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GEOGFU'HICAL SEPARATION OF RADIO RANGE STATIONS OPEXATING 

ON THE SAME OR ADJACENT FREQUENCIES IN THE ZOO-400 EC BAND 

bY 

A. E. Harrison 

This report describes an lnvestlgatlol made to determine 

the rmnlmum geographxal separation which could be tolerated be- 

tween radio range statlons operating on the same frequency or on 

frequencies spaced 3 and 6 kc. An analysis 1s made of the rela- 

tlve sIgna strengths emitted by a conventional dotile sideband 

range of the type orlgaally Installed on the Federal al-ys sys- 

tem, and tne single sldeband type of simultaneous range now being 

adopted. It 1s shown that the strength of the sIgna emanating 

from either type of range 1s dependent upon the operating frequency, 

the type of ground over which transmlsslon cccurs, and, at great 

distances, rsfleotlon from the upper atmosphere. 

Radio transmlsslon characterlstlcs for the ground wave 

under the widely varying condltlons encountered in the Unlted States 

are referred to high and lmw ocnductlvlty earth High conductlvlty 

ground,characterlstx of plains reglcns , 1s the most favorable to 

radio transrmsslon, while low coaductlvlty ground, typlcal of mom- 

taxtous country,represents the least favorable condltlon. Radio 

waves are propagated roughly ixlce as far ever high conductlvlty 

earth as they are cx'er law ccnductlvlty earth. A radio range slg- 

nal having a strength of not less than 50 mlcrcvolts per meter 1s 
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proposed for dependable operataon under all but severe statlo con- 

ditlons. It IS shown that the strongest mterfermg range slgml 

that can be tolerated 1s 12.5 microTolts per meter while usmg the 

mnmum seance signal of 50 mormolts per meter. In order to 

investigate the effect of operatmg ranges on adJaoent frequencies 

separated by 3 and 6 ko, B representative radio range receiver 

selectlvlty characteristic 1s shown. Conventional 500 watt double 

sldeband ranges transrmttlng on the same frequency over high oon- 

ductlvlty terram must be separated 460 mles at 200 kc which m- 

creases to 800 mles at 400 kc, while 400 watt simultaneous range6 

operating under smnlar oondltlons on the mm frequency must be 

plaoed 575 rmles apart at 200 ko which mcreases to 700 mles at 

400 kc. 

INTRODUCTION 

The number of radio range stations 1s moressing constantly 

due prmclpally to two factors. Fmst, on all mayor au-ways, the 

neoesslty for augmenting present faorlltms has become apparent. This 

IS concurrent mth the trend toward mcreased use of the ax-ways under 

condltlons requxmg mstrwmnt flymg. Second, new au-ways requu- 

mg addltlonal facllltms are still bemg lad out or are proJected. 

All radio ranges must operate between 200 and 400 kc and many fre- 

quencms In this band are allocated to other services which have 

prlorlty. After conslderlng these restrlctlons. It 1s apparent that 

each available frequency must be shared by several radio ranges. 

16.. 
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Therefore, It IS umportant that xSormtlon be available on the nun=- 

mum separation that can be tolerated. The subJeot of broadcast opera- 

tlon 1s not treated m this report. It 1s assumed that the service 

area for voice transmssloa wlllbe somewhat less than that of a range 

sIgna and also mfluenoed to a greater extent by mterference at the 

receiver, varymg modulation percentage , and the widely varymg charac- 

terlstlcs of the human ear. 

DISCUSSION 

Assmmg that peer 1s applied to a single vertical radmtor 

slrmlar to one of those used at B radio range, the fmld strength de- , 

velopad In the vlclnlty of the antenna where attenmtlon 1s not a fao- 

tor my be obtamed from the follomng equation: 
1 

E = .781 hIf 
II (uv/meter) (1) 

where h = effective height of radmtor in meters 

(taken as 16.1 from measurements and oalculatlom) 

I = current at current loop 

f = frequency m kc 

D =dlstanoe m rmles 

In order to obtam values of szgn.4 strength at greater 

dlstsnces, the Somerfeld theory;! was applmd. Fundamentally, this 

law 1s expressed by the follmmg equation. 

,600 
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(2) 

ER = field strength at dlstanoe IL from antenna. 

E =fleld strength gxven by equation (1) above. 

B = distance from antenna in miles. 

f(p) 1s the numerloal distance gxvenby the Sommerfeld 

Integral in whxh there 1s Included the value of 

ground oonduotlvlty ~.n e.m.u. symbolized by 6. 

