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EQUIPMENT FOR THE RADAR INVESTIGATIONS
OF METEORS IN DUSHANBE

. I'v Chevotarev, V, N. Sildorin,
4. A. Polushkin, E. Sh. Bilbarsov,
2h. C. Isamutdinov, and V. N.
Kelmakcv

This article describes the equipment rtulle
at thne Astrophysics Institute of the Tadzhik
branch of the USSE Academy of Sciernces for the
megsurement of upper atmnspheric winds according
to the IdSY program, for determining the
coordlnates, altitudes, radiants, and veloclties
of meteors, and for studying the physics of
meteors and the upper atmosphere. DBrief data
concerning the equipment's operation 1s
presented.

The r'lrst radar observatlons of meteors were made 1n the
1540's using ordinary radar meteor band detection devices. Only o
photoregistration system, but occasionally noise suppressors, was
added, and the antenna systems were modified. On the basis of
tnese first generation meteor radar devices the dally and seasonal
flux in metecr activity was determined, meteor velocltles were
measured, daytime cuscents were dlsccevered, and the relaticonships

Letween voluine, count, and parameters were defined [1].

Subseguently, second generation speclalized meteor raaar

aevices were bullt. Although some of thelr parameters werce far

from optimum, they were designed for the purpcse of solvirg rieteor




related problems and for shedding some light on such toplcs as
meleor orbits, trall drifts and so forth, Similar radar devices
were constructed both abroad and in the Soviet Union - in Kharkov,
Kazan, Tomsk, and other places,

The equipment designed and bullt iIn the radar laboratories of
the Astrophysics Institute (Tadzhlk branch) of the USSR Acadeny
of Sciences between 1364-1966 can be viewed as being second
generation radar detection devices.

Whlle the equipment was being developed, the job to be
accomnplished included measuring high winds in the M-zone by the
coherence-impulse method [ 2], producing high resolutlon wind charteo
measuring the radiants and veloclties of individual meteors both
Ly a method developed earlier [3] as well us using that method
initiated by one of the authors [4].

The possibility of conducting various experimente fcr the
purpose of studyilng the physical processes was discussed &s were
t:.0 prospects of researching complex photo radar observation tech-
nilques.

Figure 1 illustrates the functional chart of the equipment
belng discussed., The parameters are glven below:

1. Prirmary eguilpment.

Carrier frequency - 37.4 MHz; transmitter peak power - 80 ki;
repetition frequency - 500 impulses per second; squared pulse
juraticn - 6.5 ps; passband of primary and ocutlying receivers -
500 kiiz; threshold plck-up of receivers - 8'10_111= V; gonlometer
recelver passband - 350 MhHz, tlireshoid pick-up - 5-lu'lu W; signal

relay circult passband - 6 ms; photoregistration - frame by tframe.
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I’tizv 1. Functional chart. 1 - synchrounit; 2 - 37.4 Mhz trans-

mitter; 3 - 37.4 MHz receiver; 4 - nolse filter unit; 5 - precision

rangsing circuiv; 6, 7 - relayed signals receivers; 8, 10 - remote
peint receivers; 9, 11 - relay transmitters; 12 - phase block;
13 - goniometer; 14 - meteor simulator; 15 - 73 KhHz .ransmitter;
16 -~ 73 MHz receiver; 17 - antenna commutatoer; 18 - multi-beam
Trame ty frame photograpty indlcator; 19 - continuous recording
indicator; Al_AlB - antenna,

2. Auxiliary egquipment.

Carrier frequency - 73 MHz; transmitter peax power - 50-0C ki
pulse duration - 10 us; repetition frequency - 160 impulses/s
(synchronized with a fundamental frequency of 500 Hz), passband -

1%0 KHz; threshcld pick-up - 6‘10‘1” V; noise suppressor - from

(o]
b

the primary eguipment, continuous registration for the duration
the sigrial on a froquency of 37.4 MHz.

The radar equlipment works in the following manner: the
synchrounit prcduces 2 km and 20 km guartz stabilized range marks,
prcvides a preset repetiticn frequency. Impulses from the synchirc-
unit trigger the 37/.4 MHz transmitter, the phase gonlometer
cemmutator, multibeam indicator range scaans, and the npreclse range
circults., They &lsoc trigger the 73 KHz transmitter, sustaln the
synchronous revolution c¢f the nolse suppression circult magnetvic
drum and, when necessary, modulate the meteor plhiwse gonlometer
sliulator gerierator.

T
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The primary transmipter'e preset generator 1s quarts stabllized )
on a frgquency of 6.233 MHe. The carriler freguency 1s determined
by multiplying the qua?tz“fund?mental I'requency. In addition to
the carrler frequency of“the em4ss;on impulse, ﬁhe generator
transfers the fundamental fﬁeqdency to the phase unit, phase
mondometer and meteor simulater., The phase unit, in princlple,

cperates in the same way [?] and has been used to oitaln high wina

readings according to the IQSY program. 'I'he phase unit rece..cs
intermediate frequency signals from the primary receiver; 1t emits
two 20° in-phase Doppler frequency voltages which reach the nulti-
beam indicater. The phase gonlometer, using five speclal antenna,
neasures the preclse coordinates of the reflecting centers of
meteor trails as well as the drift velocity [5]. The two gonlomni-
cter  output veltages also reaclhi the multibeam indicator.

