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'FOREWORD 

This report was prepared for the Spectrum Plans and Programs 
Branch, Frequency Management Division, Systems Research and 
Development Service, Federal Aviation Administration, under Contract 
No. FA 68-WAI-145. The views presented are not necessarily those 
of the FAA and do not reflect FAA Policy. This report does not 
constitute a standard, specification, or regulation. 

Technical memoranda are used to insure prompt dissemination of 
special information that has been developed in response to a specific 
need for a sponsoring agency. These documents are in the public 
domain since they are is sued as official government writing, but are 
considered to be unpublished since they are not printed for wide public 
distribution. Copies of this particular Technical Memorandum are 
sold for $3. 00 each ($0. 95, microfiche) by the National Technical 
Information Service (NTIS), Operations Division, Springfield, Va. 
22151. One orders by using the accession number given on the cover. 
Any abstracting, citing or reproduction of this document should be 
accompanied ,by the information required to obtain it from NTIS. 
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INTERFERENCE PREDICTIONS 

FOR VHF/ UHF AIR NAVIGATION AIDS 

(SUPPLEMENT TO IER 26-ITSA 26 and ERL 138-ITS 95) 

G.D. Gierhart and M. E. Johnson 

This report supplements information previously developed by 
the authors on interference predictions for VHF /UHF air 
navigation aids. Included are (a) radiation patterns needed to 
adapt curves previously developed for the Instrument Landing 
System (ILS) Localizer and Tactical Air Navigation ( TA CAN) 
to new equipment types, ( b) comparisons of the propagation 
models used for predictions made from 1962 to the present, 
( c) propagaticm information in a different form, i.e. attenua
tion greater than free space for Distance Measuring Equip
ment (DME), TA CAN and VHF Omnirange (VOR), (d) DME, 
TA CAN and VOR .service volume without interference curves 
for equipment configurations not previously considered, and 
(e) an errata list for earlier ESSA Technical Reports. 

Key words: DME, ILS, interference, navigation aids, 
propagation, TA CAN, transmission loss, 
VOR. 

1. INTRODUCTION 

This report for the Federal Aviation Administr ation (FAA) 

concerns work by the Institute for Telecommunication Sciences (ITS) 

during November, 1969 to July, 1970. Much of the information con

tained herein was previously provided to the FAA in preliminary form 

by letter reports. 

This report supplements earlier ESSA Technical Reports 

(Gierhart and Johnson, 1967, 1969a) on the same subject. It provides 

(a) radiation patterns needed to adapt curves previously developed for 

the Instrument Landing System (!LS) Localizer and Tactical Air Navi

gation ( TA CAN) to new facility equipment ( sec. 2), (b) comparisons of 

the propagation models used for predictions made from 1962 to 1970 



(sec' s, 3 and 4), (c) propagation information as attenuation greater 

than free space basic transmission loss (sec. 5) for Distance Measur

ing Equipment (DME), TA CAN and VHF Omnirange ( VOR), ( d) DME, 

TA CAN, and VOR service volume without interference for equipment 

configurations not previously considered (sec. 6), and (e) an errata 

list for earlier ESSA Technical Reports (app. A). 

The facilities treated operate at frequencies from about O. 1 to 

l GHz. Propagation of radio frequency energy at these frequencies is 

affected by the lower, non-ionized atmosphere (troposphere), specifi

cally by variations in the refractive index and terrain along and in the 

vicinity of the great-circle path between transmitter and receiver. 

Time and space variations of received signal and interference ratios 

are best expressed statistically. The methods used to characterize 

propagation in these predictions follow procedures used by ITS to 

predict the effects of terrain and atmosphere on the variability of 

field strength, and on the performance of radio systems (Barsis. 

et al,, 1970; Gierhart et al., 1970; Gierhart and Johnson, 1967, 1969a, 

1969b; Johnson, 1967; Longley and Rice, 1968; Longley and Reasoner, 

1970; Rice et al., 1967). 

These methods use the concept of transmission loss, which is the 

ratio (usually expressed in dB) of the total power radiated from the 

transmitting ant enna to the power that would be available at the re

ceiving antenna terminals if there were no circuit losses other than 

those associated with the radiation resistance of the receiving antenna. 

2. RADIATION PATTERNS 

Previous studies were limited to specific facility antenna types. 

Information given in this section can be used to extend the results pre

viously obtained to some particular new equipment types. 

2 



2. 1 ILS Localizer 

Service range curves previously developed for the ILS localizer 

are in terms of a normalized desired-to-undesired signal ratio 

(Gierhart and Johnson, 1969a, sec. 5. 2). Use of these curves requires 

that the radiation characteristics of the particular desired and unde

sired facilities are considered. This includes an allowance for the 

azlmuth characteristic of the undesired facility and compensation for 

the relative effective radiated powers of the two facilities by a com

bination factor, C
f
" 

Relevant characteristics of !LS localizers are summarized in 

table 10 Standard, directional, Mark I (referred to as II Low Cost" in 

previous _reports) and AN /MRN-7 equipment types were considere.d 

previously and the azimuth patterns of their antenna are given in 

Gierhart and Johnson ( 1969a, figs. 1, 2 and 3). Azimuth patterns for 

the carrier portion of the twin-tee ( AIL 55-E and F) and multi-dipole 

(Wilcox 412) arrays are shown in figures 1 and 2. These figures give 

the gain factor G required by Gierhart and Johnson [1969a, eqn. (l)], 

Information made available via the FAA (AIL; Hollm, 1968; Wilcox) 

was used to estimate the system parameters required to calculate C
f 

values and develop azimuth patterns for the AIL 55-E and F and 

Wilcox 412 equipment types. The value C
f 

is defined by 

where 

C =P - P  +A - A  +H - H  
f D U D  U D U  

carrier power radiated by desired facility in dBW, 

carrier power radiated by undesired station in dBW, 

free-space antenna gain referred to an isotropic radiator 

( 1) 

for the main lobe of the desired station carrier antenna array, 
in dB; 

3 



Table 1. Characteristics ,of ILS Localizers 

Standard Directional Mark I AN/MRN-7 AIL 55-E&F Wilcox 412 

Radiated power (a) 20 dBW 20 dBW 10 dBW 7 dBW 3 dBW{b) 10 dBW(c) 

Array type 8-loop V-ring V -ring 12-dipole Twin-tee Multi-dipole 

Antenna gain {
d) 4 dB 12 dB 12 dB 18 dB 12 dB(e) 12 dB(f) 

Array height above 
5.5ft( g) 

ground 5. 5 ft 7. 5 ft 7.5 ft 4. 5 ft 5. 5 ft 

( a) Radiated power refers to the total carrier power radiated from the array.
( b) The modulated carrier output of the localizer transmitter 1 modulator unit type 55-120

( c) 

is given as 4 W or 6 dBW (AIL, p. 17). However, this value includes sideband as well 
as carrier power and does not include losses associated with the transmission line.
A 3 dB reduction (6 to 3 dBW) was made to allow for these factors.

The localizer transmitter is capable of providing 30 W or 14. 8 dBW of rf power
(Wilcox, p. 2 3). However, a reduction in power is expected because of losses
associated with the modulator (Wilcox, p. 6

) rf distribution netwo:,;k (Wilcox, p. 22). 
A 4. 8 dB reduction was made ( 14. 8 to 10 dBW) to allow for these factors . 

(d) Antenna gain refers to the main lobe free-space gain associated with the radiation
of carrier power and is with reference to an isotropic radiator.

( e) Taken as equal to that of the V-ring as suggested by Hollm ( 1968).

(£) Taken as 12 dB in accordance with the value added to Wilcox (p. 20) in Mr . Johnson's (FAA)

copy. 
(g

) Height is adjustable from 4 to 10 ft with higher ·elevations possible. A nominal or 
typical height of 5. 5 ft is assumed.



Figure 1. 

0 

0 
00 
,-.j 

!LS localizer twin-tee array antenna pattern. Free
space gain for the carrier portion of the array in the 
azimuth plane is in decibels relative to the main-lobe 
maximum. The gain of the main-lobe maximum is 
taken as 12 dB greater than an isotropic radiator 
(table 1). This pattern was derived from fig. 3-12 of 
Hollm (1968) by converting relative field strength 
(dimensionless voltage ratio) to relative gain in dB 
and smoothing the resulting pattern to obtain sym
metry about the main-lobe. 
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Figure 2. 

0 

0 
co 
.... 

