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 'BACK-SCATTER OBSERVATIONS AND FROBIEMS OF
LONG-‘.DJ.STANCL RADZO COMMUNICATION AND BROADCASTING :
- USSR -

[~o lowing 88 uranslation of an article by K. M. Kosikov
"in the Russian language periodical Elektvoavyaz! (Electro- )
communicatloqs), No. 7, Moscow, July 1959, pages 10- *b~7

(Methois of adapting BSO [fack—scatner obse“vations/ durlng work
on one frequency, which psrmit vnder operating conditlons ‘receiving the
necessary information on the state of redio wave propagation conditions,
determining the necesssry perameters and Judging Lne uagree nf reliabil-
ity of radio reception, &re cited ‘

It is known that an eﬁgineer, in’ earryi“g out redio communication
&nd troedcaesting vie ghort wave over great distances, must continuous*y
know the gtate of rvadlo wave Ppropagation condivions on ths ‘routes, i;e.,
whethor this state is normel or ‘disturbed, and if it is disturbed, ,
to wnat aegvee. “In any state of lhe ionosphors it is necessary for him
to know the ophimum frenuencd, he boundary of the zone of silence on
thie f%equencj, the tilt angLes of radiation required for irradiaticn
of given zones, and tha approximate intensity of the fleld at reception
points. . By this data he can Judge tue degree of reliability of radio ~
reception in epecific an\s. ;

The need for such information became clear in the first years of
using long-distance ghort-wave lransmitiers, when it was established
that shortwave radio- communication wae insufficiently steble, owing to
the constantey changing heterogeneity of the 1onosphere on horizontal
and vertical surfaces,

Partial satlsfac+1on of this requirement, as 1s well known,
occurred thron gh an estimation of reception by ear,’ then by a measure-
ment ‘of vo’tage at the input of the reteiver, later by means of a me&sure-
nment of the intenslty of the field near the chief radio receiving centers,
and, since the second helf of e 1930s by utilizi g 1orospheric data
end radio forecasts,

All’ these means and methods wers of very great benefit in the
development and - increase in ‘the stability of radio commun caticn and
the realisbility of radioc broadcas*irg. This mede for a more effective
and oconomic utilization of radio frequencies, and coneequently an ex-
rension of the number of radio ‘coamunications and the aeloeation of a
greater nnmber of radio broadcasting tranemitters. :
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However, the band of short-wave frequencies is comparatively
narrov and is always overloaded; therefore it must be planned more
efficiently, 1.e,, & still more economical utilization of i1t is necessary.
Required at the same time is a further increase in the relisbility of
radio communication end radio broedcesting, which are often disturbed
owing to sporadic chenges in the ionosphere.

In Just such a state of the ionosphere a still stronger need
emerges to characterize quite correctly the conditions of radlo wave
propagation, especially during long-distance tranemissions. For this
purpose, as well as for general studies in the fileld of radio wave
propagation, back-scatter observetions have been in use in recent years,
BSO allows very rapid reception, under operating conditions, of ell the
data enumerated ebove; this 1s extremely necessary to tho englneer con-
ducting radio communicatiorand radio broadcasting.

BSO is based on the phenomenon of the dispersion of redio waves

_through the earth when weves which have been reflected from the ionec-. .
sphere fall onto the earth, As far back es 20 years ago T. Eckersley

1_7 detected dispersed wave hops in the zone of silence and releted
this to dispersions from the ionosphere. These dispersions were studled
by him in detail in a later work 2_Z, in which the correctness of his
originel hypothesis was corroborated. In 1941, however, Edwards end
Yanskiy stated the hypothesis that some vack-scatter reflections cen
occur from irregularities of the earth's surface.

In Jenuery 1947 N. I. Kabanov showed experimentelly for the first
time that back-srhtter reflections from distences of 1,000-3,000 km,
i.e.,, within the limits of one wave hop, are obtained principally from
the earth. In the period from August 1947 to March 19L48 Hertsfield,
Ostrow, and Silberstein / 3_7, who sometimes received long-distance
reflections, showed this very thing. S

Later similer studies were carried out ebroad by Komo [ 4 /,
Dieminger , Peterson [ 6_/, abel end Edwerds g;7_§, Benner / 8_/,
Shermen / 9 /, and others. All thie work, however, was done within the
limits of one hop, i.e., over distances up to 3,000-3,500 km,

. In 1954 we set ourselves the task of expending the radius of
.. BSO activity; in connection with this our work was carried out with
. the use of great impulse power and with high directionel antennas,
Moreower, we set ourselves the task of performing these experimente on
operational lines and on existing technical equipment, using frequenciles
adopted for given transmitters, which shut out the creation of inter-
ference with other stations. This experimental work showed that
there is the possibility of receiving information regularly on the state
of wave propagation conditions on routes with a length up to 9,000-
12,000 km, and often over the whole earth. ‘ i

A pecularity of the experiments was the fact that with BSO on

one frequency elmost all the necessary data were received both on the
state of wave propagation conditions and on the reliability of redio
communication and radio broadcasting on a given radio route.

