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Page 84S,

HETEOR RADIO ELECTRONICS (Composition, History, Probleas).

Ye. I. Pialko.

Is given determination of meteor radio electronics. Are

described its component parts.

Is given the short outline of the history of the formation of
meteor radio electronics. Are characterized the fundasental periods
of its development. Are enumerated the main probleas and the
probleas, confronting coatemporary by meteor radio electronics.

Is presented brief information about meteors.

Detecmination of meteor radio electronics.

The use of methods and means radio electronics determines to a
considerable extent level and result of many bramnches of science and

engineering. A characteristic exaaple in this respect is the
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application/use of radar in the investigation of meteor phenosena in
the atesosphere of the Barth. Successful study by radio aids, and then
also the use of ths ionized education/formation, created by meteoric
bodies during their intrusion into high layers of the atmosphere, led

to very rapid shaping of the specafic section of radio electronics.

It should be noted that the most important Soviet

scieatist-specialists in the cegaon of radio electroamics, oamly did

not rate/estimate the prospect ot the use of radar msethods for the
investigations of meteors in the interests of astronomy, geophysics
and radiophysics, but also in many respects they contribdted to the
realization of this direction. In the period 1953-1957 the
acadesician A, I. Berg rendered great aid scientific collectives,
vhich wvere being occupied by the development of radar equipment for
meteor observations. In the middle of the 50's, academicianm A. L.
Mints, attaching much importance to the development of radio methods
in meteor investigations, and noting the prospect of the use of
meteor ionization of the realization of long-distance communication

in the range of VHP, introduced term radio-meteoritics.

Actually this vas the first acknovledgement of that fact that
the new branch of radio electroaics is located in the stage of
successsful formation. Tera radio-meteoritics - figurative, laconic

and large-capacity, but needs insignificant refinement in connection
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vith the taking root terainology in astronosy.

Ralio aids are utilized, mainly, for recording or using the
meteor iomization, produced by meteoric bodies, while by meteorites
ace understood only those, relatively fev very large/coarse, meteoric

bodies, which reach the surtaces of the Barth. Therefore more precise

vill be tera meteor radiocelectronics.

Page 846.

Neteor radio electronics - section of radio electronics,
dedicated to study of meteor phenomena by radio aids and to their use

for transaission of information with the aid of radio vaves.

Before passing to the expaansion/disclosure of the comtent,
problems and probleas of meteor radio electronics, and also to the

presentation of its history, let us pause briefly at the fundamental

special feature/peculiarities of meteors.

Brief information about meteors.

Reteoric bodies, meetiny the Barth's atmosphere, generate ameteor

phenomena (meteors). The overvhelaing majority of meteoric bodies (in

the vicinities of the earth's orbit) belongs to the solar systea and

P
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it moves over elliptic orbits; only a fev meteors are generated by

the astaoric bodies of interstellar origin. The meteoric bodies,
vhich move by clusters, generate the meteor showers, and the others -
create sporadic meteors (sporadic von). The meteors of flows, during
their observation, seem escaping of one point of celestial sphere
(radiant). The geocentric speeds of the meteoric bodies whose orbits
intersect with the orbit of the Earth, are included virtually within
the limits of 11-74 ka/s. The masses of meteoric bodies they are
distributed according to the inverse axponential law, beginning with

certain minimum mass mgy (meteoric bodies with smaller masses of adag

- are virtually “swept® by light pressure on the periphery of the solar

systam). The overvhelming majority of the meteoric bodies, which meet
the Barth, brakes in upper levels of atmosphere, even without having
melted. Significant part breaks down itself in range of
height/altitudes from 70 to 120 ka, creating the ionized meteor
trails. Only the relatively imsignificant part (large/coarser) of
meteoric bodies reaches height/altitudes in several ten kilometers
above ground level, forming very bright traces (bolides). And the
entirely insignificant part of meteoric bodies does not manage
completely to destroy itself in the atmosphere; the remains of these
meteoric bodies, that drop out to the surface of the Barth, they are

called meteorites.

Size/disension and mass of the suppressing nuaber of meteoric
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bodies is very small.

Por the illustration of tais position, let us give the following
exasple. Let us assume that hacrdly the seen with the naked eye meteor
is forsed by the meteoric body, vaich has mean geocentric speed («~ 80
kn/s) ; in this case the mass of meteoric body is approximately 0.5

ag.