!LS localizer multi-dipole array antenna pattern.
Free-space gain for the carrier portion of the

array in the azimuth plane is in decibels relative
to the main-lobe maximum. The gain of the main
lobe maximum is taken as 12 dB greater than an
isotropic radiator (table 1). A 3 dB beamwidth of
18° inferred from Wilcox (p. 7) was used for the
main-lobe and the remainder of the pattern was
taken as 10 dB less than the main-lobe maximum
(Wilcox, p. 20).
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AU
= antenna gain similar to AD but for undesired station,

HD = height gain factor for desired station, i.e.,

HD = 0 dB for !LS array height of 5. 5 ft (8-loop, twin-tee,

multi-dipole), 
HD = l. 5 dB fo:: ILS arn.y height 0£ 7. 5 ft {V-ring),

HD = -1. 5 dB for IL5 array height 0£ 4. 5 ft {A..�/ MRN-7);

and 

H = height gain factor for undesired station, i. e., 
u 

H
U 

= 0 dB for !LS array height of 5. 5 ft 

(8-loop, twin-tee, multi-dipole) and VOR, 

H
U

= 2.5 dB for !LS array height of 7.5 ft (V-ring), 

H
U 

= -0. 5 dB for !LS array height of 4. 5 ft (AN /MRN-7). 

Values of C
f required for Gierhart and Johnson r 1969a, eqn. { 1) ] are

given in table 2. These values were calculated using the parameter 

values of table 1 and Gierhart and Johnson ( 1969a, table 3 for VOR) in 

(I). Table 2 is an expanded version of Gierhart and Johnson (1969a, 

table 6). 

2. 2 TA CAN and DME

Service volume without interference curves (sec. 5; Gierhart and 

Johnson, 1967, fig. 9) and attenuation greater than free-space curves 

(sec. 4) developed for a TA CAN facility with a URN-3 antenna may be 

used in cases where a RTA-2 (FAA, 1963, sec. 3. 3. 3), DME (FAA,

1967, sec. 3. 5) or isotropic antenna is involved if an adjustment is 

made. The required adjustment depends on the relative antenna gain 

applicable at the elevation angle required to illuminate a particular 

aircraft location. 

Relative gain tiG versus elevation angle is shown in figure 3 

where tiG is the amount in decibels by which the URN-3 antenna gain 

7 



Table 2. ILS Localizer C
f 

Values in Decibels 

Desired Undesired 

Standard Directional Mark I AN/MRN-7 VOR AIL 55-E&F Wilcox 412 

Standard 0 -10.5 -0.5 -0. 5 1. 8 9.0 2.0 

Directional 9.5 - 1. 0 9.0 9.0 11.4 18.5 11. 5 

Mark I -0.5 -11. 0 -1.0 -1.0 1.4 8.5 1.5 

00 AN/MRN-7 -0.5 "'11. 0 0 0 1. 4 8.5 1. 5 

VOR -1. 8 -12.3 -2.3 -2.4 0 7.2 0.2 

AIL 55-E&F -9.0 -19.5 -9. 5 -9.5 -7.2 0 -7 

Wilcox 412 -2.0 -12.5 -2._5 -2.5 -0. 2 7 0 



exceeds that of an antenna that just meets specifications. Two curves 

are shown for the RTA-2 antenna, one for each transmission band 

(962- 1024 MHz and 115 1- 1213  MHz). These curves were developed 

using a typical URN- 3 radiation pattern (Gierhart and Johnson, 1967, 

fig. 5). Figure 4 shows the elevation angle at which the direct ray 

would have to leave the ground facility antenna to arrive at various 

aircraft positions. This figure can be used to estimate the elevation 

angle at which 6 G must be considered for a· particular aircraft location. 

Since these angles are not very dependent on the facility antenna height, 

figure 4 may be used for other navigation aids such as DME, ILS and 

VOR. 

Once the value of 6G applicable to a particular aircraft location 

of interest has been determined, it can be used to estimate the 
1 2 

maximum EPIRP , E, required for a RTA-2 (isotropic or DME) 

antenna to provide reliable (95%) service at that location; i. e. , 

(2) 

where E 
3 

is the EPIRP value required using a URN- 3 antenna (fig. 25) 

and 6G
M 

is the amount in decibels by which the main lobe URN- 3 

antenna gain exceeds that of the antenna type actually used. Values for 

6 GM 
are as follows: 

1 
Gain values greater than those used for the RTA-2 (or DME) antenna 
in developing fig. 3 would also satisfy the FAA specifications. There
fore, lower 6G values may be applicable to particular antennas. 

2
Effective peak isotropic radiated power, EPIRP, is measured rela
tive to an isotropic radiator at the vertical angle of maximum radia
tion with peak pulse power delivered to the antenna, and is an average 
over one or more integral number of antenna revolutions. The EPIRP 
for systems not using pulse techniques (VOR, ILS) is taken as the 
effective isotropic radiated power (radiated power in dBW plus the 
main-lobe antenna gain in dB greater than isotropic). 

9 
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1. 6 dB, R TA-2 (962- 1024 MHz) 

G 
2. 2 dB, R TA- 2 (1151- 1213 MHz) 

( 3) = 
0.  2 dB, DME M 
8 .  2 dB, isotr opic 

Similarly, attenuation, A, greater than free space for a particular loca

tion, and R TA-2 ( isotr opic or DME) antenna can be obtained from 

where A 
3 

is the attenuation value associated with the UR N-3 antenna 

( fig. 15). 

(4) 

For example, since (a) an aircraft located at 144 nm with an 

altitutde of 20 , 000 ft requires an elevation angle of 0 . 4
° 

(fig.  4), - (b) 

this angle corresponds to a 6 G  of 4 .  5 dB for a R TA-2  antenna operating 

in the 962-10 24 MHz transmission band ( fig. 3), and ( c) the value of 

E
3 

that is requir ed for reliable (95% ) service at this location is 45 dBW 

EPIRP ( fig. 24), the maximum value of E r equired for this case as 

determined from (2) and (3) is approximately 4 7  dBW EPIRP 

(45 + 4. 5 - 2. 2). Furthermore, the A 
3 

for this configuration is 3 dB 

(fig. 15) so that the maximum A value fr om ( 4) is approximately 7 .  5 

dB ( 3 + 4. 5) . 

Some of the curves presented later were calculated using � 

(figs. 12, 1 3, 21 , 23) and another (fig . 14) was calculated using the 

RTA -2 antenna pattern shown in fi gure 5 .  Gain values greater than 

those given in figure 5 would also satisfy the FAA specification, and 

transmission loss calculations made using figure 5 would field values 

that are too large for such antennas. 
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3. PROPAGATION MODE LS 

The methods used to calculate the curves give_n in the following 

sections are based on models for (a) calculated reference transmission 

loss L (b) long- term variability v1 , and (c) short term variability 
er t 

V
st

" To designate them a set of three codes is used, (L /V /V ) ; 
er lt st 

these codes indicate the year that a report for the FAA was first 

printed with curves developed using the particular model. For example, 

62/ 70 /No implies that (a) L was calculated using the 62 model, (b) long-
er 

term variability was calculated using the 70 model, and ( c) no short term 

fading was considered. The list of figures provides the location of 

curves applicable to various system, antenna, and propagation model 

combinations. Taple 3 summarizes the codes used for propagation 

model identification. L , v1 , and V models are discussed further 
er t st 

in sections 3. 1, 3. 2, and 3. 3, respectively. 

3. 1 L Models 
er 

The calculated reference transmission loss, L in dB, as used 
er 

here would be equal to the median transmission loss, L(50) in dB, 

except for aircraft antenna gain, G
A 

in dB above isotropic, and a bias, 

V(50} , associated with variability (V
1 

and/or V ) ,  i. e. ,  
t st 

L(50) = L -G - V( 50) dB 
er A ( 5) 

where the gain associated with the ground facility is included in L • 
er 

This section contains more information on the L models given in 
er 

table 3. 
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Ta ble 3 .  Pr o paga tion Mode l Code s 
Codes Comments 
L Models 

e r  
6 2  

6 2  6. G  

6 9 

69  ti G  

V 
It 

Models 

62  

6 5 

70 

V Models 
s t  

N o  

6 7  

7 0  

Models give n b y  Gie r ha r t  and J ohnson ( 1 9 62) for 
TA CAN and VOR w e r e  us e d .  

a G  ( fi g .  3 )  w a s  u s e d t o  r e vi s e  c urve s calculated 
via the 62  L model for TA CAN with an URN - 3 
antenna. 

e r  

M e dian trans mis sion lo s s  value s we r e calculate d 
a s  in G i e r hart  and John s o n  ( 1 9 69 b ) exc; e p t  t!hat 
( 1) a ntenna gains wer e c on s i de r e d, ( 2) a c or r e c 
tive fa c to r  s imilar to the A factor of Gie r hart 
e t al.  ( 1 9 70 ,  s e c .  3 )  was usid, and ( 3) atmos 
pher i c  abs or ption was negle c te d .  