-2-



Ceneval Appra*sal of the State of Veve Propagation Conditions
Ubldg auter Coaervat:ows on Ore “ruzuencv,,_;

Daily at defl niue tixms, o as needed, the %ransmission of
.: impulses is done for 3 to 5 minutes during a tranomisslon veriod. The
 duration of those impuhsea 'i8 of the. oxder of the shor est a:gnale ctf
radio communicetlon, arnd during the aubsequent reception of impulices at
tha point of trausmission onto an oscilloscope, it is possi:le to estl-
mate rather well tha state of wave propagaticn conditions, &3 montioned
abcve, for disuances up to 9,000-12,000 km in a givsn aiVeution. Vaen
sounding. i four. to Tive divectﬁons eviaentlv, one may. esiimate the
state of weve nropapauion con 14ions ovex ome. half of the: eavuh :
Ths distence oP'tue refleCuioﬁs of back-scatter impulse signals, their
jnten~“bv the structuze, and - deg*ae 01 veriability, cheracterize quite
fuily the state of pronagatiok oonu ions on a. a*vnn route Conpar;son
of uhese charactor45f1'3 obtminsd Io“ a.plven momeny with Ch&r&GuG;lStiCB
for & calm or a disturbed day of a givcn ‘howxr .on. the game frequan 2CY
makes 1t possible to Judge the gensral state of n*onﬂgation condltions
and the degree of reliability of reception of these transmission at
various points of a glven dlrsction.

;I% has long beon known that at definite hours in a 24-hour periad
on dsfinite froguenciss round-the-world echo sjignals are recelved
vaiza wsually capfe interforence, An reception. end -the attompt 13 always
mds %o got rii of tlen by means of frequency change an“ a radtction in
radiastlon output.

With BSO, according to the number and intenSibv of round-the-world
echo impulsss it is pesaible to Judge raldic-wave prépegation conditions
arouvnd ‘the whols worlid in a given divechion enrd during transmissions
of “mpulsas in egsveral dirsctions over the whole earih. ., ¢ ‘

" . In rig. to. 3. bac L-scatter flections aad “ound-+na—world
echo signale mey be eeen. _Here 1a tde middle ¢s 8een a Siznal . (lcw
"Hrectahgu ar) whidh . came through +he ea th or troposphere, to ths
“yight are teck-scatter reflections of the sare -impulse, cbtained .
from various distances, to the left a‘e rouna-the-world euho signals of
+hece impulsss., The wngle Prame aguals h8 000, km, the frequency of ..
the impulses 18 6.25 per.®eccnd, &

v AL Fig. 1 .and 2 a good Btats of pvopagation conditions has been
e@tabliebal, chavacte"*zea by back reflect*ons of & uigh level. from -
distances of up to 8,000-10, 000. km (r;g“t half of tne fvamas) a8 well,
-e8 quadruple rouvdfthe~no“ld schoes (lef+t delf).

. In F*g. 3a eiﬂtuﬁbeu gtate of the iorcsphere has been establlshed
‘”dbro, wita greaﬁ amﬂl“*, tioa of a diraut signal (rectangA¢a high
in the middle, ths. rc:lecuod tack (on'the right) and rouna-thedworld
(on the left)” signals are ‘weaker than the direct ons, while in & ‘normal
“state the-back ¥eflecticns and round-tie-world signale are CCnsi&erably
stronger than the direct (Fig. 1 and 2).



Determination of Optimum Working Frequency with Obligue
Sounding,on One Frequency

It 18 known thet the optimum working frequency for distance dl s
‘determined from the expression [”10 : ,

v P

B A | o

; (',05\/1}
here £~ is the critical frequency during the direct fall of the
wvave on the layer; Y1 1s the angle of fall of the wave on the layer,
vhich 18 determined by altitude H and the distance of the hop 4; q is
the coefficient which allows for the thickness of the layer end the’
difference between the true and apperent altitude of the layer.

