.1, tbe dif

fe~nce of rocket and calculated curves in the width of the · 

val~ey abruptly ipcreases, i.e. in this type of the calculation 
; 

1.' the width of the valley is d~termined incorrectly- So in re-

sul ts of the comparison of the 1ralley fo:t· ·the . measurements on 

15 July, 1975 one can conclude that, first t the total calcula.-. 
~ 

.tion of ne(h) -profile from vertical sounding ionogramB -With 

taking into account of the absorption and 

gives the results comparable to the rocket data and, second, 

the semi-transparent E s -layer of C. -type does not in-

:fluence on group delays from ·the 

The experiment September, 2~ 1975 (Fig.2). It is seen, 

that the pronounced valley is absent. The analysis of the 

ionogram shows that there were sporadic f-s -layers of C and 

e --r.ypes. However, the Esc -layer is screening one as op-

posed to the layer observed in the preceding experiment. The 

Ese -layer is located below the E -layer maximum. The 

presence of these layers makes dlf'ficult the determination 

of' lo E from the ionogram. In the interpretation of i;he 

ionogram presented in Fig. 2 tbe frequency fl) E value is taken 

to be 2.8 Me based on the s·tuding of the low-frequency enCl. of 

the reflection from the F -1•egJon. During the rocket flight 

considerable changes of the E -layer electron density occured 

in particular, the blanketing frequency of E5 -layer ( ~s-Es ) 
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increased from 2()9 Jl.dc to J~ 1 Me :for 10 mine A slight height 

difference between maxima of two laminations i~ the E. -_region :

equal to 12 lan (according to the rocket cu.rve) is -present-ed 

by two f.s -layers in the ionogram .. These layers are. of f -type; 

with the limiting frequency 2sq5 Me corresponding to the lower 

lamination with ne =9•104cm-.3_ and -type of which ma.xi.mum 

is located by 12 km higher and the limiting frequency is about 

.3·.,0 Me corresponding to · ne =1.15•105cm-.3o The type of the._ 

valley follows also from ne (h) -profile calcula~ions' namely' 

the calcul-ation of the monotonic ne (h.) -profile gives the under

estimation of the ionization height on average by 10 + 15 km 

everywhere aclov.e ·E. maxl9 The calculation of. the nonmonotonic 

t1e(h)-profile without taking into account of sporadic forma

tions gives the results practically coincident with the rocket 

cttrve at h, > ·150 km but naturally in this calculation the 

ionization due to the lamination in the valley is taken into 

account s~>tisf.scto.ril:y. The f ·ull calculation of the ne(ft)-pro-

file wi tb men t ior· ~~d sporadic formations (the picture on the 

left from the mai:tt <;; t:u::-ve ild Fig~2) makes it possible to take 

into account the ionization in the valley in abetter way and 

gives values practically coincident with rocket curve up to 
I 

the F -region maximum~ -

The ionization measurements in -layer and in the 

valley shows: 

a) in the presence of complex laminations it is ~poe-

sible 'tO determine the critical :frequency of the regular 

·E -layer fz•om one rocket curve, 

b)·in the presence of screening :fs -layers the curve 

vii th tak5.ng into. account of tbese layers gives the 
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better agreement with the rocket profile. 

ao ·the analysia Of both ~aunching gives the J?OSSibilit.y 

to mak~ following recomendations for routine calculations o:f 

ne (h..) -profiles from ionograms in the E. -layer, the. valley 

and the _lower part o'f the F -region: 

al the maximum electron den.sity in the E -layer is 

.Q.ete,viQiped from ls Es -va~ues rather than lo Es -values, 

b) in the calculation of the ne (h) -profile above EmaJC in 
' ~ : . 

, the -presence of the screening thick Es -layer it would be 

isound practice to take into account group delays with ~ ;>foE. 

! ~ue to Es • "In the case of the semi-transparent E5 -layer 
... ··· 

: th'e group delays may be ignored. 

· 4• J. The region near the F -maximum 

The height of the . F -region maximum, hma" F , and 

the density in it, ne ma" F , can be determined from the 

ground-based sounding data either by one ·of routine methods 

recommended by the URSI instruction [ 13] , or from thei; ne (h)-. 

profile calculation with the use of the parabolic approxima

tion· .near the maximum. The results ·of the h.ma" determination 

ar~ given i~ Tabl.1. They obtained by different methods during 

rocket :flight under consideration (the numerator - hm.ax- value 

during the launching July, 15, 1975; the denominator - the 

. data corresponding to the launching September, .2, 1975). The 

table show the :follow.ing: 

a) the difference. of hmnx-values calculated :from iono

grams by different methods (see section J) reaches 12·km, 

.. The c:l.itfe.rence between these values of h.ma" F and the rocket 

data· is within 0 • 23 km. Calculations perform{d under the ., 

. asSl.UJlption of a non-monotonous profile with taking into account 
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·~bie •· 1· . 
· .. 