� G  ( fi g .  3 )  w a s  u s e d  t o  r e vi s e curve s  calc ulated 
via the 69 L mode l for TA CAN with an URN - 3 

e r  
ante nna . 

Models given b y  G ierha r t  and Johns on ( 1 9 62) for 
TA CA N and VOR we r e  us e d .  

T he l ong - te rm var iability m o d e l  a s s o c iate d  with 
G ie r ha r t  and Johns on ( 1 9 65)  was u s e d. 

The long - te r m  var iability model r e c ommended 
by G i e r ha r t  e t  al. ( 1 9 70 ,  fig .  4) was us e d .  

N o  allowanc e  fo r s ho r t - te rm fading w a s  inc lude d. 

The va r iabi lity us e d  fo r s ho r t - te r m  fading wa s 
identical with that us e d  by G ie r ha r t  and 
John s o n  ( 1 9 6 7) . 

The var ia bility us e d  for s ho rt - te r m  fading was 
ba s e d on the methods given by Gie r ha r t  and 
John s on ( 1 9 67) but with param e te r s  a ppr opr iate 
fo r par tic ular configurations include d .  
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The 62 L models ( Gier hart  et  al . , 1 962) for TA CAN and VOR are 
er 

de s c r ibed by Gierhart and Johnson ( 1 9 6 7 ,  app. I whe r e  L is  used for m 
L ) .  TA CAN ( U RN - 3  antenna only) and VOR models diffe r pr imarily 

er 
by ( a) equipment as s ociated parame te r s ,  and ( b) the me thods us e d  to 

determine L in the line - of- s ight r egion; e . g . , diffus e  refle c tion 1s 
er 

u s ed with TA CAN and s pe c ular r eflec tion is  us e d  with VOR . Values for 

L wer e  put on c ompute r cards and wer e  us e d  in all calculations er 
involving the s e  models . 

T he 62 6G mode l utilized the data gene rate d  with the 62 L 
e r  

model for TA CAN ( with URN - 3) to dete rmine L value s a pplicable to e r  
DME or TA CAN ( wi th R TA - 2) by making an adjus tment via A G  (fig . 3 ) .  

A pplicable fr equenc y and facility antenna height are  the s ame as  tho s e  

o f  the 6 2  model ( 1 1 50  MHz and 30 ft) . 

In the 69 L model L ( 50) values are calculated as  in G i e r hart  e r  
and Johns on ( 1 9 69a, s e c s . 2 and A .  1) exc e pt that ( a) the antenna gain 

patter n  for the ground facility was consider ed, ( b) a c o r r e c tive fac tor 

s imilar to the A factor of Gierhar t et  al. ( 1 9 70 , s e c .  3)  was u s ed, 
y 

and ( 3) atmos phe r ic abs or ption was neglected.  

Initial L e r  value s ,  L c ri'  wer e  obtained using me thods deve loped 

for ( a) forward s catter ( Rice  et  al;  1 9 67 ,  s e c .  9) , ( b) smooth earth 

diffraction ( Rice et  al; 1 9 67 ,  s ec .  8 .  1) , and ( c) line - of - s ight 
( Gie rhart  and Johns on, s ec .  A .  1 ) . In this line - of - s ight method 

two ray ( dire c t  and ground r eflec ted) interfe r en c e  the or y ( Rice e t  al;  

1 9 67, s e c .  5) i s  u s e d  to calc ulate L . whe n  the ray path le ngths are 
C r l  

within a waveleng th of  each othe r and the r e s ulting L . 1s le s s  than 
c r 1  

the fr e e - s pa c e  value Lf
; L . is s e t  equal to L other wi s e .  

c r 1  f 
Gie rhart et  al. ( 1 9 70 ,  s e c .  3) r e c ommends the u s e  of an � fac tor 

to pr event available signal power s  pr edicted via the me thods of Rice  

e t  al .  ( 1 9 67) fr om exce e ding levels expe c te d  for fr ee - s pa c e  propaga

tion by an unr ealis tic amount, but it is  formulate d in te rms of bas i c  
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tr ansmission loss ( isotropic antennas) and long-term variability. A 

more general formulation for A
y 

was used in the 69 L model, i. e. , 
er 

otherwise 

= 0 dB_ for { L
f 

- 3) < L . - V{ 1 0) -
c r 1  

A
y 

= L + V (  10) - L . - 3 dB. 
f cr1 

( 6) 

( 7) 

The value for V 
lt 

( 1 0) is obtained from the V 
lt 

models, but is related 

to L by 
er 

L 
er ( 8) 

and is positive, since L
lt 

( 1 0) is the transmission loss value that is 

not exceeded for more than 10% of the hour ly-medians. 

When the 69 L model was used for calculations involving a VOR 
er 

with an isotropic antenna, the antenna height was taken as 16 ft above 

ground, and reflections from the counterpoise wer e neglected . Cal 

culations made using this model for TA CAN with a R TA -2 antenna 

utilize the antenna pattern s hown in figure 5 .  

The 69 6G model utilized data generated with the 69 L model 
er 

for a U.RN - 3  antenna pattern to determine L values applicable to 
er 

TA CAN ( with R TA - 2) by making an adjustment via t-,G (fig. 3) . 

3. 2 V 
lt 

Models 

The curves given in this report as well as those presented by 

Gierhart et al. ( 1 962), Gierhart ( 1 963, 1 9 64), and Gierhart and 

Johnson ( 1 9 65,  1 967, 1969a) wer e developed -during a time when the 

prediction methods given by Rice et al. ( 1967), Longley and Rice 

( 1 968), and Gier hart et al. ( 1 9 70) were evolving. For convenience, 
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diffe rent V models will be identifi ed by the ye ar in which c urves  
lt 

developed fo r the FAA us ing them were  fir s t  publis hed. Model year ,  

code ( as in  table 3) , application, s o ur ce d_ocument, and the s pe c ific 

fi gures deve loped using it are summar ized in table 4.  No c ode is 

given for the 1 9 69 model s ince the only curve s develo ped us i ng it for 

this report are in this s e ction. 

Figur es 6 and 7 show V 
lt 

( 95) versus  effe ctive dis tance d
e 

( .R ice  

e t  al. , 1 9 6 7, sec .  10 . 3 )  for v
1t 

models of  table 4 .  v
1t 

( 9 5) is the 

amount by which L mus t be de creased to obtain the hour ly median 
er 

transmis s ion los s L
lt 

( 95) value that will not be exceeded by 95% of 

the hourly medians ; i . e . , 

L
1 

( 9 5) = L - v
1 

( 9 5) dB. 
t er  t ( 9) 

Curve s applicable to ILS localizer  and VOR are shown in figur e 6 .  

Variability for the ILS glid,e s lope ( ~  3 30 MHz) i s  not shown, but would 

be approximately 1 .  3 time s the vafue s shown in figur e  6 ( Rice et al. , 

1 9 6 7, fig. 1 0 . 15) . Figure  7 is  appli cable to TA CAN .  

The V(p, d) func tion us ed for v
1t 

in the 1 9 62 m odels inc luded a 

func tion f( 8 + 8 ) that caus ed exce s s ive de pe ndence on ante nna 
et e r  

heights ;_ e . g. , the diffe rence  i n  the cur ves s hown for air craft altitude s 

of 1 ,  000 ft and 1 0 0 ,  0 0 0  ft on figur es 6 and 7 .  In othe r V lt formula

tions, var iabili ty for  a par tic ular d does not var y with antenna height. 
e 

This V( p, d) wa s used for all 1 962  TA CA N calc ulati ons , but only for 

those  VOR paths that involved value s of angular dis tance ( s cattering 

angle) , 8, le s s  than 10  milliradians (mr) . B e caus e anothe r function 

V( p, 9 ) ,  similar to V( p, d) , was derive d primarily from data in the 

100  MHz range, the r e commendation that it be us ed when A �  10 mr 

( B ar ghaus en et  al. , 1 9 6 1 ,  ch. 6, s e c .  IV) was  followed in the 1 9 6 2  
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Table 4 .  V l t  Models 

Year { c ode) , Fa cili ty 
Source Docume ntation 

1962  ( 62) , TA CAN 
Barghausen e t  al. { 1 9 6 1 ,  ch. 6, 
s e c .  IV, V{ p, d) fo r all hour s of 
the year wa s obtained by ave raging 
V{ p, d) 1 s calculated for summer 
and winter).,. 

