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I. INTRODUCTION 

The requirements for the Vortac coverage have been 

thoroughly lnvestlgated, both theoretically and experimentally. 

Yowever, the requirements for coverage from a DMET faclllty 
have not been as well documented. The purpose of this lnves- 

tlgatlon has been to explore the theoretical coverage of pro- 
posed low-power D?IET (1 kw) facllltles and to compare these 
coverages with those of other systems 

A distance-only faclllty has a number of advantages 
In obtalnlng coverage over one supplyIng bearing. To ootain 

accurate bearing modulation of the antenna pattern over a 

large vertical angle, strict requirements are placed on the 

antenna design; these tend to widen the vertical pattern of 
the antenna and thereby reduce the gain. In addltlon, to 

reduce bearing errors from ground reflections, the radlatlon 
on the horizon has been reduced by tlltlng the peak of the 

beam upward as much as 6 degrees (resulting In a loss of 1 to 

2 db on the horizon) Figure 1 shows tnat more Lhan half of 

the space volume of Interest 1s conta;ned between the radio 

norlzon and an elevation angle of 3 degrees. Another factor 

favoring greater coverage from a DMET is the lack of a require- 

ment for bearing modulation of the antenna pattern. (See dls- 

cuss1on on speclflcatlon of sensitlvlty, page 5.) 

The method of presentation 1s slmllar to that used 

by National Bureau of Standards (NBS) (reference 1). Fig- 

ure 1 shows a set of contours of transmlsslon loss, lncludlng 

the effect of the ground antenna The other system factors 

are then algebralcally summed: transmitter power, transmlsslon 
line losses, and the receiver sensltlvlty. This summat-on LS 
the maximum allowable transmlsslon loss Entering this value 



in the transrrlsslon loss curve gives the maxlnum range of the 

system as a function of altitude Tables I and II compare a 

number of combnatlons of equipments. Two sets of range con- 

parlsons are rrade: one at an altitude of 40,000 feet and tne 

other at 15,000 feet. The upper altitude permits coaparlsons 

wlthln the radio horizon to the llmlts of the speclfled Vor- 

tat range (200 nautical miles) The lower altitude permits 

comparisons w-t?in the required lln:ts (100 nautical IrIles) 

of ;he slmpllf-ed alrborne equlpnent 

In attenptlng range comparisons with otter pulse 
type systems, sucn as the AX beacon or the old DME, It was 
found that the test condltlons would not permit valid COT- 
parlsons Fllg;?t tests were usually performed at low alto- 

tudes (below 20,000 feet), and the limiting range was often 
line-of-sight Examlnatlon of Figure 1 shows that In the 
region of the radio norlzon a dlf'ference of system perforrr- 

ante of many decibels ~111 result In a range difference of 

only a few miles. Furthermore, the propagation curies shown 

In Figure 1 are based on what can be consldered a bad s:te 
(conslderlng that the navlgatlon system must be reliable on 

a large maJority of potential sites) The 95-percent rell- 

able range derived In Tables I and II, therefore, ~111 be 

conservative compared with flight-test results on average 

sites 

II. PROPAGATION LOS3 

Antennas that radiate appreciable energy at angles 

below the radio horizon are subJect to conslderable reduction 

of rellaole range wlthln the radio horizon because of Lnter- 

ference effects between the direct ra;- and the ground-reflected 
ray. Where the earth 1s relatively smooth, the posltlors and 
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amplitude of the lobes can be predlcted However, for the 

general case, lt 1s necessary to calculate coverage on a 

probablllty basis. Since the coverage of the navlgatlon 

aid 1s defined as the space volume where a rellablllty of 

95 percent or setter 1s achieved, the propagation curves 

XI this report are calculated on a basis of the transmlsslon 

loss being equal to or less than the given value 95 percent 
of the tlsle 

The curves In Figure 1 are calculated by two 
means--each glvlng tne least favorable case. The portlon of 

the curve for each loss contour lying parallel to the radio 
horizon IS calculated on a basis of specular reflection 
(leO-degree phase reversal at ground, reflective coefflclent 
llmlted to a maximum of 0 7). A 5 T-do standard deviation 

of loss about the calculated value 1s also assumed, this 

results In a 9-db Increase of loss for 95-percent probability. 

