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Page ~~5.

BETE3R BADIO BLECTROIICS (Composition , History, Problems).

I.

Y~. I. P ialko.

Is given determination of meteor radio electronics. Are

d.scribed its component parts.

Is given the short outline of the history of the formation of

meteor radio electronics. Are charact erized the fundamental  periods

of its development. Are enumerated the main problems and the

problem s, confronting contemporary by meteor radio electronics.

Is presented brief information about meteors.

D .t.rmiaatioa of •eteor radio electronics.

The use of method s and means radio electronics determines to a

considerable extent level and result of many branches of science and

•mgimeeri ag. A characte r istic exam ple iii this respect is the
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application/i,.. of ra dar in the uiv.stigatio. of meteor ph.uo.ena in -

‘

th. atmosphere of the Earth. Successful stsd y by radio aids, and then

also th. us. of the ionized •ducation/formation , cr•atsd by meteoric

bodies latin ; th .ir intrusi on into high layers of the atmosphere , led

to very rapid shaping of the speci fic section of radio electronics.

It should be noted that the most important Soviet

scientist— specialists in the region of radio electronics, only did

not rats/estimat , the prospect of the use of radar methods for the

inveetigations of meteors in the interests of astronomy, geophysics 7.
and radiophysic s. but also in many respects the y contribiJted to the

realization of this di rection. in the period 1953-1957 the

academician A. t. Berg rendered great aid scientific collectives,

which were being occupied by the development of radar equipment for

metsor observations. In the middle of the 50’s, ac~i demician A. L.

Hints, attaching much importance to the development of radio methods

in meteor investigations, and noting the prospect of the use of

me teor ionization of the reaiizati~n of long—distance co .munication

in the range of TKP , introduced term radio- meteoritic ..

A ctually this was the first acknowled gement of tha t fact that

the new branch of radio electronics is located in the stage of

succeast ii forma tion . Tern radlo-meteotitics — figurati ve , laconic

mm d Large—c apacity, bu t needs insignifican t refinemen t in connec t ion

.5,
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with  the tak ing root terminolog y in astronomy.

lalio aids are utilized, mainly, for recording or using the

meteor ionization, produced hy meteoric bod ies, whil. by meteorites

are understood only those, c.lativ.ly few very large/coarse, meteoric .5

bodies, which reach the surtaces of the  Earth. Therefor. mor e precise L
will be term mete or ra dio.J ect~ onj cs.

Page ~~6.

He teor radio electronics - section of radio electronics ,

dedicated to study of meteor phenomena by radio aids and to their use

for transmission of information with the aid of radio waves.

Before passing to the expansion/disclosure of the content ,

proble ms and problems of meteor r adio electronics , and also to the

present ation of its history, let us pause briefly at the fundamental

special feature/peculiarities of meteors.

Brief informatio n about meteors.

Heteoric bodies, nesting the Ear th ’ s atmosphere, generate meteor
ph inomena (meteors) . The overwhelming majority of meteoric bodies (in

the vicinities of the earth’s orDi t~ belongs to the solar system and

_ _  _ _ _ _ _ _ _

______ ;~~~~~:
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it moves over elliptic orbits; only a few meteors are generated by

the meteoric bodies of interstellar origin. The meteoric bodies,

which move by clusters, generate tae 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—7 km/s. The masses of meteoric bodies they are

distributed according to the inverse exponentia l law, beginning with

certain mini .um mass m 0 (meteoric bodies with smaller masses of m (m,

• are v i r t u a l l y  “swept” by light pressure on the periphery of the solar

sy stem) . The overwhelming majority of the meteoric bodies , which meet

th e Ear th , brakes in upper levels of atmosphere , even without having

melted. Significant part breaks down itself in range of

height/altitu des f ro m 70 to 120 hi, creating the ionized meteor

trails, only the relatively insignificant part (large/coarser) of

meteoric bodies reaches height/altitudes in several ten kilometers

above ground level , formin g very bright traces (bolides) . And the

entirely iiu~ignificant 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 Earth , they are

called meteorites.

Size/dimension and mass of the suppressing number of meteoric

1
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bodies is very small.

For the i l lustration of this position, let us give the following

example. Let us assume that har d ly the seen with the naked eye meteor

is formed by the meteoric body, which has mean geocentric speed (-t.-U

km/s) ; in this  case the mass of meteoric body is approximately 0.5

eq.

