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ABSTRACT

The methodology and the baslc devlcas for measuring
the ilonospheric absorptlon have been analyzed uselng
methods AI, A2, A3 eto. The methods of processlng
of ionospheric measurements have been shown, and
some basic information 12 provided about the seleo-
tion of measuring interpretatiocn technique. The pos-
5ibilitles for using absorptlion data in radiowave
propagation, aeronomy and some other applied areas
have been analyzed. Some problems cpen to absorp-
tion measurements have also been demonstrated to-
gother with their possibllitles to be included in

complex ground-space experiments.

1, IMPORITANCE BSORPTION MEASUREMENTS IN RADIQ
PROPAGATION, AERONOMY, PLABMA PHYSICS AND COSMONAUTICY

I.I. The measuremente of radiowave absorption in the

ionosphere allowse: 1) To determins the level of a certain

radiosignal after ite reflectlion or transitlon through

the ionospheric environmant; 11} To calculate the intensi-

ty of the flelds created by varloue radlotransmittere ac-—

cording to paths looked for or 1lan given radlo networks;

111 ) To prognoaticate the lowest applicable frequency
(LUF) 1n cases when the reflection is from E layer, the
lower part of the night F =-region, and in & number of a
cases concernling lupotant taske of applled nature; 1v)
To provide output data for designing radio networks and
radio paths; for estimating the relationship and ilnter-
sction batwesn radlotransmitters with equal or approxim
tely equal frequencies, and for making up international
documents of ITU and of SCIR for distribution of radlo
frequenclee, pover and other characteristlce of the
world global radlo network. These are the basic applica-
tions of absorption measurements directly in research
and the practical application of radiowaves. These
measuerements, however, have more extensive cognitive
significance of their own. They are used to obtaln basic
data about radiowave propagation in the lonospherse, for
the approximations the different theorlee (e.g. the mag-
netic-lonic, see for example ZE]) approach the adaquate
picture of interactions betwesn electromagnetlc waves
and the surrounding plasma envircnment eto.

I.2. A number of aeronomlc persmeters and hello-
physical characteristice are estimated by absorption
measurements which will be demonstrated further in the
paper., We will aleoc 1lluatrate the possibllity to eva-
luate through them some baaic data about characteristio

1
valuss of el egtron density (e.g. the equivalent electrmn



concentration - ‘@,3,4,27 and even to datermlne the wWho-
1e vertical proflle for electron denslty (sce for example
35.5,6,17). Under conditions of solar eruptions, SID offe
feocts, solar eclipees, nuclear exploslons, nassing of
heavy-welght rocket systems through the ionosphere and
some other special cases, absorption measurements provi-
de the best pozsibllities to study thesee axcesslve pheno-
mena. At certain distribution of electron concentratlon
(which 1e obtalned from other geophysical measurements,
a.g.1on soundings or tncoherent scatfer radars, and also
by means of rocket-satellite observatlons), from the ab-
gorption value 1is determlned the affectlve collislon fre-
quency and 1its cowponents ~ the frequency of electron-
ion c¢ollleons \%; and of electron-neutral colliaiona‘%u.
These frequencles, 1n additlon to their own cognitive
importance, make possible the estimation of electren and
ton temperatures using methods which are to be described
further in the paper. Thus absorption messuremante provi-
de abundsnt aeronomioc snformation, and ara extremely sul-
table for inclusion 1in mrojecte and programs for complex
atudies of the Earth's Environment.

1.5. Absorption meanurements DY themselves are a me-
thod to study the cool Earth's plasma, and as such they
rationally complete plasma 1aboratory studles., Some phe-
nomena and procerpes develop in the lonoephere naturally

and undlsturbed which are a1fficult to reproduwe 1in labo-

patory conditlons because of the effects of the vessel's

walls, higher electroma-netic disturbances oOn the Earth

etc. Therefore absorptlon measurements in ths lonosphere

control, test and supplement ground plasma studlies, ano-
ther important feature of thelirs.

1.4. From sbsorption measurements are obtained values
for meronomlc parcmeters which are very useful for other
applied areas, e.g. astronauties. The top of present-day
atandard milltary sircraft reached up to 38 km., and a nume-
ber of Soviet and American “gpacecraft” will reach a helght
of 100 km and even to helghts of 200—350 km in orbital
flights (see for example "x-30" )., In a normal orbital
f1light, satellltes burn out at heighta of about 160 km
(at middle geograrhical 1atitudes ), at I70 km (1n the equa-
torial regiona) and at I40 km {over the Poles). Therefors,
a large area from the begluning of the lonosphere (60 - 65
wm at middle meographical latitudes during the day) up to
about I60 km remaine lnaccessible to satellite "1n eitu"
measurements., This region 1s studied by ground devices at
heights of 100 and I1%0 km., Ion soundings provide repgraeseuta
tive data Tor thls region in the daytime {there are no ref-
lected signale in lon soundinge below IOC km , and the re-
glon above I30 km is the "yalley" 1n the intermediate E-F
region which 1s also 1naccesaib1§ for direot sounding of
the Earth's surface )., Thus absorption measurements are pras

tically the only inexpensive and accessible ground radio



means to study the reglon from 60 t> I0D km, and the region
from I30 up to 160 km. Another radlo means are the inoche-
rent scatter radars, 8 of which were in complete cperation
in I988, It is obvious that these expensive and heavy-
welght devices cannot give a global plcture of the lonosphe
re. Rocket sounding with comparatively light-welight metsoro
loglioal rockets provides information about the reglon oon-
sideared from 60 to I60 km., Rooket socundings, howaver, ars
expensive enough, and as a rule take place once a waek
(this is the situation in the majority of rocket atatlons
in Europe; the higher number of rockets lauched yearly, 1.
8. 56, 1a as & rule for experimental purposes). Hence, both
for the purposes of cosmonautloes and height aviatlon, absep
morption measurements are cf essentlal importance. We are
not treating here thelyr role for estimating absorptlon
loapes, polarization changee and some other effects on

the Bignals for communicatlion from and to the epace ob-
Jecta, ae well as the importance of being well acqualn-
ted with lonospheric absorption to solve a number of
probleme and tasks of radloastronomy.

So far we hasve outlined a number of functione of
absorption measurements etressing thelr lmportance for
geophysica, radliowave propagation, coamconautice, space
physice and some other areas. To the above mentloned ro-
les of absorption measurements can be added other ones.

For example, they are used as indlcators of some meteo~

-

rologlcal processes 1ln the middle etmoephers and in the
lower thermosphere. They can also be used to find out some
lmportent aepects of the proceeses Iin the middle atmosrphere
which 18 hardly acceseible to study. Some absorptlon data
directly correspond to the intemnsity of certain ranges of
the solar X-ray radlation and can be used for hellophysical
studies. In general, the data about abeorption changes are
good bench-marks of solar effects on the bilosphere etc,
Thersfore, in thls extremely good initiative of the Interm
tional Institute of Theoretical Fhysics for setting up & od
college for radlowave propagation, my belief 18 that sericu
attention should be devoted to absorption measurements and
the use of the informatlion resulting from them for diffe-
rent fielde of fundamental and applied scliences, We are funr
ther golng to outline in brief the methods and means for
some abeorption measuremente, the ways of interpretation of
their results, and thelr application in lonoepheric physice

aeronomy, radlowave propagation and some other areas,

2, METHODOLOGY AND_TECHNIQUE FOR EVALUATING IONOSPHERIC
ABSORPTION

2.1, Definition Of Absorptlon. Typee of Absorption.

