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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. 
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INTERFERENCE PREDICTIONS FOR 

VHF /UHF AIR NAVIGATION AIDS 

(Companion to ESSA Technical Report IER 26-ITSA 26) 

G. D. Gierhart and M. E. Johnson

Desired-to-undesired signal ratio predictions for 
the VHF Omnirange (VOR) and Instrument Landing System 
(ILS) air navigation aids are presented. The parameters 
involved in these systems are given first. Propagation 
mechanisms applicable to VHF /UHF and the calculation 
of transmission loss and its variability are then discussed, 
and,third, the statistical nature of the desired-to-undesired 
signal ratio predictions is explained. The results of the 
study, presented in graphical form, supplement those given 
by the authors in an earlier ESSA Technical Report on the 
same subject. In addition to extending the range of variables 
previously considered, this report considers the glide slope 
portion of the ILS. 

Key Words: ILS, interference, navigation aids, propagation 
transmission loss, VOR 

1. INTRODUCTION

This report is a companion to an earlier ESSA Technical Report 

(Gierhart and Johnson, 1967) on the same subject. It extends the range 

of distances previously considered, contains curves developed for a 50% 

reliability, and considers the glide slope portion of the ILS. Parts of the 

previous report necessary for a general understanding of the subject are 

repeated here for the convenience of the reader. Other earlier informa­

tion similar to that presented here has also been published (Gierhart and 

Johnson, 1965; Radio Technical Commission for Aeronautics, 1955). 

Increasing air traffic density and fast, high-flying jets have made 

reliable air navigation aids more important than ever. In expanding 

current navigation aids to meet future demands, consideration must be 

given to potential interference between facilities operating on the same 



or on adjacent channels. The amount of interference is a function of the 

desired-to-undesired signal ratio at the aircraft antenna terminals; as 

both signals vary with time and aircraft location, the ratio varies as well, 

and interference becomes dependent on time and location. Because of the 

nature of radio wave propagation in the frequency ranges used, the varia­

tions of the received signals and of the interference ratios are best 

described statistically. The large number of possible conditions requires 

the use of a digital computer and programs that take into account all 

variables, as well as the fixed equipment parameters. 

The air navigation aids discussed in this report are the Instrument 

Landing System (ILS) and VHF Omnirange (VOR), which operate in the 

very high frequency (VHF; 30-300 Mc/ s) and ultrahigh frequency (UHF; 

300-3, 000 Mc/ s) bands. At VHF/UHF, propagation of radio frequency

energy is affected by the lower atmosphere (the troposphere), specifically 

by variations in the refractive index of the atmosphere. The terrain along 

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

also plays an important part. 

Within the last decade a number of methods and procedures have 

been developed for calculating field strength and its variability at VHF/ UHF. 

The work discussed here follows procedures that have been used by the 

Institute for Telecommunication Sciences (ITS, formerly the Central 

Radio Propagation Laboratory) to predict statistically the effects of 

terrain and atmosphere on the variability of field strength, and on the 

performance of radio systems (Rice, et al., 1967; Longley and Rice, 1968). 

It is also convenient to use the concept of transmission loss (Norton, 1953 

and 1959), which is the ratio of power radiated to the power, usually 

expressed in decibels, that would be available at the receiving antenna 

terminals if there were no circuit losses other than those associated with 

the radiation resistance of the receiving antenna. Methods used for its 
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calculation as a function of path length, terminal heights, and carrier 

frequency are described in section 3. Computation techniques are dis­

cussed in the earlier report (Gierhart and Johnson, 1967 app. II) and are 

not repeated here. 

After some initial calculations, parameters for various systems 

were assembled into a computer program and desired-to-undesired 

signal ratios calculated for given probability levels as a function of 

aircraft location in relation to the desired and the undesired ground 

stations. 

The use in frequency engineering of information such as that pre­

sented here is discussed by Hawthorne and Dougherty ( 1965); information 

on spectrum engineering for air navigation aids is given by the Joint 

Technical Advisory Committee (1968), The International Civil Aviation 

Organization (1968), and the Federal Aviation Administration 
1 

(1969). 

2. SYSTEM PARAMETERS

Pertinent parameters for the ILS and VOR are discussed in this 

section. The transmission line loss associated with the airborne 

terminal was considered to affect both the desired and undesired signals 

equally and was neglected. 

2. 1 ILS Parameters

The ILS includes a runway localizer, a glide path, and marker 

beacons. Previously (Gierhart and Johnson, 1967),we considered only 

the localizer, since it is most susceptible to cochannel or adjacent­

channel interference, and assumed that frequencies were assigned in such 

a way that VOR facilities would be the only source of adjacent-channel 

1 
When the Federal Aviation Agency became part of the Department of 

Transportation in April 1967, it was given the new name Federal 

Aviation Administration. 
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interference to the ILS. In this report, we consider both localizer and 

glide slope and present curves relevant to interference from a localizer 

operating on an adjacent channel. 

The ILS localizer operates in the 108 to 112 Mc/ s frequency range. 

Characteristics of four localizers are listed in table 1. Other equipment 

exists, but consideration of these four examples is sufficient for practical 

purposes. 

Table 1. Characteristics of !LS Localizers. 

Radiated power (a)

Array type 

Antenna gain (a)

Array height above 
ground 

Standard 

+ 20 dBW

8-loop

+ 4 dB

5. 5 ft

Directional Low Cost 

+ 20 dBW + 10 dBW

V-ring V-ring

+ 12 dB + 12 dB

7. 5 ft 7. 5 ft

ANLMRN-7 

+ 7 dBW

12-dipole

+ 18 dB

4. 5 ft

Polarization --------------Horizontal--------------------

(a.)Radiated power refers to the total power radiated from the carrier 
antenna array, and antenna gain refers to the main-lobe free-space 
gain of the carrier antenna array with reference to an isotropic 
r adiator. 

Figures 1, 2, and 3 show the relative gain G as a function of azimuth 

angle a. for the carrier portion of the 8-loop ( Civil Aeronautics Adminis­

tration, 1957), V-ring (Federal Aviation Agency, 1964 and 1965), and 

AN/MRN-7 arrays (Air Force Technical Order, 1968), respectively. 
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Figure 1. ILS localizer 8-loop array antenna pattern. Free -space 

gain for the localizer carrier antenna array in the azimuth 

plane is plotted in d,ecibels relative to the main-lobe 

maximum. The gain of the main-lobe maximum relative 

to an isotropic radiator is 4 dB. 
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Figure 2. !LS localizer V -ring array antenna pattern. Free-space 

gain for the localizer carrier antenna array in the azimuth 

plane is plotted in decibels relative to the main-lobe 

maximum. The gain of the main-lobe maximum relative 

to an isotropic radiator is 12 dB. Values plotted are for a 

V-ring array (type FA-5549X) with a type III element

spacing and current distribution.

6 
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Figure 3. ILS localizer AN/ MRN- 7 antenna pattern. Relative gain 
for the AN/ MRN-7 localizer carrier antennas in the 
azimuth plane is plotted relative to the main-lobe maximum 

0 

of the course antenna (AS-683/ MRN-7). From about 8 to 
about 352

° 

the pattern is determined by clearance array 
(AS-684/ MRN-7) radiation. Relative effects of antenna 
input powers and ground reflections are included in this 
pattern. The free-space main-lobe maximum gain of the 
course carrier array relative to an isotropic radiator is 
18 dB. 
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Aircraft antenna gain statistics for the localizer were developed 

from antenna modeling data for an E-cavity type VOR antenna in 

the vertical stabilizer of passenger-type jet aircraft (Convair, 880 
0 

Commercial Jets tar). Only the forward ± 20 of azimuth was 

considered in obtaining statistics for gain toward the desired station, 

but two sets of statistics were developed for gain in the direction of 

the undesired station. In one set only the rear ±20 of azimuth was 

considered; in the other, all azimuth angles were considered equally likely, 

From these statistics a single cumulative distribution was established 

for the ratio of antenna power gain in the direction of the desired station 

to that in the direction of the undesired station. This ratio, expressed 

in decibels, is denoted by R
A1

and the cumulative distribution, R
A 

(p), 

used to account for aircraft antenna gain is shown in figure 4. This 

figure also shows two additional cumulative distributions of R
A 

that resulted from the analysis mentioned above and were used as 

guides to establish the R
A 

distribution used in the calculations. 