Having a small mass, but enormous geocentric speed, meteoric
body it possesses considerable kinetic energy vhich is
expend/consumed in the ablation process (destruction) of meteoric
body. Interaction of meteoric body with the particles of "incident®
air flow occur/flow/lasts as follows. "Being deepened™ in the
atsosphere of the Barth, meteoric body increasingly more intenseiy is
bosbarded with the particles of air. At first meteoric body is
heated, then occurs its tusing which follows the boiling. The
evaporating atoas of meteoric body encounter the molecules (and by
atoas) of aic, moreover the relative speed of these collisions
differs little from the geoceantric speed of meteoric body. Blastic
collisions cause the heating of gas column, and inelastic - glowv and
ionization. Ionizations undergo, mainly, the meteor atoms the
ionization potential of which is lower than in the particles of the

air.
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k Page 447,

Extent and transverse sizes/diaensions of the ionized meteor

: trail depend, mainly, on speed and mass of meteoric body. The initial

radias ro, depending on the mean free path of ions, increases with

height/altitude; on the average rg order of meter, and the length of »
trace - several ten kilometers. The ionized trace under appropriate 4
conditions can effectively scatter radio wvaves. This is allowved, 51

controlling the processes ot formation and destruction of the ionized
meteor trail (on recordings of meteor radio-echoes) to judge both
properties and parameters ot meteoric bodies and about the
characteristics of the atsosphere in the region of meteor zone. So,
observing the behavior of the formed trace, it is possible to study

wind conditions/mode, iantensity of concentration diffusion, processes

of recosbination, adhesion, etc., and also turbulent phenomena in the
ionosphere. Por this purpose, together with the radar methods, wvhich ‘;
realize a normal-recurrent sounding of meteor trail, is utilized the

inclined irradiation of meteor trails vith the considerable

alhat

separation of the betrayiny and receivers. Use of the meteor ionized
trace as passive re-esmission of the electromagnetic waves gives
possibility to carry out remote radio communication in the range to
VEP. This radiolink systea transaits information by "machine gun
bursts® in the presence (on route) of the ionized meteor trail. The

intejral effect, produced by meteors, it affects the state of the i
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ionosphere, especially on some foras of sporadic layer £,. The
ejuipment, intended for radar of meteors (and also communication
gear), possesses the row/secries of the specific special
feature/peculiarities, caused by the specific character of
interaction of radio vaves with the ionized meteor trails. Thus, for
instance, radar of seteors is realized usually in the range of the

ultrashort wvaves, sost frejueantly on A=8-10 a.

Radar surveillance of meteors are most effective ones in
comparison with othar metaods of metaor observations (photographic,
telescopic, visual, magnetic, etc.). However, the most complete
inforsation about seteor phenomena is obtained during the composite
observations of meteors. Developmeant, together with the classical
mathods of the meteor observations (photo, visaal) of radar method,

contributed to the successful development of the science of meteors.

Heteor cadio electronics; its place in tha composition of the science

of meteors.

Heteor radio electronics is the component part of two
contemporary sciences: science of meteors and radio electronics. The
science of meteors, wvhich established in the past century, vas
initially represented by one section - meteor astronoay. In

proportion to the study of interaction of meteoric body wvith the
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Barth's atmosphere, was fora/shaped physics of meteors. The
development of the indirect method of studying upper levels of
atmosphere, instituted on meteor opservations, lay as the basis of
meteor geophysics. The use of radio aids for recording the meteor
phenomena made it possible to sharply raise the effectiveness of
meteor observations. The radio metnods of the observation of meteors
very successfully are developed in recent 20 years. In connection
vith this wvwill arise nuaber of the radiophysics and radio engineering

pcobless whose solution led to tae formation of the independent

section of radio electronics - meteor radio electromics, which is

younjest part of the scieauce of metecorst.

POOTNOTE !. Let us note taat Dy examining aeteor radio electronics
relative to the science of meteors, in it it is possible to isolate
thre2 parts. The first - directly enters into the science of meteors.
The second - is the method of studying the meteor phenomena. The
third - does not refer to the study of meteor phenomena, but it is
based on the use of meteor i1oaization for radio coammunication.

ENDPOOTNOTE.

Page 048,

Thus, into the science of meteors enter meteor physics, meteor

astronomy, meteor geophysics, meteor radio electronics.
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As already mentioned meteor cradio electronics is the independent

section of radio electroamics.
Sections of meteor radio electronics.