The lcnoepheric sbsorption L 1s determined by the de-



pandence:
(1) L--’,‘&éuﬁ
where the coefficlent of reflectlon from the 1onosphere)')
is determined by the power P‘ emitted from the amerial
at an angle d to the horlzon; by the path 1 of the elec-
tromagnetio beam {at beam treatment of radlowave propags~
tion) in the ionosphere and by the intensity of fleld Egr

reflected by the loneephere at a cebtaln point wlth the ex

t Ee
2) P= coovme

Cn 1ts pert, tha reflection coefficlent J’J 15 ralawd

precsion:

ted to the parameters of the environment for propegetion
(the ionosphere) with t.he followj.ng depandence.

(3)
- 2met [(Novdt oVdh
enP “f,mc fpl[v‘+(wtw..\] amcfrv[v‘+(w-+w]"_]

In the first part. of the right-hsnd side of (3), the
expresalon 1s written down as & functlon of the linear els
ment olz , and in the second one reductlon has been done &
to the vsr.tical propagation, and integration 1is accordilng
to the helght h. Expressions (I), (2} and (3) are classl-
cal ones andl can be found in all coursee, 8.f. ﬁ,h,&}/. In
(3), € and m are used to designate the charge and mass
of electron; € - llght velocity; io - dielectric va-
cuum conatant; {ﬂ - rafraction coefficlent; Ne - 8leo—

tron density; =\7¢rf 1e the colllslon frequency;

= 211'[605;4 ,fbeing the working frequency of the
radiovwave; l, 1s the fall angle of the radiowave to
the lonoaphere; GJ_ =2wfuw69 , (H being the
eyrofrequency, and B 18 the angle between the vector
of the Earth magnetic field and the radiovwave direction.
In {3) , sbsorption has been determined for half of the
path, 1.e. the complate absorption 18 two timee hlgher,

ha and “1 are used to designate the 1nitial and ref-

lectlon height of the lonoaphere, respectively. A

in the practice of absorptlon measurementa, widely
anplicable are the concepts deviating and nondeviating ab
sorption. Though at present there are serious doubis al to
the sensibllity of these concepts - see for example 79/,
atil1ll for the purposes of eolving some mractical tacks
of applled nature, thls artificial division of L is ratlo-

nal, and according to it H?' heve the followlngs:
4ne Nav dh v "
+ 4 — -h
(h)L L L'd 4 mcfo +(w 1,)1 ¢ (h )1

ho

where Ly and Ly are used to designate the nondeviative and
deviatlve absorption, respectively; the first integral in
the right-hand slde represents Ln , and the second meaber
-Ly . In (4), the double transition of the radlowave 1in
the ionoevhere has already been taken into consideration;
h' snd h are used to designate the virtual and real

helghts of reflectlon, respectively, and Y 1s averaged

in the reglon from h, to h, 1l.e. provided r‘ ;‘ 4. For .



pormal lonospheric conditions, all cbserved cases at

Lb; 1,5 MHz in the reglon with h, up to I0C km practi-
cally yleld negligible devliatlons of rd from a unlt. The
result pﬂz*l js also obtalned by the data of the Inter-
national Reference Ionosthers in varlants IRI-T9 and
IRI-B88 for the designated redlowaves in the upper part
of the midwave and short-wave range. Therefore, for con-
siderable ionospheric parte and for large frequency ran-
ges, the concepts deviating and nondeviating absorption
make sense, though in mrinciple 1t 1s advisable to opera-
te using the complete expression of absorption {3} which
has already been done, e.g. in /9/.

Aotually, the intenslty Ep 18 determined not only by
lonospheric absorption, but also by radiowave mopagabion
on lonospheric inhomogeneities, by ihe sufficlent stabill-
ty of parameters of aerial characteristics, by possible
mlti-path propagations etc. and by eome other factors as
well. We are further going to show Bome waye and technlcdl
methods to eliminate these effects, although some, even a
lot of them, remain. This, by the way, ie convenlent for
practical purposes, as for applied purposes the Ainterest
18 not in the sourcee of decreasse or increase of Ep but
rather 1n ite real value which determlned the quality of
radioc reception. Thus, even 1f we fall to clear auayJ3
a.g. from the effects of lonospheric propagation due to

1nhomogenelties it is just as 1f we had estimated an in-

-

creased absorption correesponding to this effect and ref-
lacting the real conditione of the radlocompunication,
Consegquently, absorption measuremants for the purposes of
telecommunications (e.g. for the standardized field we =
are going to coneider further) are fully eatlsfied by the
ER values including all absorbing and propagating factors.
Estimating the latter and introducing corrections for pro
pagation and other nonabsorption logses of energy 1is re-
guired in drawing aercnomlc and fonospherlc conclusions

restlting from L.

2.2, Methods Of Measuripg Radlowave Absorption

We can baslcally classify the following 7 main me-
thods for measuring radloWave absorptlon: I. Method AI
including the amplitudes of an pulse-modulated radlowave
vertically emanated by a speclal radiotransmitter and
that of the reflacted and received one by & radloset,

From the comparison of both the emapated and reflected in-
tensities at sultable averaglng, the absorption valus 18
obtalneds 2. Method A2, where the intenslty of space radio
nolse is measured at appropriately seleocted frequencies,
apnd absorption is obtained according +0 the diurnsl course
of this valus and the respactive teste; 3, Method 43, vwhee
re the recelved intenslty 1is registered on standard opere-
ting radio transmltters at puitable frequencies and at ra-

tionally salected radlo paths, periodically comparing and



standardizing being used with a signal-generator; 4. lMea-
suring the looal apsorption dietributéon by a rocket trans-
mitter and ground analyzer; 5. Measuring the sbeorption of
radiowaves emltted fronm satellites with frequencies lower
than MJF and posltion of the satellites above the helght
h,F of the maxjmum concentration Np F; 6. Abeorption mea-
surepente of transiocnospherlc eignals wWlth frequencles over
M/F in the so called frequency of the segment; 7. Estima~-
ting lonospherilc absorption from 4;“L" fraguency of lon
poundinga. Methods AIL, and especially method 43, are wlde-
1y applied in gchence and for telecommunioatlon applled sur-
poges.

2,2.1, Methdd Al: The principle of Al method includes
transmission of pulse-modulated frequencies vertically,
vwhich are reflected by certaln lonospheric perts and recei-
vad back to the Earth's surface in a recelver combined in a
general equipment togather with the transuwitter and the
re~ister-measuring part, The comperlson betvween the accep-
ted amplitude of the slectromagnetic impulse and the trans-
witted one, results in the reflectlion coefficlent 13 and
radliowave abeorptlion, respectively. The reflected amlitude
of the wave contlinually changea because of it passlng through
different iononvherilc inhomogeneltles, the radiowave super-
poBition, the radlowWaves navine covered different pathe in
the lonosvheric environment, the effacta of rotation of the

polarization elllpee, and some other reasons as wWell.

e should stress the fact that even & llnpearly polari-

zed radiowave on entering the {onosphere receives ellip-
tic polarization while moving 1in the ionospheric plasma,
tha polarization helng ander oonditions of constant chan
ge (in particular - rotation) of its determining charao-
toristice. Thus, even 1f jonoepheric inhomogenelities and
different waye of radlowave propagation 1n the 1onos phem
re did not exlst, the reflected wave would have been ot
changeable structure, which at fixed recelving asrial
resulte 1in strong amplitude changes of the recelver en-
trance. Therefore, methods AI and A3 requirs suitable
and considerable averaging, &8 vwell as some other mea-
sures we are golng to consider further. We should note
the fact, however, that maltlfrequency absorptlion
information 1s far more 1mportant than that of radlo
frequency. Hence method AI 18 as a rule realized at se-
veral frequencles at a certain measuring station. We are
further going to conslder a concrete realization of AI
method which has been used long and successfully in the
usse /19/.