1 9 62 { 6 2) , VOR 
Barghaus en e t  al. { 1 9 6 1) ,  ch.  6,  
s e c .  IV, V{ p, d) for all  hours of 
the year obtaine d by ave raging 
V{ p, d) 1 s calculated fo r summer 
and winte r was used when 0 < 1 0 mr, 
otherwis e V{ p, 0)  for all hour s of 
year was used)

,. 

1 9 65 ( 6 5) , ILS localizer  and VO R 
when u s ed with localiz e r  

CCIR ( 1 9 62, s e c .  16 . 5 , V{ p, d) 
for all hour s of the year obtained 
via the analytic functions of s e c .  
1 6 .  6 were us e d) { a) .  

1 9 69 { no c ode) , ILS glide s lope 
Rice e t  al. ( 1 9 6 7, s e c .  III. 7 . 1 ,  
all hour s · of  the year contine ntal 
temperat e with cons tants ob
taine d fr om table s III. 5 - III. 7 
was u s e d) .  

1 9 70 ( 70) , DME, TA CAN and VOR 
Gie rhar t e t  al.  ( 1 9 70, fig .  4) , Rice 
et  al. ( 1 9 6 7, V(SO , d  ) for all hour s 
of the year continenlal climate via 
table s III. 3 and III. 4 was used) (a). 

Figur e s  developed 
with the mode l 

Gierhart et  al. { 1 9 62, fig s .  5 ,  
6 ,  1 0 - 1 2 , 2 6 - 38) , G ierhart { 1 9 6 3  
fig s .  5 ,  1 4 - 1 9) ,  Gie rhart { 1 9 64, 
fig s .  5, 14 - 22),  Gierhar t and 
Johns on ( 1 9 6 7, fig s .  9, 28 - 37,  
5 1 - 63) , this report ( figs . 7, 1 5 ,  
24) . 

Gierhart  e t  al. ( 1 9 62, figs . 5 ,  
7 - 9, 1 3 - 2 5) , Gierhart ( 1 96 3, 
figs . 5 - 1 2) ,  Gierhart  ( 1 9 64, figs . 
5 - 1 2) ,  Gie r hart and John s on 
( 1 9 67 , fig s .  8, 2 1 - 2 7, 38 - 5 0) , 
Gierhart  and Johns on ( 1 969a� fig s .  
9 ,  2 3 - 2 5) , this report  ( figs . 6, 
1 9 ,  27) . 

Gierhart and Johnson { 1 9 65, fig s .  
5 - 10) , Gie rhart and John s on 
( 1 9 6 7 , figs . 10 - 20) , G ie r hart  and 
Johns on ( 1 9 69a, fig s .  10 - 2 3, 
2 6 - 2 9,  thi s repo r t  ( fig . 6) . 

Gierhart and John s on ( 1 9 69a, 
fig s .  2 1, 22) , this r e po r t  fig s .  
6 ,  7) . 

This r e port ( fig s .  6, 7, 9 - 14, 
1 6 - 1 8 ,  20 - 2 3) .  

{a) 1 9 65 and 1 9 70 variabiliti e s  about the long- te rm median are identical 
exce pt for the fr equency fac tor  g( p, £) which differ s  betwe e n  C CIR ( 1 9 62, 
fig .  70) and Rice  et al. ( 1 9 6 7, fig. 1 0 . 1 5) . 
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VOR calculations. The transition between V(p, d) and V(p, A )  at 8 = 10 

mr shown in figur e 6 caused abrupt changes in the interfe r ence curves 

as initially calculated for VOR, but these abrupt changes were  de 

emphasized in the drafting process to obtain smooth continuous curves. 

The 1970 model was recommended by Gierhart et al. (1970 ,  fig. 4) 

afte r an analysis of air-to- ground propagation data (Barsis et al. , 

1970) indicated that the variability associated with the continental 

temperate climate (Rice et al. , 1967, tables III. 5 to III. 7) is too lar ge 

for line -of-sight air - to-ground paths. This model combines the best 

features of the all-year continental tempe rate climate variability model 

(best estimate of long-term median) and the all-year time block con

tinental temperate climate model (le ss variability for line - of- sight 

air -to- ground paths). 

3. 3 V Models 
st 

Within- the hour variability V (short-term) of received signal 
st 

level may be ascr ibed to phase inter fer ence between  rays r e flected 

from small layers  or scattered from refractive index discontinuities, 

or to reflections from irregular terrain. Short-term vari�bility 

could also r esult from antenna gain variations associated with the 

moving aircraft. Most of the curves pr esented in pr evious reports 

contain• an allowance for these variations. However, curves deve loped 

pr eviously for a reference dipole used as the aircraft antenna do not 

contain such an allowance; i. e . , se rvice range without interference 

information give n by Gierhart and Johnson ( 1967, table 5, figs. 8 ,  9, 

nominal· range on figs. 21-37; 1969a, table 5. fig. 9, nominal range on 

fig. 2 3). All of the pr ediction cur ves pr esented in this report except 

those of appendix A we re developed for reference aircraft antennas 

(half- wave dipole or isotropic) , and the V models used to deve lop 
st 

them do not include aircraft antenna gain variability. 
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The No V model is one in which n·o allowance is made for s hor t
s t  

term fading. Only one figure ( fig. 9) was developed with shor t-term 

fading neglected, and a ver sion of this figure ( fig. 1 0) with short

term fading considered is  also given. 

The 6 7  V models are identical with thos e us ed by Gier har t and 
s t  

Johns on ( 196 7, app. I) to calculate s ervice range without inter fe_r ence 

for the ILS localizer, TACAN and VOR. Thes e models are s imilar to 

those us ed previous ly ( Gierhar t et al. , 1962; Gierhar t, 1963, 1964) 

except that a refer ence aircraft antenna was as sumed and the varia.__ 

bility as sociated with the aircraft antenna V
A 

( p, Y ) was neglected. 
o2 

The 70 V models are s imply an extens ion of the 67 models using s t  
parameter values more appropriate for an isotropic antenna or a 

RTA- 2 .TA CAN antenna. 

The s hort- term fading formulation used for the isotropic antenna 

( fig. 10) is  the s ame as the 6 7  V model except that ( a) variabilities 
s t  

as sociated with reflection from the VOR counterpoise are neglected 

( Gier har t and Johnson, 196 7, s ec. 1-4, r = 0), and ( b) the parameter k 

( Gier har t and Johnson, 1967,  eqn. 42) i s  simply taken as O .  3 s ince an 

isotropic antenna is  as sumed. 

The s hor t- term fading formulation used for the RTA- 2 TACAN 

antenna ( fig. 14) was extended to other antenna heights by as suming 

that ( a) the VOR counterpoise  is not pres ent when the TA CAN antenna 

height above ground is  les s than 30 ft, and ( b) when the counterpois e  is 

pres ent, it is 12 ft above ground and has a diameter of 52 ft; i . e. ,  when 

the VOR counterpois e  is pres ent it is  identical with the one used by 

Gierhar t and Johns on ( 196 7,  table 2). Based on thes e as s umptions ,  

equations ( 41) and ( 43) of Gierhar t and Johnson ( 1967, s ec. 1. 4) were 

replaced by I R
C 

1 = 0 and R
G 

= O .  3, and V� ( 50 ,  r) - V�( 50 ,  k) in their 

equation ( 45) i s  as s umed to be zero when the antenna height, h
1

, above 
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ground is less than 30 ft, Otherwise (h
1 

-;:;: 30 ft) the grazing angle is 

replaced by ljr 
N 

in equations (4 1) and (4 3) mentioned above where 

- 1  ( 1 8  ) 
� = Tan 

h
l 

_ 12 
tan ljr ( 10) 

and ljr is determined for the particular antenna height of interest using 

the methods of Gierhart and Johnson ( 1967, app, I). 

4 .  ILS LO CALIZER STATION SEPARA TIONS 

Directional ILS localizer antennas usually can be used to reduce 

the station separation required for a particular desired- to-undesired 

signal ratio with a 95% reliability, D/ U(95). Station separations, ·s, 

obtained using figure 14 of Gierhart and Johnson (1967) for a particular 

case and several configurations are tabulated in table 5 .  Figures 1 and 

2 of Gierhart and Johnson ( 1967) show antenna gain as a function of 

azimuth angle a.. The median value of desired-to-undesired air�raft 

antenna gain R
A 

(50) used by Gierhart and Johnson (1967, fig. 3) is a 

worst case and is probably too pessimistic when the elevation angle of 

the direct-ray from the 

(Gierhart and Johnson, 

desired station to the aircraH, Y , is ~ 0
° 

o2 
1967, fig. 4). A value of R

A
(50) = 0 dB could 

probably be used with the Gierhart and Johnson (1967) curves with 

little danger of underestimating potential interference, and table 5 also 

gives the separations resulting from such a procedure; i. e. ,  increasi ng 

normalized D/ U, N ( D/ U( 95 ) } , of Gierhart and Johnson ( 1967, sec. 

