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Among the assignments which can be carried out by redio amateurs
during the cbservation of siyoals from the artificial Earth satallite is
the determination of the instant vhen the satellite vill pess over an
cbservation point. The instant of transit cen be determined by various
methods, in particular, by the stift ¢f the received frequency due to
Doppler effect, or alse by the meibod of equisignal sone (videly used in
radar for determination of angle cchrdinates). This articls descrides the
equisignal-zooe wothod and & simple Mdapter for observations of the satel-
1ite by this method.

The Fquisignal Zooe Method

What an equisignal zone is can be m'u from Figure 1. This figure
shovs schematically two identical antenmas, A; and Ay, wvhich are located
some distance from each otber. .

Radiation patterns of the antennas in the vertical plane are shown
Lere by a solid line. For observaticns by this metbod, the radiation
patternc of tbe antennas are formed in such a mamner that the direction
of beat reception of the antennas is somevhat displaced in space. let us
ssauzme thet the vatallite is passing over the antennas in such & wvay as to
occupy positions one aod two successivaly. Let us observe the changes of
tbe signel strength in the antennas duriog the movesant of the satellite.
As ia seen from Flgure coe, vhen the satellite is located at position one,
the sigpal {in antenns A} will be at its maximm and wvill consideradbly ex-
cced the amplituds of the signel insn'ennadz. As the sateilite moves to
the right from point 1, the sigpal lsvel increases in antenoa Ay and de-
creases in antemna Aj. Therefore, in position two, which the satellite
will occupy several instants later, the sigoal asplitude in the antennss
vill not differ as much as 1t did4 1in position ooe.

In its furtber movement, the satellite wiil occupy poeition three,
vben the signal becomes equal in both antennas. In this case ve can say
that the satellite {s located in tbe equisignal tone.

In space, this zone coxprises a vertical plane between the anternas,
vkich the satellite sbould necessarily intersect vheo psssing over the
point: of observation, except vben the trajectory of the satellite is par-
allel to the equisignal plane. Reglstering the instant of transit of the
satsZlite over the equisignal plapne can serve for the precise determina-
tion of its orbit. For a determination of this {nstan’ both catenoms (Ay
amd Ap) are comnected to the recelver through a specisl directiocn-finding
sdapter, tbe basic element of vhich is an electronic svitch. The switch
a)terpately connects the antenpas to the Teceiver &t a rate of several hun- -
dred times per second (Figure 2), vhich affords opportunity to observe the
oscillations at the output of the receiver (Figure 3) to determipe the
ratio of the sigoals induced in antenpms A} and AQ.

If the .satellits is outside the equisignal zone, then the sigoal
streagth {n the tvo antecoas is different; therefore, the amplitude of the
oscillations 4t the fnput of the receiver changes vith the frequency of the
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antensa ssitching (Figure 3). Detection of these oacillations will produce
asguare pulses, reproducing the signal ecvelope at the input of the receiver.
Thess pulses can be heard as a tcpe vith & frequency equal to that of the
antenna svitching (vith local oscillator disconnected). In the course of
the rovesent of the satellite, tbe signal in antenoa Aj vill decreese and
vill increase in antenna Ap; as & result tooe loudpess at the output will
decreasa. At ths ipstant the satellite transits the equisigosl zone, the
aigoals {n antenras A and & will te equal, and the tone of the switche
irg frequency will pot be heard (Figure 3). To gecure an eguisignal plane,
the antenpas should be completely identical and hive symmetrical (with
respect to the vertlzal axis) radiation patterns{ The required shift of
the Jdtrection of best Teception wvith respect to vertical axis can be

attained by & proper positioning of tba_antennas.

The basic element of the described direction-finding sdapter (rigure
%) ie a symmetrical aultividrator (Lu,Lls) vhick controls two identical
high-frequency axplifiers (11,L2) vith a comwon plate load (ctrcuits 1o,
Cs,(:é). The sigral from each cotenns {s transmitted to the correspond ing
taput (A) A2) of the amplifier by means of a coaxial cable.