Fig.l shows a bleck dlazram of the eguiment used to
daetermine the radlowave absorption for many frequencies
apnd for the two magnet-ion components Beparately.

In the trensmitting part, an automatic lonospherlc
station has been ueed to which a power amplifiler hae

been swltched in some axperiments allowing to inorease



50
the power of the output cascade up tovkw ., The transmit

ter emlts impulses with a length of IDOrns of 5 arbltra-
rily selected frequencles within the range of I - 7 Mz,
with repetition frequency IO imp/e for all frequencles e
or 2 imp/s for one frequenoy. The working conditions at
ten fixed frequencies have been foreseen to measure the
absorption of one of the components. Tha transmltter out
put is switched to a standardrhombold system AIA orlen-
ted to the magnetlc meridian at an angle of 450. The
receiving aeriala are two dipolee placed crosswise at an
angle of 90° in the centre, sach 45 m long and oriented
in the direction of North-South and East-West. The dipo-
les conslst of six beams placed along the generant of a§
cylinder with a dlameter I m.

The recelving unit containe a polarization re-
celvar /PR/ having conjugated electron adjustment wlth
the transmltter and recorder., The system for disturban-
ces decrease 1s adjusted for circular polarization and
ensures the reduction coefficlent about IOO for the
vwhole range. A 8Wwitch wlth a frequency of 2 Hz ensures
the reception of the usual component during the first 0,5
8 , and during the next 0,5 8 - of the unuaual component
for the sams frequencies. Besaldes, reception of the un-
ueual beam takes plaoe by switching frequencles ueing
a special device. From each reflected plgnal, the back-

u
groad nolee 1s calculated /in the block gf the tranadu -

cer smplitude ~ number - TAN/, as well as the disturban-
ce which is amitted by stroblng the nolee at each fre-
quency before the reflected signal of first rate fre-
quency has come. The amplitude of the reflected signal
from which bhe background noise has been read, is trans-
duced 1nto length / in the TAN blook/ which determines a
number, characterizing the amplitude in relative unite.
Then slgnals are dilstribasdd through the gwitoh blook
/8B/ and enter the counter block /CB/ depending on the
frequenoy and the component. The last to be counted are
the total amplitude of the reflected signals and the mum
ber of accounts, which snables the direct calculation of
the mean amplitude for a certain téme interwval.

The devisor /D/ lowers the frequency to IO Hz, whioh
1e once agaln decressed in the commutator - devisor /cn/,
for succeselve starting of 5 adjusted generators sltua-
ted in the heterodynes block /HB/. The frequenoy of this
succeeslve star;1ng js 2 Hz., In the strobing lmpulses block
/81B/ strob impulses are formed for the selection of the
reflected slgnale.

The precision of the experimental estimation of ab-
sorption 1s highly dependent on the mrecislon of estlma-
ting the equipment constant and the averaging time. The
equlpment conetant ls eatimated using the method develo-
ped in /I0/ mccording to the multiple reflections of fre-

quencies lower than or equal to 3 Miz, For higher fraquen-



cies the polarization method for estimating the eqipment
constant 1 s used, the former 1s developed 1in ZE;]L Par-
ticularly difficult is the problem of averaging the ampli-
tude of the esignal reflesoted by the lonosphere. On the ons
hand, the averaging time should be es little as poeslble

to obtaln higher dividing abllity in time, and on the othar
= conelderable tiwe should he selected for averaglng to
smooth out and remove the sffects of superposltionscf dif-
ferent signals reflected from the lenosphere, and the rapld
and slow fading obtalned for different reasons. The too'blg
averaging perlods remove fading and make the dats measured
more preclse and representative. However, the too blg perlods
can smooth out the diurnal absorption course and remove a
number of geophysical and heliophyslcal effects. In [iq] L)
this averaging period is experimentally ectlimated se the
doubled correlstion radius taken at level 0,5 from the mo-
dule of the autocorrelation function. In thls case, an avera-
ging period of 50 min has been obtalned which colncides with
the recommendations of other studies by Soviet authors. We
should like to stress the fact that at such high averaglng
periecd, both the absorption AI method and all methods deve-
loped on the basls of the latter to estimate the colllislon
frequency and other geophysical values, have proved toc be

in capable of obtalning rapid verlatlone in the ionosphere.
Hence, they do not provide possibllltles to study the effects

of solar erupticne, solar ecllipses, nuclear explosions, of

-

internal gravitatlion waves and other phenomena and proces-
gcee with a perlod equal to or shorter than 90 min.

To avold the blg averaglng period in neasuring radio-
wave absorption after AI method, another method has been
proposed and realized 1nﬂo]to estimate the absorption, M
the averaging being done not in time, but within a cartain
frequency band. For this purpose, 1ln [i?], frequenoy vaolld
lation is performed round a certaln base freguensy. In Be-
varal works of Bovlet authors, 1t has been theoretically
proved /and after that experimentally as well by N.F.
Danilkin et al/ that such a method makea it poselble to
shorten the period of averaging to I0-I5 min.

Here in brief I am golng to describe the combined
usage of ground and rocket equlpment to measure slectron
denslty, abveorptlion and colllsion frequency durlng the
£11ght of the geophysical rocket "Vertloal - 4% described
in /327. and of a number of other-geophyaical fockata of
this type descrilbed for example in [3%7. The conditlons
for lauching "Vertical - 4" rocket and the baslc dats
about 1ts equipment are given in /37 and /i4/. The rocket
reached a helght of I5I2 kam October I4¢h I976. The electron
delsity Ne is measured uslng the method of the dispersion
interfereometer. Its transmitter 1s mounted aboard the
rocket and emtts two coherent waves wlth teugie frequeneds
cles of 144 and 48 Miz., The emitted signale are received on

the Earth, and the changes 1n the phase differences among



them, are registered. Depsnding on the changes in the pha-
ses difference in dropping the rocket /to remove all ef-
foots of 1ts engines/, Ne (h) - the profile for helghts
from 82 to 628 km with messurement error exceeding 10 <.,
has been calculated. At the same tiwme, measuremente have
been made of electron density using Lengauire sounding,

and of the total ion density using lon traps - see [iﬁ/.

At low ixk halghte, the electiron densities have been messumd
red aboard the same rocket using capacity radlofrequency
gounding made in GDR.

A8 the lonosphere is quasineutral, the indications of
these devices should be equal. Actually, the differepces
among the ion trape, the interferemeter and Lengmulire soun-
ding amount to 2 tmes. The mximum electron density 1s at
a helght of 220 km. About the maximum region and above 1%,
the differences raach 60 4. However, in the submaximum re-
gion, the interferometer data are ocompletely representative
and are accepted as the basls with which the data from other
devices are comparasd ~ see [iﬁ]. Thus the authors 1ln [32}
sre quire right not to make use of the data of the lnter-
ferometer above 630 xm where the data from lon traps and
Langmuire sounding are considerably more precise because of
the comparatively slow movement of the rocket, During the
£1ight of the roclet, some measurements wers made on the
Earth's surface of the absorptions of the usual component,

of radiowaves with a polarization variant of method Al

-

almultaneously at elpght frequencies within the range of

200 - 42% KHz. We have already provided the baslc informm
tion about the radiowave absorption equlpument uslng Al m
thod of e~ and x- components. At the same tiwme, pictures
have been taken of polarizatlon lonograms every 5 minute
which wmajes it poesible to obtaln a complete polarization
pleturs of these eight Erequencles and to adequately realli-
ze the polarization variant of AI method.