Values of ground oonduotlvlty representing every se&Ion of the 

United States were obtaned from the Federal Communloatlons Ccm- 

rmsslon and they oheoked vvlth values caloulatad from field strength 

measurements -de by the Radio Development Seotlon where the topo- 

graphy of the ground was saular. 

In a range radlatlng system, the power IS dlvlded between 

two towers, ln which the currents have B time phase relation of 180 

degrees provided that the courses have not been bent. The field 

produced by such a ccmblnatlon maybe obtalned from equation (1) by 

applying the fellowIng oorreotlon factor , assurmng that the trans- 

rmtter paver remains the same In both CBSBS. 

The correctlen factor: 

1.414 sin (ned rf 

where e =wavelength 

d = tower separation (asswd = 600' = 

183 meters) 

1600 
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The fLeld strength gIvenby this relstlon 1s the maxunum 

exlstlng at any given distance from the range statlon and It exists 

along a radw.1 which 1s 45 degrees "off-coursew. 

With the aid of the above equations, the sIgna strength 

exlstlng at various distances from the antenna at 200, 266, and 371 

kc was calculated, assurmng a manmum ground conductlvlty of lo-l3 

e.m.u. and B mlnlmum of 2 x 10-14. The rasults of these oaloula- 

tlons are shcwn graphloally by flgwes 1, 2, and 3. A transrmtter 

carrier power output of 500 watts and an efflcxency of 50 per cent 

for the ooupllng equipment are assumed. These curves may be applied 

to transnutters having dlfferent power outputs, In order to do so, 

It wlllbe necessary to multlply a value selected from the curve by 

the factor, p 
J- 500 

, where P 1s the value of the ne-fl power being con- 

sldered. Also on these curve sheets, there 1s plotted the average 

strength of the signal propagated through the lonesphere. This 1s 

based on the results of an lnvestlgatlon of such propagation publIshed 

m the Wueless Engineer of June, 1937. 

In order to apply the attenuation curves to range statlens 

of the suwltaneous type, 3 It ~111 be necessary to introduce another 

ccnvers~cn factor. The power supplled to the corner towers In a 

simultaneous range 1s adJusted to produce a resultant slgnal which Is 

30 per cent of that radiated by the center tower. In evaluating the 

sIgna produced by thx type of range In terms of that radiated by 

the conventlena double sideband range, field strength values from 

160, 
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the aforem;lt:oned curves must be multlplled by the factor: 

.212 Kl 
(4) 

where El = square root of the ratlo of unmodulated to modulated 

transrmtter power capaclty 

K2 = ratlo of sldeband to carrier amplitude resulting 

from attenuation m high "Q" coupling and ante= 

tuning cx0u1ts. 

For 100 per cent rrcdulatlon, the sIdebend pcwer 1s 50 per 

cent of that of the carrier LIL the conventlena double 

sIdeband range. Therefore, El =1.22: K2 was calculated 

to be .6 based on values of "Qp exlstlng in present range 

equipment. 

Eefore the rmnuILum tolerable geographical separatxon between 

stations can be deterrmned, It is necessary that standards of sernoe 

signal strength and ratio of lsterferlng to desired signal be set up. 

Fraotloe :ndloates that a slgnal strength of 50 w/m should be avail- 

able for satisfactory range reception through average statlo condltlons 

prevailing at these frequenoles. In the matter of lnterferenoe, tests 

were made by connecting two stafidard sIgna generators, eaoh modulated 

at 1000 0.p.s. to the Input terrrilnals of a radio reoelver. The carriers 

of both generators were adJusted to zero beat and were keyed to SUILU- 

late range operation. It was found that upon reducing the amplitude of 

one carrier to a point 12 db below that of the other, the meeker slgml 

did not Interfere appreolably with the stronger one. This value was 

agreed upon by different observers, and was accepted as standard In 

I,. 
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arrlvlng a* a fIgwe for the radius of the lnterferenoe eree es men- 

tloned later. 

In order to deterrmne the amplitude of the signal whloh 

would be reoelved from an unmanted statlen operating three or SIX 

ko from the desired statlen, reference was made to the selectivity 

oharaotarxtlc of a representative alroraft radlQ range receIvelo 

The characterlstlc 1s shown graphxally ID. figure sxco This receiver 

attenuated a sIgna three kc removed from the desired sIgna by 12 db 

while one separated SIX kc from the desrred signal was attenuated 

50 db. Thus, satisfactory range reception with this reoelver could 

be obtained on the basis of the above standards when the level of en 

LUMgdted statlon three kc removed from the desved slgnalwas no high- 

er than that of the desired sIgnal. The amplitude of a signal SIX kc 

removed from the desired range sIgna could be 38 db above that of the 

desired sIgna before reception of the desired sIgna would become un- 

satlsfaotory. 