Evidently, for another distance d> end enother angle y& the
optimum frequency fa will equal ,

P 1 BN )
Taking £°T ana H as one an t same in (1) and (2), we have fp

“for’ dp, 1.e., for y&,

§ = ______I_L__(‘,OS - -g .
a ' ces'l/a 3

The largest wave hop is teken as equal to 3,000 km and in long-
distance tranemissions it is necesssry ‘to determine the optimum fre-
quencies for a hop equal to 3,000 im. - Consequently, . corresponds to

= 3,000 km. The ratio of variabdle cos Y, to c05'$lfor d2 = 3,000 km
18 given in the graph of Fig. 4. ‘
: Frequently fj, on which we feed impulses, is known to us. We
see distance dy on the oscilloscope CFig. 1-3, also the idealized
reflections of Fig. 5).

‘ In Fig. 5: 45 is the zone of silence, d, 18 the distance for
which the frequency being used is optimum, d 18 the distance for _
vhich the optimum wave must be determined. e cross-hatched rectangle
designates the earth's signal; those rounded off sbove are the reflected -

" "back signals., Knowing d; we determine m and through it £o for de = 3,000 im.

. On lines of great length this method is satisfactory when the
electron deneity on the route is approximately identical or grows as
it gets farther from the eounding point in the direction of tranemieeion.



Such & state of tha iendophere is observed on routes for not
less. than ‘kalf of a 2h-hour poricd.  In an easterly direction it takes
place from 2100ito 0900 hours and in a westerly direction from 1800 to
0600 hours locel time at the sounding point. The use of alternate
sounéing on both ends of the route provides a determivdtion of optimum
frequencies around the clock. HEowever, with sufficient expsrience '
optimun frequencies can be judged eround the clock and during sound
from one point, since the electron density of the ionosphers changes
most often by epproximately the ssms percent in different places.

Lorxection of the Tilt /ngle of Redietion for Irradistion
of the Aesigned Zone - T ,

When using high-directional entennzs yeflectsd back-scattsr im-
. Pulse eignals aro obtained as discrote signals (Fig, 1-3) and hence
zones of the most intensive irradiation cen be determined on the
gradunted scale of the oscilloscope. Obviously, by chenging the angle
of rediation, it is possible to direct ths radiastion in such a way
that it will fall Into the assigned zons. The distretsness of back
reflections and a certain displacement of them again confirm the |
edvisability of, erd with narvow directional radiation, the necessity
zg,_changing the tilt angle of radietion of the transuitting entennas
0w, S TP R o L
- Table 1 gives the calculated zcnes of irradiatiocn.

teble 1
!MH:SEO m: ‘ ' b5 :'ho:“.‘ SRR 6:140
L ‘pdmax o Qmin ) v If:adiatipn Zone Wealk irfaéiation zone
S0 20k TS0k L.
7000 " km 5500 km 1500 km 2000 km
10000 km - ° 8250 km 2250 im . 1250 km
14000 km 11000 ¥m 3000 km . 500 km.-

'~ Here H 1s the altitude of reflection, N is the tilt angle,
"B is the width of the lobe, 4 is the distance of tle wave hop, -
: - It should be kept in mind, however, that & highly uneven surface -
of the earth can create an impression of more intensive irradiation,
Thus, for example, back reflections from ocean islands turn out to be -
more intensive than from the ‘surface of the sea, especially a calm sur-
face. 'The same thing is observed during a‘reflecticn‘from,ﬂmuntainslin :
comparison with a lowland, Tris introduces additional difficulties
but' does not redice the value of the necessary angle correction. - .
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Approxiuete Determjratiﬂn of Tisld Zength 1n Irradiation
Zones from the Transmlsgion fPoint

It is known that the length of field E et the place of recention
18 determined by the expression:

'.';‘2.22-105 —G
E = 5 q4 F e (%)

Voltege at the input of roceiver T inp at the point of trans-
mission of the refiected back-scattsr signal can be determined from
the‘exgg%ssion

—_— 29 ,
© B inp . &ser 2° . 05 ,\{ F’.:E . (5)
Then, evidently, tke length of the fleld at the recepuion point '
will egual ] G . '
c Z=lnp e - 6
- % (6)

her G ie the coefficient of absorption, R is the coeffjcienu of back-;
scahter reflection from the ground at thas given point, £ is the effective
lemgth of the receilving anterna &t the transmission polnt during the
recoption of back veflsctions {in thre dirsction of tre transmission),
d is the distance {rom the transaitter to the pcint of back reflection
of thne waves, P is the output of the transmitter, & is the amplificatim
of the transmitting entenna,.

The coefficient of ebsorpticn G as is known,chanses from day to

‘fay for the sams hours of & 24- hour veriod. The*efore the ratio EﬁE inp
for one anl the seme & during trensmission on the sems frequency also
changes., After some experience has beeon gained in data of back re-
flections cbtained at the transmission point, the length of the field
at the reception point at distance & can be dsterminsd with sufficlent
accuracy for practicel work.