The height of the ionization maXimum (km) · 
' ; 
. , 

Monotonous· profile Non-monotonotie prOfile 

not including including 
. . : I 

. · .. not including including i .. 
Ee Es Ee ·· Es · ' 

! 

1---------------------....-..---------~ .. . ,. .. 
. , 

Method 1 247 
23.3 

·~ 

2.35 

i . . 
··. 260 l . . 

242 ·· l ' ... 

Method 2 

. 
Method J 

v~ 

2.34 

h=h(0.,8.34•}
0
F2) 

The URSI..;guide 

Rocket 
experiment 

_m 
242 

...z.m 
242 

No data 
290 

260 
·~ 

2.)9 -· 

. 262 . -·· 245 

· The numerator- the data obtained in the experi

ment on 15 July, 1975 

The denominator - the data obtained in the expe

riment on 2 September, 1975 

. . .. :. · . 
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of the E5 -layer_give better agreement. The value of hma~F 

calculated for the profile on 15 July 11 1975, by the me thad. 1 

coincides with the rocket data while the profile obtai11ad on 

2 September, 1975 gives the better agreement w1th the rocke-t· 

data·in the calculation by the method 2 (the difference is 

8 kml •. The fact that the better agreement in these two launch

ings is obtained by different methods can be explained by the 

po~nt . that the ne(ft) -distribution n-ear hmaJCF is not. stri tly 
• ,, 

rarabolic. 

b) the hm.a,;F -.value defined according to the URSI in-:

struction for the case of a rough determination from ionograms 
~ 

·( h.m-4" = ~ ( ~ =0.834f" ·F2.), where f0 ·F2- the critical fr.e--

q~ency of the FZ-regio~) differs from the rocket data by 48 km 

in the experiment on 2 September, 1975 but can not be deter-

mined in the experiment on ~5 July, 1975 since the corresponding 

frequency lies near the critical frequency of the F1 -layer. 

5~ The method and results of the ~e(k)-pro;ile 
calculations 

The determination of "Ve (h)-profiles was carried out 

by the numerical reversion of the integral equation 

f 
l..r Cf) 

L ({) = 2 ~[f, ne(h)fv.(h.)Jd-h 1 

· relating the frequencfodependence of the absorption L(/} 
to the height dependence of the collision frequency Ve{hl The 

solution of the equation is performed in the geometrical 

optics approximation and h,. ( {) means the height of the radio-:. 

wave reflection. 

The registration of polarization ionograms and simulta

neous measurements of the 0 -component absorptions at ten 
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:frequencies were cazoried out in day~ · o:t' _ rocket-- experiments ae 

wel~ as in control days before and aft~J: 'the ;xoor;ket la.~mehing~ 

by the method .4\:! in ·the range 2.0 ~ 6.0 Me., The determh!.atiQn 
c 

of' the radiowa.ve absorption was made trough 25 min averagixig of 

a.m.pli tudefi and following calcttla.-tion uf ·the reflection coeffi

cientP~ The suppressiot.~ of the .lf)ng--termed. t"ad.ing was reached 

through the following a~eraging of reflection coefficients 

determined ove:t' 2.5 m.in i:n:tervala. It WB.fj es·tablisbed that in 

the ,-axpe:d.me:at ou l5 July, 19'75 the period of the averaging 

should. be· tal< en _30 min and in tbE;1 experiment on 2 September, 

1975 - 20 min. 

To chObse the suitable valueu of knot frequencies for 

the corr~"Jct dl9termit:~.ation ()f -the Vfl!. (h) -profile, the tatudy 

of i;h~ ti.m.e var.-iabili ty of· the ionosphere was made during seve

ral (lays before the rocket launching. 

'.fhe knot frequencies were de"liermined based on the necea-
-

s:'1. ty to .receive reflections from levels defining the charac·ter 

of the "\)e (h-) -pro :file ~s. -well as from the ionospheric situation_. 

In spi !ie of stl.ch a ca:reful·· choice of knot frequencies reau.l ts · 

for some frequencies proved to be unsuitable for the calculation 

of the "\)e(h) -profile. 