The cumulative distribution involving the rear ± 20
° 

of azimuth 

was developed to assess the effect of constraining azimuth angles to 

those likely to be of special interest in designing aircraft antenna for 

ILS use. 

2. 2 ILS Glide Slope Parameters

The ILS glide slope operates in the 329 to 335 Mc/s frequency 

range. Characteristics for three facility types and five antenna types 

are given in table 2. Patterns for these antennas are shown in figure 

4. Information on the facility types was obtained from a Federal

Aviation Agency (1963) handbook and Butts (1963). Antenna data were 

obtained from a Federal Aviation Agency (1966) specification. Other 

equipment exists, but consideration of these examples is sufficient 

for practical purposes. 
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Table 2. Characteristics of ILS G lide Slopes 

Characteristics Facilitr Types 

Null Sideband 

Reference Reference 

Capture 

Effect 

Transmitter output 
{a)

10. 8 dBW 10. 8 dBW 10.8 dBW 

Coupling loss (b) 3. 5 dB 6. 5 dB 7. 5 dB 

Antenna input 7. 3 dBW 4. 3 dBW 3. 3 dBW

Antenna Trfe s 

I or II III or IV V 

G . {c) a.in 5.0 dB 10. 0 dB 7.0 dB 

Polarization --------------Horizontal-------------

Height Dependent upon frequency and glide slope angle 

(a) These values are for carrier power, and the primary carrier
radiator (lower antenna).

(b)
These values are the total carrier power loss between the trans-

mitter output and the primary carrier antenna.

(c)
These values are free-space power gains relative to an isotropic

radiator; i.e., the directive gain is reduced by the nonradiation loss
within the antenna.

Cumulative distributions of RA for aircraft glide slope antennas,

shown in figure 6, were obtained by an analysis similar to that 

previously discussed for the localizer. However, this analysis 

included antenna gain data for the Boeing 707 and B-52G; Douglas 

C-118A, C-1 24A, C-133A, and DC-8; and Northrop T-38A aircraft.
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180° 

Figure 5. ILS glide slope antenna patterns. Free-space gain for 
several glide slope antennas in the azimuth plane are 
plotted in decibels relative to the main-lobe maximum. 
Main-lobe maximum gains for these antennas are given in 
table 2, and physical descriptions are given in a Federal 
Aviation Agency (1966) specification. 
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2. 3 VOR Parameters

The VOR system operates in the 108 to 118 Mc/ s frequency 

range. Table 3 contains other parameters for the VOR. 

Table 3. VOR System Parameters. 

C . d' d f 
(a) arr1er power ra 1ate rom antenna 

Polarization 

Antenna type 

Maximum antenna gain relative to 
isotropic antenna 

Free-space horizontal pattern 

Free-space vertical pattern 

Counterpoise diameter 

Antenna height above counterpoise 

Counterpoise height above ground 

20 dBW 

Horizontal 

4-loop array
(located above
counterpoise) 

2.15 dB 

Approx. circular 

Similar to a di­
pole 

52 ft 

4 ft 

12 ft 

(a) The radiated power is the same as the power delivered to the antenna
when other antenna losses are considered negligible when compared with
that associated with its radiation resistance.

The aircraft antenna gain was determined as a function of azimuth 

and vertical angle from a modeling study based on an E-cavity type VOR 

antenna in the vertical stabilizer of a passenger-type jet aircraft ( Convair, 

880). Figure 7 shows the distribution of antenna gains at various vertical 

angles and a sample of the measurement points from which the principal 

distribution was derived. 

13 



..... 
.i::,. 

<( 
z 
z 
UJ� 
z 
<( 

u 

a: 
0 a:� 
0 

� 
UJ 
>

� 
<( 
...J 
UJa: 
(/) 
...J 

10 

8I 

6 

4 I

I 2 

0I

� -2

z"-4
� 
(!) 

-

......... 

� 
�..:.-=-.... 

��-- � 
r--, y- ....... ..... 

�� 

� '-
�-

� 1-· .......... 
- � ...._ � ""'C 

� 
.. � ',c '• 

•, , ..... .. 
·· .. 

�- > :: Yoz =O- -
------...Y

02 = -15•

r--
r-....... 

Yoz = o•,-
-r-----t -K. 

� 
..... .. "'- -----.. �x -j. 

•, ... , 
.......... ··. 

"- .. �-··. " ... -10• -..... 
·•. 

-
. 

................. <( 
z 
z -6 UJ 

_ X DATA POINTS (SEE TEXT) FOR Yoz = -5• ···<.")
� 
z 
<( 

-8I 

-10 
0.1 5 10 20 30 40 50 60 70 80 90 95 99 

PERCENT r,; OCCURRENCES IN WHICH GAIN EXCEEDS ORDINATE VALUE 

Figure 7. VOR aircraft antenna gain distributions. 

. 

. 

99.9 



3. TRANSMISSION LOSS CALCULATIONS

The prediction of interference conditions requires a knowledge 

of the time distributions of transmission loss or field strength at many 

points in space. 

Figure 8 shows a typical configuration of an aircraft (represent­

ing the receiving terminal), a desired navigational transmitting 

facility, and an undesired navigational transmitting facility. All three 

are aligned along a great-circle path and for simplicity assumed to 

be above a smooth surface. In the example drawn, the aircraft is 

within the radio horizon of the desired facility but beyond the radio 

horizon of the interfering station. The distances along the great circle 

path from a point vertically below the aircraft to the desired and the 

undesired station are denoted by d
0 

and d
u 

, respectively. The air­

craft is at a height h
2 

above the earth. The angle (J between the 

horizon rays from the aircraft and the interfering station is an 

important parameter in calculating transmission loss for 

beyond-the-horizon paths (Norton et al., 1955a). Figure 8 is over­

simplified because radio rays may only be drawn as straight lines 

under special conditions, one of which is that h
2 

must be less than 

5000 feet. 

Transmission loss calculations were accomplished by (a) calcu­

lating a reference value of transmission loss, (b) calculating a 

cumulative distribution for long-term variations, (c) calculating a 

cumulative distribution for short-term variations, and (d) calculating 

the cumulative distribution of transmission loss by combining the 

results of previous calculations. More detail on these four steps follows. 

(a) Within the radio horizon, reference transmission loss was

calculated by geometric optics methods, including interference 

between the direct and the ground-reflected ray. For desired station 

15 



-

°' 

ti,f�ri.,�c� 

du
----

Figure 8. Sketch showing relative positions of aircraftand navigational aids over a smooth earth.



propagation models, specular reflection was assumed. Because of the 

irregular terrain (including buildings, etc.) surrounding undesired !LS 

stations, specular reflection from the earth was considered less 

dominating, and a combination of specular and diffused reflection was 

assumed. The primary effect of this assumption was lower transmission 

loss values for the undesired ILS under line-of-sight conditions than for 

the desired ILS. This is discussed further in appendix. A. 

In calculating reference transmission loss beyond the radio 

horizon, smooth-earth diffraction or forward scatter models are used, 

depending on the path distance involved. Since diffracted field decreases 

very rapidly beyond the radio horizon, especially at the glide slope 

frequencies, the forward scatter model is more important. The calcu­

lations for both models and the method of properly combining diffraction 

and scatter fields, if they are of comparable magnitude, are based on 

procedures given by Rice et al. (l 967). 