5 .  2) by 3 dB to obtain values applicable for R
A 

(50) = 0 dB . 

The maximum station separation reduction shown in table 5 for use of a 

directional instead of a standard antenna is 32 nm or 28% of 1 15 nm 
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Table 5. ILS Localizer Station Separations 

Desired/ undesired a,( a) 
N f D / U( 95) 1 s ( b) s< c) 

deg dB nm nm 

Standard/ standard 0 20 124 122 

Directional/ dir-
ectional 0 21 125 12 3 

Standard/ standard 90 15 119 115 

Directional/ dir -
ectional 90 3. 5 93 8 3  

(a) The angle between the main-lobe azimuth of the undesired localizer 
carrier antenna and the azimuth of the aircraft from the undesired 
station is a( see fig. 1). 

(b) Values from fig. 14 of Gierhart and Johnson ( 1967) for 
D / U(95) = 20 dB, aircraft altitude of 6, 2 50 ft and a desired 
distance of 25 nm. 

(c) V alues for a N { D/ U(95) ) decrease of 3 dB to consider 
R

A 
(50) = 0 dB case. 

{S(c) for a. = 90
°

). This may seem small in view of the 12 dB dif

ference in N f D / U ( 95) 1 ,  but figure 8 shows that L for the undesired · · er  
ILS localizer is  increasing at a rate of O .  4 dB/ nm at 70  nm and at a 

rate of 1. 1 dB / nm at 10 0 nm. 

Curves given by Gierhart and Johnson ( 1967) indicate that D / U ( 95) 

values a,vailable with VOR' s may be si gnificantly greater than those 

available for ILS localizers for •similar station configurations. For 

example, D/ U( 95) is ~ 1 7  dB, for VOR ( Gierhart and Johnson, 1967, 

fig. 2 2) and~ 2 dB for ILS (Gierhart and Johnson, 1 967, fig. 14) when 

a desired station distance of 25  nm, an aircraft altitude of 6, 250 ft 

and a station separation of 90 nm are assumed. About 10 dB of this 

15 dB difference comes from the difference in the L curves used 
er 

for the two facilities (fig. 8), about 3 dB is associated with the 

R
A 

( 50)  = -3 dB used for ILS and the remaining~ 2  dB is proba bly due 

to a difference in the variability models used. 
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A N[ D / U(95) } of ~ 1 2  dB would be obtained for !LS if (a) 

RA(50) = 0 dB, and (b) the L curve for desir ed !LS wer e used for 
e r  

both desired and undesired !LS stations. About 3 dB' of .the remaining 

VOR advantage in this case can be attributed to the higher antenna 

height used for VOR (16 ft as compar ed to 5. 5 ft for !LS) . 

VOR and !LS would have D / U(95) ' s  of ~5 and ~7 dB respectively 

when (a) R
A 

( 50) = 0 dB is used for !LS, and ( b) the Longley and Rice 

( 1 968) model with the Ay correction recommended by Gierhart et al. 

( 1970 , sec. 3) is used in L calculations. These s-mall D / U(95) ' s  
er 

occur because use of the Longley and Rice ( 1 968) model yields free 

space loss values for both VOR and !LS at distances less than ~60 nm 

when the aircraft is at 6, 250 ft. Indiscriminate application of the 

l..ongley and Rice ( 1 968) model to the pr ediction 6£ potential inter

ference for air navigation aids is probably not justified even when 

the conditions for which the model is applicable are met (Longley and 

Rice, 1968 ,  sec . 1 ) . 

5 .  ATTE NUATION C URVE S  

Curves of attenuation greater than free space basic transmission 

loss, L
b£

, versus distance are shown in figures 9 through 2 0  which are 

located at the end of this section .  Each figure indicates the system and 

ground antenna type to which the figure is applicable along with the 

model used to develop it. The list of figures pr ovides a useful guide 

to the curves available. All of these curves are applicable to the 

special case where the aircraft antenna is isotropic and the reliability 

or time availabil ity is 95%.; i .  e . , attenuation values less than those 

shown would be expected 95% of the time. 

For convenience, Lb£ values based on great - circle path distance 

instead of ray-path length were used to convert transmission loss, 

L
IA , 

obtained fr om the models discussed in section 3 to attenuation ,  
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i. e . , 

and 

A = L - L dB 
IA bf 

( 1 1) 

( 12a) 

where fMH is frequency in megahertz and d is great.:.. circle path 
z nm 

distance in nautical miles. For the frequencies used in this report 

( 12a) becomes 

or 

L
b£ = 78.  9 + 20 log

10 
d

nm 
dB at 1 1 3  MHz, 

L
bf = 79. 2 + 20 log

10 
d

nm 
dB at 1 18 MHz, 

L
b£ = 99 . 4  + 20 log

10 
d

nm 
dB at 1200 MHz. 

T his procedure allows L
IA 

to be recovered from 

L = L + A dB 
IA bf 

( 12b) 

( 12c) 

( 12d) 

( 12e) 

( 1 3) 

where the determination of L
bf 

requires only the path distance used as 

an abscissa on the figures. For example, 

L
IA 

= 142 .  9 + 1 6  = 158. 9 dB 

when A is determined from figure 1 1  for an aircraft altitude of 

14, 500 ft and a d of 150 nm and 142. 9 is the L
b£ 

value calculated 
nm ' 

from (12e), i. e. ,  

L
bf 

= 99. 4 + 4 3. 5 = 142. 9 dB. 
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Ray length and path distanc e are nearly equal in most applications, 

but in cases where the magnitude of aircraft altitude is about equal or 

greater than the magnitude of the path distance it is possible for the 

ray length to be significantly greater than the path distance. In such 

cases, the A values will increase with decreasing distance, e. g. , see 

figure 10  for d < 1 5  nm. 
nm 

Figure 9 is the only figure that was developed without consideration 

of s hort- term fading. This is why A = 0 was obtained even though 

antenna directivity was not available to discriminate against diffuse 

ground reflection. Figure 1 0 ,  which was developed for similar condi 

tions but with short- term fading considered, indicates that the short

term fading associated with diffuse reflection would prevent A from 

becoming less than about 4 dB. Note that the VOR model does not 

include an allowance for diffuse reflection and low values of A are 

possible even with an isotropic antenna; e. g. , see figure 18 for 

d < 1 5  nm. 

29 



- 10 

� 0 

� 10  0 
z 
� 20 

� 

30 
� 
� 
p:; 40 � 
z 

t.-l � 0 50 
H 

� 60 H 

70 

H 80 
� 

z 90 
H 
H 
� 

1 00 

-

I 
� 

' ' 

; 

-

I 

' 

5 

' 

. ' 

0 

' h2 

' 
' 

. 
: 

hz 

' 

100  

40 ,  000 ft 

-

500  ft 

' ' 

I 

. . 

.. 

' . 

' 

1 50 

. .  ; 

: . ' 

DISTANCE IN NAUTICAL MILES 
,:. 

" . 
' ' 

I 

. 

I 

... :f.lt \$j:t J,-1 • �± 
.. $' +, "i'f l--, .  --: -

;. 1 U: ::hf'"t:t 
' ' . 

. ·'-f - -� .r  -
. h

l 5 to 3 5 ft -
hl 3 ft 

' ' ' " 

2 -
-t 

1 

0 - ' 

, , 

9 5% re liabili ty 
11 50 MHz 

' ,! 

h1 3 5 ft 
10  

5 
3 
2 

. 1 
' . 

. 

- .--
I 

.l l 

- · . - . -. . 

-

. -

-

. i ,. . 
1-

' 

+�  t 
: :i: -

·r 1-1-Lt b:: 

Figure 9.  A ttenuation greater than fre e  space vs . distance ; 11 50 MHz,  
is otropic antenna, 69 / 70/  No, h

1 = 0 to  35 ft. 



- 1 0  

0 
� s 
u 1 0  � 

z 
2 0  

� 
u < 

30 
U) 

� 
� 
P:: 40 
� 

vJ 
z 

� < 50 ::r: 
E-t 
P:: 
� 6 0  
E-t < 
� 70 P:: 

z 
80 ..... 