At the same time, tha coeflficient G 1tself 18 determined. This
ie importent for the study cf wavs absorption in the lonosprere. Finding
E/E inp = n for vavioue statss of the lorosphere by msane of eimultanecus
msasurament of E and E inp, we find subsoquently E as a product of nEinp.

When ths ionosphere 1s calm for given d we find E and G in :
formula (4), end when measuring E inp wo find RL. Znowing £, we f£ind R,
Knowing E inp, we fird E, -.e., the field length at the irrediation and
recoption spot.

Using this method, it is poszible to detormine apvroxlmately the
length of field for othe* distances, 1.e., for oikor mors distent and
nearsr zones of Irradiation, as well as for zcnes located to the left
arGa wight of the given route,
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Other.Results‘of BSO

, - a) On. the oscillosccpo the width cf- the reflected .back impulses

during&hpck-scatier cbeervations slightly exceeds the width.of the .. -
dixn onal,. This indicetes that, in tke first pleca, the back: signel
i; 1y formsd not on the whole swopt area, but on a small pa“t

2 %n the socond place, the componerts of the signal, djsregarﬂing

3, equal.length and falling on the eartn and the ionosphere at
diffevent tilt angles, rave dlfferent lusses in the ionosoneve during -
reflection from the esrth, thus caveipg a cont“actioﬁ of the signal..

In the third place, the focuning of the *onospuu"e is of st me imp“uance
in the contraction of the back signal. :

_ 'b) The intensity of the reflested-back eianalu at d¢e+aroes ex~,
ceeding cre wave hop-is reduced lithle with distance., In winbeﬂ, srring,
and-autumn; even in vhe daylignt hours on the voute, the intensi y of
the signals of Dback refliectiona at distarces exceeding OOO to b ooongm,
ie reduced a little mnre ~rapldly b han dnver rsely pvoportionally tu the -,
distance. This indicates ths presence of long-distaunie wave 9“00583‘;4
tion withovt munliiple cor ossng by waves of abcorbirg layers, i. e., by
mean s of & 8lide in laysr FQ . SRS

~¢) Photographs show Lhat round the-world acho 91gna1s are dis- ,
parsed arcuﬁd thie earth chiefly elong the grsat cirele axe, -

a} Multiple rownd-the-world echo signals of dmpulses diffe; mostly,
according o their intenﬂity, only elightly. 1nis_dﬁsLin tion in the .
intensity of round-the-world echo signals is a little greater then the .
distinction in the path:passsd by waves of a different mnltiplicity -
factor of these signals, -This indicates vave nropagation eround the
.earth and by paths with small wave abecrpiion in the ionosphere, i1.e.,.
by meant’ of s5liding. This also indicates a somswhat smallsr length of
path of echo-signals being observed then tue computed one for sudden
propagetion.,

e) The difference in the length-of the path of waves of round-tis -
world echo signals of adjecent multiplicity factor is not identical,

The difference 18 often somswhat inciezsed for the following echo signal.
This can be explained by a certain delay in propagetion in the ionosphere,

l.0., ths signal is delayed at points whers the frequency in uee is close
to the cutoff frequency.

f) The comparstively great intensity of round-the-world echo
signals, as well a3 back rsflections within the limits of one kop,
causes interference on the freguency in use in determined zones, which
reduces the possibility of combining frequencies when using rather
. powerful transmitters.




Conclusion

Back-scatter radio ohservation, first utilized in the USSR and
then developed for long distance use, is a powerful tecnnical Imeans
for the study of radio-wave propagation in the ionosphere. This
aspect of study permits us to send end got back marked" 1mpulses,
vhich imparts additional value to it.

"~ The use of BSO in opereting conditions of radio communication
end brecadcasting permit us. to have almost all necessary information
about the state of radio-~wave propagetion conditions not cnly for long
distances but often over the whole earth and witkout obstrucling the
"ether," since the work is coniucted on radilo frequenciles edopted for
stations. In comnection with this, BSO in its correct organization to
a largs degree contributes both to an increese in the effectliveness

‘of long-distence radio communication end radio broadcasting end to a

-~ more systematic utilization of the epectrum of radio frequencies on
the 6- to 30-megacycle vand, wnﬁch is heavily overloeded at the present

time . :
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Ministry of Communications cf the USSR, es well as thet of engineers
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N. P. Arlamenkov, I. M. Vorob'yov, A. S. Repin, L. N. fnavekly,

V. Ya, Kvyetkovekly, and shift-duty engineers of the MDRSV LMOSKOVBkaya
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