This value IS based on measurements made by NBS at VHF and UHF 
near the radio horizon (reference 2) The upper portion of 
each curve 1s based on the addltlon of a constant direct ray 
and a reflected ray with random phase This Includes effects 
of nulls or scalloping In the ver;lcal radlatlon pattern. 

These values of transmlsslon loss are considerably greater 

than those usually predlcted using median values (50 percent) 

or free space loss. 

The curves of Figure 1 are calculated, using the 
antenna pattern of Figure 2, at a height of 28 feet and a 

frequency of 1000 MC. In this report, to compare systems 

with different antenna patterns, ground antenna gains are 

referred to the FAA speclf’led antenna gain, each at the 

horizon so that range comparisons can be made on the chart 

computed for the FAA antenna. This corparlson Is not strictly 
valid, but It ~111 give reasonable comparisons wIthout actual 

calculation of the propagation curves for each antenna. 
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In this report, airborne antenna gains are assumed 

to be zero db relative to the gain of an lsotroplc antenna. 
This assumption 1s based on measured radlatlon patterns of 

airborne antennas at 1000 MC, which are extremely complex 

with lobes and nulls having only a few degrees of separation. 

The memory feature of DYET, combined wltn the aspect Insta- 

bllity (In terms of a few degrees) of the aircraft, results 

In an effective antenna gain greater than that obtalned by 

pattern In:egratlon Tne assumption of an lsotroplc gain is 

a conservative estimate of this effect 

III EQUIPMENT CHARACTERISTICS 

The transnltter power listed In Table I for Vortac 
and :he FAA lnstaliations of the GRN-9 1s the output of the 
seacon cabinet An addltlonal loss of 1 3 db 1s Included for 
tte transmlsslon lines and the TMC unit. The URN-3 Installa- 

t:on includes a typlcal transmlsslon line loss of 4 db The 
llstlng for the proposed DMET 1s the power dellvered to the 

antenna 

The antenna gain llsted in Table I 1s ;ne ga;n at 
the horizon relative to the gain of a Vortac antenna 

The characterlstlcs assumed for the aIrborne eql,lp- 
rrent are, In general, guided by "ARINC Characterlstlc No :21t. " 

Two receiver charac;erlstlcs were assumed, 116 dbw for a high- 

perforrrarce alrborne equipment and 106 dbw for a slrrpllfled 

equipment The transnltter povrer output 1s mlnlmum for stand- 

ard cond;tlons (800 watts peak) for tie nigh-performance equip- 
nent For the slmpllfied equlp-nent an output of 50 watts peak 

is assumed Two values of the transnlsslon cable loss were 

assumed; the j-db value represents a maximum expected canle 

run of 50 ro 60 feet, and the 2-db value represents a good 



installation For the slmpllfled equipment, caole runs In 

excess of 25 feet are not expected, and a cable loss of 2 db 
was used In all comparisons In Tables I and II. 

ARINC Characterlstlc No 52lB speclfles tne airborne 
receiver sensltlvlty for the distance measuring function only 

When bearing modulation 1s present on the ground transmitted 

signal (Vortac), the difference between the Interrogation rate 

of the airborne equipment and tne rotation rate of the ground 

modulation pattern 1s such that the l:kellhood of a series of 
lnterrogatlons occurrIng during the m~n~s1um of the antenna 
pattern 1s very low This factor, combined with the memory 

fea;ure of the distance function 1n the alrborne receiver, 

results in a higher effective sensltlvlty for distance measure- 

ment than for bearing measurement When an aircraft 1s due 

west of a Vortac station, indicated bearing 90 degrees, tne 
transmlsslon of the north reference colncldes with the rnlnl- 

mum of the rotating bearing modulation pattern For a total 

modulation of 50 percent, the mlnlmum amplitude of the antenna 

pattern 1s 6 do below tne average amplitude. Based on these 
relations, the effective receiver sensltivlty assumed for the 
'searing function ln Table I 1s 6 db less than that for DYE 
only 

Iv. CONCLUSION 

Examination of Tables I and II lndlcate that a 

low-powered DPWT can provide adequate service with either 

the high performance or the slmplifled alrborne equipment. 
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