The ratios of desired to undesired signal established above 

were applied to the slmultanecus type ranges by reoogruzlng certain 

factors. By applying equation (4), the strength of the audible sig- 

nal reoelved from a slmultaneoue range in terms of that of a double 

sldoband ravge IS obtained. Because of the fact that a stronger slg- 

nal 1s produced by supplying a given amount of power to B single an- 

tenna Instead of a pau of slrmlar antennas xrhhloh are out of phase, the 

curler radlatod by the center tower is responsible for any Interference 

whlck this type of range rmght produce. Therefore, lb applying the 

ratios of desired to tiesued signal evolved herein, the Interfering 

/boo 
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signal 18 considered to be that radiated by the center tcwwr, while 

the deared si&al iB assumed to have a strength cf 50 rmcrcvolts 

per meter. 

From the propagation data mentioned previously, it is 

possible to obtain the radius of the servloe erea over which a sig- 

nal of not less than 50 uv/mwould be reoelved. Also from this data 

there was obtalned the distance at which a signal 12 db below 50 

uv m would be received for the case of stations on the same frequency / 

and likewise the diatanoe at which a sIgna 38 db above a 50 w/m 

signal would be reoeived in the cese of statlens whose frequencies 

are separated 6 kc. Corresponding data for the example of statlone 

wlith three ko oarrier frequency aeparatlcn would bB evident sa~oe It 

has been shown that thg level of the ated slgne.1 may be equal to 

tHst of the nranted sIgna before reoeption would became unsatisfactory. 

Values of redlo range servioe end Interference aree radil 

based on the materral presented above have been selected for three 

representative frequenclea and BPB tabulated below. They are divided 

into two groups, one corresponding to propagation over ground having 

high oonductlvity and the other over terraIn of lcvz conductivity. In 

general, it may be said that high ground oonductlvlty condltlons ~lll 

obtain 1n the middle west and southern plains regions while low ground 

conductivity will exist 1n the mountainous country along the Atlantio 

Coast end in the west. The geographical separation between statlens 

of like power 1s the sum of the distanoes XI the first two columns. 
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Regions of High Grolmd ConductiviQ: 

stations operating on the same frequeno~ 

Type of 
Rage 

l/2 kw range 
.15 kw rsngb 
.4 Iw aimul. 

I./2kwrange 
;16 h rang6 
.4 kw simul. 

l/2 ky raP.ge 
.16 kw rang6 
.4 kw s1mul. 

Transmitter 
Power 

l/2 kw range 
.15 kw range 
.4 km GlT!LUl. 

l/2 km range 
;I6 kw rang& 
.4 kw slmul. 

l/2 kw range 
:15 km range 
.c 2. JTUl. 

,600 

Servioe Area Interferenoe 
FllAdiU.3 Area Radius 

200 kc 

130 miles 
76 

155 

175 miles 
110 
16E 

190 :uleF 
135 
160 

335 rules 
236 
425 

266 ko 

300 rile.+ 635 miles 
275 305 
426 690 

371 kc 

675 riles 
400 
676 

765 lrllea 
636 
735 

Stations tith oarriers separated 3 ka 

Servioe Arce 
Radius 

Interference 
Area Radiue 

130 miles 
75 

155 

176 cules 
110 
165 

190 71110s 
136 
160 

200 ko 

130 miles 
75 

19s 

266 ko 

17b miles 
no 
200 

571 kL -- 

xx-m1lea 
135 
196 

eographical 
Separation 

L 

465 olllea 
310 
660 

. . 

Geographical 
Separation 

260 mlles 
150 
350 

350 m1le.F 
2m 
365 

360 Ill-les 
270 
32, 
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Stations vath oarflers se&arated 6 kc 

Transmitter Sernco Area Interfarence 
Power Radius Area Radius 

200 ko 

l/2 kw range 130 Tinlee 2 riles 
-15 kw range 76 1 
.4 kw SlrnUl. 166 3 

266 ko 

l/2 !m range 175 nules 4 riles 
;16 kw rang8 110 2 
.4 kw sulul. 165 4 

371 ko 

l/2 kw range 191) n-lies 7 ATlea 
:I6 kw range 136 3 
.4 kw slmul. 160 6 

Regions of Low Ground Conductivity: 

StatIona operating on the same frequenox 

Type of SWVlOS drea Interferenoe 

Range Radius llrea Radius 

l/2 kw range 
.15 kw range 
.4 km slmul. 

l/2 kw range 
:15 !m range 
.-L kw simul. 

l/2 hv range 
b15 kw range 
.4 kw s1mul. 