øaving a small mass, but enormous geocentric speed, meteoric

body it possesses considerable hinstic energy which is

.x pend/ :onsumel in the ablation pr ocess (destruction) of meteoric

body. Ia te ract iom of meteoric bod y wi th  the particles of “incident”

air f low occur/flow/lasts as follows. “Being deepened” in the

atmosphere of the Earth, aetSoric body increasingly mor e intensely is

bom barded with the particles of air. At first meteoric body is

heated , then occurs its fusing which follows th. boiling. The

evaporating atoms of met.oric bod y encounter the molecules (and by

ato.e) of air, moreover the relative speed of these collisions

differs littl, fro. the geocentric speed of meteoric body. Elastic

collisions cause the beating of gas column, and inelastic — glow and

ionization.  Ionizations undergo , mainly,  the m.teor atoms the

ionization potential of whic h is lover than in the particles of the

air.

__________________
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Page ~~7.

Exten t  and transverse si~ e/4iaensions of the ion ized meteor

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

radius r0, depen ding on the sean tree pa th of ion s, increases wi th

height/altitude; on the average c5 order of meter , and the length of

trace - several ten kilometers. The ionized trace under appropriate

condit ions can e f fec t ive ly  scatt~ c radio  waves. This is allowed ,

controll ing th e  processes of for mation and destruction of the ionized

meteor t rai l  (on recordings ot meteor radio—echoes) to judge both

properties and parameters or meteoric bodies and about the

characteristics of the atmosphere in the region of meteor zone. So,

observing the behavior of the formed trace, it is possible to study

wind condi t ions/m ole , intensity of concentration d i f fus ion , processes

of recombinat ion , adhesion , etc., and also turbulent phenomena in the

ionosphere. For this purpose, together with the radar methods, which

realize a normal-recurrent sounding of meteor trail, is utilized the

inclined irradiation of meteor trails with the considerable

separation of the betraying and receivers. Use of the meteor ionized

trace as passive re-emission of the electromagnetic waves gives

possibility to carry out remote radio communication in the rang e to

VHF. This radiolimk system transmits information by “machine gun

bursts’ in the presence (on couteI of the ionized meteor trail. The

in tegral effec t, produced by seteots, it affects the state of the

~~~~~~~~~~~~~ .c ~~~~~~~~~~~~~~ — -.5 ~~- — -. 
~~~~~~~~~~~~~ _-..-~~~~ ~~~~~~ __,-. ~~~~~~~~~~~~~ ~~~~~~~~ _~~~~ .__-._ ~~~~~~~~~
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ionosphere, especially on some ton s of sporadic layer E,. The 1 •

eguipient, intended for radar or meteors (and also communication

gear), possesses the row/sec.ie~ of the specific special

feature/peculiarit ies, caused D7 the specific character of

interact ion of radio waves witu  the  ionized meteor trails. Thus , for

instance, radar of meteoi.s is realized usua l ly  in the range of the

eltnashort waves, most freguently on ~~8—1 O m .

Radar  survei l lance of meteors are most effective ones in -1
com parison with other metnods of meteor observations (photographic, H
telescopic, visual , magnetic , etc.) .  Ho wever , the most complete

informat ion about meteor phenomena is obtained dur ing the composite

observation s of meteors. h eveiop.ent, together with the classical

methods of the •eteor observations (photo, visual) of radar method ,

contributed to the successful development of the science of meteors.

Hetear radio electronics; its place in the 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, wh ich established in the past cen tu ry ,  was

in i tia lly  represented by one section — meteor astronomy . In

proportion to the stud y of interaction of meteoric body with the

p. 
.• S. . - • .5 ~~~~~- - ---.-~_~~~ tç~~
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Ea rth ’s atmosphere , was form/shaped physics of meteors. The

development  of the indirect methou of studying upper levels of

atmosphere , instituted on meteor onservations, 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 3f

meteor observations. The radio metnods of the observation of meteors

very successfully are developed in recent 20 years. In connection

with  th i s will  arise number of the r adioph ysics and radio engineering

problems whose solution led to tue formation of the independent

section of radio electronics — meteor radio electronics, whi ch is

youngest  part of the  science of meteors ’.

FOOTIO?E ~~. Let us note tnat ny examining meteor radio electronics

relative to the science of me teors, in it it is possible to isolate

three parts. The first — directly enters into the science of meteors.

The second - is the met hod of study ing the meteor phenomena. The

th i rd  - does not refer  to the study of meteor phenomena , but it is

based on the use of meteor ionizat ion for  radio communication.

EIDPOO?EOTE.

Page ~48.