During the experiment, 5-minute averaging of amplltu-
des was performed for each of the 8 channels within a pe-
riod of 90 min. The frequency of the emltted impulese s8lg-
nals of each of the aeight working frequancies changes 1n
reapect to the central frequenoy within the range of
't 125 KHz, with a step of 8 KHz. On the basia of the
change of amplitude of the raflected signale and the XEX
working helghts registered on the bearing helghts by an
“olectron height meter", the radiowave absorptiocn values
L have been estimated. The tlme absorption dependence
L (t) built on the baals of the S5-minute measurement
seances ie subjected to statlstical analysls. It has
been found that while the experiment le conducted, the
optimal averaging perlod for all freguencies ensuring
fluctuations extinction, is 15 min. This is the reason
why abeorption L (t) 1s divided into fluctuation and re-
gular part by creeping linear amoothlng according to

% pointe. The radlowave abaorption values thus estima-—



'ted become the inltlal materiasl to obtaln i’(h) profile.
The fluctuation part of L (t) mekes 1t possible to estlm -
te the mean-square deviation of the logarithm of the ampl 1~
tudes.

The error in the meagsurement of the frequency dependeant
absorption has been estimated which results in errors in eB-
tlmating‘Q(}ﬂ profile., The errors dspending on the indefi~
niteneas of data about the equipment constant and the fluctua
tion part of L (t) xxxsuxkx are deteramined at that, The rela-
tive error in the absorption measuremént during the axperl-
ment does not exceed 7 % for all frequencles.

2.2.2, Method A2. HMethod A2 conelsts in recistering and
estimating the attenuatlon of the natural epace radic nolse
at frequenciee higher than the maximal ones for the lono-
sphere {(f F or f°F2). Space radio noise occuplee the wholse
radio range of ashangeable background level 1ln 1ts different
parts. For the purposes of estlmaiing ilonospherlc abaorptlion,
noise frequencles are as 8 rule looked for, t.e. f, > T, F
(£, F2) 1f the reception 1s in vertlcal direction, and
f, > MIF , 1f the radio recelver 1s in incllined position.
As, 1f the dlfferemnce fr - I, F 18 small enough to work in
a region in which radiowaves have & high deviating absorp-
tion, strong propagatlone, deviatione aslde and some other
affects dn the purlty of the experiment, 1t 1is preferrable
to uee working frequencies for meapurements accordlng to

method A2 which are with B - I4 Miz higher than the maxl-

wn accessible f.F (f°?2). The latter range between I4 wk
and I8 MHz for mlddle latltudes 1n the middle of a wintar
day. Dn the cther hand, the conelderable increase of the
differense f, - f F2 {(which as we have already pointed at
guarantees the purlty of the experiment) results in eignl-
ficantly lower values of absorption L,which according to
(3) 18 inversely proportiopal to 00°. These low valuee
are difficult to measure, and the conclusions drwn from
them about the ionosphere and radlowave propagation are
not adequate encugh. For that reasscm, the frequenoy fr
for measuring space radio noise 1s as & rule selected
betwaean 25 and 27 MHz.

The measuring devices using A2 method have a very slm-
ple black dlagram , but are difficult to produce. Thelir
production is serial and they are produced under the na-
me rheometers. The latter are a combinstion of & measuring
aerial in different variante, the most common one belng
a field of horli;ntal dipolee. Preamplifiere are swltch-
ad directly to this aerial to inerease in advance the com~
paratively slight slgnal of space nolse. The usual black
dlagram of a high-guality and high-otability radlo recei-
ver 1s developed after that for the merked frequency range
(25 = 30 Miz) and recorder of the radlo nolse thue accepted.
Because of the slow changes of eBpace radioc nolse durlng the

day and night , the recorder usually types on tapa using
1se

- ink. The final value cbtained frum the total absorption L

+



according to {3) which is identlcal to L, (i.e. we can
conslder that (M:'.I) because of the selected high worklng
frequenoies, Naturally, the integration in (3) or 1in the
integral on the right~hand side of (4) should be done from
ho to infinity or practically up to about 2000 km. In this
case, of course, factor 2, not 4 is used in front of the
integral on the right-hand side of (4).

2,2,3, Method A3. We are golng to consldere method A3
here in more detalls becauss of 1ts wide application and
effectiveness and because of its belng accessible to rea=-
1ize snd put in practice using comparatively simple and in-
expensive means. Our analysis on this problem 18 a shorte-
ned variant of [1,@/ which are initiating monographe for
measuring lonospheric absorption after method A3 and for
application of the data obteined from these measuraments.
These monographs are also the basis for the corresponding
studies in Italy, Bulgaria, GDR, Poland, Czechoelovakla,
USBR, Yugoslavia and some other countrles.

Method A3 uses the asignale of standard working radio-
transmitters at long, medium=- and shor waves whioch are re-
corded at suiteble distances With a rationally selected
aerial and a stabilized radio recelver. The automatioc amp-
1irication regulation {ARA) of the receiver 1s 8vWitched
off, and from the demcdulator output, a small-alize direct=
current amplifier (DCA) 1s switched on, from the output of
which a recording signal is taken. The recordlng takes

place in two ways: a) Apalogue - With a recordlng devioce
on tape; b) Digital - with evaluations of the mean, quasi-
maximum, peak (maximun) and quasiminimum values. Irrespao-
tive of the precise and sutomatically obtained information
in digital recording, ite independent performance 1s not
preferrable as the analyeils of records on & paper carrier
reveals rich abundance of information, essentlally excee-
ding the automatic evaluations - see for examnple ﬂ&.aj.
This 1s of particular importance in solar eclipees, eun-
rige~sunset and S8ID effects eto. For the sake of comple-
teness of system A3, 1t should also include the followlngs
&) A comparator or a algnal-generator to calibrete the in-
put signal of the receiver and test the total system in
absolute values of the fleld; 11/ A stabllizer of the
supply voltage for high record stablility; 111/ An sutoma-
tic switoh for recelver amplification. The latter is re-
guired as during the day the absorption 1s too high (be-
cause of the absorption of the medium and short waves in
D region), and it decreases during the night. In accordane
¢e with this, 1t 18 necessary to have conelderably hligher
(nowever certain!) amplification of the receiwer, while
during the night it should be reduced to a cartain degree.
As a rule, this change in the amplification tract takes
place in the s&kiae—suneet perlod, It can be performed

manually as well, but 1s alsc easlly reallzed with an

»



automatic olockwork device.

The medium-wave measurements according to method A3
reguire a vertical aerial or a sultable dipole for the
measured frequency. The first case according to [@/ ise
applicable when the intenslty of the ground wave Eg 1n
the place of reception is with at least one order lower
than that of Ep wave reflected ‘I‘rom the lonosphere.

This is the way to operate at worklng fraquency higher
than 2,5 Miz and distances beiween the tranemitter and
recelver 4 > 300 im. At smaller distances, 1t is prefer-
rable to use a dipols or a frame aerlal to remove the
ground wave.

From the conelderable experlence gathered in [8}, a
general conclusion can be drawn that in measurements ac-
cording to A3 method at medlum waves, it 1p best to select
such a path as to eliminate the ground vwave. Thls occurs
at distances 4 > 300 km, but 18 also admigsible at shor-
ter distances when the equivalent soll conductivity (on
vhich Ep 18 dependent ) is lower. The mresence of moun-
taine, hlgherise blocks of flats and masslve buidings 1in
citiss etc, 1n the transmitter-recelver path helps Lo
suppress the ground wave and facllitates lonoapherle
abeorption measurements. Such 18 the cape Tor example
with the path Sofia - Vitosha Observatory ( f =827 k=
and & = 37 km) - /8,15,16/ and Nice - Roburent (North-

' west Italy with a close transmitter at f = IS5A KHz and *

d = 80 km) - ZB,IT,IQ]. Thie, however, 1s not always poe-
Bﬂ;lﬂ, therefore at 4 < 300 km and f < 2,5 Wz, frame
aerials are used. The latter are a serles of windings,
of circular or rectangular shape, which ine general are
of dominant inductive nature, but of coneiderable oMn
distributed capaclty ae well., For the measurements and
selection of these aerials, refer to [19]. The plahe of A
the frame should be perpendicular to the transmitter -
recelver direction. Because of the lmperfection to com~
pensate for this ground wave, some additional phase-~com-
pensating devlices have been introduced. Declsive for the
absorption are the mesan values from the field coabing -~
pee for example flg. 2 from /B] for Brashov - 8ofia path
( £ = I55 KHz; 4 = 370 km for Beptember 28 th 1972).