(b) Long-term variations in basic transmission loss were estimated

for a continental temperate climate by means of the time availability 

function V(p, d) 2
, which was used as the cumulative distribution with time of 

2 
The curves presented in this report were developed during the time 

when prediction methods given by Rice et al. ( 1967) were evolving. In 
particular the function V(p, d), used in all calculations involving the !LS 
localizer, is identical with the function V(0. 5, d ) + Y(q, d ) used by 
Rice, et al. (1967, tables Ill. 2 to Ill. 4) for a con1inental teii-iperate 
climate. An earlier version of this V(p, d) function was used in calcu­
lations based on exclusive consideration of the VOR. These versions 
of V(p, d) are very similar and are identical for beyond-the-horizon 
paths. Because another function· V(p, 8), similar to V(p, d), was derived 
primarily from data in the 100 Mc/ s range, we followed the recommen­
dation that it be used when 0�o.01 radians (Air Force Technical Order, 
1961) in our calculations for VOR exclusively. For the glide slope 
calculations the constants from Rice et al. (1967, tables III. 5 to Ill. 7) 
were used. This formulation for variability became available after 
the first localizer calculations were completed and is based on a larger 
body of empirical data than other formulations. 

17 



hourly median transmission loss for all hours of the year relative to the 

reference values calculated under (a) above as functions of path length, 

terminal height, and carrier freqeuency. 

(c) In addition to the distributions of hourly medians representing

long-term variations, short-term (usually within-the-hour) distributions 

of the received signal levels had to be estimated. Short-term variations 

in this particular application stem principally from two causes. One 

is the inherent short-term fluctuation of the tropospheric signal 

ascribed to phase interference of rays reflected from small layers or 

scattered from refractive index discontinuities or from ground 

irregularities. The second is the pattern of the aircraft antenna; 

numerous small lobes cause gain changes with varying bearings that 

can be represented by a cumulative distribution of antenna gain with time 

as the aircraft moves through space. For !LS, however, it was 

more efficient to neglect the effect of the aircraft antenna gain in the 

initial transmission loss calculations, and include it in later calculations 

as the R
A 

(p) distribution, discussed in section 2. Short-term fading was

described by cumulative distributions (Norton, et al., 1955b) based on 

fading range data given by Janes (1955). 

(d) To obtain the cumulative distribution of transmission loss

the functions discussed in (a), (b), and (c) above were combined. The 

mechanics of combining cumulative distributions have been discussed 

earlier (Gierhart and Johnson, 1967, app. 11). 

Note that the I-hour period taken as the dividing line between 

long-term and short-term variations is somewhat arbitrary. This is 

convenient in view of the available empirical time variability functions, 

which are based on data analysis in terms of hourly median values. 
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4. INTERFERENCE BETWEEN TWO STATIONS

As shown in figure 8, both the desired and the undesired signals 

arrive at the aircraft over propagation paths characterized by the 

distances, d
D 

and d
u 

, and by the aircraft height. The distances are 

measured along the great-circle path. Both signals vary with time, and 

the distributions 0£ signal levels were calculated in accordance with the 

procedures outlined in the preceding section. Then the ratio of desired­

to-undesired signal exceeded for given percentages of time at a 

particular aircraft location was determined. 

The desired-to-undesired signal ratio can be expressed as the decibel 

difference between desired and undesired signal levels and is obtained 

from calculated transmission loss values and other system parameters. 

The distribution of this ratio will be denoted D/U(p), where p is that 

percentage of time during which a given value of D /U is reached or 

exceeded. The aircraft being in motion, time variations 

also include variations in space. Since the actual time distribution of 

D/U may vary from installation to installation because of terrain 

characteristics and other factors not taken into account in this analysis, 

the time availability p may be interpreted as an expression of 

reliability for a typical installation. The concepts of "prediction 

uncertainty" and "service probability" were not used in the sense 

defined by Barsis et al. (1962). It is important to understand 

that there is an uncertainty associated with the D/U 

predictions in this study and that this uncertainty will increase under 

conditions where the assumed propagation models become less valid. 

As an example, D/U(95) = 10 dB means that for a typical 

installation the ratio of the desired-to-undesired signal is equal to or 

greater than 10 dB 95% of the time. Values of D/U(95) are 

associated with the variables used in the calculationp. These include: 
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(a) system type (localizer, glide slope, or VOR), (b) interference

type (cochannel or adjacent channel), (c) aircraft altitude, (d) station 

separation, and (e) aircraft distance from the desired station. 

To obtain the time availability of the desired-to -undesired ratio 

at any point in space it was necessary to properly combine the cumulative 

distributions of (a) transmission loss from the desired station, 

(b) transmission loss from the undesired station, and, for ILS, (c) the

antenna power gain ratios, R
A 

(p). Actually the ILS calculations resulted 

in a cumulative distribution of a normalized D/U. The process for 

converting actual D/U to normalized D/U values is discussed in sections 

5.2 and 5. 3. 

5. RESULTS

Correct interpretation of the prediction curves presented in this 

section requires some knowledge of the system parameters, propagation 

models, and computation techniques discussed in the preceding sections. 

In particular, the predictions include estimates of received power levels 

of desired-to-undesired signal ratios that are expected to be realized 

or exceeded 95% of the time (95% reliability). A lower reliability 

requirement would result in an apparent increase in power received 

from the desired station. For example, if the difference in power 

received from desired and undesired ILS stations could be characterized 

simply by the aircraft gain ratio distribution shown by curve 3 in 

figure 4 then reliabilities of 95, 50, and 5% would correspond to desired­

to-undesired signal ratios of -5, -3, and -1 dB, respectively. 

The results are in the form of prediction curves. Two basic 

types of predictions presented here deal with service limitations caused 

by ( 1) insufficient power available from the desired station and (2) 

interference from one cochannel or adjacent-channel station, without 
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consideration given to the available power limitation. A single-curve 

format is used for the first type (sec. s. 1), and two formats are used 

for the second type of predictions (secs. 5. 2 through 5. 5). 

5. 1 Available Power Service Limitations

When the service range is not limited by co-channel or adjacent-

channel interference, it is limited by other types of interference 

o r a received power level that is insufficient compared with the noise

level of the receiver. The former is beyo nd the scope of this report; 

the latter is -�he topic of this section. 

The radiated power for a ground station can be stated in terms 

of the power required at the terminals of a reference antenna located 

at the maximum specified service range. Curves developed for the 

VOR show service range limitations imposed by this type of specifica­

tion, when the radiated powers discussed in section 2 are used. The 

assumed specifications can be summarized as follows: 

VOR and ILS localizer ground station radiated power - The radiated 

power shall not be less than that required to insure that the power 

available at the terminals of a loss-free horizontally polarized half­

wave dipole located at the maximum specified range will be -112 dBW 

or greater 95% of the time. 

ILS glide slope ground station radiated power - The radiated power 

shall not be less than that required to insure that the power available 

at the terminals of a loss-free horizontally polarized half-wave dipole 

located at the maximum specified range will be -97 dBW or greater 95% 

of the time. 

The combination of available power selected for the VOR specifi­

cation and a power of 20 dBW radiated by a ground station results in 

a maximum range slightly greater than 130 nm at 18, 000 ft. If we 

assume that a VOR receiver with a usable sensitivity of 5 µV across 

21 



50 0 in an airborne environment can be built, then the -112 dBW available 

power quoted above is excessive by about 11 dB. This "power margin" 

can be used in engineering the airborne terminal to account for such 

things as (a) difficulty in obtaining an aircraft antenna with 2. 15-dB 

gain {half-wave dipole), (b) line and mismatch losses, and (c) difficulty 

in obtaining a usable receiver sensitivity of 5 µ V across 50 0 in an 

airborne environment. 