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

ast ronomy,  meteor geophysics, meteor radio electronics.

~~~~~~~~~~ ~~~~~~~~~~~~~ -~ ----.-~- - • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __________
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is already mentioned meteor cadio electronics is the independent
.4

section of radio electronics.

Sections of meteor radio electronics.

I-

In to me teor ra dio electronics, enter meteor radiophysics, me teor

radar , meteor radio communication and meteor radio engineering. Let

us note that hare there is in form radio engineering in the narrow

sense of the word , i.e., mainly , the complex of equipment questions.

To avoid discordance in terminolog y, let us note that the concept

“radio engineering” in di f fer ent  historical stages corresponded to

different content. In A. S. Po~ ov’s times by radio engineering, was

under stood the radio communication. Classical radio engineering

includes seven section s: radio communication , broadcasting, radar,

radio navigation , television, radio remote controls and

radiotelemetry. Contem porary radio engineering, which encompasses the

row/series of new sections, was called radio electronics. In our

case, as was noted abo ve, is in form meteor radio engineering in the

narrow sense of the word .

It should also be noted that the f ramework  of meteor radio

electronics are not limited to the enu.ernted four sections. It

- r - - - —-._—._ --“- — — —r —-- - -  
S. ~~~~~~ ~~~~~~~
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adjoins the application/us e of methods of electronics for an increase

in the effect iveness of the optical invest igations of meteors (as ,

for example , the use of superorthicon s for an increase in the

sensitivity of telescopic method, etc.).

Let us pause at the content of the main divisions of meteor .5

radio electronics.

Content of the sections of meteor radio electronics.

5~~

1. Neteor radiophysics.

1

5

mete or  radiophysics studies, main ly ,  the processes of ionization

and deionizat ion and interaction of radio waves with the ionized

meteor trail. The fundamenta l  questions , which are determining meteor

radiophysics’ s content , can be brought several groups :

education/formation and destr uction of the ionized meteor trail;

the meteor contribution to the ionization of the ionosphere;

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

trail ;

- L S