In ac;me cases t.ha'ground wave cannot be fully compenssa~-
ted for whlch reguires the partial inclination of the
frame until Ep 1s nullified.

In /8/ and soms other mublications, certain wethods
have been considered to eliminate EB by estimating its
values at certain soll conduotivity. Numerous data, how-
ever, inoluding those obtalned in Italy {Nice - Roburent
path) have shown that E, has diurnal, seasonal and incids
ntal changes, which in the Italian rath considered acoor-
ding to ny have reached changes from winter to summer

in proportion 2:I, If such slgnificant changes are not



taken into consideration, ilonospherlc absorptlon measure-
ments can be compromised, It is therefore recommended to
use purely lonospheric methods to determine {* and L.
In /8] and some other publications, it is proposed for
this purpose to rind the fleld intenalty when there 1ls
reflection from the sporadioc Eg ~ layer. In that cae, in
/8] and in some other studles, the authors accept that
P = I and L = O becsuse E; layer has a high gradient
and minimal apsorption. Unfortunately, when radiowaves
from EB layer are reflected, there 1s always a certain
(though minimal) energy transfer above this layer as
well a8 apecific conditions of reflectlon resulting in
Pc I. However, in the firat orude approximation, call-
bration with J’Ds 1 can be used in the aporadic Eg layer.
It is used in Buigar:l.a, Italy, GDR, Jugoslavia, Czechoslo
vakia and some other countries.
It 18 obvious that for asronomie, geophysical and practl-
cal purposes, more lmportant are the relative changes of
J3 and L, and not only their absolute values. In /20/
the so called standardized curves L ( fy = f cosi) ob-
tained from measurements of many years, hz;va been propo-
sed to caloulate the relative variationa of L, These
curves refer to night absorption, while the transition
tc other conditions takes place by the frequency-ampli-

tude characteristic of the wholse receiving-rscording

device. This charact_erlstlic ls obtalned by sending cali-
bheted and precilse signals from the elgnal generator to
the receiver input and estimating the output aignal to
the recorder.

2,2,4, Measuring the sbsorption apd its determinknk
factors_by rocketa, Most ground methods for measuring
ioncepheric parameters have the disadvantage of measu-
ring integral wavee on which different effecte are super-
posed. In the sublntegral functions of the wavee are the
plesma characteristice looked for. The direct in situ we-
thods for direct ueasursements with satellites and rockets
make possible the immediate measurement of ﬁmoapherio
p_arameters. Natura i1ly, the direct methods have thelr own
disadvantages at that, The data obtailned are not statis-
tically comparable for a certain station. Tlue variatiomes
are difficult to study by direct methode, The rapid move-
ment of the rockist. and the uneven movemant of the satel-
11te rasult in certain effects from the moving body on
the environment etc. Irrespective of that, the direc_t
methods have certain advantages as well, and we are going
to present one of them here as it hasa besen developed 1ln
f21].

The first case to conelder 18 the radlal rocket move-
ment in respect to the obeervation point. For the sake of

simpliclity is 1s assumed to be strictly vertioal, Then



measuring eeparately the relative amplitudes R® ana R
of the usual and unusual waves, emitted from the rocket

at one frequency, we havei

h
(X) ) g)
/57 bn B -2 (-9t db ~En®,

0
whers 'B‘C(O) and Q‘El'n are respactively the attenuation
coeffiolents of the two waves, and t.h§ constant mltiplier
B characterizea the ralative 1ntena££y of their emissions.
Thus, by conatantly observing the value %[RO‘)- R“‘] it
18 possib le to estimate the difference of the attenuatlon

coefficlents

0 o _c alln R™. %Rm}
ror{at - w5 S

on the analogy of the way in which from the measurement of
phase differences, the differencee of the refraotlon coef-
ficlents of these waves 1n a finite interval of helghts
Ah are estimated. The simultanecus measurement of the
differences of refraction coefficlents makes possible to
eatimate the profile of electron denslty with height
using the mathod developed in /2I]. Ae it refers to the
case when CAJ" 1s commensurable with ,91 , We are going

2
to consider here the case (W >> v , taking place

in the middle and upper ionocsrhere. Then, unllke the absorp-

tion coefficients, the followlng exmression has been dedu-

ced in [21}:
/17 {3~ wp2dVou, ,

whara:

Votf e, W
R

At this formulation th_e difference of refraction coeffi-

clenta 1s:
/8/ {'nm— n}xVu, (1-9%)

From the last two expressions, 1t follows:
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/9 V=
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Consequently, we have formilas which immediately deter-
mine V from the results of the measurements of the amnpll
tudes of the ushal and unueual waves 1f the value of N,
le famlllar.

If the emitter wmoves in a more complex curve 1in res-
pect to the observation point, e.g. ln an ellliptioc orbit,
then the value of ) can be estimated by a formula on
%the analbgy of /6/ by such a position of the satellite in

which the angle between the radius-vector passing through



the observation point and the tangent to the orblt, is
equal to T /2 , and the horizontal component of the sa-
tellite's velooity along the vision beam 12 equal to Zero.
In other positions of the satellite, formulae both for V
and for N, hav e been deduced in [EI » The formulae are
rather complex, but in a number of case¢a they can be simpli~
f1ed and used to obtain real data about electron colllsion
demxxXty frequency and electron density. Such 1s the case
for example when the orbit of the rocket or satellite and
the observation polnt lle in a vertlocal plane whlch makes
1t possible to caloulate the Aifferensce in Doppler beat
frequencles of the uedal and unusual waves A_( and the deri-
vative of the proportion of the amplitudes of these waves,
thus estimating N, and ¥ directly.

2,2 Estimating radiowave absorpti throu satellis-

iopn~BO for so 1 the topelds lopnos « A By~
tem for amplitude-fresquency-time aversging of absorption
has been developed in /5%]. the dividing ablllty of abeorp-
tion measurements afetr Al method in a datellite varlant
reaching 8 = 10 min per frequency channel, Thls ia the
right place to mention the fact that in all digital iresent-
day sounding the absolute wvalues of the emitted and reflece
ted amplitudes for each of the practically emitted one
thousand sounding frequenclea, are estlmated, Absorption,

however, which is easy to determine from the comparisocn of

the two amplitudes, 18 not real because of the marked cons-
tant change of the polarization ellipee of the reflected
pignal and of the reflection properties of lonospheric in-
homogenelties. Therefore, in part 2.2,I, as well as 1n /iq(
wobbling is done of each measursble frequency with +af

to reach frequency and amplitude averaging of the reflacted
signals, thus abruptly reducing measurement time, In 22/
this principle has been developed further with time-spatial
averaging as the ion-sounding 18 on a satellite for external
sounding of the lonosphera, and through its movement it auto
matically results in spatial averaging of signals.