Since the receiving equipment required for the ILS localizer is 

similar to that for VOR, identical available power requ irements were 

assumed, allowing the requirement for power radiated by the ground 

station for the two systems to be covered in a single statement. 

The available power selected for the ILS glide slope specification 

has a "power margin" of 14 dB at 15 nm when a usable receiver 

sensitivity of 20 µ V across 50 0 in an airborne environment is assumed. 

A capture effect facility with type I antennas (lowest effective isotropic 

radiated power of any combination considered; see table 2) has a radiated 

power sufficient to satisfy this available power requirement at 15 nm. 

The Federal Aviation Administration is preparing a document on 

the II u.s. National Common System Component Characteristics for the 

VORTAC System, 11 which will contain ground station power requirements 

similar to those stated above. The preliminary version made available 

to us, however, expresses the required ground station power in terms 

of that required to produce a given power density (dB W/ m ) at maximum 

specified range. To make comparison with documents of this type 

easier, we prepared table 4, where the power density equivalents of 

the available power requirements are listed for pertinent frequencies. 

These equivalents were calculated by subtacting 10 log
10 

of the 

effective area of a half-wave dipole from the reference power (in dBW). 

For this conversion method to be valid, the incoming electromagnetic 
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Frequency 
(Mc/s) 

Effective 
area (dB) 

Reference 
power (dBW) 

Power density 

{aBW/m
2

)

Table 4. Power Density Equivalents. 

Localizer 

108 110 112 

o. 03 -0. 13 -0. 28

-112

VOR Glide Slope 

113 118 329 335

-o. 38 -o. 74 -9. 65 -9. 81

-97 -97

-112.0 -111.9 -111.7 -111.6 -111.3 -87.3 -87.2

wave must approximate a uniform plane wave over an area somewhat 

larger than the antenna• s effective area, and the antenna must be 

oriented so that its maximum gain is used. These requirements are 

met for regions of interest here. 
3 

The above specification was used in calculating nominal service 

ranges for the !LS localizer types mentioned in section 2. 1. Table 5 

lists these as a function of altitude. 

All ILS glide slope configurations implied by the equipment 

characteristics given in table 2 were considered with respect to the 

above specification. For a nominal service range of 15 nm the radiated 

power from these configurations is at least equal to or in excess of the 

minimum required. 

3 
Some antennas used for tropospheric propagation paths have such a 

large effective area that their full free-space gain for the path is not 
realized. 

23 



Table 5. Nominal ILS Localizer Service Range. 

Altitude (ft) Range (nm) 

Standard Directional Low Cost AN/MRN-7 

500 22 31 23 22 

1,000 31 39 32 31 

2,000 46 55 47 46 

3,000 59 68 60 58 

4,000 66 78 67 65 

6,250 77 105 79 75 

12,000 95 128 997 93 

18,000 111 153 113 108 

Service volumes defined by the system parameters (sec. 2. 3) 

and the available power requirements of the above specifications are 

shown in figure 9 for the VOR with a plot of the radio horizon. In the 

volume defined by the revolution of the curve about its ordinate axis, 

the reference antenna would deliver the required power at least 95% 

of the time. However, unsatisfactory service exists in the airspace 

(cone) immediately above VOR. 
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5. 2 !LS Localizer Signal Ratios

The results of the study of the ILS localizer are in the form 

of normalized prediction curves. These can be used to estimate the 

service limitations imposed on localizer installations by cochannel 

and adjacent-channel interference. Other limitations, such as man-made 

noise at the receiver and self-interference caused by reflections from 

airport structures or other aircraft, were not considered in this study. 

An "acceptable" desired-to-undesired signal ratio does not imply that 

the desired signal is strong enough for operational use (see sec. 5. l). 

Values of normalized D/ U(p) are denoted by the symbol 

N {D/ U(p)} where p (% reliability) may be 50 or 95. These normalized 

values were calculated for the case when the two ground stations and 

the aircraft are on the same great-circle arc. Where the assumed 

great-circle alignment is not valid, N {D/ U(p)} values can also be 

obtained by properly interpreting the station separation shown on the 

curves. Regardless of the shortest distance between the ground 

stations, the station separation S shown on the curves should always 

be regarded as the algebraic sum of the distance from the aircraft to 

the desired station dD 
and the distance from the aircraft to the undesired

station du, i.e., S = dD + du•

Curves of N {D/ U(p)} applicable to cochannel or adjacent­

channel localizer interference are given at the end of this section. 

Figures 10 through 16 are for ILS (desired)/ ILS (undesired), and 

figures 17 through 20 are for ILS (desired) / VOR (undesired). Station 

rather than interference types should be used to determine which curve 

is appropriate for a particular application; the list of figures given at 

the beginning of the report should be helpful in this determination. 
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Desired values of D/U(p) can be converted to values of 

N {D/U(p}},which can be read from the curves by the following 

procedure: 

(a) Determine the value of the station combination factor Cf
from table 6. 

{b) Determine the azimuth angle a between main lobe ma.ximwn 

of localizer carrier antenna at the undesired station and the aircraft. 

{c) Using a and the antenna pattern {fig. 1, Z, or 3) appropriate 

for the undesired localizer type, determine the gain factor G of the 

undesired localizer carrier antenna in the direction of the aircraft. 

Use G = 0 if the undesired station is a VOR. 

(d) Calculate N ( D/U(p)} from

N {D/U(p)} = D/U(p) - Cf+ G.

Table 6. !LS Localizer Cf Values in Decibels. 

Desired Undesired 

Standard Directional Low Cost AN MRN-7 

Standard 0 -10. 5 -0. 5 -o. 5 

Directional 9. 5 -1.0 9.0 9. O

Low Cost -0. 5 -11. O -1.0 -1. 0

AN/MRN-7 -0. 5 -11. 0 0 0 

VOR -1. 8 -12. 3 -Z. 3 -2.4
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VOR 

1. 8

11. 4

1. 4

l. 4

0



The values of Cf in table 6 were calculated from information

given in tables 1 and 2 via the equation 

(2) 

where 

PD = carrier power radiated by desired station in dBW,

PU = carrier power radiated by undesired station in dBW,

AD = free-space antenna gain referred to an isotropic

radiator for the main lobe of the desired station 

carrier antenna array, in dB; 

AU = antenna gain similar to A0 but for undesired

station. 

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

8n = 0 dB for ILS array height of 5. 5 ft (8-loop), 

HD = 1. 5 dB for ILS array height of 7. 5 ft (V-ring),

8n =-1.5dB for ILS array height of4.5 ft (AN/MRN-7);and

HU = height gain factor for undesired station, i.e.,

HU = 0 dB for ILS array height of 5. 5 ft (8-loop),

HU = 2. 5 dB for ILS array height of 7. 5 ft (V-ring),

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

Values of G read from figure 1, 2, or 3 represent the gain of the 

undesired localizer carrier antenna in the direction of the aircraft 

relative to the gain of the same antenna in the direction of the main-lobe 

maximum. Because of this, values of G are always non-positive and 

N { D/U (p)} values w ill be worst (highest) for a particular pattern 

when G is O. The service range d
D 

usually decreases as N lD/ U (p )} 

increases. 
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Figure 19. Localizer signal ratios; ILS/VOR; 1,000 ft; 95%. 
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For example, if a cochannel D/ U(50) of 12 dB or greater at an 

altitude of 500 ft is required for satisfactory service, then satisfactory 

service is expected for d
D 

� 10 nm when (a) both ground stations are of

the 11 standard11 type, (b) the ground stations and aircraft are on the same 

great-circle arc, and (c) G � 0, and (d) S � 30 nm. This conclusion 

follows from figure 10 when N j D/ U(95)} is determined from (a) with 

cf= G = O; i.e., N jn/ U(50)} = D/ U(50) = 12 dB.