~~~~~ 
:~~

- 
~~~~~ ~~~~~~~~~~ -~ ~~~~~~~~~~~~~ S.~~~~~~ sá .S.s• s ~~S.S.5
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interaction of radio waves with the ionized meteor trail;

meteor propagation of the radio waves, re—emitted by the ionized

meteor trail;

the simulation of the ionized trace.

ill noted guestions are related to the ionized meteor trail

(formed by meteoric body) . At the same t ime is of great interest

interaction of laser beam with meteoric body.

F— Page 119.

fleteor r6diophysics’a fundamenta l  and most laborious problem is

the theoretical and experimental study of scatter ing radio wa ves on

the  real ionized meteor trail (in the process of its formation and

destruction) .

In the solution of meteor radiophysics’s problems, are reached

the specific successes. This made it possible to supply

investigations in the fields of meteor radar, radio communication and

radio engineering, and also aftet the creation of effective equipment

to begin the productive observations of meteors.

I--
,~~~~~~~~ 
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2. Meteor radar.

Meteor radar  is dedicated to the stud y of meteor phenomena by

radar means. [ 5

The content  of meteor radar com poses a number of theoretical and

experimental  problems:

the establishment of tue dependence of intensity and duration of

echo signal from the parameters of meteoric body, atmosphere and

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

radiophysics) ;

r
the measurement of the coordinates (among other things

heigh t/ a l t i tude)  and of the parameters of meteor trail (including the

initial radius r., linear electron density ~);

the establishment of the comm unication/connection between the

statistical characteristics meteor radio—echoes and the statistical

characteristics of meteoric bodies;

development and a pplication of the method s of measuring the S

parame ters of meteoric bodies (speeds v of radiants , cell/elements

of orbits, and also masa.sI;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ S. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ T—
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developm ent and appl ication of the method s of measuring the
drift of meteor trails, and also t urbulent  phenomena in the

ionosph•re;

the selection of the optimum parameters of meteor radars of i i
d i f f e r e n t  designation/purpose.

One of the  component parts of the  meteor radar is setting and
conducting of observations according to the a ppropriate programs.

Let us note t ha t , toget~ er wi th  r adar  of the ionized meteor
trail , is possible also radar of meteoric bodies.

3. M eteor  ra~ i3 coamunicatiom .
I.

Meteor r adio  communicat ion is ins t i tu ted on the use of the
ion ized meteor t ra i ls  as passive reemit t ers for the transmission of
information .

The use of meteor ionization t or purposes of radio communication
placs. number of the  problems of simila r ones to some problems of
me teor ra dar; to th em it is related, first of all:
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th. determination of the relation between the parameters of that

scattered forward signal and parameters of meteor trails, and also

meteoric bodies ;

the expaaaios/discloaure of the communication/connec tion between

the statistical characteristics of scattered forward signals and the

parameter, of traces and meteoric bodies.

This gives th. possibility to examine number of th. most

impor tan t  problems:

the  analysis  of capacity, interference shielding and specific

special feature/peculiarities of the meteor communication line;

th. selection of the optimum parameters of the meteor

communication line .

M eteor radiovave propagation can be used also for  other

target/purposes, namely:

the standardizati on of the standard of time and transmi ssion of

picture signals.

4
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Page 1450.

Meteor radar and radio communication advance the row/series of
the specific eguipue nt problems whose solution is the object/subject —

of meteor radio engineer .

14. Meteor radio engineering.

The fundament al proAiem of meteor radio engineerieg is the
equipment provision (and the solution of connected with this

.5 

~- i itheoretical and experi mental pr oblems) for mete or radar , meteor radio
commu nica tion, etc.

The main directions of meteor radio engineer in g include
foll~vtng~

the creation of equipme~~ witn the opt imum parameters
(wavelength, repetition frequency, etc.) • sufficiently high power and
sensitivity; this problem is closely related with the problem of the .5

selection of the optimum parameters, solve d bot h in usteoL radar and
in meteor radio commun ication;

L -_ _ _
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the provision for an interference shielding of installations;

the automation of recording mad processing the results of
obser vations.

The specific special teature/p .culiarity of meteor rada rs is
high •ffecti~en.ss (caused by the short duration of object).

On. of the most most difficult problems is the creation of a
precise phase altimeter.

ladar surveillance of •eteocs, and also investigation of the

meteor propagation of radiowaves made it possible to obtain the
row/series of the results, representing interest from astronomical
mmd geophysical point of view.

Contribution of meteor radio electronics to meteor astronomy and

meteor geophysics.

The successful development of meteor radiophysics, radar, radio
engineering, and partially also the invest igations, connecte d with
meteor radio communication, they made it possibl. to make a
significant contribnt ioi to astronomy and geoph ysics. Let us note the
fundamental investigations of this kind:

_ _ _  
- -~~~~
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1) the stud y of meteor substance in the sola r system ;

2) the estimate/evaluation of the incre.ent of the mass of the
Earth because of meteor sunstance;

3) the investigation of atmosphere circulation in meteor zone;

