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VHF COii UNICATIONS IN ALl TIANSFORTATION

= Czechoslovakia =

/Fcllowing 18 a translation of an article by engineer Karel
Zavydsky in the Czech-lnnruage pericdical Lotoecky Obzor
(Air Reviow), No 12, Prajue, Decembor 19625 pp 3 o/

The use of clectronmagnctic waves for corrunications “etyr un the
"~ erew of an aireraft ~nd ground stations actually is tho oldest usc of
radiotechnolopy in acron~uticse For this roason the technologienl pro-
cess and forn of such corrmnic~tion changed with the dovelepment of
radio cnrincering ~nd the wpansion of aviation.

The oldest covwunication developrentally 'ms on long wmvese Radio
enrineerin; of long vaves vns mastered first, the sprond of long: wmves
also is the nost repular, Sincc the frequency band of lonz vaves 18 con-
narativoly narrow it is practically impossille to use phonies which
vould pormdt corrmunication vith but a smrll numbor of stationse Tolew
grophy therefore s uscd which, huvever, requires longor and norc ci=
pensive training ~f omploycos. & disadvantage of long-wave comrmnio-
ations also arc strong atnosphoric disturbances thich can make corrmnice
ations during a thundorstornm proctically impossible, Therofore, followe
ing later devoloments in radio enginecring tho use of short whwes s
introducod for ecnrmniecations betwe:n an aircraft and the grounds On
shortewave bands atnosphoric disturbance is small, Howewer, the radius
of the pround vave which enn Lo countod én under any circunstances dce
sreascs rapilly with a growing froquoney. On the other hand, it is o8-
sible to attain cormmunicati n by short wavo for long dstances using
very smll output, Ly utilizing tho revorboradion of wves fron the iono=
sphorce For this cormmnic~ti~n, however, the correct frequoncy must bo
solucted vith a viow to the location and tinc of comrmnications and the
conitions of spreade Radio comrmnic~tion on short wvoes in acronius
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ties 1s usocd in two wys:

- for cormunicntions for short distances (within the arca of an
adrport, at the most within the scope of n district) a pround mave is
utilizoed, comrmniecation 1s always phonioc;

= for lon;:; distance corrmnications roverberation of wevos from
the ionosphore is useds Commnications to datc were, for the most part,
earricd out teleprnphic:lly, but latoly phonics havo nlso beon used vhich
placcs fovicr domans on the orow.

Hovover, the short vmve and 4s overlonded by broadeasting, cone
nereinl, doay nilitary and other types of stations, Under oo condi=
ticns of diffusion cven weak an:l remotc stations can "¢ heard well and
frequent ‘Usturbances arc the resulte In addition the capacity of ncro-
nautical shortetmve bands is insufficioent for the nurber  of channels
to satisfy the nocids of intensive alreraft ojcrations,

A1l thesc reasons led to the ever increasing: use in aviation come
muiicentions of very short vaves in the past few years, and today alrnost
all acronmaticnl radio comrmunicntiong are earricd cut on VHF bands vhich
results in a nunbor of operatisnal and technic~l al'vnntages, Reception
on VIF banls is almest without any atm spheric disturbances even whon in
the irmediate vieinity of cleetrical stormd, .erial VHF bands arc sule
ficiontly wide (today 118 to 136 !Hz) so that cven when using phonies it
is ;.0ssible to operate many comrmnicntion chmnnels as required Ly tho
diroction and safopuarding of an intensive aviation progran, Antenno
systens wrye small, lirht, and casily installod on very fast aireraft
vithout cxcessivoly increasing acrodynanic resistanccs ot the sane tiuc,
such antennas work very cffectively since it is casy to fulfill the re-
quircrient that their rhysical Jdimensions be comparable with at least ono
quartor of the vave lenpthe 4As far ns VHF sproad is concerned the rvlz
rnore or less mplies that commnication is assurod withih range of tho
Hrect vewvo, ijo. within a ratius slightly larger than the opticnl aron
around the locnti n of the transmittor antenna. In conmunicotions Dote
woon (round stati.ns the rcach of corrmnicntions would bo very small, but
in an norial movallc sorvice vhorc the aireraft alwys is onc of tho
stations, thc communic~tions range is accoptablc and depends prinmarily
on the hoirht of the nireraft. For commnications for longer distances
it is nececssary to install a larsor numbor of ground stations, but on the
other hand this pormits rectilincer Lroadeasting of VHF where soveral
stations can :rork undisturbed on a single channel, provided the distance
betwrcen aireraft which communicate ¥dth those statins, 1s proater than
the range of tho VHF, The prescent dovelopment of VHF tochnological
eorrunications processes was narle possille by the groat progress at-
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tainod by radie M in the past years. Orpanization and toche
nolocy of VHE-nttained a hiph degroe of perfectim, and sinco we are
hore concpfnol with probloms which aro vory important for the prescent