5. 3. ILS Glide Slope Signal Ratios

The results of the study of the ILS glide slope are presented as 

normalized curves in figures 21 and 22 for reliability at 50% and 9 5%, 

respectively. The method discussed in section 5. 2 for converting 

desired D/ U(p) values to N { D/ U(p}} values can be used, provided that 

G values are determined from figure 5, and Cf values are obtained from

table 7. These Cf 
values were obtained from the equipment characteristics

given in table 2 by use of (2) with HD = HU = O.

5. 4 VOR Service Volumes

Service volume curves shown in figure 23 for VOR illustrate the 

effect of interference from another VOR on service volumes when the 

aircraft is located above the great-circle path between the desired and 

the undesired station at a distance dD from the desired station. The

geometry is shown by a small diagram in the figure. Station separations 

S ranging from 30 to 695 nm and aircraft altitudes from 1, 000 to 100, 000 ft 

were considered. This figure is applicable to D/ U(50) = 23 dB. For 

example, D/ U(50) = 23 dB means that the desired signal is at least 

23 dB greater than the undesired signal 50% of the time along the solid 

curve that forms the boundary of service volume. In these figures, the 

limitation imposed by ground station power output and the available power 

requirements (see sec. 5. 1) is described only by the dashed curve 
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�,_.

Desired 

Table 7. ILS ·Glide Slope Cf Values in Decibels 

Undesired 

Facili tia) Antenna Null Reference Sideband Reference 

Null 
Reference 

Sideband 
Reference 

Capture 
Effect 

I, II 

I, II o.o 

Ill, IV 5. 0 

V 2. 0 

I, II -3. 0 

Ill, IV 2.0 

V -1. 0 

I, II -4. 0 
Ill, IV 1. 0 

V -2. 0 

Ill, IV 

-5. 0 

o.o

-3. 0 

-8.0 

-3. 0 

-6. 0 

-9.0

-4.0
- 7. 0

V
--

-2. 0 

3. 0 

o.o

-5. 0 

o.o

-3. 0 

-6.o

-1.o
-4.0

I, II 

3.0 

8.0 

5.0 

o.o

5. 0 

2.0 

-1. 0 

4.0
1. 0

Ill, IV 

-2. 0 

3.0 

o.o

-5.0
o.o

-3. 0 

-6.o

-1. 0
-4.0

V 

1. 0 

6. 0 

3. 0 

-2.0
3. 0 

o.o 

-3. 0 

2. 0 

-1. 0

CaE,ture Effect 

I, II Ill, IV V 

4.0 
9.0 

6.0 

1. 0 

6.0 

3.0 

0,0 

5. 0 

2. 0 

-1. 0
4.0
1. 0 

-4.0
1. 0 

-2. 0

-5. 0 

0,0
- 3. 0

2. 0 

7.0
4.0 

- 1. 0 
4.0 
1. 0 

-2. 0 

3. 0 

o.o

(a>yalues for antenna input power and antenna power gain from table 2 were used along with (2) to
develop this table. For these calculations HD = H

U 
= 0.
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labeled "nominal range". Since this curve is also for a reliability of 

50%, it differs from the without interference curve given in figure 

9 for 95%. 

The volume defined by rotating the appropriate curve about the 

ordinate axis represents a volume in which service reliability (see 

sec. 4) is 50% or greater since each curve represents the smallest 

d
D 

+ du value possible for particular ground station separations (see

sec. 5. 2). Similarly, if service is limited by interference from several 

VOR stations, the volume defined by rotating the most restrictive curve 

(the curve appropriate to the closest interfering station) about the 

ordinate axis represents a volume in which the service reliability is 

generally 50% or greater, but not always. 

5. 5 VOR. Signal Ratios

Signal ratio curves applicable to interference from another 

VOR are given in figures 24 and 25 for reliabilities of 50% and 95%, 

respectively. Both figures are for an aircraft altitude of 1,000 ft. 

Signal ratio curves applicable to interference from a localizer 

are given as normalized curves in figures 26 through 29. The method 

discussed in section 5. 2 for converting desired D/U(p) values to 

N {D/U(p)} values can be used, provided the C
f 

values are obtained 

from table 6. These C
f 

values were obtained from the equipment 

characteristics given in tables 1 and 3. 

45 



ILi 

ILi 
0 

� 
:::, 

0 

0 

=-+-= \--

-10

- -l
,-- ---

-20

-30

-f--1 +
-1--t-+-

i i
I 

-40

-50 i 

f--� -f--

-60
I 

f-- -
I

f--

- 70
f--

-80

----- �-

--- --

-90

FREQUENCY 113 Mc/s 
ALTIT UDE 1,000 FEET 

\� \ 
\ 
\ \ 
\ \ I ' i 

f--

\ 25}-, � 

' rio -, 

-------t--' 
I 

l
'

- -- -

�-

-

l 

r 
- +-

I 

+ 

- - -- l \ ,_ _\ � � �-

- -
- -� 

\ \ 

\ \ \ 
\ \ \ 

\ 1 ' 

\ \ \ 
\ '\ \ \ 

r\ 
\ ' 

+ ,\ \ I \1 
,\ \ \ 

�J i \ ' ' 
m5l \ra51 \ 

\ \' ' 
\ 
\ 
, \ 

\ 
i ' 

I 
I , \ 

I i \-1-
I I \ ' 

i , 
I I 

I ! : 

' 1 
- -� - - - -r -1-

' 
' 

I 
I 

- t_:_-
I 

t--+-

t-t

---, 

I 

- -r

- --

I -
I 

I 

I 

I\ 

- - --

\ 

\ 
\ 

\ 
\ '

\ ' 

IIOj 

\ ' 
\ ' 

'\ -, 
\ 

\ 

\ ' 
\ ' 

\ '
\ 

\ \ 
\ , 

\[130 

\ 

\ 
j 

II. 

\ \ 
'

\ 
\ 
'

\ 

-� 

\ -

I 

' 

--- -

t 
- �-

STATION SEPARATION , S, AS LABELED 
50% RELIABILIT Y 

--
---

- -

1 

\ 

S=do+du 
DESIRED� s �YNDESIRED 

(VOR) 
f- do-+---du ------1 (VOR) 

-

I 

--j -�-�---- --�-·-

-

-
\ -- --f--

\ 
\ 

\ '

\ 
\ 
1150J 

\ 

\ ' I 

\ 

\ '
\ \' 

\ 
\ \ 
\ ' 

-f--� --
' 

\ ' 

\ 

\ S = 175 
I 

\ 

\ 

,,
\

\ 
\ 
'

\ 
\ 
\ , 

-

--- �--
I 

I 

---

I 

nm! 

- - f-- --

\ 

\ '
-�-\ ---� --

\ 

\ 
\ ',

-

- -

-- - -

,-

-

,-

-

-

-100
0 20 40 60 80 100 120 140 160 180 200 

DISTANCE , d D, FROM DESIRED STATION IN NAUTICAL MILES

Figure 24. VOR signal ratios; 1,000 ft; VOR/VOR; 50o/o. 