To the screen grids of tubes 1) and Lp 1s supplied & voltage in the
form of square pulses, vhich changs the potential of the screen grids in
steps from O to 4120 volts. Ir accordance with thbis, there occurs an &l=
ternate coonection of the bigh-frequency amplification stages, and from
the cocmon plate load to the outout stage of the adapter (L;), the smpli-~
fied signals alteTpate from each of the antennas.

The wmultivibretor, built vith an electron coupled circuit, generates
pulses which are alpost square. Thba svitching frequency is deternined by
Cn apd resistanoce of resistory

the capacitance of the capacitors CI' a R?,
emertas in this circuit, the switching

Ryg: For the magultudes of these e
frequency is 270 cycles. For the couplete cutoff of tubes l’l' 12, a small

positive (vith respect to the cataodes of tubes Ly, 15) yoltage of about
10 volts is applied to the cathodes of tubes 1y and Lp, which is duilt wp
by the current in the circuits of tbm catbodes of tubes 15, 17, 13 across
the resistor Rg. -

Autotransforwers are used to satch tbe characteristic impedance of
the cable (75 obms) at the input circults. :

The cathode circuit of the output stage, which comprises & common
cathode follower, is closs3 oa the direct current through the incoming

circult of the receiver. _

For observations by the equisignal z00e method, it is peceseary that
both high-frequency stages bave the ssme amplification. Adjustment of
asplification is sccomplished by cbanging the bias st the grids of tubes
Ly, L vith the ~1d of resistor 33.

The capacitors C3 and Cyo, each 100 micromicrofarads, decouple the
screen grids of the hi@-rrequeo:y axplifier tubes apd do pot affect the
form of wvitching voltage. The adapter is instalied closs to tha antennes;
therefore, s lov voltage of 12.6 volts is selected for its pover supply .
This voltage is aupplied directly to tbe beating circuits of the tudes,
divided into my,ur&es-con:nct.ed groups .

The middle lpoi.nt of the primary vindiog of the powsr trensformer is

and serves to equalize the beater voltage (6.3 volts) in both
groups. For pover supply to plats cir:uits, & common Kepotroa rectifier




57555 (16) 1s used. A potemtisl of 12.6 wolis {s obteined from a special
transforwer {nstalled in the vicinity of the receiver; this transforwsr
actually bas to ba designed for a potential of 13-15 volts to compensate
for tbe potential drop {n tbe connecting wire.

Structurally, this direction-finding adapter is built on a separate
cLnssis baving the dimenslons 190 by 150 by 60 mm, The location of the
taalc components on the chassia i seen in Figure 5. To Peduce the sutual
effect of stagee, copper, brass, or &lumimm screening sections [tudbe
shirlds] are placed between tubes Ly, 1, and L;. On the side of the
chnasia are three terminal-bBlocks for coexial Zable (two for antennas A
and A, and ove for tbe coanection to the receiver).

Wiriog of both stages of high frequency esmplification should be carried
out according to the sane viring system. The grounding of all coepooents
belonging to the sane stage is doue at ocoe point near the corresponding

tube.

Trirming capacitors C;, CS and Cy, are moumted in such & manner that
the tuning of the circuits can'be achleved witbout refdoving the lower
(e

11d of the direction~finding adapter.

Figh-frequency coils L1, 1, L3 wre mounted at the output of the
corresponding tricming capacitors. These coflls are made vwith silvered
wvire vith a diasster from one to l~1/2 am, wound oo an S-em mandrel, and
cortaining seven turns. After winding, the coil 1s stretcbed to & lsngth
of 18 em. Cotfls L] and L3 bave taps from the second turn, counting from

ths grounded end.

Tr) bas a core of plates Sh-19 (thickpess of the sssembly, 20 mm),
Wirding cos has 2 bty 110 turne of PEL-1 wire, 0.7h, three secondary- If-
2 by 4.900 turns of PXI~l, wire, 0.12.