In Tabl~2 all measured absorption valu~s are pre~ented 

Table 2 

~ate 
f f 

2~t0 2.,25 2o5 2.75 )oO 3.25 4.0 4 .. 25 5~0 51)25 Me Me 

151!17.75 L,JB 22_,7 26.1 22~3 25.2 20,6 25,3 12~8 20~3 = = 

Interval Re~ E E E .EaF E
2

F E F F p 
30 min gio:n a ; 

2e9e75 L,JB 22oJ 22<;J1 20o8 15e6 16o2 14o2 10~2 10oJ 11<;)0 1 >..;)~ 
' Interv81 

~e-
l" 

20 min. 
~i?I! 

E E E Es E ,F F ;p 'I' , ~ 
Ill.,... ., ~- . . 

~· . s 
'··'· I -



16 

From the analysis o:f these data one can see the following~ 

The absorption at the frequency 2.0 Me during measurement~ 

on 15 July 1975 was less than that at frequency 2.25 Me and 

this ·pbenom~~on was continuously observed over .3·5 hours.· The 

cause of .this phenomenon ,is apparently the presence of an ad

ditional ionization maximum in t~e E-region at the level of the 

reflection of radiowaves with the frequency f =2.25 Me. This 

maximum is displayed in the ionogram in the form of the lamina

tion and leads to the increase of the deviative absorption. 

Since this lamination was not registered in the rocket experi

ment and it was impossible to recover it from ionograms the 

~e(~)determination was made without taking into account of the 

absorption at the frequency 2.25 Me. The further analysis showqd 

that in the period of measurements the sporadic Es -layer 

appeared and its influence led to the erroneous determ~ination 

of the absorption at knot frequencies 2~75, 30.0 and J.25 Me 

as gate pulses of the dev.ice were set for the reflection from 

the F -region. s~ in the calculation of the \le(k)-profile the 

data obtained at following frequencies were used: 

15 July, 1975 - 2.0; 2.5; 4.0; 4.25 Me; 

2 September, 1975 - 2.0; 2.25; 2.5; 3.25; 4.0; 4.25; 

s.o; 5.25 me 
The calculation of '\)e(h..) -profiles at heights h '> 100 km 

includes two stages. At first from the model ne (h.) -profile 

(see section J) the part of the absorption is de· .. ermined in 

the height range up to the level of the reglection of radio-

waves with the frequency 2.0 Me .. Such a procedure i s necessar, 

to take into account the contribution of the height l.'Cgion 

with the low electron density and high collision frequency 

to the absorption. After the estimation of the frequency 
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dependence of the ra.diowave absorption in ~he E and F -re

gions the cal<;uJ.ation of the Ve(h) -prof~le is made. For the 

estima"tion of a calculated profile error the accuracy of measu"'"' 

r ed aDsorption value::;: J .S Bottled to be 10% {the method. of the 

er:r.o1 ~ctirnutJ..on is destJribed in . 14 ) j> CaJ.culated Ve (h.) -pro-l 

l"1.lea a nd. their. er·rorz are g:i.vcn in Fig. J., In this fie;ure the 

solid cu.rve vii tb circles gives the results of gas-kinetic cal

culations of -\Je. performed for the corresponding time of day~ 

season and la t;i tuae [ 15 J • The error of the Ve (h) -p't'ofile 

recovery corresponding to the experiment on 15 July, 1975 does 

not exceed 20%, in the case of the experiment on 2 September, 

1975 the e.J.:X'or is loss than 20% at heights 100+145 km, about 

25% at heights 188-208 bn and reaches 100% at heights 145~188~~ 

The latt~r is relatcu to the point that at low collision fre

quencies ~e ( tne heights interval 145 + 188 km in the expe

riment on 2 September, 1975) the mentioned error of the absor

ption measureiaent leads to considerable deflections of ~e • -

The d1stinc ti vc feature of both ~ e (h) -profiles is the pre-

sence of the collision fre~uency minimum. Experimental errors 

do not allow to determine exactly the height of the minimum. 

In the experiment on 15 July, 1975 the minimum is located 

·within 150 + 200 km in the experiment on 2 September, 1975 -

within 150 t 180 km. Let us also note that on both cases at 

. beights h> 160 km the values of collision frequencies deter

mined in our experiments are essentially higher than the theo

re\ical values ( 15] • Another peculiarity is the difference 

of ~e -values at h <. 125 km: on 2 September, 19'75 collision 

frequencies.were on average 1.) times higher than those on 

J UlJ , 1 5 7 19 7 5 • 
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.Let us consider the discrepancy between theoretical 

and experimental curves ~e(h) at heights more than 150 Jon. 

Such a discrepancy· was observed formerly too [16] • It should 

bo found .out _·whether or not high values of '\le are related 

to measurement errors ~nd how one can explain such a variation 

of the Ve (h) -profile. 