46 



w 

w 0 
� 

0 

FREQUENCY 113 Meis 

ALTITUDE 1,000 F EET 

STATION SEPARATION , S, AS LABELED 

95 °/e RELIABILITY 

0 ........ __..\ ......... ' .... \..,......,,......... ......... _..,......, .......... __ ......... _ .... ! ........ _ .... 
,
I ...,.....,......,.---,-...,.....,...l1 ...,.l---,-1 -,--.,...: ..... :-.,...JI� ...... , -,-1-,-1, �I ......... !....,......,......,,......... ..... __ _ 

>-----+-----+-->-+----�--+--+--+ -->--
+
--+- t- --t-

·- i I ! I i I I ' ' i ! � - -
>-----+--+--+ ', f--+\-+-

\
-Hc

\
-+--+\---�>--+---+-+-<>--+

!
--+---i

!
--+-+- -- --t t .--11.-..L_l _._, ----,--_i ___,_---t-'---_._;-----+-; __ .........._+ _-..... -_.__._�_-..... -

.....,
---

1 \ \ \ 
- -r ) j • S=dD+du 

--
-10 >-----+--+--+--+-->---+-++-------+-+-<>---+-+---+--+-+---<--+--+--+--+-< --

1--+-+----ll--+--l\----11-+�'-1-+--+---+--+--+--,I--+-+-+-�'---+-I -+--1 ! DE s I RED� s �YNDESI RED --
\ 1 

1 \ : , '. (VORJ 
f-- dD--+--du --1 (VORJ 

>-----+--+--++-+-+-.-++ \-+--tt-,-tt--+I -+-I --+---+-+�--+- - -t-----+----rl T1-��---,---,---r--.---.---r--.--,---r--r-r-r-r-i

' \ i \ ; i -20 ,-....+--+----+-<i-+---+--0�--+--, >--++---, +-<>-+
\-+I 

-+---<l--+--+---,.---+-1 -+--+--+-
_
-
+-
+-
-
--+
�_
-
_
-+-

_,__
+---<

:
--+--+--+--+--t-----+--+--+--+--+-<--+-4

\I ��' I .-L�\- -+-+-+-+----+--+---+--+-+-+-+--t 

1--+-+
--+--¼-+----<f-l-+\

1-+-
--

+
\ --+-\-+-, --+--+\ t-�=�- - a- - 1 , -r --+-+I

--+---+---+-+- -�= 
o---+--+---+-

! 

-+
-
-- : \ • c\-- -1 +- -� \ - +-- - --+--- -- - - - �-,-

- 30 1--+-+--+--+-+----<'-++-++--+--\f--\+---<1-+++---+--+--1+--1--+--V--+-+--1--+-+--t-+--+--+--+-+--+-+--1---+--+---+--+-1
\ t \ I \ I � I --+---+--+'--+-�-+' --+--+--+' --+

-
--+---+-+---+----+-___.

-40

-50

-60

I 

,___.__-+1-�il-+--+--tl-1-4, -• _I \ i }\ 
I \ i , �- i \r . ; �- -; l -� ' -�---+--+

-
- --

�- + , - _;
I 
- - � -

�-'-+--<I_ -+-
1

1 --+--�+---+--+----1--
-
+-+-I -<

---+--+---+-+---<--+-___. 

20 40 60 80 100 120 140 160 180 200 

DISTANCE , d D, FROM DESIRED STATION IN NAUTICAL MILES

Figure 25. VOR signal ratios; 1,000 ft; VOR/VOR; 95%, 

47 



Cl} 
� 
� 
co.....
l) 
� 
Cl 

z..... 

Cl 

Cl 
� 
N..... 
� 
<: 
� 
p::; 
0 
z 

50 

40 

30 

20 

10 

0 

-10

-20
� 

-30

-40

-50
0 

\ 
\ 

\ 

\ 

\ , 

' 

\ 
1 

\ 
' 

\ 
\ 

\ 
1 

\ 
\ \ 

\ 

' 
� 

[S=25 nm 

20 

FREQUENCY 110 Mc/s 

ALT I TUDE 1,000 F EET 

\ \ \ 
\ \ 

1 \ 

-t-- -�-

�-

\ 
\ \ \\ 
\ \ 1 
1 \ \ 

\ 1 '
\ \ \ 

\ \ \ \ \ 
\ \ 1 

\ , 1 \ \ 
\ \ \ \ 
\ I 
1 \ 

\ , 1 \ ' 
' 1 

' \ 
' \ \ \ 
' 1 '
1 

\ \ \ 
1 \ 

. ' 1 

\ \ 
I \ \ I 

\ ' I ' 1 -- I 1 I 
\ \ 
1 \ 

\ 

\ \ ' 
\ ,, ' 
1 ' 1 l\ - � -

I \ 
\ I \ 

, \ \ I\ 

' \ 

¥ ' 70 \ 

+ ,'-' -
\

I 
&_O i85 I--

\ \ 
I \ 

\ 

-

' 
I\ 
' 

\ 
\ 
' 

\ 

\ 

\ 
'

� 
I\ 

�110 
\ 
\ 
\ 

\ 

\ 

\ 
1 

- -
.\ 
\ 
' 

-- -� 

� -

_) -�--- -

40 60 80 

STATION SEPARATION , S, AS LABELED 

50¾ RELIABILIT Y 

-- --

-

-- -

S=do+du 

l 
j 
I 

-

-- ·- ----� �-

DESIREO�
S

- _ -.Y-�NDESIREO
(VOR) f--

do-+--du ----l 
([LS) 

I 

I\ 
I 

I\ 

\ 
I\ 
\ 

\ 
\ 

\ 
I ' 

' 
' 

\ 
:\ 
\ 

IJ !d.,0_ 

,, 

1\ --r-' 

100 

' 

\ 

\ 

1 

- --
\ 

11501 

, 

\ --
\ 

120 

--

\ 
\ 

1751 
\ 

1 

\ 
140 

-� 

-- - -

160 

--

� �--� � 

180 

DISTANCE , d D, FROM DESIRED STATION IN NAUTICAL MILES

Figure 26. VOR signal ratios; 1,000 ft; VOR/ILS; 50%. 

48 

--� 
� � 

� 

-

�-� 

200 



{/) 
...::i
� 
r:Q
>-I 

l) 
�
0

>-I 

50 

40 

30 

20 

10

0 

-20

-

-30 

-40

-50
0 

\ \ \ 
\ ' 

\ 
\ ' 
\ ' 

\ '

\
\ 
\
I' 

\ 
\ 

\ '
\
\ 
I 

\ \ 
\ \ '

i 
\ I 
\

i ' 

�
-t

\
I , 

i 

5=25 nm 

I i
I 

FREQUENCY 110 Meis 
ALTITUDE 1,000 FEET 

\. \ \ 
'I. 'I. \ 

r 

\ \ \ 

\ \ -\' \ ,, \
\ 

-�

-- --

H j -r---
t tt 

' 

I , I 
- ,-1- -

j I 
t 

j "-
�- -r-�

t 

�
j_______ 

! 
I 

f--- t 

' 

STATION SEPARATIO N , S, AS LABELED 
95¾ RELIABILITY 

j ! I I ! I 
I 

I 
! j t t ' -- -

' j i 
' I 

l j_ 
1 

1 j i 1 - f---
' I ' t 

S=do+du 

DE SI RED,f--- S -------irUNDESI RED _T _____ -f-(V0R) 
f- do-+--du --l (!LS) 

' 1\ \ 
+-+- - -- � --

\, ' : I I I I ! 

t-f---\ \ \ ' \ ,\ 
\ 1 \' I I 

\ 1 \i\ \ : I : 
\ \' \ I 

\ '.\ \ \: -t
-+--

\ \ I 1 \\ I I 
' ' \' ,, 

\ \ ' 
\ '\ \ 

\ \ \ ' 
\ i\ ,, I ,

t j i\ _,j � \ 
r

\ 
\ ,-

\ \ ' 
\ \ 'I. , \ \ -:\ \�� I 'I I I \ 

\ I ' \1 \
' I i 

1-:\ \ \ 
\ ' , \ 

;\
I 

- \t\+-- t - � -I\! :\
\ , 

401\
�, 

+ 
i
I 

, __ 

I - -r 
, \ 70 ,, 101 

1,59Jr j �·�L� .. 
r -1-' 

-+-• t-I I ' 
I I 
I 

I 

\ 
.J__ 

�f� \

I 
I 
r, I 

-; I ' 
I I 

I -
I 

I 
I 
I I +-+-I ! 