The diagram of satelllte ion-aounding with selected maM
number of channels {from 5 to 10) for estimating absorption
by spatlal-smplitude-frequensy averaging according to [22/,
18 shown 1in flg.3%. The operatlon of thilg most modern devi-
cea for satellite absorption measurements includee the fol-
lowing: From the clock-pulse generator (1) controlling sig-
n als are sent of th e controlling inputs for the senlor
orders of the first programmable frequency synthediasr

(6) tnrougn a wounter (2). The controlling outputs
of the senior orders of (2) are connected with the corres-
ponding 1inputs of a second programmeble synthesizer (6},

thus obtalning an intarconnected synohronous pystem. The

" pbuffer with three atates (5) ensurea the the second ocon- -

trolling inputs of seyntheslzer (6) taking signals from
a second counter (4) which processes the clock-pulae



voltages from the firset counter (2). The buffer input
with three states {%) obtaines control impulsee from the
maltiplier ae well {(3). The latter mselects fraguencilee
from the second cutput of the clock-pulse generator (I),
a8 shown in fig.3. The whole bloock guaranteee the forma-
tion of a serles of impulse modulated frequencles between
e.g. I and 20 Mz (or 0,5 - I5 MHZ depending on the solar
actlvity and the possibilities of the aerlal systems).

The output of the second programmable frequency sythesizer
(34) controls one input of the mixer (2I) in the recelving
part of the lon-sounding making abeorption measurements
as well, Blochke (7),(8),(9) and {10} provide amplification
of the impulse~modulated transmitting freguency, which
through the final step (I0) and the elevtron switch (I3)
is sent to the satellits aerial (I4),

The signals reflected from the ionosvhere are receli-
ved through the switch and eent to a wide<band amplifier
(16), which on 1ts pert introduces them into the narrow
band selectrom oontrolleble filter (I7). Then, ueing the
channel from blooks (18),(19),(20),(21), (22),(23),(24),
(25),(27),(20) and (29) a digitalized eignal is obtained
for height h' of reflection of the given frequency
{t A[ . Frequency wobbling 1s obtained from the 1inter-
actlon of A and B, The amplitude detector (26) senas
signale to the third analogue high-frequency switch (30),
the Becond input of which 1is cohnected with multiplier (?

and the buffer input with the three states (5). This
ewitoh has controlling inputs connected with the outputs
for control of senlor orders from the first cpunter (2).
It 18 the third analogue switoch (30) which controls the
average temperature (3I). The latter sends signals to the
blook for processing of and recording of the averaged ve
lues (32). The clock-pulse input of the latter is control-
led by the block for mmoceseing and recording the amplitue
de of moment freguencies of signal (35) and by the clock-
pulse output of calibrator (36). Thua, using the recor-
ding block, suitable averaging is obtalned of the amplitud
des of the signale in time, of the different amplitudes,
corresponding to wobbling i'A,f cloge to a given gfrequen-
¢y, and of the changeable amplitudes due to the different
location of the satellite, 1.e, an amplitude=frequency=-
spatisl averaging 1s obtained. The latter allows to ab-
ruptly reduce the averaging time and inorease the reresen
tativeness of the dsta obtained for L. The calculations
point to the fact that 1f acting rapldly enocugh, the sys-
tem described, can reduwe the averaging time to about 3 s
min. , which 18 in accordancs with the aversged part of
the satellite orbit about I500 km,
2,2.5, Estimating abeorption through the mipimsl

reflected frequency lopsoundfings f min, This minimel fre-—
quency 1s affected by a number of lndlces: transmitter

power, receiver sensitivity, sollé conductivity under



the aerials of lon-~sounding, technical equipasnt of the
station, radio disturbances and lonoapherlo absorption.
Well-kept lon-egounding, however, with precise calibration
and certain amplificatiom of the receiver and optical aen-
sitivity of the recording tape (for analogue lon-soundings
the value f min according to [5,23,2&,25,26.27] can serve
as an excellent indicator of ioncepherlo absorption, o=
vided the level of radio disturbances withlin the range
of 0,6 - 2 Miz 48 low enocugh. For most of the developing
countries this copdition is fulfilled. For soms regions
(e.g. Ban Huan in Argentine - ﬁz} the conditions are ex~
cellent for the application of f min for absorptlon measu-
rementa. Ev en 1in Europs one can f4nd places or at least
periods during the day and night when f min and L are in
proportion to sach other which soccording to [é3,26.] is
exresced by the dependence:

(11) L«‘.m =df .~ 204y 2h .
where: 4 & 1s a factor experimentally eatignt.od for each
ion~gounding, ard }t} _ 1s the reflectlon \*t.ual height
for frequenoy f un.m

The most difficult to estimate in the usage of fm
1a the station constant d j the proper knowldege and

mintemge of lon-sounding 18 a way to solve thls mroblem.

3, METHODB OF USING ABBORPTION DATA IN AERONOMY;

ESTIMATING THE DISTRI-UTION OF ELECTRON CONCENTRATIMN
IN THE LOWER IONOBPHERE; EQUIVALENT ELECTRON CONCENTR/ .

TION AND ITS RELATIGN_2Q AERONOMIC PARAMETERS; ESTIMA-
TING COLLISIGN FRY MIDDILE, UP A -

TERMOBT IONOSPHERE BY ABSORPTION DATA, APPLICATION O
ABSORPTION MEASUREMENTS IN DESIGNING RADIO NETWORKR
AND PATHA IN THE IN IONAL DISTRIBU OF RADI

FREQUENCIES AND IN OTHER APPLICATION

The messurad value of L in dependences (3) and (4)
under certain conditions allows to find & nuaber of sub-
integral parameters such as coefficlent rA s Certaln va-
lues or aven the mrofiles of collision freguenoy % (h) or
elactron concentration N {h). In this bréef analysis, we
canndt remroduce the numerous seronoxlc, geophysical, cos-
mophyeical and cther conesequences resulting from the well
known values of absorption measured with certaln Irecision -
We are gohng to glve here some examples concerning mainly
their use in fundamental and applied sciences, For further
detalls the readers are raeferred to the respective referer

088B.

I. Estimating the Bguivalent Blectrop Copoentira ‘
and N_ (h) Profile of Electron Concentrati

Region D by Abeorptlon Mpasurements , In D region, 1t




is as a rule considered that profile \)5%4-‘- (h) 18
well-known and shows the following axponential dletribu-
tlon (of. /4,5,89/):

(12) V21 [m ]2 64200.10° 0 /R ) exp(h - ho)
n

where: f, ig a,tmospbmic pressuie ;\’,Ls\)m- Uhe ""’;ﬁm’ ho-
From the well-known mrofile ‘De#-{h) and the measumd
red absorption L as early as in ﬁ]. the parameter of equi-
valent concentration Nas was proposed. The latter ie ob-
talned from the integral of nondeviating abeorption by

the theorem of the mean value of two subintegral functiome:

h
, " Jdh

c ? L\)"—}-(b&)‘_iw‘)‘z

We further proved - /4,5/ that Nao

L
(I3JN¢ CG ')C:= m

18 cloee to the

mean valus of the ddectron concentration of D region. For

C| » the following values have been obtained on the basis

of the exponential height variations of i

\5 W )

On the basis of qu_

(14) G =

(), + ) (w; tuw,)

 hundrede of studiea h&ve besn
conducted concerning the behaviour 6f the mean electron
concentratlion and of the overall amount of electrons

N e *Nae.Ah 1n D region during solar eruptions, nolar
aclgipse;s, Beasonal, cyclical and other varlatione in the

,lower and middle ionosphere - [5,5,8,23,24,25,2(_5] ete,

[ -t,\)oe)‘l_"( Py 0) m( £:h

)

" In general, Nae

ie a characteristic parameter of the ionis
zed condltlon and structure of the lower ionosphere.