14) the estisate/e ya~~atioa of the meteor contribUtion to the
ionosphere. this problem is to a considerable extent

common/generai/total both for meteor ra d iophysics and for meteor
geophysics;

5) the study of structure and at mospheric parameters in meteor
zone. Besid es thi s, meteor radio electronic, lakes it possible
to solve number of questions , which relate to meteor physics
(especially in combination with other methods of observing the
meteors).

The development of th. radio method of the study of meteors is
connected with the  development of theory, procedure of observations,
equipment and setting up and conducting meteor observat ions.

- - - _ _ _ _ _  _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Development stages of meteor radio electronics.

On the basis of theoretical representations , experimental

investigations, applied procedure, utilized equipment , character and

scale of observations, and also use of meteor ionization for a 5
.

comm.nication/connection , it is possible to isolate following

development stages of meteor radio electronic..

I

Page 1451.

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 incomplete, was obtained (since discussion deals with radio

method ) in connection with conducting of ionospheric observations and

studying the radiowa ve propagation. N. A . Ivanov (1] (almost

simultaneously with Skellett [2]J arrived at conclusion about the

fact that the meteors , falling into the ionos pher e, lea d to a

short—term increase in the ionization . Let us note that it is

somewhat earlier tha n Iaga o~a ~~iJ, correctly associating short- term

anomalies in layer I with meteor phenomena , it gave the incorrect

inter pretation of th. mechanism of education /formation and character

of this ionospheric het.rog .aeity: it assumed that the meteoric body

“clears out ” on its path electro n. (while in actuality, as a result 
.5

of colliding the vaporized meteor atoms with the molecules of air it

- ~
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is formed the column of ionized gas).

It the start of the 30’., a. A. Gnevys hev (14) establ ished the

influence of the meteor Mower on th. conditions of radiowave

propagation.

At the end of the 30’. 1. S. Astnpovich (5), and then in the

beginning of the 40’s Yu. N. fhlyustov (6] reveal/detected the change

in the  in tensi ty  of radio si~ nal and the onse t of noi.es at the

onsets of bright meteors. aowever , the conditions, favorable for the

setting of the  goal-directed syste matic radio obser vations of

meteors , were :reated only af ter  the appearance of radars.

The 2nd stage (stage of the formation of meteor radar) — from

the middle of the 40th to middle 50’s. The use of radars of the type

“P—2N” (7, 8), which worked in metric ran ge, made it possible to

supply in the USSR radar  surveillance of meteors. I. S. Astapovich

one of the first in the UsSa focused attention on the possibility of

— 
applying radar  equipment for recording meteors (7) .  the f i rs t  radar

surveillance of meteors in t~ e IJSSM per ta in  to the year 1946 — un der

B. Tn. Levin ’s management /manu a l with participation of P. 0. Chechik

and N. I. kabanov observed the floe of Draconid a ( 8 )  on wave ) *  m .

Radar  survei l lance of the f low of uraconids of 1 9 6  in the USSR and

abroa d ~9, 10) served as powerful/ th ick “jerk/impulse” in the

..
~ 
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developme nt of the radar method of observing the meteors . In the

USSR. and also in England, Canada and U SA at the end of the 40’s are

created the first grou ps, which are occupied by questions of radar of

meteors and by more or less systematic observat ions. To the second

stage perpta im also the attempt s to rualize meteor ionization for

radio communication (1$]. The rapid 1’~velopneut of the radar method

of observing the meteors in the U551 was begun in connection with

preparation for international geophysical year (NGG).

the 3rd stage — preparat ion for NGG ; conducting R GG and RGS

( i n t e r n a t i o n a l  geophysical collanoration) — f rom 1955 through 1959.

In this period in the USSR were created the collectives, which

consisted of radio spec ialists and astronomers. The

common/general/total managemeut/auual of preparatory works, 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. V. ?edynskiy~ and by head institution — *3 of Odessa

u n i var s i t y  (li rector  V. P. Tsesevich) . Conducting observations

accord $.ng to single program to scale of the country made it possible

to obtain data a bout meteor activity,  about the statistical

characteristics meteor of the radio echo and meteoric bodies , about

flow pattern, about the intensity of the processes of deionization in

meteor zone and so forth flS, 11, 16- 28, etc. ].

— ~~ L..l.I ~~~- ~~~~~~
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In th i s  same p .rio~ was made the cow/series of theoretical works (11 ,

16, 29 — 37) ,  which , together wit a the works of Kaiser , N it ra , Lovell,  H

N erlofson , Ickinley ,  etc. (*8—~e~ j, and also the fundamental works of

B. Tn . Levia  t 4 6 ], I. S. Ast apovich ( 7 ) , V. V. Fedynskiy  [48) ,  0. V.

Dobrovol ’ sk iy,  I.. A. K ataeev , P. 8. Babadghan ov et ml .  made it

possible to give the  scientific substant ia t ion of the radar  method of

observing the meteors.  The t a A c d  period includes also the real izat ion

of m a te3 r radio commun ication (in Canada) (49, 50). By most

successful during this period were the  investigations, made the
V

Kha r kov  collective, which , ment ion  f u n d a m e n t a l  programmed
f .

obser vations, carried out also onservations of the winds on the drift

of meteor trails. This (to~ether  with data of Greenhow (5 1])  made it

possible to supply progr ammed observations in the period of the

international year of quiet sun (MGSS) .

The 4th st age - 19b0— 1~ 6S — preparation and conducting of NGSS.

S During this period in the cow/series of point/items, was created the