�+ �-:-

�- 1---f---

r ,--- 1--1---

-�-�-
\' -:--� 

\ 
\ '

\ ' 

t 
i 

��� 
i I\ 

I I\ 

' i 
al -+--

h.,� - ,, 

! -+-
' 

I 
!

i--+ 
I

�-+---�I 
I 

-+ 

1--j 
t ! ---+- j-f---

+-- -
+

�

-;--
f---1-� I 
--+�· - -

: I 
' I 

I\ t

-\r-: 
\ 

\� \[1501, ' 

! 
-+ 

I 

I 
-+-=� --t

I -� -ti' I 

-
! 

I II
: I 

: ! 
I I 

+--t 

: I 
I 

-➔- -r: -- �--
1

-

I 
I

! I 

' \ ' 
\11 7511=-:!+ 

-�' i-
- 'l _, _j r !-

' I , 
1! ' _\ I --

=� 
-\r 

\+- - --k-f---

1-' I j----+-

i 

' 
I 

f--- -

I 

I 

I 

: 

I 

l 
- i

I 

II 

! 

-i
I I _j._ - r- - r-,-I 

: ;-+-----
\ 

I 

f---- I I 
i I 

I 

- -

� - --- -1---f---
i : 

� i I I 

! 

I I I -
: 

I 
I

--1--+
I 

- i
�--

-f----

-- f---

-f---

20 40 60 80 100 120 140 160 180 

DISTANCE , d D, FROM DESIRED STATION IN NAUTICAL MILES 

Figure 27. VOR signal ratios; 1,000 ft; VOR/ILS; 95%.

49 

-
---

--

�

-

-

II 

: 
I 

--

200



FREQUENCY 110 Mets 

ALTITUDE 18,000 F EET 
STATION SEPARATION , S, AS LABELED 

50¾ RELIABILITY 

\ \ ' -� - ·::-: : - - l 11 !_ 11 : ;(150)--....._.>--+-++---+-+->-- ._-+-+----,a-+ -l-+--+-----+----+--+---+- ._�-..±=±I =±::::±=±==L::.t-l�-=1..=::±=�L-;;;;;L;;.±=±c:a,1----t-t----r7 

•--+ ,-+-¼\-+--\ ___ -+--f--+-+--+--+-+ --- - - - � -- • r.- s = d D. du 
40 i \ \ 

1130,.. \ \ \ DESIRED�S �}JNDESIREO 
J---l-+-+-----1 

I\ \ \ ' (VOR) l---do--+----du---1 (!LS) 

010>• , ' \ I\ 
,\ \ \. ' - -+--+--+--r-

\ \ ' I\ i _\. __ l--,-+-,---½--+-'�f-----+-+--+--+-+-1f-----+-+-
' 

\ \ 1\/\ -r , \ \ '\. " 
- --f---�- - -

0 i----+-�\t--t- \ \I\ ' : \ \ '\. 'I'\ 
--+-+----+----+- - ----+-+--->--+ -

- ,- \ lJ � ...._ 'x I\ \ \ r\. 
t-t-----t-----tt--tttr��4��->-t--� \� ' , I'\. �'.,_.__-+-_,__,>--+----+----+---+-+->--+----+----+---+-+----<>--+----+-� \ \i \ \ ' r\. ' 

- IO 1---+---1---+-��+-4.u-.-----+----+++---..+---1-__.,.___--1---1o.---+-4->.-+---+-...;,,....+--1-----+---1-----+---+-+--1-----+---1---+---1--+--1-----+---1-----+-1 \ •\' \ \ '\. \ '\. 
\ : , I\. \. \. 

1--
-

---1--+
7
-

S
+--

=2
---1

5
-

n
+

m
---+-1

l\
r+-1-1A---+¾--+--H

J_
;=

70
F-
� \[85J \ 110 ' 13QI \1150 Jl75 

-�-·�r-i--+-\-w-l��r-H��'.+---�y�--+-+--'+--il--'\�t-'--¼-+----,l--\�+-----t-+-+--+-+-----1-+-t---+-+-1--+---i---1 
-20 t--+-+---+-+-t--,...--+--+\+tt-__ +--,-tt--�,-..+---+--+----i\�-+-l\._+-,_+--+1\----.t----+--+----i--+--+--+--+--t---+---+--+----i--+--1 

l � _l \ :___::_: \1 :f\ � _+-j\ � -\ _,.----+-\____,______.._'\.� � 1\- - - ---

-3 0 

-4 0 

� 

-+--+-----+-+- +- I \ \ r\ ' 

- -�-

f----

- �--- - -i7 - --H,,---H----+-· --+>-\ ' ,--t _..,.\r+
-
-
--

+---t----ir--+--t---+--+-+---<r-+---t 

� -
f----

� -

-+--+----,-+--+----+ -� _ _ _ -+--�� I 1 1 \ , \ I 

-•
-

- ' I \ \ ' 

+- - - ,---,---r--1c---,-----t - -+\++f-tt--+-\-\f--+-t-+--1-+--t-+-\�, t--+--+--+--+-+--t--+----1----i i :-� - - - - \ ��--+-----¼--\-+------+---l---+-+----+----+-+---t 

, : 
I 

1---t-+--+--+--+--+--+-- -- -- -- +-- - -f---f--- - - - +-� -� --'----+- I \ � -�� -�-� - t - - -·--=- - -- _\ --t- -- � l -50 ................................ ...._ ................................................. __.__ ........ ...._ ................. __._....,_...._ ........................ ....,_...__ ............... ....... 
0 20 40 60 80 100 120 140 160 180 200 

DISTANCE , d D, FROM DESIRED STATION IN NAUTICAL MILES 

Figure 28. VOR signal ratios; 18,000 ft; VOR/ILS; 50%. 

50 



FREQUENCY 110 Meis 
ALTITUDE 18,000 FEET 

STATION SEPARATION Is I AS LABELED 
95% RELIABILITY 

50 :::,::::-=--::�::.,..-,-f-,.....,.:::::_:"""T"" ___ f--,1--r"""T""...,....._-,-
-i-

---,---,---,--,.......--,---,--,-j-"""T"-,_ 1-_ "'T"�-'T'") I --,-....-.,..-,-....---,--...,.....-.--, 

- t- --t t j
Hl--t-+---+---+-+------<----+-+----+---+---+-------1e---+---�- - - --+- -- - ---+--+---+-

-
-+---I 

\ 1 

\ 
--...-+-

-
1-+-

-
\-+

-
+------,f----+

-
-
-
+

-
---+---

+---
+ --- - �� ·-

-
-

I S=do•du
40 \ I

,\ 

DE SI RED� s �YNDESI RED t-+--+---t--1 (VOR) f--dD--+---du----l (ILS) 

(150) ,\ \ 
\\ \ \(130)� \ , 

301\\\\ (110) \ \ \ \. 
\' ' \ \ \ I I 

<�:i} \ \ \ � \.-+\�,+---<>----+-+-
I

--+---+---+-----<---+--+--+
--+---->-----+---+-

---+---+-+-->----+---+---+-
-
-+' --+----+---+---+--------1-+--+--+--+--+----1 

, ,  \\.\.'\ 1 , I 
A ,\ \ \ \ ' :\. '\. ; 1

(50)• \ \ \. \. ' i\.. 
\\\\.I\'\ \. <4o>• , \ , , \i , I'\ 11.. 10 

\ 1 \ \ [\. , '\ , I 

(5=25)- \ \ \ \ ' '\. '\ l\. '\ 
\ \ \ \ \ '\I II. '\ 

\ \ \ ' I'\ l\. " '\. 
,, \ \ \ " '\  I'\ 0 t-+---+---+--+4,f----+�,-

l\
---+----+-'l

'i
-+---+'l\r+-�

'\
---+--"i-

i\..
-+--+-+---1---+--+--+-+--+---+--+-+-+--+---+---+--+-+--+---+---+--+-+----1 

-----+-------f-----ftr-+-'>-+---+---¼----<_-+--_ __.___...;----+
-
--+

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

\ \ \ I\ \ i\ '\ i\. \. 
\ \ ' I\ " ' I " 

' " \ \ I\. \. '\ -10 1--+-+-l-+-*
\
--+-''1:+-+--1�

\
+--�

l\
-+---+->.-,+--1�,r+-

"
-+-..,.