systons Af dircction and safepuarding of flights we pive them groator
attontfon in the follovdng paragraphe.

“Basic Pharactopistics of VHF Oémunicationsj‘ — T- +

Diffusion of vory short waves i8 dno accorMny to the same orin-
ciples ns those for longer wavaes, but certain spocinl chnmcteristics
provail heres ‘

VHF alnost do not bend at all, nn< comrmunication theroforc is
cffected only by dircet vmve the reach of which is limitod by the curva-
ture of the oarth surface and the unevenness of the terrain, Approxds
nrtaly, thoreforcy, tho usc of VHF is limitod to the areca of optical vi-
sibility while in tho casc of lonpor weves communicotion is casily achiove
ed for Loyond the cptictl horison, VHF waves ape not roeflocted from the
ionosphere nnd we ean therefore not count on lon:: distance comrmnications
vith the air .f a space ionosr-horic wave.s If roverberations from the
torrain arc not present Jurins corrmunicrtions, the surface ant yype of
rround, voretation otee have no influcncewon the VHF rangee On tho othor
hand, c. -otrloal proportics of low strata of the atmosphere nake thome
delves felt whon VP is ddffused since nost corrmnientions are carrded
out closc to the carth surfacc or under low elevation anglos,

Physical propurtics of the atuwsphere (pressure, termperaturo, hu~
nidity) change with altitude and cause the dependence on altitude also
of the cleetrictl propertios of the zxtmsvhcrc (d4o0loctric constant),

A8 a result the diffusion of electromarmetic vmvoes in hiphor altitudes
is somovhat greater vhich nomifests itsclf Ly the wave not boing dife
fuscd quite rectilincarly but beinp curvad ;:ently toward tho carth sure
faces To doscrilic this pheonomenon in another way, the index of atmose
rheric refrnrgtion continually chanpes with altitude vhich rosults in a
continuous refraction of the path of the electromarmetic wave toverd tho
Earth. This phenonionon evidences 1tsclf Ly an increased VHF range on the
curvedl carth surface (sce fig.l)e Ve say, thercfore, that the VHF range
is lindited by the so-callod radius horizon which is somcvhat groater

(by about 15%) than the optic~l horison, This property thercfore is faw
vorahlo but complicates the ~nalysis of a thoorotieal VHF range ascording
to the profile of the torrain. Sincce physical proportics of the atuoge
vhore changey o specinlly due to uctoorological conditions, the curve and
rance of the VHF chanres alsos Thereforc, for the sake of uniformity of
tochnolopicnl caleulations a sowcalled standard atnosphore is assuned
vhich roprescnts avorapge violues of the rradiont of physical and clectrile
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properties. Sinece in the plannin: of a VHF communieations systom it is
more comfortable to draw tho path of an olootromagnctic wrve above tho
torrain as a straight line, we samowh~t increaso tho radius of the fSerth
in our cnleulations so that tho altitudes of indivicdual points of tho
straipltt path correspon! with sufficiont accuracy to tho altitudos of tho
curved path above the real radius, For a standrd atmosphuare this ad-
Justed sowctllod oquivalont radius Ry & 8,500 kn comperod té the actwal
valuo of thc oarth radius R » 6,370 kn.