To calibrate the phase, gonlometer, a special unit for metecr
simulation 15 used, one which 1s equippea with spegial antenna set
off to Lhe side of the system's primary antenna structure. bBoth
videosignals from the central recefver and outlying polnts (the

[
£

tiel vecuring Arter relay) and synchrounlt impulses reach the
noise filter circuit. Photoregistnation devices 6 and 7 are
tripgered by the appearance of the signal on any cof tihic points.,

iy

Both videosignals coming along the trichannel and the impulses
frem the synchrounit and noise filter circult reach the irrecision

ranging circult. The six output voltages of the preclision ranging
circuit reach the multibeam indicator [8].

The multibeam indicator 1s capable of frame by frame photocrapiy
wvhich makes possibie 1lnstantarieous registration of a signal

entering from the 12 channels within 0.1-0.5 5. Its operation lo
discussed in detail in work [7].

The recelvers of each of the two nutlying volnts record the
reflection cf mateor trails. These signal modulate thne transmiticr

emission whilch relay the: gathered linférmation to a central point
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on freguencles around 100 MHz. The central point 1tself RS two

ceiverb for relaying signals. Together with the central point
thic outlylng polnts measurce the radiants and individual velocities
of each netcor [3] while, 1n conjunction with the precision ranging
system, deflne the reflecting point ccordinates, radlants, and
vceloclities of the indlvidual meteors [4].

In titls manner the system cof outlying points, phase goniometer
and phase unit preduces an independent stand-by duplicate system
of measuremeats [or such par me ters as cocordinate centers, meteor
velocities, realants, and drdft trails, all of which 1increases
tuelr reliability and accuracy.

A'he 75 MHz impulses of the Lrangmitter operating in-the‘
self-yenerating mcue becomé synchronized ‘with the impulses of the
transmitter on 37.4 iHz. égceiving and transmittiling usually‘is
carried out on a;single antenna via the‘'an%tenna commutator. The
receiver, operating on 73 MHz, emits a signal to the continucus
recording indicastor. Signals from the primary recelver, range
scans from the multibeam indicator and intensification impulses
from the noise f1lter circult reach this indicutor [61.

Besides .uvimistering signals on two frequencies, the indicator
makes pocsible measurement of any reflected signal's duration with
an aceuracy of 5-20 ms. The.auxlliary equipment 1s usea primarily
for studying the physlics takling place.

The equipment ensemble'consisis of 18 antennas. Transmisslon
and receiving antennas Al and A aré five-element wave channels

3
which will be used for wind meazsurements during; the IQSY. A, and

<

i) are lLalfwave dipoles locatéd A/3 from the Earth's surface. They

hlave the dual function of making photo-radar and natural observatiorn.

of meteor actlivity. All thru A1 are similar in deslgn to A, and
[

Au and are part of the phase gonioweter system, 17 is a seven-

element "wave channel'" variety antenna which operates on a

Lal

reguericy of 73 sHz. A halfwave dipole (Al3) can be inserted in

PlY-HT=23-0700-72 5
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its place. A5 and A6 are the five-element antennas of the signal

Tl

relay circult recelvers located at a helght of 10 m. A8 and Alo

-~

are similar to them but belong to the relay transmitters and are
at a height of 7 m. A7 and:A9 are halfwave dipoles bzlonging
to the meteor simulator unlt. All these antenna, except for AS’
Aé A8 and Alo car achieve azimuth.rotation.

Tne outlying points are temporarily situated 2 ana 2.4 km
from the cencral point. The angle between the paths to the out-
T lying points 1s about 50°. The distance to the outlying points is

measurec witi an accuracy of *3 m.

. g

This set of equipment was gradually placed into oper;tion
begin wng in September 1964 and becamé'ﬁully operational 1in

January 1967.
Fresently, the ensembl~ can measure the following pafameters:
absolute range to the meteor trall with an error of not more than
C.1l km; range variations with ah error factor of not more than
0.05 km; the duration-of any quantity to within 4 ms; the altitude
of reflecting signals; veloéiﬂ¥ of.meteor trail drift from 0 to !
200 m/s; meteor radiants to within an accuracy of 3:5° and angle
coordinates with an accuracy of :Z° at the outlying points;
anguiar coordinates with an accuracy of +0.3° using the phase goniom-
eter, &8s well as several other‘parameters.

Using a phase gcnlometer Just like outlying points, will
make possible still greater accuracy when measuring-angular .
coordinates and radiants. i

In three years of operatidn the ensemnle registered in excess 4
of 500 thousand meteors. Data was obtalned for high level winds
over Tadzhikstan,high resolution wind charts, radliants and meteor : .
velocities. The Joint photoradar observations displayed a high : ‘
degree cf accuracy for measuring coordinates and produced some

data cecrcerning the physics of meteors.

Fio=HTes3-1720-72 5




Specific results regarding the astronomy and physice of
meteors obtained during the ensemble's operation have “een published
[¢, 10, 11, 12)] and will be published in the future.

The radar laboratory team gailned much practical experience
during the equipment construction and operation phases, such that
the assembly of a much improved version of the radar can be

expected - one having optimum parameters, that is, a third
generation radar device.

|
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In conclusion the authors express their apprecliation to the 1
director of che Astrophyslcs Institute, P. B. Batadzhav, for his : {

l

help in conducting these qualitative radar observations of meteors
in vushante.

The authors express their thanks also to L. N. Rubtsov and
radar laboratory collegues Yu. Byelogorodskly, V. Sizov, A.
Yushchenkc, R. Gaibov, Kh. Umanov, V. Tolstiye, and A. Kovalenko o !
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