85 mlcs 
66 
95 

90 rules 
70 
86 

85 mrules 
70 
70 

200 ko 

225 isles 
160 
360 

266 kc 

360 rules 
160 
410 

371 ko 

576 riles 
375 
676 

Geogre~hloal 
Separation 

132 riles 
76 

158 

179 n1les 
112 
169 

197 lrl1e.s 
1.36 
166 

GeographIccal 
Separation 

310 miles 
216 
4.45 

450 rc'ea 
230 
496 

660 nlles 
445 
645 
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trnnmnitter 
Parsr 

BEG 
.4 h eilml. 

6tntiaas with onrriers separated S ko 

6ervleo &on Interfereno 
Radius &en Radium 

200 ko 

96 mllerc 96 milea 
86 66 
96 la0 

266 ko 

90 mile0 100 miles 
8': 116 70 

ST1 ka 

06 milea 96 miles 
70 70 
70 9s 

Station8 with oarriers sepatated d ka 

00 miles 
06 
96 

eo,aOea 
70 
86 

2 miloa 

ii 

200 ko 

4 !?ileff 

Geographical 
sepnration 

180 milea 
1so 
22s 

190 mile5 
140 
200 

180 miles: 
140 
PO6 
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The signal strength wed in arr;inng at the wluee of dis- 

fanoe appearing 1x1 the tabulation is that whioh would obtain 46 

degrees "off-00~E.e". The wrmtion in geographloal sepcgrrrtlon be- 

tween 200 epd 400 ka 1s shown grapbioally an the aooompanying curve 

sheets, Non. 4 and 6, representing high and loo ground aonduotivity 

respeotive1y. 

coNcLusIoliS 

In arriving et the OO~C~US~O~S pertamlng to the Sp.bing 
of radio ranges operating on the same or adjaoent frequencies, no 

oonalderatlon we8 given to the possibility of using aircraft direo- 

tion finders of the "null bearing" type. When taking a bearing with 

this type of direction finder, the response'is maximum to stations 

90 degrees removed from that upon whioh a bearing is being taken. 

Beoause of this fact, the ratio of desn'ed to undesired sIgna must 

be muoh greater than that advocated in this report when dnection 

finder operation 1s contemplated. 

Where it is desired to plaoe the maximum nlrmber of ranges 

within a given area and frequency band , It is rsoommended that the 

standards of rmnimum geographical spac.n!g evolved in this study be 

followed in deslgnatlng the stations whloh must share oommon or ad- 

jacent frequencies. 

,600 
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1. Eleotrmal Engineera' Handbook, MoIllmain and Pender, pp. B-10. 

3!. Eleotnoal Engineers' Handbook, MoIl1ws.m and Pender, pp. 8-11. 

35 si.mltaneaue Badio Range and Telephone Transmission, by W. B. 

deoksgn and D. M. Btuart, Proa. I.&B., IiWch 1937, p. 314 
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FIGUREINDEX 

1. Field Strength Attenuation. (At 200 kc) 

22. Field Strength Attenuation. (At 266 ko) 

3. Field Strength AttenWtiOn. (At 371 kc) 

4. Geographical Spacing of Radio Range Statlona 1x1 Reglom of 

High Ground ConductlPity. 

5. Geographmal Bpaolrig of Radio Range Stationa in Regions of 

Low Ground Conduotivity 

6. BadlO Fang.9 Eeoelver se1eotiTity. 





FIG 2 FIELD STRENGTH ATTENUATION 



FIG 3 FIELD STRENGTH ATTENUATION 



FIG 4 GEOGRAPHICAL SPACING OF RADIO RANGE STATIONS 

IN REGIONS OF HIGH GROUND CONDUCTIVITY 
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FIG 5 GEOGRAPHICAL SPACING OF RADIO RANGE STATIONS 

IN REGIONS OF LOW GROUND CONDUCTIVITY 
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FIG 6 RADIO RANGE RECEIVER SELECTIVITY 
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