E-t < 
9 0  z 

� 
E-t 
E-t < 1 00 

' '  

' . 

" 

' ' ' 

, ill  

' 

' 

' 

. . 

50 

' ' 

'" 

' 

' ' 

''  

, , 

' 
" ' 

h2 , ,  

rrl-,-

' 

' " 

hl 

' 

' ' 

1 00 

40 , 000 ft 
' 

' 

' 

I 

' ' '  

' ' 

1000 ft 

' ' 

' 

' ' 

' 

' '  

1 50 
DISTANC E IN NAUTICAL MILES 

,+,-
' 

rfh rn-1 1 1·r-t 
·! :t:l f+!J ,r:1 .. 't tt· i �  :! 1� , h: · I tr 

::,_ -'-'- 1 l.. � ;: I 1 ._ . .  f ";Et 
.; .tf hl 5 to 3 5  ft . !J 

-t· 

_hl - 3 ft ' 
2 34: ++ , 

� 'C 1 ' : .:I t1 -i 
·a -� 

0 ri I ITT 
� �  I• if h 

� . 
I 

� r i !"1 

+ ,-! 1 i:l:W-t I· hH i � 
9 5 %  reliabili ty �-1 j ij 

11 50 , MHz :i: . t  
C :l . .  r ' 

. I ·  I 
-1 t 

·r 
. 

1 \ 
I . .ti .. 

� 3 5  ft - 1  

1 5,-r,- ' 
e 1 0  

5 I 1n -;-... � 
-� -'· . 

• .LL. 

200  

Figure 1 0 .  Attenuation greater than free  s pace v s . dis tance ; . 11 5 0  MHz , is otropic 

antenna , 69 / 7 0 /  7 0 ,  h1 = 0 to 35 ft . 



ti) 
......i 
µ:j 
CQ 
u 
µj 

FREQUEN CY 1200 MHz RELIA BILITY 95% 

DISTAN CE IN NAUTICAL MILES 

Figure 11 . Attenuation greater than free space 

vs , distance; 1200  MHz, isotropic 
antenna, 69 / 70 / 70 .  

32 



r - -

w 
vJ 

U) 
� 
l'.:,::l 
P'.l 
1-1 
u 
l'.:,::l 
Cl 
z 
1-1 

l'.:,::l u 
<t: 
� 
U) 
l'.:,::l 
l'.:,::l 
p::; 
� 

z 
<t: :r: 
E-t 

p::; 
l'.:,::l 
E-t 
<t: 
l'.:,::l 

� 

z 
0 
1-1 
E-t 
<t: ::> z 
l'.:,::l 
E-t 
E-t 
<t: 

- 10 

0 

10 

20 

30 

++ 
40 

50 

60 

70
1 

soli 

I 
hl 3 5  ft 

.i ±i 

);: 

I-+ 

' 
f'fff 

�i 

95o/o reliability= 
11 50 MHz � • 

50 100  1 50 
DISTANCE IN NAUTICA L  MILES 

· I · , ,  n h 
- . . 

2 
40 
�� 

� ; : l 
: � . .  
L • 

' : · r 

I 

r.i"trtit:r::t:i:ITTT:,Ti, , : l 

! L I . I ;  
: !.' l • •  

5 000  , '.  
._J..u.w...... +-!-t-1-nin, 1 lt 1 , ooq -
soo · 

. t · : ; ·...:. 

i!:tt m: f; d ;, 
200 

Figure 12 . Attenuation greater than free space vs . distance ; TACAN, RTA- 2 ,  
6 2 � G/ 70/67. 



-10 • • ,�� -� • . L O ,L<LU • • • ..w. • - •• • •• • • •, , � 
� . h 3 5 ft - ·l+l+!+f• .1 t,� 

Cl) 
�

' ' '" "Ii ' � 1 
' ' 

. . ' 
- ·t 1J j t: , 0 - II . . H ; ..., 1 ·I 

>-1 , � r.r , • " h = 1. ... , ,. 
i:£1 . . 2 . . . ':. i-:;-
� � •4 

G 10 . 
40 , ooo £ t t j 

i:£1 30, 000  ' !:if i�i 
0 I I I I i r; ' ;it - -�rn ___, ' I  
Z 2 0  , u. ·--t · . : , ,  
...... 

• ��t J • '" it ":J.I 
i::i:::1 : • l ri. : U ' , ,. · -• 'l'-i 
<l'.; ' " - I I f j , j  
n 3 0 , , • • . 1

·, H '+rl_ , 
1-1-1 ' - , rm• · �� " ' • H J. Cl) ' l=i' i 

i:£1 ' ' ] I h: j·! !:Ii 
i:£1 40 ' I· -r:l �-i • 1·fr: 
P::i .. · .:t Lt!t Lf 
� . . . - 1 , ri� t--rW 
z ' 

! fl l i-H t 
w <i:: 5o · · 20 ooo  - -Ill. i �, � :r: ' . ':tn ➔ 

E-4 , • ti-r-i-11 , I 
p::j 60 . . - $1 till I 
i:£1 . ' " ._ 1 5, 0 0 0 · t:hj 
r-4 · Ht tit 
<i:; • " • •  : ' 10 , 000 . .  !- ;� 
i:£1 70 . ·+I- 1+ 

� 
9 5% r eliabili.ty s, 000  Ht 

z 80 
1150 MHz 1 ooo"' 

I • ·!· 

o · · " · · · · · · " so'o 1 � 
l I , I 

E-i I I I I I 
' ' --i''' 

<i:; 
, .  . 

.u.. .0:: � 

! 50 100  ] 50 200 
. , I, cc , < 

E-4 
E-4 DISTA NCE IN NAUTICAL MILES 

Figure 13. Attenuation greate r than free space vs. distance ; TACAN, R TA- 2 ,  
6 9  6. G/ 1 0 /  67 . 



v-1 
u, 

Cl) 
...:l 
ril 
i::Q 
H 

u 
ril 
0 
z 
H 

ril u 
<i:: 
'11 
Cl) 

l'.il 
ril 
p:; 
l'.i! 
z 
� 
E-t 
p:; 
ril 
E-t 
<i:: 
ril 
p:; 
C) 
z 
0 
E-t 
<i:: 
::> z 
ril 
E-t 
E-t 
<i:: 

-10 

0 

10 

20 

30 

40 

50 

h--

60 

70 

80 

90 

100 

-! 

I 
It, 

50 

h2 = 40 , 000 ft 

. .1..,..-i 

� 

h2 500 ft 

�:a±!J..;J: 

L 

tr_: ....... • i .II 

i 

0 
100 1 50 

- h
1 

= 10 to 100 ft 
hl = 5 ft 

3 . .  
2 
l 
0 

H 

q 

1�' m 
}; ::b:. 11 ,it 

ll, TI'' 
I 1,n 
+ • j. ' 1.1 1 : .. J - j 

~ • - ' ! I nTTt-H-tHH1h+H-1H I H 11 im 
9 5 % reliability · 

1150 MHz 

. 'j 

H�i:W 
!l+l' 

liltfffl h = 100 £t �� 
1 -� + .  

' 3 

200 
DISTANCE IN NAUTICAL MILES 

Figure 14 . Attenuation greater than free space vs . distance; TACAN, RTA - 2 ,  
69 / 70/  70, h1 = 0 to 100 ft . .  



- 1 0  
� 
l) 0 � 

z 
10  

� 
l) 
< 20 

� 
� 30 p:; 

z < 40 "' 

p:; 50 � 
< 

60 p:; 

z 
70 

< 
z 
� 
E-t 
E-t 
< 

,, . . , . ' '  I· ,· 

J: , ,  � 30 ft . 
' ' �- . 

" ' . .  ' ' ... :i+lJ ��± . ·�.,+ ;:tr.. �· r.:r,. -:q:;:t .p:r:. 
m· 

�1.'· •- ·· • · •7: 
W-i�·1 DJ: . . . : :-:-

H- ... �id· ,� . -! : : : � *-" -r ,., ' ;  I l· :; -fl i ' �-... �-· -
Ii i i i  . � : ' . : . .  . 

7i:fl Eli >+• • 
h -

.... 
: 2 (- , fl:11· H� · !. :8: 'l J i1} 

" 

;. 

' 

' 

' ' 

' ' 

' ' 

·, 

. .  

9 5% reliability 
11 50  MHz 

' ' . , 
' 

50 

' ' 

' 

. 

: 

' ' 

' ii 

' 

: 

' 

' 

' 

" 

: . 
' ' ' ' 

1 0 0  

' 
' 

' . 
' 

' ' 

' 
' 

. 