Tho raddus of the racial horizon, or dircct racial visibility fron
a point the altitulic of vhich above thc carth is hl, 1s oxprossed thuss

d' w byl2 Ry (kmyn) (1)

(for comparisont size of the optical horizon is d, m 35744 )e
I'nxdrn ‘istance of comunications botwoen two points at an altitudo of
hy and hy above the Earth's surface is given by their connceting line
vhich at the sone tine is a tanrent to the cnrth's surfacc. It is cole
culnated accordin;: tc the formulat

<8 L2 (;hﬂl + Vflg) (}m, n, n) (2)

The formulac mentioned nay be derdved from reomctric rolations
according to firure 2. For n rapi! enlculation various nomojroms arc
usc? fron vhich we eite, 3n fifure 3, a praphic solution of rclation (1)
a1d in firure 4~ solution of relation (2). These sinple dlo)ondent cal-
culrtions of cuurse arc valid only for the smocth, round surfacc of the
Earthe The actunl roange is further linited by differcnc.s in nltitude
in the terrain arognd the stations and Letwecn theme In an idenl torrain
the range of VHF communications Dotwoen a point on Earth and an airceraft
at a certain altitude would be praphically ropresented Ly a cirele clr—=
cungoriled from that point , and for various ~ltitudes of £lipht it ould
bho a systen of eoncontric clrcles reserbling contour linecs, If, hovevoer,
we arardne the range of VHF in the 1irht of torrain irroguloritios (this
is done by ascoertaining heipght profiles of th. torrain fron a nap, or by
nonsuring the clevation anples of the optical horizon), thesc rraghs are
consi.derably deforned, Fismre 5 shows an oxample of a limite: rongo of
VHF corvmnications at the Kosice airport from which ranse limitations are
casily ciscornible which nrc coused by mowntain r-n;os in tho ‘est, North
aad East, while in the southerly dircction vhore thore is an open londe
scapo the VHF ranpge is considorably (rontore
T"':, L

!*i.;
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“hhon planning and nlloeating: VHF conrunication channels for sor-
vices rolated to the Mroction of flirht operations it is irportont to




moko ‘suro that cporations in two drectod arcas working on the samc fro-
quonoy channcl do not intorfore with onc anothor, and on tho othor hand,
 that .distoncos botween theso spaces arc not unnocossarily groat, 1404
that the froquoncy channol be utdlizod cconomically. In ordor do ostab-
lish such eritaoria of foopraphieal scparation it is advisablc to divide
individual typos of VIF communications into eatoporics for dispatchor
scrvices, and ostablish for thom madirmm oporctional ranges as to dis-
trnee and altitude, hin example of such ~ division of scrvicus into eate-
goriecs is given in the following tablot

Caterory Type of Scrvice Operational ilango
distanco altitudo
r (i) h (n)
Adrport dispatcher service; lnand-
A ing radiolocnrtors direction of 25 - 900
novenents at airyort
apyroach dispatcher service; arca
B racioloc tor 50 3,000 *
appr, is;.sorv, fpr jet sircraft
C radiolocator’ control 100 6,000
Area Aispatehor service, horder of
D lower space repion 6,000
Arca dis.sorv.- uper space border of
E arca radiolocator

rcpion 12,000

- em e e e m m w o e wm e

By using cquation (1) it is possillc to calculate for the alti-
tudes cited in inMvidual cateprorices, the following rangos of dircct
rodial visinility:

h & 900n d2
3,000 n
6,«)011
12,000 n

125 kn

- 225 ¥n
325 km *)
450 ¥n

#) Adjuste’ from 320 to 325 to simplify final tablos.

Tho ninimum rcorrn hical scparation of two pround stations opere
atin~ on the same frequoncy must Le equal (naccor 'ing to firurc 6) to the
sun ~f operational ranges ry and' r2 an?l of the ranpes of dircet radinl
visibility d and doe For varfous combpinations
tioned caterorics it is then possible to dotormine fron thesc values the

of the proviously nmen=
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minimm peopraphic soparations of stations oporating on the samc channel
fracuonoys

The dvision into catopories mentioned abovo and tho rosulting
values of poopraphic scparatione wore usod as a basis whon ostablishing
VEF froquoncy plans cduring moogings of RVHP oxperts /Fada vzajorme hos-
podarske pomoci; Council of lmtunl Economic ..id/. Similar planning
eritorin wore workod out and utilizoed vheon setting up area froquency plons
of the ICAO, ‘