At a cartain (h) profile, the reverse problem can
be ralsed and solved, 1.e. to reduce the subintegral funo-
tion Ne(h) from integral (3). Thies 18 a typical incohe-
rent problem, a reverse one, in mathematice. It has ita
own solutlons, however, The methodology of its complete so
lution with ("‘ # I using numerical methods, 1B shown in

[9]. In principls,. analytical solutlons to Ne(h) mrofi-

per

can be reached, i.e, to find the profile looked for by ap-

1l e 1n D reglon with a guaranteed coefficlent

Plying the nondeviating absorption Lh' For thie purposs,
1n/5,6, 7f the following suumary method of estimating
the dlstrlbution of electron concentration in D region ,
has been developed and then repeatedly applied, on the ba~
sis of N (7> 4) absorption measurements using AI and A3
methods 8t frequencles refl_ected by the day E layer
(in A3 this condition refere to the equivalent frequency
i hs

We Belect M -~ successive frequencies reflectable
by E layer for whioh in & certain manner {see the furhher
analysis) we divide the total abeorption into Ln and Ly .
If method A3 18 used, the polygon formed by the M-~ref-
lection pelnts of the respesctive T - patha, musat be in

a homogenous D reglon, for whihh according to the latest
horizontaf

data, a¥Yreglon of 200 km can be considersd. Thae unknown



distribution of el eotron concentration Ng (n) 1s develop

ed in Taylor order (MacLorain} vhich 1B reduced to power

orderi n T gl
k 22 NT(0)
(1a)N, (h)=2_ Oy X =}_--'|:,L“‘ﬂ
k=1 lewt ‘

The coefficlents a from line (I4) are determined by
the " - absorption manuremanta. each measurement belng

presented in the typet

hne®

N “(0)
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(k- (2m-0* (1‘ o) (2m-1)
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For jonospheric parts over 100 km, the distribution

N. (h) 18 as a rule obtained on & mAaBe gcales from ground
1on~eoundings, from 1nooherspt scatter radars, by rocket
sounding and in some other ways. The world-wide network
of ion-poundings, its comparatively long explolitation

(for over half & oentury already), enables us to conslder
eleciron concentration between I00 ¥m and the helght huIF
of concentratlon N- ¥, a well-known and easily accessible
parameter to measure. Thus, at a certain profile Ng {h)
from the data of the multifregquency mresent-day meapurements
according to AL or A3 mathods or the method developed in
ﬁq] the other sublntegral compenent of abaorption, l.e.

- I nrnn ha antimatad.

Here 1in brier

we arse going to reproduce the basic ldeas ani dependen-
cles on this latest method of finding Y (h) by using
milti-grequency absorption maauromnu-[%] « For thle
purpose, we roceed from expression ( 4 ) where h is
the boundary height, conditionally dividing the devia-
ting from the nondeviating absorption. We are further
goifig to proceed from the experimental formlation of
abdorption measuremente of J frequencies 1in the nelighse
bourhood of a usual or a digital ionf_ounding, In the
second variant, digltal lonsounding can beussd for ab-
sorption measurements of ] frequencles (where ] reaches
3 . 4 at a standard IS5 min jon-pounding regime or 6 -
at half an hour sounding interval). If a special additlo
nal device 18 used to the ion-sounding 1taelf, with serd-
ous measured taken to average the constant amplitude sim
changes, &n essentlal part of which have already been
considered in the preceding part, the number of ] fred
quencles can be increased.

for the make of convenience of the analysis to fol=
low, reflectlon of radio signale from F region, are pro-
posed.

Th_e first problem of using expression (3) is the
division of absorption into deviating and nondeviatlng
ﬂt N 5[ and

in some other publlcaticne can be used or the [rocedure

parte. For this purpose, the directions 1n

should be ap follows: From the lonograms, profile N (h)

a*



is estimated, and for each frequency the respective dif-
fTerence h;*l'!_'_ is known. For each measurable frequency
IL according to the data of distribution Ng (h), the ope-
rating helghts for a group of frequenciles -f(ﬁ are

bullt up.
Well as k - sultably selected frequencieanﬁ .ﬁ;'.rs .F;)_‘;c[‘:

The difference "l "'"\

For this purposs k ~ interval 1e selected as

18 known froam ths lonopram, For

each of the frequencies 'ﬁ‘)'ﬁ-;"'?’[k » we estlmate the res-

pective electron concentratioms: N, N‘l) '.-.) N, by using
)

the well-known expressien

2 - - X
(16N, [em 14,24 AOHE [MHZ TN O 2T 1,244 407 " g2

From the profile of electron concentration Ny (h), the
corresponding heighta:h, (”1)} "'l,_(N,,)) cer) “k (Nk) are
found. For the measurable frequency, we build the profile
of the adduced /operating, virtual/ helghts h', obtalned
for each point N,’N,_’.n, Mk from the measurable frequency -&.
This equivalent mrofile for the radio beam delay with a
frequency .[‘.- in the 1onospheric part below the reflection
height hL 1e bullt according to the well-known expression
(see for example /2I/) of the change of group veloeity 1in

respect to that of light in the ionospheric plasmat

hy
anb, () =h, + [ n'(w; ,N)dh
ho

— q——_--—-_ e P - —— = . e e

S S = - — w-——————afu-_w-u_ et e —————

(I9)h ({,)=h, +fn(w,,,N)aLh

(?th (£)=h, +ffn (w; N)dh

1
We thus oLtain helghts h,, hi) cohy  for the

respective real helghts l‘\,‘h,_, s “1,",‘ e Fig.4 111y

Btrates 1n a diagram a simllsr helght dletribution. In
order to estimate the boundary between the nondeviating
and deviating absorp_tion through constructions for each
working frequency we have measured, the procedure 18 the

following:



In dependences /I7/, /18/., /19/, /20o/, n'CuJ,N)
4p uged to designate the group refraction coefficlient .

4 certaln Pelative value ls glven to Ld, for the gi-
ven measursble frequenoy in respact to the total abeorp-

tion, at which Lduill be considered to be negligible, e.g.

(21) L¢=(c%).l_=0101.£.1_.

Ressonable values of { are of the order I <~ 2 % bea-
ring in mindé the errors in absorptlon measurements and thos
ge in estimating h-h. fThen from the profilee v(h) puvs
1lished in [:?3] according to the International Reference
lonoaphere IRI - 79 and the curves avallable H(ﬁ) and h(@)
for the measurable frequecy, the height hh is estimated
for which ocondition /2I/ has been fulfilled. The deviat-
ing abeorption for sach frequency begins with helght h,, (-F).

If we have a total of J - measurable radlo frequencies,

then for any of tha frequencles from the line .[“.r““.,{;-_,

.--,f , We can write the follﬁwing dependence:
£i-4a K M
{22 . = - 3
;= L, c(—-—-—-—-& )+T:'hf Nvdh

Pl

where K= m/1rec , apd in the conclusion 1in (22) 12
has been taken into consideratlon that in case of peflec—
tion in F region, We have:

At J 2 3 as has been assumed in the majority of e~
thods of finding N (h) profiles - soo for example [3],

the comparatlively slight increaees of N can be represented

TdmanwmTer 4 a.
.

.

(23)N(h,)=N,=N(h,_ )+ & (h; ~h; =N, +8(h.—h;

(24)N(h)=N;_, +b (h-he.s)

The changes oi‘\m\) in regions E, the intermedists E -
F region and the beginni ng of F region at J 2 3 oan al~
so be represented in two reasonable approximations Jcoupam
re the date tur\)(m in [23]) with expomential approximar '

tionY

| (25) \)‘;:\?;,,, exp [-f’("i _hL-O)J ?