Into meteor radio electronics, enter meteor radiophysics, meteor
radar, meteor radio comaunication and meteor radio engineering. Let
us note that haere there is in foram radio engineering in the narrow
sense of the word, i.e., mainly, the complex of equipment questions.
To avoid discordance in terminology, let us note that the concept
"radio engineering” in differeant historical stages corresponded to
di fferent content. In A. S. Popov's times by radio engineering, vas
understood the radio coamunication. Classical radio engineering
includes seven sections: radio cosmunication, broadcasting, radar,
radio navigation, television, radio remote controls and
radiotelemetry. Contemporary radio engineering, which encompasses the
rov/series of new sections, was called radio electromnics. In our
case, as was noted above, is in form meteor radio engineering in the
narrov sense of the word.

It should also be noted that the framework of meteor radio

electronics are not limited to the enumerated four sections. It




poc = 7822#00 PAGE ro

adjoins the application/use of methods of electronics for an increase
in the effectiveness of the optical investigations of meteors (as,
for exaample, the use of superorthicons for am increase in the

sensitivity of telescopic setaod, etc.).

Lat us pause at the coantent of the main divisions of meteor

radios electronics.

Contant of the sections of meteor radio electronics.

1. Meteor radiophysics.

HNeteor radiophysics studies, mainly, the processes of ionization

and deionization and interaction of radio wvaves with the ionized

meteor trail. The fundamental questions, vhich are determining meteor

radiophysics®s content, can be brought several groups:

education/formation and destruction of the ionized meteor trail;

the meteor contribution to the ionization of the ionosphere;

its own (primary) the radio eaission of the ionized meteor

trail;
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interaction of radio waves with the ionized meteor trail;

meteor propagation of the radio vaves, re-emitted by the ionized

meteor trail;

the simulation of the ionized trace.

All noted guestions are related to the ionized meteor trail
(formed by meteoric body). At the same time is of great interest

interaction of laser beam with meteoric body.

Page 849,

Meteor radiophysics's fundamental and most laborious problea is
the theoretical and experimeantal study of scattering radio waves on
the real ionized meteor trail (in the process of its formatiom and

destruction).

In the solution of seteor radiophysics's problems, are reached
the specific successes. This made i1t possible to supply
investigations in the fields of meteor radar, radio communication and

radio engineering, and also after the creation of effective equipment

to begin the productive observations of meteors.
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2. NMeteor radar.

Meteor radar is dedicated to the study of meteor phenomena by

radar means.

The content of meteor radar composes a nuamber of theoretical and

experimental probleas:

ths establishment of tae dependence of intensity and duration of
echo signal from the parameters of meteoric body, atmosphere and

radar (this problem is to a considerable extent comamon with meteor

radiophysics) ;

the measurement of the coordinates (among other things
heightsaltitude) and of the parameters of meteor trail (including the

initial radius ry, linear electron density a);

tha establishment of the cosaunication/connection betveen the
statistical characteristics meteor radio-echoes and the statistical

characteristics of meteoric bodies;

development and application of the msethods of measuring the
paraseters of meteoric bodies (speeds v, of radiaats, cell/elements

of orbits, and also masses);

o
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development and application of the methods of measuring the
drift of meteor trails, and also turbulent phenomena in the

ionosphere;

the selection of the optimum parameters of meteor radars of

different designation/purpose.

One of the component parts of the meteor radar is setting and

conducting of observations according to the appropriate prograas.

Let us note that, together with radar of the ionized meteor

trail, is possible also radar of meteoric bodies.

3. Weteor radio commumicatioa.

Seteor railio communication 1s instituted on the use of the

ionized meteor trails as Passive reeaitters for the transmission of

information.

The use of meteor ionization for purposes of radio coammunication
Places number of the problems of similar ones to some probleas of

meteor radar; to them it is related, first of all:
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the determination of the relatioam betveen the parameters of that
scattered forward signal and paraseters of mseteor trails, and also

seteoric bodies;

tha expamsion/iisclosure of the communication/connection betveen
the statistical characteristics of scattered forvard signals and the

paraseters of traces and aeteoric podies.

this gives the possibility to examine nuamber of the most

isportant problenams:

the analysis of capacity, interference shielding and specific

special feature/peculiarities of the meteor communication line;

thes selection of the optimum paraseters of the meteor

coamunication line.

Heteor radiowave propagation can be used also for other

target/purposes, namely:

the standardization of the standard of time and transaission of

picture signals.
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Page 450.