1 50 

DIST ANGE IN NAUTICA L Wl!LES 

' ' 

,. 

40,  000 ft 
·H-HH 

' . ' q. . ,. -� 
3
,
o
, 
ooo 

I 

i-
20 , 000 

l I 

1 5, 000 
,-, , ,  

10 , 000 .... ' . 
5, 000 . . . . 
1 , 000 

. 

200 

. + + !" n ,  

' 

-r+ 
. 

E I IT �tL: 11 I w. T ;Ujt . 
. I I t . 

'.1. LL I 
1-l 
-q 
. 

. Ji 
'"U� r.t1:. 

• _, i ! i :1i I t. I l"d+ r-
Li ' Jli! 

I · i.tl:' -1-.. :t.t :, 1 
. � : I 1+ 

' 
I • • 

-TT I � .. ,.r 
• ➔  

Ti 

. ·tj: 
- !-f �. 

Figure 1 5 .  Attenuation greate r than free space vs . dis tance ;  TACAN , URN- 3 ,  
6 2 / 6 2 / 6 7 .  



uJ 
-.J 

U) 
...:i 
i:il 
� 
H 
L) 
i:il 
Cl 
z 
H 

i:il 
u 
� 
0-t 
U) 

i:il 
i:il 
� 
� 
z 
� 
E-i 
� 
i:il 
E-i 
� 
i:il 
� 
0 
z 
0 
E-i 
� 
� z 
i:il 
E-i 
E-i 
� 

- 1 0 

0 

1 0  

20 

30 

70 

• � 

Lid_ 

qi, 

9 5o/o re liability .J...l...l..l 

1150 MHz 
�'.Y 

L.l..u...!...u. . .!.! !� 

50 

j iUllllltllTT"'iTrT7 

h1 = 30 ft 

+ lff 1ild1 

100 

mm 

tt 

150 

DISTANCE IN NAUTICA L MILES 

l:m:I t-.Fft-!: 

h
2 

i-"-1 -

JI· n:lfJ, 

40 , 000  ft 
±§� 

�� 30 , 000  

20 , 000 
" 
15, 000 

1 0 , 000  

s. 000 
1 , 000  

500 _ 

200 

·tttt· 

!. 

·n-H-�-

l:i:,1 •I 1-i4.1, 
Jlli 
1-f 

H 

ll1 ,. -

·tn�Hffl h 
Ill 

Figure 16 . A ttenuation greater than free space vs . distance ; TACAN, URN- 3 ,  
6 2 / 7 0 / 6 7 .  



- 1 0 

U) 0 

1 0  

z 20 H 

30 
if.J 

40 

z 50 uJ 

� 
00 

f:-i 
� 60 

70 

z 80 

- .■- � � J I I I 

0 I i · :d . ti= B ff�ffi 
h2 � . .  ii LB+ �  .u t '  . 11. 

' 

. 

� 

' 

' '  

➔- • 

' 

' ' 

' 
. " 

' ' 

' ' 

30 ft 

' ' 
++-" 

' ' 

. . 
' 

' 

-. 
9 5% reliability 

1150 MHz 
' ' ' 

50 

. . 

' 

' ' 

' 

; 

. . 

: 

' 

100 

' 

' 

' 

-

" 

' 

. 

' 

' 

..... 

1 50 

' . 

. 

. 

' ' ' 

I I J 

: 

DIS TAN CE IN NA U TI CA L  MILES 

. 

� 
40 , 000 ft t 
30 , 00 0  

• I -

Cl. 

: 

: 
. ' 

-

20 , 000 

, . 

I I .... j , -

" 

1 5, 000 : 
. . 

1 0 , 000  
: . . .. . 
5, 000 
1 . 0 0 0  
500 

I I I I 

,· 

. . 

200 

. .  , i ' r' , 

.:. -i. -;.11 
r f 

. , -!_. ,+ -

' ! . 1 
1 

l· . .  
ttM _ 

"t • 
.1 l 
H 

� I� 
� tl 

- • 

-� .. . 
. -j+ .  i 

1 
u 

L� 
- $f . 

- ' . ·- tJ 3 
.: 

1
_1tJ1, 

Figure 1 7 .  Attenuation greate r than free space v s . dis tanc e ;  TACAN, URN - 3 , 
69 / 7.0 / 6 7 .  



F REQUE N CY 118 MHz RE LIABILITY 95% 

<--- - 1, I_ - H-++-+--1-.... l----'-__ ,_ ·� >---f'll._,-1-.... 1-1--1-1-+-1-+-1-t-1 -l-+-+--l--1-1--1--l--14' 

1--➔•��1--+t-:--.+-:
l

l -����. ,_=_,'.----.. 1-__ -;__-:1-
'"�:�1--_,+,__-::.-�c+_-t.t.::tj"_:+-J-�t�-.. �-l----l)➔-�:..�1--l"-��t�l--·-t:..

1-;_�
-1-
>----l------l-._-

1-_---l----�-l--l-�-l---l 
1--1--1--.L.1-t-+--1!-fl\�·- +-H-t-+-H·-l-+-IH-¼-+-IH--l-+--l:.+--l1--"""< r.+-l---lllr,.H++--l---l-1--+--l---l-l---l-l-�-1--+-I 

-·-1--11-+--l-+-+-.Jl,.-l-+--lt�l--l-+--I-I---I--
Hc-l--l--+--1-1--l--l-l-l--l"T-'_'�1-l-'ll.-

l
--l--l--1-1--1---l-l--l•+-+--l-1- --+-+--l-

40 tt!1j"j:!�,....
-
+:::::�:;;;:;_-:�:;::;:�-_j"��+---1+-

-1�-J-J"jf--+l-
+
+-

+
+-

-
-'1-- ---

f

4
1.t
.J1

-
..--1-

'i._� .a...1-1 hz = 18 , 0 0 0  ft 
1 -1-l·---+-H-1--1-1-1--IJl,�H-l--l-H•-l- -1+ -1-1-- -1-t-1-� l- l·-l""+--l-+'l+--1-t-t---t-r-r-.-....-,-r-r---r-l--l 
,_ 1-1-1--•I--: � I I .... L..,_1- , -r-1-,1-1- J � ... - 1-- 1-.... ',�1-+;-1-1--+-1-+-f---!-H--I-I 

• :...._L
-

1
-

1- � ._ -J--- -IJ 
� .... -....... • --1-i--+-1--1-1- ,- _,_ 'i:: .. =.=_- .:__ : .::: h 2 = 14 , 5 0 0 ft 1_""_;-..... :_��!���- +-�1-

-1
+-""!1-.""'+_""!_-1-,___-1._-1

-
�-

1
,-+ _ _  

-
1 

H-i:.-�-=i'=--1-:i. i:.-::.-:.•:,_,_ --, I I I j- +- 1-+-+ -. -H..+-+-+110-.1-H-+--+-•l-l-l--!--I··· -
- l-+--•l--l•-l-•+-11-1--1-•1- - -

11 
- - -I+- _.,.._I_ - -..-- -'-"' �- -1-'-"'-if---!-�1 -i---<f---!•-l-•l-11-1--1-+--I-I 

1-4-'--'-1-J.-'-.L..L..J.--'---'-L...J..-4--'-1-1- :~ _,_ I • 
60 � h 2 = 1 ,  0 0 0 ft _ ... 3+ ... -i ..... -++-!-l---l--l-l_-l-_-1-_-1-+,_ •• --1,..-+-1-1-+--+--H-l--::t,,.--l-�"-l--

...
-!-l-+--I-H-I--I-& 

'- I 

, 
-

- ,,_ ->- - -l--l--l--1-1-1--+-l---t-l --+-+--·1--1-+-+-l-1•_.-..,_
i.
_,,..__+'�•

""-
-'-1---t-+--+-H-1 

-!-�f-l-➔l-l--l----1--+-l4-+-•�H-� ,--��1--1-l-•l--l- l4-+--!-l'W•-l-· +-"l��-1-H--I-.+---� 

DISTANCE IN NAUTICAL MILES 

Figure 18 . Attenuation greate r than free space vs . dis tance ; 

118 MHz, isotropic antenna, 69 / 70 / 67. 

39 



Cl) - 1 0 
� 
� 
i:Q 0 1-1 u 
� 
0 
z 10  
1-1 

� u 
<: 20 

� 30 � 
p::; 
� 

� z 40 
<: 
E-t 
p::; 50 " 
� 
E-t 
<: 60 � 
p::; 

z 70 
. .  E-t 

<: 
z 
� 
E-t 
E-t 
<: 

. ' 

. ,  

' ' 

: 

' ' 

' ' 

� 

' ' 

9 5 %  re liabili ty 
113 MHz 

. ..  " 
, , , 

50 

16 ft 

' . 

above ground, 4 ft 

' 

' . 