It is vory difficult to nscertain pecprophic soparations for ade
Joining froquoncy channcls, i.ce doteruinin: the ninimun distances Lot
ween ground stations operating on adjoining channcls so that operation
nay be assued vithout mutual interferenco. Hore we arc concerncd with
the transnitter power, scnsitivity and sclectivity of rcecivers, stabi-
lity of rceeivers and transnittors, the level of noisc and defccts,
dircetional cffects of antennas, attenuation during; radiation »f VHF
ad othor al'itionnl factors,

Beerwusc these problems arc so cnplicated eriteria for adjoining
chormols have nst yot been internationally ostablished for the presently
used dvision of VHF fli-ht Land for 100 kHz, However, the introduction
of a'new division of the flirht VHF hand with scpnrate channels at 50 ke
has fore:' a nore detailed stuly of this quostions . table wms vorke!
out for recomnende! valucs for the preparation of KVHF frequency plons
an gone studies nlso were subnittod when the ICLO plan of freguencics
ws prepared, But Lecause cach one »f these calculations must he Lased on
a nunber of simplifying prerequisites which wore not selected uniformly
the results from various sources arc rathor diffcronte Theec pro“lens
hovever are t0o exters ive to be :loalt with in the confines of this article.

F o —— Hrstens of VHF fommunications for Lony Blstancos

Consideralle oporational advantaries accruin; from the introduction
of VHF into flirht cormmnicrtions were the reason vhy veys vere boing
soucht to use VHF also for rcater tistances or for lover altitudes than
would correspond to the ranye of wnves fron the transmitter sct up at the
adrport from vhich the operation is Leinr: dirceteds Detornination of such
requircaents 1s ossibile by nore or less oconplieated methods dependin:: on
local eonditinns, -

The situation is most favorahlo vheore therc is a possiliility of
finding, nenr the dircctin - center or in the centrnl part of the tervitory
vhich is to b covoru! by VHF siynals, a loeation for a VHF pround stntion
on n dincnsion dorinating: the clevation. Then by simply usin:; relaticn
(2) it is possille to considerally expnand the cormunications ranjice Of
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courso it is ossontial that the rost of tho aroa Lo lowor and doos not
substantinlly linit tho radinl hordizons .n oxamplo 8f such a location is
the placoment of the Sofia afrport stations on tho Vitos mountain (2,290m

" above son Yevel); or the placoment of tho statin for tho Berlin-Schone-

fold adrport on a mast of a noarby radio transmitter.

thorevor such a simplo -solution is nét possibd the notwork of ro-
transrd ttin;; stations loeatod on suitalle dimensions in the eontrollcd
~rea so that the dinprans of thoir covorape rmtually complenont cach other,
Control nnd moculation sifnnals far thaso stations nost oftun arc broéucht
in Ly underpround wire links, in some cascs Ly ralio connoctions, The con-
struction and operation »f such a notwork arc vory oxpensive,” 4lso fron
the technolorienl viewpoint this syston is very demanding, It must '.o ox=
pectod, after all, that sirmals in some parts of the area fron two or
niore staiions vmuld overlap, it tho s'me time, thoy must all operate on
the stme froquency chamel, If the nominal froesuency of the carricr wmve
of 211 trnsnittors were tho swie beat intorforence would be the result
since duc to instalility wo nust oxpoct displacoments anmong carrier fro-
quoncies, an.! vhore ddfforont boats £all into the acoustical band they
moke the reecption of np Wwlation imossillce This mattor thoreforo is
solved by pur,.oscly displnacing carrior froguencices of the stations of such
a rovnd netvork so thet they wll still raa~in on the band passcd throu h
hird froquoiiey eircuits of the rcceivers Lut the remulting beat tones will
be so hirh that tacy ~ro not rassed throuwh low froquency circuits of the
reccivorse At the s~ tine e rust tnke into ¢ nsideration the insta=
Lility of tramsnmitters an! roceivers and nake sure that oven naxinwa

Muctuation would nt rosult in the roceived si;mnal to outside of the

pessed hirh frequency band, or that tho boat tono does not penctrate into
the transferrced low frequency bande

Recomacnde? values of scloectivity of VHF roccivers for prosently
usa! 8¢ ~ratisn of channols at 100 ke (according to IC.0) arc:

drop of 6 7B during tuning; off
o R 22,5 ke,
drop of 60 aB durin;; tuning off
o + 00 ke,