Nateor radar and radio commuaication advance the rov/ser ies of

the specific equipment Probleas whose solution is the object/subject

of seteor radio engineering.

8. Meteor radio engineering.

The fundamental problea of meteor radio engineering is the
equipment provision (and the Solution of connected with this

theoretical and experimental ptoblems) for meteor radar, seteor radio

coasunication, etc.

The main directions of meteor radio engineering include

following:

the creation of equipment wita the optisus parameters
(vavalength, repetition fregueacy, etc.), sufficiently high power and
sensitivity; this probles is closely related with the problea of the

selection of the optimua Parameters, solved both in meteoxr radar and

in meteor radio coamunication;

s
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the provision for an interferemce shielding of installations:

the autosation of recordiang aad processing the results of

observations.

The specific special teature/peculiarity of meteor radars is

bigh effectiveness (caused by the short duration of object) .

Ona of the most most difficult problems is the creation of a

precise phase altiseter.

Radar surveillance of seteocrs, and also investigation of the
asteor propagation of radiovaves made it possible to obtain the

rov/secies of the results, representing interest froa astronomical

and geophysical point of view.

Contribution of meteor radio electronics to meteor astconoay and

meteor geophysics.

The successful development of meteor radiophysics, radar, radio i
enginesring, and pacrtially also tae investigations, coanected with
aeteor ctadio communication, they made it possible to make a

siganificant contributionm to astronoay and geophysics. Let us note the

fundamental investigations of this kind:
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1) the study of meteor substance in the solar systen;

2) the estimate/evaluation of the increment of the mass of the

Barth because of meteor substance;

3) the investigation of atmosphere circulation in meteor zone:

4) the estimate/evaluatioa of the meteor contribution to the
ionosphere. This problem is to a considerable extent

cosmon/general/total both for meteor radiophysics and for meteor

geophysics;

S) the study of structuce aad atmospheric parameters in meteor
zone, C%X;osidos this, meteor radio electronics makes it possible
to solve number of questions, which relate to meteor physics

(especially in combination vith other methods of observing the

meteors) .

The development of the radio method of the study of meteors is
connected with the development of theory, procedure of observations,

equipmsent and setting up and coaducting meteor observatioas.

S X YRR
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Developament stages of meteor radio electronics.

On the basis of theoretical representations, experimental
investigations, applied procedure, utilized equipment, character and
scale of observations, amd also use of meteor ionization for a
comasunication/connection, it is possible to isolate following

developaent stages of meteor radio electronics.
Page 451,

the 1st stage - from end/lead of 20°'s to the middle of the 40°'s
(the "pre-radar®™ stage). In this period information about meteors,

vary incompleta, wvas obtained (since discussion deals with radio

method) in connection with conducting of ionospheric observations and

studying the radiowave propagatioan. N. A. Ivanov [ 1] (almost
simultaneously with Skellett [2)) arrived at conclusion about the
fact that the meteors, falliag iato the ionosphere, lead to a
short-tera increase in the ionization. Let us note that it is
somevhat earlier than Wagaoka [3 ), correctly associating short-tera
anomalies in layer B vith aeteor phenomena, it gave the incorrect
interpretation of the mechanisa of education/formation and character
of this ionospheric heterogemeity: it assumed that the meteoric body
"clears out® on its path electrous (vhile in actuality, as a result

of colliding the vaporized meteor atoms with the molecules of air it
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is forsed the coluan of ionized gas).

At the start of the 30°s, 8. A. Gnevyshev [4) established the
influence of the meteor shower on the conditions of radiowvave

propagation.

At the end of the 30's 1. S. Astapovich [5]), and then in the
beginning of the 40's Yu. N. Khlyustov [6) reveal/detected the change
in the intensity of radio signal and the onset of noises at the
onsets of bright meteors. However, the conditions, favorable for the
setting of the goal-directed systematic radio observations of

meteors, were created oanly after the appearance of radars.

Th2 2nd stage (stage of the formation of meteor radar) - froa
the middle of the 40th to middle 50's. The use of radars of the type
®p-2/% (7, 8], vhich vorked in metric range, made it possible to
supply in the USSR radar surveillance of meteors. I. S. Astapovich
one of the first in the USSR focused attention on the possibility of
applying radar equipment for recording meteors [7). The first radar
sarveillance of meteors in the USSR pertain to the year 1946 -~ under
B. Yu. Levin's management/manual with participation of P. 0. Chechik
and N, I. Kabanov observed the flow of Draconids [8]) on vave A=4 a.
Radar surveillance of the tlow of Draconids of 1946 in the USSR and

abroad {9, 10) served as powerful/thick "jerk/impulse® in the
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development of the radar sethod of observing the meteors. In the
USSR, and also in England, Canada and USA at the end of the 40's are
created the first groups, which are occupied by questionms of radar of
seteors and by more or less systematic observations. To the second
stage perptain also the atteapts to rralize meteor ionization for
ra&ia cosmunication [18 ). The rapad dsvelopment of the radar method
of observing the mateors in the USSR was begun in connection with

preparation for internatiopal geophysical year (MGG).