special equipment , intended for observing the dr i f t  of meteor t rails

and study of wind pictute. During this period continued also the

invest igat ions of an initial radius of meteor trail (52 , 53], was

developed the statistical taeor y of radar  of meteors (54 . 55, 56 ],

they were examined the simulat ion of meteor trails (57) , resonance

—- ——---~~ ~~-~~- 
S. 
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e f fec t s  in meteor t ra i l  [Sd , 5~ J, meteor contribution to ionosphere

(60], were invest igated tae processes of deionization in meteor trail

(61, 621, the theoretical questions, connected with the study of wind

conditions/mode (63 , 64) ,  &~~ turbulent processes in met . r zone [65].

by d i f f usion (66 , 67], meteor cadiovave propagation (18~ 68, 69]. In 
S

this same period are acgui.red data on the orbits of meteor ~hovers

(70 ) ,  on mass d is t r ibu tion of meteoric bodies with the use of traces

of d i f f e r e n t  types (including intermediate type traces (71—73 ]),

about the meteor increment of tae mass of the Earth (74 ], about the

distribution of meteor ic bodies according to kinetic energies (73,

75, 76), etc.

This stage includes successful investigation and use of meteor

radio communicat ion in the row/series of countries (77)1. 
.5

?OOTIO?E 1~ See also [90) . ENDF0OT~OTE.

The 5th stage, which was n egun fol lowing with the termination of

N S S  (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

height/al ti tude on which were arrange/located the section of meteor

trail, that diffuses of radio vave, and to also utilize identical (or

close) operating frequencies and increase the effectiveness of 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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equipment .  In connection with tale is of interest the

phase—difference method of measuring the angula r coordinates, which

possesses the row/series of advantages in comparison with amplitude

(78)  and ampli tude-phase [ 1 9 ]  methods.

The for the first time cticectiou-finding—ranging method of
.5 determining the coordinates of meteor with the use of a phase

goniometer  and spaced antennas was proposed by the author as early as

1950. Station NTPI_2N , created under author’s leadership, contained,

besides range finder , also the channel of angular coordinates (.11 ,

80 ]; the measurement  of the height/ al t i tude of meteors by

— phase—dif fe rence  method was reALized first in 1958, and then 1959

(91). 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

improved equipme nt, for meteor investigations is successfully

conducted by at present many scientists.

Page 453.

Contemporary meteor radio electronics is located in the stage of

intense development.

Let us examine the problems, connected with the prospects for

- . 5 -—  —- - - 5- - - 
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the levelopment of meteor radio electronics.

Problems aid problems of meteor radio electronics.

1) Meteor radiophysics.

a) it is necessary to refine the processes of forming the

ionized meteor trail: the process of ionization (and •ion ization

probability ” ~) during interaction of meteor atom s with the particles

of air, the dependence p on the speed of meteoric bod y; a change in

the linea r electron density a along trace is dependence on the

paramete r s  and the com position of the meteoric body mmd atmosphere; a

chanqe in bulk  density n along a radius of the ionized trace n (r )  and

its height  dependence; the quanti tat ive estimate/evaluations of the

initial radius r 0, its hig h—altitude and high—speed/velocity

depeadences. There is special inte rest in the stu dy of radial and

axial  distr ibution of el ectron energy n (r )  and a tak ing  into account

the fragmentation of •eteoric body.

b) fo l lows the more thorough to study the processes of

destroying the ionized meteor trail and , in particular, to obtain the

common picture of change in the function of th. time of linear and

volumetric elect ron density tahing into account all “deionizing ”

factors , concentration diffusion and turbulent d i f fu s ion.

.5
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c~ one should also getine for ,  and structure of the ionized

me teor trail taking into account the action of the “destructive’

factors in the process of track condensation, without disregarding

the  process of the fraga~intatioa of meteor ic body.

d) is in pr ospect to refine tae meteor contribution to the

ionosphere , namely:  to refine the correlation bet ween meteor

phenomena . .ducatioa,’Loraatioa and condition of some ty pes of

sporadic layer E ,; to develop the mechanism of the

education/forastion of some types of layer E. of meteor origin ; to

refin e the portion of the meteor contribution to layer I (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 radioph ysica’s most essentia l problem is the

funda mental investigation of interaction of radio waves with the

ionized meteor trail .  To this prob lem on. should relate: the

re f inement of theory for the case of the ideal inf ini te  ionized

cylinder (and , in particular, obtaining the analytical ex pressions of

the intensity of the scattered signal for  the case of traces of
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mongrel , i.e. , from a on the order of b I t  el/cm) ; the essential

ref inement  of theory for the case of imperfect trace taking into

account the processes of for mation and destroying the trace (for a

monolithic body) ; the  creation of the theory of scattering radio

waves by the real ionized meteor trail (taking into account the

possible mec hanisms of trmga.atation) .

g~ together with the careful examination of a normal—recurrent

and inclined re—emissions and rad iowave propagation in the classical

case (monol i th ic  meteoric body~ , ~.t is necessary to consider also the

presence of the  f ragmenta tion of meteoric bodies. H

h) it is possible to expect the new theoretical and experimental