The cboke of filter.Dr bas & core of Sh-15 plates, baving an sssembly
thickness of 25 m. The vwinding is done with PRL-) wire, 0.15, covering
the whole form. A step-down traosformer for the power supply to the adapter
(0% todicated in the flgure) ia bullt with & core of Sh-19 plates; the
thickness of the assemdly is 50 ma. The primary winding of this transformer
{2 d+slgnad for connection to & pover line of 110, 127, and 220 volts and
contatns, accordingly, 550 turns plus 83 turns of PEL-1 wire, O.4k, § 470
turna of PIL-1, wire 0.33. The step-dovn vinding conslsts of 87 turns of
FEL-1 wirs, 1.2, and bas taps froa the T2¢, 77th, and 824 turrns for selec-
tion *o the adapter of a porwal voltage of 12.6 volts. Between tbe yri-
mary and the secordary winling 1s a screen mede of a sisgle layer of PEL-1

wires, V.13 to 0.2.

AdJjuszting to the directicn finding sdapter is usually begun by check-
ing tubs performance. Tbe operation of the multivibrator 1s checked with
tte ai1d of an oacillograph; the pulses should be¢ practically square ot
the plates of tubes Iz, 15. Whea there is & cossideradle difference in
the durstion cf the two balf-periods of the geverated oscillations, it is
pacessary to change scmevbat the value of leek resistance o, “he capacitance
of the separation capecitor in the circull of the countrol grid of one of
the tubes. It {s desiradle to check ths frequency of the multivibrator-
generatad oscillations with the aid of an avdiogensrator (vith respect to
Lissajous figures on the screen of the oecillograph). If it is pecessary,
the fraguenocy can be changed by the selection of capacitors C7, Cg ar the

resistors Rg, Ryp-




For tuning the high-freguency ssplifier, generetor 8G-1 and voltmeter
DF3-7 can be used. For this purpoee, & TS-ohm rezistance i{s conneoled
texporarily at an output of & cathode follower.

Th: tuning of each stage of the high-frequsncy empliffer {s repeated
gcversl timces.

The fipal tuning stage is belanced through a balancing and equaliszing
of the esplification of both arms of the emplifier (vith the atd of R3).

Antannas
\,
N

Half-vave split dipoles, similar to those which are used for the
reception of TV prograzs, can be used as the antennss. To secure the
desired direction for the dest reception, the antennas should de placed
at a height of a quarter of a vave above the earth's surface. In contrest
to televisfon reception, the diameter of the dipoles can be Jelected only
on the basis of constructional considerations; the antenns band-width is
of no aignificance. The antenns structure should be sufficiently rigid

8o that it vill not be swayed by a strong wind.

For measurements by the equisignal zone method, two identical dipoles
are used, plsced exactly parallel to each other at a distance of the order
of half & vave length. (In the future, this distance will be more accu-
rately defined.)

The dipoles are oriented (see Fi{gure 8) so that the line connecting
their centers will coincide with the east-west direction and so that the
equisignal plane {s in the direction of the meridian. The dirmctione
find{ing adapter is installed on the ground between the antennas, is covered
wvith a protecting jacket, and {e connected to the antennas by cadles of
equnl length (with an accuracy up to one to 2 cm),

Because the earth's surface participates forming the antenna redia-
tion pattern, the antenna should be located on & level site; any consider-
able unevenness of the relief at the site of the antenna will distort the
eqnisignal zope and vill cause errors in observaticns. Yor the same rea-
son, for & distance of up to ten wvayelengths, there should not be any
large metallic masses and other shielding objects. It 1s also objection-
able to use metal guy rods for fastening the antennss. As ealreedy men- .
tioned, uaing the equisignal msthod is impractical in cities. The con- -
struction of one of the possible antenna variants for & wave length of
7.5 meters (40 megacycles) is showvn in Figure 7. Couplinrg the antenna
to an unbalanced T5-ohm coaxial cable i{s dopne with the aid of a balancing
U-shaped bead. The dipoles are located at a hsight of 18.75 meters sbove
the earth's surface, and the distance between them is 3.75 maters. The
radiation pattern of a single antenna for this particular case is shown

in Figure 9.

For operations without the switch, one of the antennas is directly
connected to the input of the receiver. : .

{Appended figures follow. )
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