The 3rd stage - preparation tor AGG; conducting MGG and HNGS
(international geophysical collanoration) - from 1955 through 1959,
In this period in the USSR vere created the collectives, which
consisted of radio specialists and astronomers. The .
coamon/general/total lanaqenent/naiual of preparatory vorks, and then
also by observations according to program of NGG was realized by a
board for comets and meteors of the astro-council of the AS USSR
(chairman V, Vv, Pedynskiy) and by head institution - AD of Odessa
univarsity (iicector V. P. Tsesevich). Conducting observations
accord ing to single program to scale of the country made it possible
to obtain data about meteor activity, about the statistical
characteristics meteor of the radio echo and meteoric bodies, about
flov pattern, about the intensity of the processes of deionization in

aeteor zone and so forth {15, 11, 16-28, etc.].
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Page M52,

In this same pariod vas sade the row/series of theoretical works [11,
16, 29-37), vhich, together wita the works of Kaiser, Mitra, Lovell,
Herlofson, HcKinley, etc. [ 38-45), and also the fundamental works of
B. Yu, Lovin [46]), I. S. Astapovich (87), V. V. Fedynskiy (48], 0. V.
Dobrovol®skiy, L. A. Katasev, P. B. Babadzhanov et al. made it
possible to give the scientific substantiation of the radar method of
observing the meteors. The taird periol includes also the realization
of mataor radio communication (in Canada) [ 49, 50). By most

successful during this period vere the investigations, made the

Kharkov collective, wvhich, mention fundamental prograsmed

observations, carrisd out also observations of the winds on the drift

of meteor trails. This (togyether with data of Greenhow [51]) made it
passible to supply prograamed observations in the period of the

intecrnational year of quiet sun (MGSS).

Ty

The 4th stage - 1960-1965 - preparation and conducting of MGSS.
During this period in the ctow/series of point/items, vas created the ]
special equipment, intended for observing the drift of meteor trails
and study of wind picture. During this period continued also the
investigations of an imitial radius of meteor trail [ 52, 53), vas
developed the statistical tneory of radar of meteors [ 54, 55, 56],

they vere examined the simulation of meteor trails [57 ), resonance
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effects in meteor trail [58, 59 ), meteor contribution to ionosphere
(60), vere investigated tae processes of deionization in meteor trail
[61, 62), the theoratical yuestions, connected with the study of wind
conditions/mode [63, 64], by turbulent processes in mete r zone [65],
by diffusion (66, 67 ), meteor radiowave propagation [ 18,68,69]. In

this same period are acquired data on the orbits of meteor showers

L

[70]), on mass distribution of meteoric bodies with the use of traces

of diffarent types (including intermediate type traces [71-73)), f
about the meteor increaeat of tae amass of the Earth [74]), about the {
distribution of meteoric bodies according to kinetic energies [73, é
75, 76), etc. g

3

This stage includes successful investigation and use of meteor

radio communication in the row/series of countries [77]!.

POOTNOTE ?. See also [90). ENDFOOTNOTE.

The Sth stage, vhich vas pbpegun following with the termination of
H3SS (i.e. since 1966) , was characteristic by the tendency to improve
the procedure of the measurement of speed and wind direction in
meteor zone, to develop the method of the precise measurement of the
heights/altitude on wvhich vwere arrange/located the section of meteor
trail, that diffuses cf radio vave, and to also utilize identical (or

close) operating frequencies and increase the effectiveness of
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egquipment. In connection with tais is of interest the
phase-difference method of aeasuring the angular coordisates, which
possesses the row/series of advantages in comparison vith amplitude

{78] and amplitude-phase [79] methods.