Ip the present method of tho determination of the fre

quency ~e some shortcomings inherent to other methods are 
0 

• 
remouv~d. Nevertheless this method is not free of shortcomings; 

Thus, for instance the rocket ne{h)-profile is measured durink 

about 10 min while the absorption measurement takes about 

1.5 hours. The complex rocket and ground-based experiment 

cannot be stoped after the rocket launching although at this 

time (as. it was in described experiments) the E5 -layer can 

appear or abruptly increase. During the rocket flight and the 

absorption measurement s·ession the limiting frequency fo E5 
/B~ . 

andBfankett.ng frequency[can sharply change and this can lead to 

essential errors in absorption measurements at certain lmot 

frequencies. As to the interval difference it is necessary 

t'o averaee the reflected signals over about 90 min [17] to 

take into accvunt the influence of large-scale inhomogeneities 

on the reflection coefficient value. This peri_od of averaging 

is about 10 times greater than the rocket ne(h)-profile measu~ 

rement time and here we are faced with difficulties in the 

joint interpretation of the data. The decrease of the period 

of the averaging leads, with tbe rare exeption, to the incom• 

plet removal of the long-termed fading. In the .discussed ex• 

periment these both causes took place but their influence 

was weakened by the excluding of a number of knot frequencies 

"spoilt" during the rocket flight and .by the choice o£ the 

' 

.. 
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averaging time at which t he r ading·waa pra~t~eallY, - excluded_ 

and the time of the recei ving of tle (hi _-mld: ~edt)_ ~p~o;iles 
• .• . • - .. , . J ·- • • - . • - _-. • ·;. • - · . : . . . • 

differed ·only by two . t imes- Thi s gives the gro.uncf ~to supi;>ose 
. - . . : · ___ ·· - . ·. __ -__ . ·._ · ·, -c .- --_ 

that ·\}e(h) -profiles pres ented _in Fig. J are reliabl~ ~d 
. : .. - :- . · . :-

really during the rocket flight t here were high 'values · of· 

at .heights more than 180 k.m• 

Now let us discuss t he causes of. such values of ie ·• 
First of ·all note that high val ues of -~e were not obtained 

in. this experiment for . the first time .• The presence of them 

was only confirmed by more careful measurements. The discre-. 
- . 

p~cy between theoreti cal values of ~ e and tho-se determined · 

in radiowaveJabs orption ~xperiments was also noted _ in the case 

of the E -region [18] and F - r egion (16] . .. ·There are two ex ... 

p.anations of the obtained high values of ~e • Firs;;, this is 
standard absorption mechanism where an additional . absorption· 

takes place due to the increased cross-section of electron 

collisfons with a tomic oxigen [ 2] • . Second, the iricreased 

absorption may be caused by the resonance absorption in the 
-· 

developed plasma turbulenc~. of the ionosphere. In this case 

exept usual coll isions of electron-neutral and electron-ion 

types the collis ions of electr on- plasmon type play . the part 
I . 

[19] • 

6_. Conclusion 

6.1.. The compa:r2son of the r esults of the h.e(h) -profile} 

me-asurement obtained by the _ gro.und-based sounding and the 

rocket interferometer al l ows to give following recommendationL 

f'ro routine 'calculations of ne(h..) -profiles from ionograms: 

a ) maxi..."llum electron density in the E · -layer should be 
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found from {' E5 -values rather than ~0 E:; -values .. 

b) In the calculation o:f the ne(k)-pro:file above Ema,l( in 

the presence of' the screening thick £5 -layer the group de

lays should be taken into account with f,. f tJ E. due to Es • 

In the case of the semi-transparent E5 -layer the group · de

lays may be ignored. 

h . de-
c) Tlle height maJC should be /teremined under the as-, 

sumption of at non-monotonic ne (h) -profile with taking . 
0 

into acca,mt of Es • 

6.2. In the result of both experiments the high values 

of the collision fr~quency ~e are obtained at heights more 

than 180 km and these values essentially differ from those 

obtained from the gas-kinetic theory. 

6.;. The ground-based sounding and the radiowave absor

ption data are a valuable suplemented method to the rocket 

study of the upper atmosphere. The impulse sounding device used 

in described experiments has a number of essential dignities~ 
... setecti..on of-the recei.ued ~i.qnae an.4.~ 

~ue to the polarizatio~multifrequency measurement of the radio-

wave absorption. 

In the present work B.N.Gorozhankin, A.V.Gravnek, I.I.Iva-

nov, L.N.Lo.:;inova, R.A.Lytkina, S.S.Sergeev, U.Z.Shatin took 

part atso .. 

The authors express their thanks to all who helped in the 

carryin£ out of the experioents. 
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