(26)V(m=V._ exp-p(h- hi))

or with llnesr approximationt

(21) V; =\>L-1 +9(“.:'h|‘.¢1)
(28) V), = Vi +3(h-h;_,\

If wa use approximations (24) ana (26),for
we finally obtain:

. 2
(29) LLz Lh,L-a ("{":F;:"")-P -E—E)% NL-! [eKP("Ph“’,')
~explph |+ 8, + Dlexplphi_)-
= (W +)exp(-phi )]+ %—(hi -h;)



In (29) averaglng of \)b in the last member on the
righ t-hand side takes place in the helght reglon (hn’ht) ,

19(
in the second cese, at linear inecreases of \)(h), l.e.

when we use (24) and (28) in {22), we obtalnt

Gol,=L, ,(—ﬁ‘i-)z-f-Kﬂ"‘—'i,—\-h(h ~h N+
ra(ﬁN" +8v£ l)(l‘\ ht_‘)'f"
"( ﬁgfh ht_ H—-**(h ;)

Expresa:lon‘(}l)) represents moet adequately the
curves shown in (23) for \.)(h):
(32) Y(h)=Vy; + Ven

¥here \pel is the frequenoy of collislone bstwesn elece

(30)Y, = [exp(—ph,.) exp (-ph; )J

tons and 1ons, and \')e"- 1s the one between electrons
and neutral partloles.

From {29) or better from approximation (3I), where
Loy Limig Fo 3o s NN Ve b hi By oo X
are known, we oan caloulate the coefflolentp from {29) or
raotorg from (3I). Thus, the new value of V- from (25)
or (27) s mown, Fop this purpose, 1t 18 necessary, in
eddition to profiles ¥ (h) and N (h') which are known
from the data of the loncapheric station, to have all da-~
ta about the messured L”L,_,uv, Ll;“'lj. The basis for
finding distribution \)( l’\) is the measured absorption of

the firet freqguency, 1.e.:

K N -
(33) L= [Nvdh + 2= (hy - h)
‘[z ¢
— ¢ :

Whera: \)4 refers to the regiom ( ho, ‘1, ), ana h, is
the beglnning of the lonosphere, determined by rhase~helght
measurements - 0go _ﬁif or by K (h) mrofiles. Using the
th_eorem of the integral - average of two subintegral

functions for L, , we nave:

K==
(34)L,,,=_—£“;N.9:
1

According to the studies of the relations between
the integral average of two subintegral functions and the
usual mean value, conducted in /A/, in absorption messure-
ments 1in the first apmroximation, we can uu:N‘“ﬂ-/; ;“’-ﬁ-
Thie apmroximatior 18 precise enough at a small interwsl
(h,"l,) and at exponential or linear distribution of the va-

luea considered, In such cases

2
— Lnid,

This 37 rofera to the average height in the interwal

(ﬁo’ h.) which 1s designated by h‘ « Its velue should be
approximtely equal to value —\-’; in the expression for
deviating absorption in the right-hand side of (33). 1t

the two mean values of the collision frequency are not



equal, ve operate wlth the average betwesen them correcting
the proportlon betWwaen the deviating and nondeviating .ib-
gorptions, We comparse Q(h.) with the reepectlve )%(hq)
from the distribution according to IRI - seo ﬁ}]. ir
(36 (hy) 2, (hy)

with the precislon of the basorptlon measurement, 1t can
te considered that prorile V(h) obtainea by avsorption mea-
curements is adequate to the real one. If V,(’T.)§3J:(F,),

then it follows 1n the respg gactive proportlions
1), (h) Ve (R )=, () +V,(hy)

that we should estimate a new corrected initial value

and repeat all calculations. Thus, after & feWw 1terations
we obtain the real value orvﬂ(h,]orx the basis of which
the whole profile 18 oaloulated., This 1s done when from
’{:(‘\) (which afer cartaln jterations ie reduced to an
adequate value ) ve caloulate V, by expressions (26) and
(28), Besides, far the small region in tnterval ('}T,,h.)
we can use coefficient f 1n formla {#5) or 3 in for-
mula {27) according to the respective approximations of
proritea V(h) in (27), 1in accordance with IRI - 79. That
seans that only in the firet reglon (h.'h.\ , the shape
of curvea\’(l'\) 16 assumed to coimcide with that of IRI - 79
put is shifted depending on the proportion of’-\r);(ﬁ-.) with
V(?\—i) . Thue, the profile froum IRI in thise region 18

refantad b ahdfting 1t to the left or right until the

.

values measured, coincide. In all other regionst 2,5,..«
1,00.00025), we correct both the shape and the absolute
values of profile\)(l\) . obtainins\),_(h,))‘\)aa)otc. up to
\)a “‘J) according to dependences. (29) or (3I), from whicl
we find factorse p or g , and then we operate with forma-
1ae (25) or (27).

The indleated procedure makes possible to obtain o
flle V(H by eeveral absorptlion measurements. It 18 especlt
1y effective in digital jon-soundings which can aconsiderab:
increase the number of measured frequencles J , thus in-
creasing the precision of measursments, as well as the nuum '
ber of pointe on [roflle ?['\) , Wwith which this vertical
distribution 1s better described.

The presence of vertical profiles \’(h) makes possible
the solution of problems of applied nsture in telecommuni-
cations, telecontrol of apace objects, deslgn of radio
11nes and networks etc. In addltlon to that, under cer-
tain conditions, from proﬁl?“l) the vertical distribu-
tion of el_sectron temperature Te (h) can be estimated.

In thls way, psmallel ground wethods are created to sup-
port the dlrect methods for estimating plasma parameters
in the 1onosphere and good possibilities to combine ground
satellite and rocket compleXx measurements similar to the
optimization dlagrams.

The practlcal conclusions fro;m absorption measure=

ments are tn the following dlrectionst a) Estimeting the



. of
med to express F (50) in dﬁ above level Qrdvm .

intenslty of fleld ER for different transmitters, frequen-
Here in the end are some basic data concerning absory

0les, povers and distapoee; b) Making use of the data obsk
tlon changee:
talned in (a) for designing radic paths and radio netwerks .
a) Diurnal course

n
%®) L = L cos &
The valuaa-of'h according to [ﬁg] are shown in Fig.5.

According to CCIR, partioularly difficult to estimate are
the night radio networks of medium- and short-wave transe

mltters, for which there are not sufficlent data avallable
bj The value L, chan ges almost linearly with solar
from experiments for abeorption L. Making use of these data
activity (depending on the equivalent number of solar spots

about the absorption L, we can determine the level and qua-
R). Fig.6 shows L, estimated by fy3n from R acoording to

[26/.
Acknovledgement: I should like to expresa my gratitu-
de for thlis initilative to Prof.Dr.8andro Radicella,for hie

11ty of radio communicatlions between two statlons. We can
estlmate the fading boundary betwaen the ground and lono—
spherlo-reflected waves (in which area the radio sereloce
haa deteriorated). We can also determine the intarferen—
experience of many years in measuremsnts according to A3

ce zone of lonospherio waves of synohronously operating method, - to Prof.G.Nestorov, apd for the ovarall oooperas
fransmitters in the radlo network , and solve lmportant tion - to MK.Berafimova and E.N.Berafimova.
rroblems of practical significanoce.

In radlo broadcasting, the term"standardized frield"
18 used for these [robleme of applisd aclence. This ia
the intenslity of the field created by an aerial with emlt-
ted power of I kv within 50 X of the time for operation .
For this standardized field F (50), we have:

(36) F (50) = 480 /€ - for medium wavee,

(¥9) F (s50) ‘= SDOP /€ - for long waved ,
where J’) 1s determined by dependence (2) frowm L. According
t0 the known depsndences of radlowave propagablion for
another emlitted power P, we hevs a blgger or a smaller

field than F (50) mltiplied byVP . It has been assu-
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