data on resonance effects (especially for the case of transient end

ov.rdense types, and also upon consideration of fragmentation).

— Page 54.

i) being promisin g is the simulation of the ionized meteor

t ra i ls  (both static with the use of gas—discharge tubes and dynamic —

with the aid of “pools”).

j ) above discussion 4emit vitb interaction of radio waves wi th

S 
the ionized trace. Becomes at present actual/urg•nt the setting of

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the theoretical and experimental studies of interaction of laser beam

with meteoric bodies (different compositions, structure, forms and
S sizeFdimensions) for perpos. of the s tudy of the possibilities of

radar detection of meteoric bodies and prevention of meteorite

problem .

The solution of these problems, important by itself , is

necessary for the progress of other sections of meteor radio

electronics, and, first of alL, meteor radar and meteor radio

communication.

2) $eteor radar detection.

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

intensity mmd form meteor of the radio echo on the parameters of

meteoric bod y (ionized meteor trail) , medium , equipment . ‘geometry ”

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

trails in the presence mad absence of fragmentati on .

b) There ii special interest An obtaining these data in the

particilar case when m is of the order of lOl l  e b5, i.e., for

traCes of transient type.

C) OiS should explain, under wha t conditions it is mecessary to 

_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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consider the effect of fragmentation with radar of meteor trails.

I) q s.f sI. both in theor etical and applied ratio/relations will

be the tefiasment of the statistical characteristics meteor of the

radio echo in the rando m position of “mirror ” point on the meteor

trails of d i f ferent  types (taking into account the presence of the

transition region in which a it is of the order of 10t ~ • /cs~ in the
6~

case of the nonfr agment ing meteoric body. This will make it possible

to refine the analytical dependence of the statistical

characteristics meteor radio—echoes on the statistical

characteristics of meteoric bodies. The solution of this problem S

takin g into account the fragmentation of meteoric bodies will be the

significant contribution to meteor radio electronics.

•) Special interest (end great difficulties) is of the

development of a precise radar method of determining the mass of

meteoric body.

f)  Very promising is the improve ment of the method s of measuring

of initial radii of the ionized meteor trails and the realization of

sufficiently prolonged meteor obsecvations at several wavelengths.

g) Ome of the most urgent problems is the improvement of the

neth3*s of observing the dra f t  of meteor trails and construction of 
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wind pictur. in meteor zone. This will ma ke it possible to carry out

a dialing/se t of statistica l ma teria l for refining the globa l

atmosphere circulation is meteor zone .

h) chis probl em adj oins improvement of the radar method s of

studying the turbulent phenome na is meteor zone and obtaining S

su ff ic ient  the space statistics.

p-

1.) An increase in the effectiveness of meteor radars is

connected with the development of the new methods of determining the

parame ters of the ionized aet•or trails which wou ld make it possible

to obtain ( for  the limited time ot observations) the sufficiently

large number of prec ise measure ments.

Page ~5S.

Nere is related the improvement of the method of determining radial

component d r i f t  veloci ties of meteor trails because of the use of

very short—term meteor radio—echoes.

j) ‘the expansion of the possi~ ilLties of meteor radar requires

the development of the radar methods of measuring the parameters 
S

(amon g other things orbits, radi.mts, speeds and the like) of very

weak meteors.
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k) ‘(‘he n eed for the “joining’ of recordings to height/altitude
is connected with the improvement method determination of the
height/al t i tude of ‘mirror ” point.

1) In connection with the diversity of the functions, f u lfilled

by the contemporary radio lastallations, utilized for observations,
is in prospect to carry out a selection of the optimum parameters of
meteor ra dars of different designation/purpose .

To a considerable extent these problems are characteristic not

eety for a normal-recurren t , but also for  oblique radio transmission.

~ Meteor radio commun ication.

S 
a) First of all , is expedient to conduct further investigation -

of the parameters of radio signals during “forward scattering’ as
funct ion of the  parameters of the ionized meteor tz .ils (and of their
generating meteoric bodies) , medium, equipment and geometry of routes
(f or monolithic and that crushin9 meteoric bodies) .

b) this will mak e it possible to carry out ref inement of
statistical characteristics “scattered forward” rad io signals and 
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their comaunication/connections with the  statistical characteristics

of meteor ic bodies, the parameters of medium , equipment and so forth

(withoet accoun t and tehin4 into account fragmentation) .

C) G,reat theoretical inter est and applied value have st udies of

~..nastssioa abil i ty,  freedom from interference and specific special

feature/peculiarities of the meteor communication lines.

4) special importance has a selection of the optimum parameters

of the  system of meteor radio communicat ion.

e) (h. meteor radio communication includes also the

standardization of the standards of t ime (insti tuted on the use of

meteor radiowave propagati on) .

f)  this section of meteor radio electronics ad joins th. study of

the possibilities of the transmission of pict ure signals because of

scattering of radio wa ves .2.5 me teor trails, i.e., the s tudy of