The tronsiitto” low frequoncy band usun~lly is limited to 3 to
345 kee Under such circunstanccs, for oxmiple, it is possiblc to usc,
for the network of proun VHF stations a nominal carrdor froqueney f,
~n two shiftel carrior froquencics (£, # 11 ke) ~nd (£, = 11 ke)s .ino=-
thor systam uses a mtunl shift of 7.5 ke S0 that in ono VHF chnnnel it
is possible to place as nnny as five pround stations vith carrier fro-
quoncics £, £, 1 745 ke, £ = 7,5 ke, £, # 15 ke, £o = 15 kes This
nctho! naturally places preat demands on quality and cspeeially on the




stability of tho VHF transmittors usod tut to dato is tho best solution
of the problom montionod, ospecially in rogions with a variod terrain,

Hownvor, this mothod c:’mno% be use.! ijj some cases sincc it is ime
possiblo to place n ground rotransmittor station in tho diroetion necded
for VHF coverajo, for oxamplo when establishing linos of flirht across
the ocoan or across inndcessihle ropions, Elsovhere construction of a
ground noetiork might bo unnccossarily costly vhon it is a netter of com-
rmnieations in one dircction ond, for instanco in the casc of a radial
flicht pathe In such cascs it sppcars more advantasoous to usc anothor
systun of lonp=distonce VHF comrmwunications bascd on the atnospheric dif=-
fusion of strongy VHF signals vhich thus con ponotrats far Leyon' the ra-
‘12l horizon,

Vhile in previously mentionee ensos the usual transmitter power
in proun! VHF stations ranges between § and 50 mtts, this directinal
long=distrnec VIIF comrmnientions systam utilizes power of scveral kilo-
1wiiu8e 4 suhstontial corpionent of the systan arc rignntic dircctional
~rntenna systons vhich multiply the ;»ower rnain of the system in the estab-
lishe? <ircctions Thus for cxample, equipnont develioped for these pure
poses by the PYE firm uses a 1 kw transmitter powor mnd an antonna sys=—
ten conoscd of 8 Yari-ho six-clcment antcnnas arran-e.! vertically one
above the other. Gain of this system is 20 dB sc that the cquivalent
powor in the dircction of radintion is 100 kwy, a drop of =3 dB occurs in
the nzinuth scctor of 52 deiie The hiph gnin of the nntenna tégether with
the use of speeinl receivers with hish sensitivity permit tho reception
of siinnls of deck stations transuittin far beyond the radial horizon.
Such couiymont vms instrlleqd Ly the firn PYE for Puai... at the Shannon
airport an’ nowr mnkes nossibvle repular VHF comrmnieations on the flight
nath across the North satlantie for distances vhich are morc thon tdcc
thosc of the ratial horizon,

at the priscnt tine the question of VHF long=distance coverago

is Ledng; intensively tackled in countrics with developed aviatien. Here

too the present unsatisfactory situation of VHF eoverape of flipht creas
w1} have to 1o dmproveds The above informative suminry indicatcs that
nis is 2 compliented problem which con be solved in various wnys, in the
lirht of Rocal conditions and materinl and technolopical possibilitics.

an important prercquisite which meanvhile causes the preatest difficultios
here, 1s a sufficicnt nunber of cuality stations, i.ce VHF transniticrs
mid reccivers with the nceded stability, slcetivity, scensitivity and powcr.

Sinc: we ~re hore denling with urpent questions the solutions for
vhich rrc oxponsive, difficult and tinc consuridng: it is essontial oven nwr
to work for the deopenin-: of the previously made introcuctory studics
and proposals to solve VHF coverase in the CSSRR, to ensure the nceessary



prepsration of plans and aimalt;;ooualy K180 solve the quoatioﬂw’
of ensuring suitable VH? stations,

Fig. 1
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" Fig. 2

Maximum <ange of VHF Commmnications Eetween Two Stations Located
at Altitudes hy and hy above tne sarta Surface,
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Pig. 3 R

Nomogram to Calculate the Range of Direot Radial Vieidility
(4) Dependent on Station slevasion Above the sarth Surface (h)
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Pig. 4 .
Nomogram for Calculation of Maximum Range of VH? Communications Be~
tween Two Stations Located at Elevations hj; and hp Above the xarth
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