The for the first time direction-finding-ranging method of
determining the coordinates of meteor with the use of a phase
goniometer and spaced anteannas was proposed by the author as early as
1950. Station "TPI-2%, created under author's leadership, contained,
besides range finder, also the chaanel of angular coordinates [ 11,
80 ); the measurement of the heights/altitude of meteors by
phase~difference method was realized first in 1958, and then 1959
[81]). The phase-difference method of measuring the height/altitude
was more lately realized with obtaining of higher accuracy in the
row/series of others city country (82, 83, 84]. The creation of the
improveld eguipment, for meteor investigations is successfully

conducted by at present many scientists.

Page 453.

Contemporary meteor radio electronics is located in the stage of

intense developament.

Lat us examine the probleas, connected with the prospects for
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the ievelopment of meteor radio electronics.
Probleas and problemas of meteor radio electronics.

1) Neteor radiophysics.

a) it is mecessary to refine the processes of foraing the
ionized meteor trail: the process of ionization (and “ionization
probability®™ p) during interaction of metwor atoas with the particles
of air, the dependence p on the speed of meteoric body; a change in
the linear electron density a aloayg trace in dependence om the
parametars and the composition of the meteoric body amd atmosphere; a
chanje in bulk density n alony a radius of the ionized trace n(r) and
its height dependence; the quantitative estimate/evaluations of the
initial radius rgy, its high-altitude and high-speed/velocity
dependences. There is special interest in the study of radial and
axial distribution of electron enexrgy n(r) and a taking into account

the fragmentation of meteoric body.

b) follows the more thorough to study the processes of
destroying the ionized meteor trail and, in particular, to obtain the
coamon picture of change in the function of the time of linear and
volumetric electron density taking into account all “"deionizing"

factors, concentration diffusion and turbulent diffusion.

it o e,
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c) one should also retine fora and structure of the ionized
meteor trail taking into accouat the action of the “destructive®
factors in the process of track condensation, without disregarding

the process of thes fragmentation of meteoric body.

d) is in prospect to retine tae meteor contribution to the
ionosphere, namely: to refine the correlation betveen meteor
phenomena, educatioa/formatioan and condition of some types of
sporadic layer £,; to develop the mechanisa of the
education/formation of some types of layer £, of meteor origin; to

refine the portion of the meteor contribution to layer B (both into
the daytime and in night time).

e) there is a definite interest in the investigation of its own

(primary) radio emission of the ionized meteor trail.

f) meteor radiophysics®’s most essential problea is the
fundamental investigation of interaction of radio waves wvith the
ionized meteor trail. To thas problem one should relate: the
refinesent of theory for the case of the ideal infinite ionized
cylinder (and, in particulacr, obtaining the analytical expressions of

the intensity of the scattered signal for the case of traces of

gl e S A
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mongrel, i.e., from a on the order of 102 el/cm); the essential
refinenent of theory for the case of imperfect trace takimg into
account the processes of formation and destroying the trace (for a
sonolithic body); the creation of the theory of scattering radio
vaves by the real ionized meteor trail (taking into account the

possible mechanisas of fragmeatation).

g) together with the careful examination of a normal-recurrent
and inclined re-emissions and radiowave propagation in the classical
case (monolithic meteoric body), it is necessary to consider also the

presence of the fragmentation of meteoric bodies.

h) it is possible to expect the new theoretical and experimental
data on resonance affects (especially for the case of transient and

overdense types, and also upon consideration of fragmentationm).

Page 454.

i) being promising is the simulation of the ionized meteor
trails (both static with the use of gas-discharge tubes and dynamic -
with the aid of "poolsw).

jJ) above discussion dealt wita interaction of radio vwaves with

the ionized trace. Becomes at present actual/urgent the setting of

e 2 BT URE ST
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the theoretical and experimental stuiies of interaction of laser bean
with ssteoric bodies (diffecrent compositions, structure, forams and
sizesdisensions) for pucrpose of the study of the possibilities of
radar detection of meteoric bodies and preveantion of meteorite

pcroblena.

The solution of these probleams, important by itself, is
necessary for the progress of other sections of meteor radio
electronics, and, first of all, meteor radar and meteor radio

comsmunication.