: 

,. 
' " 

' 
' , . 

, , 

' · 

-

100  1 50 

•4-l�-
above counterpoise . 

. 

. .  

' . 
' '  

" 

' ' 

h
2 

-
40 , 0 00 ft 

' 1 1 1 4 1 1 1 1 I TT  

30, 0 0 0  
' 

. , 
. 

' 
• i  

20 , 0 00 

1 5, 000  

1 0 , 000  
5, 0 0 0  -1-1-1-4 

1 , 000  
200  

DISTANCE IN NA UTIC A L  MILES 

-

. 

-

' ' 

. .  "'-::!-Ht+ 
., . 

. .,. 

..... 
[--

. 

·:t 
:-- �-

.t 
:E"f 

+ 1¾� 
. . 

-

. .  !:t 
• rt" "t" 

f+ ·< . 

� -J:.'-+ • th .. �f " " . -� lffl t t Hi 
-, t- HM 

}: -
· �  

� �-
' 

� :r . 
itf- Jti 
t!ft I . ' - r:l , I· 

Tri1 lli. I •t-- .,. 

ffitt- ! r: i 1 I . r� n I . ri"r! ��r 
r�, l l 

fffi' · · tlf 
rt -]\ 

· ;: J'J tt' 
1-i ·J:w 
-f LjJ 
� .. , + 

. 

.. 
"' � 

I" .  

h, I I 

·±ti± • I..<. 

Figure 1 9 .  Attenuation greate r than free space vs . distance ; VOR , 4 -loop , 

6 2 /  6 2 /  6 7 .  



..:i - 10 
ril 
r:Q 
H u 0 ril 
0 

10  
ril u 
� 
� 20  

ril 
ril 3 0  p:; 
� 
z 
< 40 ::r: 
f-1 

.i:- p:; 
50 ,._. � 

f-4 
< 
ril 60 p:; 
0 
z 0 7 0  H 
f-1 
< 

80 z 
ril 
E-t 
E-t 
< 

� 

' ' . 

' ' 

' ' 

! -

' . 
' 

' 

' . 

' 

' 

' 

' . ' 

. 

• < • I 

' ' ' 

' 

, , 

' ' ' 

' . 

95% reliability 
' ' 

113 MHz 
' 

50 

' 

' 

' ' 

' ' 

; 

� - 16 ft 
. . . 

100  

'' 

-

' ' 

' 

" ' 

' ' 

: 

' 

. , 

' ' 

' 

·, 

' 

' 

' • I . 
. --

II 

� 
h2 

40 , 00 0  .ft 

30 , 000 

' L. 

' -

20, 000  
: 

15, 000 . 
. , ,  , , , ,  . . . 
10 , 000  
5, 000  

1, _ooo 

t 

: 

-../+ !+I-
.... , ,-..,. . . b1", ��· r . rl-- .. ,.. -. .  u ' :.:t., 

-� n� 
t,t· · : =rt .i·i 

I 
IH -

' ·- ' �� 1:1--
. Htf ••i - . � . ,  

- -

·tr ' ' ' 

: 

' 
.H_ ; y i:t. • . f-
-l 
. .. ::ttt 

l:l -� $  
:t If '"1 ,. � . . . . · ' 1 

, I ·'· • 1 

' 

,_ ,  •I 
. ' 1 

+ 1-i . ... J .. 
a�ove ground: 4 ft . •  above counterpois�•:g 

' " ' " 1:1 Ht!;.! }_ -

150 200 

D ISTA NCE IN NAUTICA L MILES 

Figure 2 0 .  Attenuation greater than free space vs. distance; VOR ,  4 -loop , 
6 2/ 70/ 67 . 



6 .  SE RVIC E V OLUME C URVES 

Se rvice volume without inte r fe r e nc e  curve s s imila r to thos e  

given by Gie r hart and Johns on 
(
19 6 7 ,  s e c . 5 . 1

) 
are s hown in figur e s  ll 

thr ough 27 at the end of this s e ction. Each figure indicate s the sys te m  

and antenna type t o  which the figur e is appl icable along with the model 

u s e d  to develop it. The l ist  of figure s  p r ovide s a useful guide to the 

curve s available . All of the se curve s are applicable to the s pe c ial 

cas e s  whe re the airc raft antenna is e ithe r a r e fe rence dipole or i s otropic 

and the reliability or time ava ilab ility is  9 5%; i . e .  , the rotation of a 

particular curve about its or dinate axi s de fine s a volume in which the 

radiated powe r i mplied by the curve is s uffic ient to pr oduce the re .

quired available pow e r  at the re c e iving antenna at lea s t  9 5 % of the time . 

Powe r available at the te rminals of a r efe r e nce dipole 
(

half- wave
) 

i s  us e d  to define s atis factor y s er vice in figur e s  2 1 ,  2 3, 24, 2 5 and 2 7 .  

V e r tical polarization was u s e d  for DME and TA CAN, and horiz ontal 

polarization was used for VOR . Figure 2 2 fo r DME and figur e 2 6  for 

VOR have s atis fa c to r y  s e rvice defined in terms of the powe r available 

at the te rminals of an i s o tr opic antenna. Table 6 give s the r e fe r ence 

Table 6.  Reference Power Eg_ ui valen ts 

Refer ence power in 
dBW for half- wave 

- 1 1 2(
a

) - 10 6 (
a

) dipole - 1 1 2 - 1 0 7  - 1 2 2 

for is otr o pic 
- 1 1 4(

a
) - 1 0 9(

a
) - 1 24(

a
) antenna - 1 1 4 - 1 0 8  

F r e quenc y in MHz 1 1 3  1 1 8 1 1 50  1 20 0  1 20 0  

Power dens ity in 
dBW / m 2 - 1 1 2 - 1 1 1  - 8 6  - 8 6  - 1 0 1  

(
a

) Value s ac tually u s e d  on figur e s .  

42 



power equivale nt for the various power levels used to define satisfac

tor y ser vice in terms of both refe r ence antenna types and power density. 

Power densities  wer e  calculated by subtracting 10 log
10 

of the effective 

ar ea for a reference antenna fr om the r eference power ( in dBW) as

sociated with it (Gierhart and Johnson, 1 967, sec. 5 . 1) . 

Figure 22 shows service volume without inter ference curves for a 

DME facility with an isotropic ante nna. These curves show the effec

tive peak isotropic r adiated power E PIRP ( see footnote 2 of sec. 2. 2) 

r equired for the gr ound- to-air link when - 10 9 dBW or gr.eater must be 

available at the terminals of an airborne isotr opic antenna with a 95% 

r eliability. Each of these curves has an additional E PIRP value shown 

in parentheses; these ar e E PIRP' s required for the air -to- ground ·link 

when - 1 24 dBW or greater must be available at the terminals of an 

isotropic gr ound facility antenna. 
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APPENDIX A. ERRATA FOR PREVIOUS REPORTS 
A. 1 ESSA Technical Report !ER 26-ITSA 26.

(Gierhart and Johnson, 1967) 

Page 2 9  Replace the label 11 EPRP = 30 dBW" with the label 
11EPRP = 39 dBW. 11 

Pages 35-37 Replace figures 11 through 13 with figures A. l 
through A. 3 given here. One of the programs used to calculate the 
previous curves was run with a missing or misplaced card. An 
indication of a possible problem occurred while developing curves 
for Gierhart and Johnson (1969a, fig. 15) and, in fact, figure A. 3 
was made up from the 1969 calculations. The new curves are 
usually within 2 dB of the previous curves, but the difference can 
be as high as 3. 5 dB. 

Page 53 Replace figure 27 with figure A. 4 given here. The 
placement of station separation labels for values less than 60 nm 
has been altered in order to make the correspondence between curves 
and labels more definitive. 

A. 2 ESSA Technical Report ERL 111-ITS 79.
(Gierhart and Johnson, 1969b) 

The 11 F11 used in many figure captions to indicate frequency is 
not defined in the list of symbols. 

Page 88 The II HGz 11 in the caption of figure 88 should be changed 
to 11 GHz 11 • 

Page 123 The 11 130 11 in (B-6} should be changed to 11130 d11 • 
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Figure A. 4 .  Service volumes for VOR; D/ U(95) = 32 dB . A replacement 
for Gierhart and Johnson (1967, fig .  27) .  
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