hyperdistant television because of meteor propagation (meteor

= television) .

) j eteot radio engineering.

Meteor radiophysics, radar and radio communication present the
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row/series of specific requirements for radio equipment . Let us

recall that  the discussion deals with radio engin eering in the narrow

sense of the word, i.e., there is in form a complex of equipment

questions, connected with meteor radio electronics. Basic ones of

the. they are:

a) (he creation of meteor radar station with high power and

sensitivity (for obser ving the ver y wea k meteors) .

b) (he creation of radar comp lex for  the simultaneous sounding

of the ioniz ed meteor trails on several (the 3rd and more)

frequencies.

Page *56.

c) the creation of the highl y e f f ic ient  meteor radar , which

radiates coherent osci fl ations on the 2nd (and more) fr .qu.mc ies (for

the experimental study of initial radii , etc.).

4) the crea tion of highly efficien t altimeter (gosio.et er).

1 -
C) A~ increase in th. freedom from interference of meteor

ra dars, connected and other systems.

IS.. 
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f) ~4 a  increase in the effectiveness of installations.

q~ th. automation of perfecting result observations.

‘1h) im increase in the accuracy of processing th . results of
observattoss,

1$ ~ sstery~ adoptj on , together with the range of VIII , ‘left
bonalary’ of skip band , and also optica l range of radio waves.

ft ‘the creation of the amplitude—phas e analyzer of the pulse of
a meteor radio echo.

Besides the noted questions, connected wit h the developmen t of
the main divisions of meteot radio electronics, there are other
problems, the solution of whic h will raise the effectiveness both of
th e ‘old’ method s of the study of meteors and com posi te study of
meteor substance &nd meteot phenomena.

5) (‘ti e application/us, of methods of radio electronics for an S

increase in the effectiveness of tne optica l me thod s of observing the
meteors.

Discussion deals with am essential 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 weak meteor with the use, for example, of a superorthicon,

arrange/located in the focus of optical telescope.

6) Ihe application/use of meteor radio electronics during the

composite study of meteors.

float likely by moat promising and fruitful/ successful is the

composite study of meteor aub~tance 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 and indirect
S methods (radio—electro nic, optical, etc.) with the method s of

simulation (including the simulation of the ionized meteor trails) =
will make it possible to lost completely get to know both meteor

substance and generate d it meteor phenomena.

In connection wit h this appears the proble. of the development

of theoretical base and procedure of this type of the compre hensive

investigations (including observations) of meteors and •eteoric

bodies.

- 
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It is quite obvious taat the development of meteor radio H

electronics, and first of all , radiophysics, impo ses serious

requirement on meteor ph ysics.

Page -*57.

7) Some questions of m eteor physics and problem of applied character.

1. Meteor physics.

The progress of meteor physics is connected , first  of all, with

the levelop.ent of the physical theory of meteors, As showed some

investigations (85), development classical of the physical theory of

meteors, studying the meteor phenomena, caused by monolithic meteoric

body, can give the new data, which to a considerable extent explain

the disagreement between theory and experiment. Therefore development

the classical physical of the taeory of meteors is extremely

necessary and in any way hopeless.

However the account of the process of the fragmentation of

meteori c bodies must be thoroughly studied and taken into account

during development physical of the theory of meteors. Last/latter
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works [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 problems of

meteor radiophysics, radar and radio communication.

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

S 
geophysics and physics of meteors.

The fundamental problems of applied character, placed before

meteor radio electronics, are reduced to following: -

a) (he refinement of the ‘visible’ and ‘tr ue” distributions of

radiants.

b) th. supplement of the ohtained previously distributions of

the orbits of the mete or showers and associations (70].

c) Study of the properties of the ‘meteoric dust”.

4) the estimate/evaluation of ‘meteorite problem’.

e) l.~ke construction of the picture of global atmosphere

circulation in meteor zo~~.
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f) the refinement of the meteor contribution to the ionosphere.

g~ 1he refinement of structure, for., size/dimensions of the

ionized meteor trail.

Conclusion.

Thus, in last/latter two decades was formed the new branch of

radio electronics - meteor radio electronics, object/subject of which I
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. fleteor tadio electronics continues to be developed in

the row/series of the countries 1 and first of all, in the USSR, USA ,

England, Canada , Czechoslovakia . Lu the USSR it was formed and

conducts investigation a whole series 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

ace conducted on high scientific level , to whic h, in particular ,

testifies considerably a quantity of doctoral and candidate

dissertations, made based on ma terials of these experiments. At the

present time in world literature, in spite of the youth of meteor

radio electronics, are counted tens of •onographs and collections and

many hundreds of periodica l articles.

- 
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The row/series of problems and problems, which wait their

S solution, emphasizes the prospect of meteor radio electronics.

Pages *59— ~ 60.
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