2) Meteor radar detection.

a) Ficst of all, it is necessary to refine the dependences of

inteasity and form meteor of the radio echo on the parameters of

meteoric body (ionized meteor trail), medium, equipment, "geometry"

and the like in the process of formation and destroying the meteor

trails in the presence and absence of fragmentation.

s lehid il

b) Thece is special interest in obtaining these data in the

pacrticular case vhen a is of the order of 10t2 ¢ soB, i.e., for

traces of transient type.

c) one should explain, under what conditions it is necessary to
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consider the effect of fragmentation with radar of metaor trails.

d4) useful both in theoretical and applied ratios/relations will
be the refisesent of the statistical characteristics meteor of the
radio echo in the randoa position of "mirror™ point on the meteor
trails of differeant types (taking into account the presence of the
transition region in which a it is of the order of 10:2 ¢ /cwm) in the
case of the nonfragmenting meteoric boly. This will make it possible
to refine the analytical depeadeance of the statistical
characteristics meteor radio-echoes on the statistical
characteristics of meteoric bodies. The solution of this problea
taking into account the fragmentation of meteoric bodies will be the

significanst contribution to meteor radio electronics.

®) gpecial interest (and great difficulties) is of the

developaeat of a precise radar method of deteraining the mass of
seteoric body.

f) Very proamising is the improvesent of the methods of measuriag
of initial radii of the ionized meteor trails and the realization of

sufficiently prolonged meteor observations at several vavelengths.

g) Oae of the most urgent problems is the iaprovement of the

asthods of observing the drift of meteor trails and construction of
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vind picture in meteor zome. This will make it possible to carry out
a dialing/set of statistical msaterial for refining the global

atmosphere circulation in seteor zone.

h)‘{hls problea adjoins improveament of the radar sethods of

studying the turbulent phenosena in meteor zone and obtaining

sufficient the space statistics.

i) An increase in the effectiveness of meteor radars is
connected with the development of the nev methods of determining the
paraneters of the ionized meteor trails which vould make it possible
to obtain (for the limited tise of observations) the sufficiently

large number of precise measuresents.

Page 855,

Here is related the improvement of the method of determining radial
component drift velocities of meteor trails because of the use of

very short-tera meteor radio-echoes.

b)) %he expansion of the possibilities of meteor radar requires
the development of the radar methods of measuring the paramseters

(among other things orbits, radiaats, speeds and the like) of very

veak meteors.
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k) The need for the "joining® of recordings to height/altitude
is connected with the improvement method determinatiom of the

height/altitude of “mirror® poiat.

1) In coonection with the diversity of the functions, fulfillead
by the conteamporary radio iastallations, utilized for observations,
is in prospect to carry out a selection of the optisum parameters of

metedr radars of different designation/purpose.

To a considerable extent these probleas are characteristic not

oaly for a normal-recurrent, but also for oblique radio transaission.
3) Meteor radio communicatioa.

a) fFicst of all, is expedieant to conduct further investigation
of the paraseters of radio signals during "forvard scattering® as
function of the parameters of the ionized meteor tr .ils (and of their
generating meteoric bodies), mediua, equipment and geometry of routes

(for monolithic and that crusaing meteoric bodies).

b) This will make it possible to carry out refinement of

statistical characteristics “scattered forward® radio signals and
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their communication/connections with the statistical characteristics
of meteoric bodies, the parameters of sedium, equipment and so forth

(vithout account and taking into account fragmentation).

€) Great theoretical ianterest and applied value have studies of
t*cansaissioa ability, freedoa froa interference and specific special

feature/peculiarities of the meteor communication lines.

d) Special importance has a selection of the optimum parameters

of the system of meteor radio coamunication.

e) the meteor radio coamunication includes also the
standardization of the standards of time (instituted on the use of

seteor radiowvave propagation).

t)'fhis section of metaeor radio electronics adjoins the study of
the possibilities of the transaission of picture signals because of
scattering of radio waves in meteor trails, i.e., the study of
hyperdistant television because of mateor propagation (meteor

television).

§) Meteot radio emgineering.

Neteor cadiophysics, radar and radio communication present the
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rov/series of specific reguirements for radio equipment. Let us
recall that the discussion deals with radio engineering in the narrow
sense of the word, i.e., there 1s in form a coaplex of egquipaent
questions, connected with meteor radio electronics. Basic ones of

thea thay are:

a) fho creation of meteor radar station wvith high pover and

sensitivity (for observing the very veak meteors).
b)‘fho creation of radar complex for the simultaneous sounding
of the ionized meteor trails on several (the 3rd and more)

frequencies.

Page 456.

c)'fhe creation of the highly efficient meteor radar, vhich
radiates coherent oscillations on the 2nd (and more) frequeancies (for

the experiaental study of initial radii, etc.).
d)"ho creation of highly efficient altimeter (gonioseter).

@) Aa increase in the freedom froam interference of aseteor

radars, connected and other systeas.
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f) An increase in the effectiveness of installations,
9) f\o automation of perfecting result observations.

d) An tncrease in the accuracy of processing the results of

observatioas.

1) Mastery/adoption, together with the range of VHP, “left

bousdary® of skip band, aad also optical range of radio waves.

p|] the Sreation of the amplitude-phase analyzer of the pulse of

a meteor radio echo.

Besides the noted guestions, connected with the developaent of

the main divisions of meteor radio electronics, there are other ?
probleas, the solution of waich will raise the effectiveness both of

the "old" methods of the sStudy of meteors and composite study of

meteor substance and seteor phanoaena. .

5)‘(ho application/use of aetaods of radio electronics for an \
i

increase in the effectiveness of the optical methods of observing the

meteors.

Discussion deals with an esseatial increase in the sensitivity
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of the telescopic method of observing the meteors. This, as is known,
it can be reached because of obtaining of the television image of
very veak sesteor with the use, for example, of a superorthicon,

acrrange/located in the focus of optical telescope.

6)“h0 application/use of meteor radio electronics during the

coaposite study of meteors.

Host likely by most proamising and fruitful/successful is the
composite study of meteor substance and meteor phenomena radar
method, method of "inclined sounding”, by photoelectric, and also
photographic, visual and telescopic methods in combination with

direct methods.

In other words, the combination of direct/straight amd indirect
methods (radio-slectronic, optical, etc.) vwith the methods of
simulation (including the simulation of the ionized meteor trails)
vill make it possible to most completely get to know both meteor

substance and generated it meteor phenomena.

In connection with this appears the problem of the development
of theoretical base and procedure of this type of the comprehensive
investigations (including observations) of meteors and meteoric

bodies.
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It is quite obvious tanat the development of meteor radio
electronics, and first of all, radiophysics, imposes serious

requirement on meteor physics. 9;
Page 457. %
7) Some questions of meteor physics and problem of applied character.
1. Reteor physics.

The progress of meteor pahysics is connected, first of all, with
the levelopment of the physical theory of meteors. As shoved some b
investigations [85), development classical of the physical theory of
meteors, studying the meteor phenomena, caused by monolithic meteoric
body, can give the newv data, which to a considerable extent explain
the disagreement between theory and experiment. Therefore developament
the classical physical of the taeory of meteors is extreamely

necessary and in any way hopeless.

Hovever the account of the process of the fragmentation of

meteoric bodies must be thorougbly studied and taken into account

during developmaent physical of the theory of meteors. Last/latter
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vorks [86-89) make it possible to rely on the possibility of the
fundamental solution of this problem. But this, in turn, it will make
it possible to introduce clarity into number of the probleas of

meteor radiophysics, radar and radio communication.

2. On the contribution of meteor radio electronics to astronomy.

geophysics and physics of meteors.,

The fundamental problems of applied character, placed before

aeteor radio electronics, are reduced to following:

a)‘(he refinement of the "“"visible™ and "true™ distributions of

radiants.

b|'fho supplesent of the obtained previously distributions of

the orbits of the meteor showers and associations [70].
c) Study of the properties of the "meteoric dust".
d) the estimate/evaluation of “meteorite problea®™.

e) ike construction of the picture of global atmosphere

circulation in meteor zoune.
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t)'fhe refinement of the meteor contribution to the ionosphere.

qb‘(he refinement of structure, form, size/dimensions of the

ionized meteor trail.
Conclusion.

Thus, in last/latter two decades vas formed the nev branch of
radio electronics - meteor radio electronics, object/subject of which
is the investigation of meteor phenomena by radio aids and the use of
meteor ionization for the transmission of information by the means of
radio waves. Neteor radio eiectromics continues to be developed in
the row/series of the couantries, and first of all, in the USSR, USA,
England, Canada, Czechoslovakia. In the USSR it was forumed and
conducts investigation a whole secies of the collectives. The
equipment, created by these collectives (and also by foreign
' centars), is utilized for observations according to international
programs. Investigations in the region of meteor radio electronics
are conducted on high scientific level, to which, in particular,
tastifies considerably a quantity of doctoral and candidate
dissartations, made based on materials of these experiments. At the
present time in world litecratuce, in spite of the youth of meteor
radis electronics, are couated tens of monographs and collections and

many hundreds of periodical articles.
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solution, emphasizes the prospect of meteor radio electronics.
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The row/series of probleas and problems, which wait their

Pages 459-460.
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