,
-+�

l '\J
,:-�:;-;5;i--1---+-+-+--+-+--1-+-+-+--+--+--1-+-+--+-+--1

-2 0

-3 0

\ ' \ \ \ i\. 
' \ \ ' \. \ " 

\ \ ' �J,so \ t--t----+--+-+-<----------------+--+-tt\--+- \ I I\. \ \ \. 

- -- - ' -f---

I �S=25 nm \ 
i \ 
40J 

\ 
, 

: 15ol 
i 

I 

\
I 

I 

I 

\ ' \ ' 

:\ 
, \:110 ' 

\ , 

\ 

\ 
\ � 

\ ' 
\ \ 

\ 

I ..?.� -40 t--t----t----t---t--r--t--t--,----t--,--1--H \
\ i \ 

i 
, , \ � --+-

-t-
[

--+-+-u-v,---.---- -----rc-+---tt\-----.----+--�, -- ----1----t---+-----t---;-----t---t----1 

I ' \ ' 
............................ 1 ................ _.__L.....&__,__._ ............ , ....... ...._L.....j___._ ........ \...._...._ ....... _..... ................ ........., 

60 80 100 120 140 160 180 200 

DISTANC E, dO, FROM DESIRED STATION 1N NAUTICAL MILES 

Figure 29. VOR signal ratios; 18,000 ft; VOR/ILS; 95%. 

51 



6. REFERENCES

Air Force Technical Order (1961), Ground Telecommunications 

Performance Standards, Part 5 of 6, Tropospheric Systems, 

performed by the Central Radio Propagation Laboratory of 

the National Bureau of Standards under sponsorship of the 

Ground Electronics Engineering and Installation Agency 

(Directorage of Engineering, RPZM), T. o. 31-Z-10-1, 

United States Air Force, published under authority of the 

Secretary of the Air Force. 

Air Force Technical Order ( 1968), Radio trc:1.nsmitting set AN/MRN-7, 

T. O. 31R4-2MRN7-2, United States Air Force. 

Anderson, S. R. and A. E. Frederick (1.956), Effect of a ground dis­

continuity on a VOR, Tech. Develop. Rept. 278, Civil 

Aeronautics Administration. 

Anderson, S. R. and R. B. Flint (1960), Characteristics of a VOR on 

a 200-ft tower, PB 161949, Federal Aviation Agency. 

Anderson, S.R. and T.S. Wonnell (1954), The development and 

testing of the terminal VHF omnirange, Tech. Develop. Rept. 

225, Civil Aeronautics Administration. 

Bar sis, A.P., K.A. Norton, and P. L. Rice (1962),  Predicting the 

performance of tropospheric communication links, singly 

and in tandem, IRE Trans. Commun. Systems CS-10, 

No. 1, 2-22. 

Butts, H. H. (1963), General theory of capture effect glide slope,

Interim Memorandum Report (Project Number 114-29),

Federal Aviation Agency. 

Civil Aeronautics Administration (1957), Description and theory of 

the Instrument Landing System, Federal Airways Manual of 

Operation, IV -B-1-4, 4. 

52 



Federal Aviation Administration (1969), Frequency Management 

Engineering Principles; Geographical Separation Criteria 

for VOR, DME, TA CAN, !LS, and VOT Frequency Assignments, 

FAA Handbook 6050. SA. 

Federal Aviation Agency (1963), Maintenance of !LS Glide Slope Equip­

ment, FAA Handbook SM P 6750. 2. 

Federal Aviation Agency ( 1964), Directional V-ring localizer antenna 

array, Selection Memorandum No. 19. 

Federal Aviation Agency (1965), V-r:iing localizer antenna array, 

Specification No. FAA-E-2186. 

Federal Aviation Agency ( 1966), Antennas, glide slope, FAA 

Specification F AA-E-2245. 

Gierhart, G.D. and M. E. Johnson ( 1965), Interfer�nce predictions 

for the Instrument Landing System, NBS Tech. Note 324. 

Gierhart, G.D. and M. E. Johnson (1967), Interference predictions for 

VHF /UHF air navigation aids, ESSA Tech. Rept. !ER 26-

ITSA 26. 

Hawthorne, W.B. and L.C. Dougherty (1965), VOR/DME/TACAN 

frequency technology, IEEE Trans. Aerospace Nav. Electron. 

ANE-12, No. 1, 11-14. 

International Civil Aviation Organization ( 1968), International Standards 

and Recommended Practices Aeronautical Telecommunications, 

Annex 10 I (International Civil Aviation Organization; Montreal 

3, Quebec, Canada). 

Janes, H.B. (1955), An analysis of within-the-hour fading in the 100-

to 1, 000-Mc transmission, J. Res. NBS 54, No. 4, 231-250. 

Johnson, M. E. ( 1967), Computer programs for tropospheric trans­

mission loss calculations, ESSA Tech. Report IER 45-

ITSA 45. 

53 



Joint Technical Advisory Committee ( 1968), Spectrum Engineering -

The Key to Progress (Institute of Electrical and Electronic 

Engineers, Inc., New York, N. Y. ). 

Kerr, D. E. (1964), Propagation of short radio waves, MIT Radiation 

Laboratory Series Q, 125-130 (Boston Technical Publishers, 

Inc. , Lexington, Mass. ) • 

Kirby, R.S., J. W. Herbstreit, and K.A. Norton (1952), Service 

range for air-to-ground and air-to-air communications at 

frequencies above 50 Mc, Proc. IRE 40, No. 5, 525-536. 

Longley, A.G. and P. L. Rice (1968), Prediction of tropospheric radio 

transmission loss over irregular terrain; a computer method -

1968, ESSA Tech. Rept. ERL 79-ITS 67. 

Norton, K. A. ( 1953), Transmission loss in radio propagation, Proc. 

IRE 41, No. 1, 146-152. 

Norton, K.A. (1959), System loss in radio-wave propagation, Proc. 

IRE 47, No. 9, 1661. 

Nortr.>n, K.A., P.L. Rice, and L.E. Vogler( l955a), The use of 

angular distance in estimating transmission loss and fading 

range for propagation through a turbulent atmosphere over 

irregular terrain, Proc. IRE 43, No. 10, 1488-1526. 

Norton, K.A., L.E. Vogler, W.V. Mansfield, andP.J. Short, 

( 1955b), The probability distribution of the amplitude of a 

constant vector plus a Rayleigh-distributed vector, Proc. 

IRE 43, No. 10, 1354-1361. 

Radio Technical Commission for Aeronautics (1955), ILS/VOR/DME 

frequency channel utilization, Paper 97-55/DO-66, Appendix A. 

Rice, P. L., A.G. Longley, K.A. Norton, and A.P. Barsis (1967), 

Transmission loss predictions for tropospheric communication 

circuits, NBS Technical Note 101 (Revised). 

54 



APPENDIX A. PROPAGATION MODELS 

General characteristics of and models for propagation at VHF/ 

UHF are discussed by Kirby et al. (1952), Kerr (1964), Rice et al. 

(1967), and Longley and Rice (1968). Some of these models were 

p rogrammed by Johnson (1967) and use d by the authors (Gierhart and 

Johnson, 1969) to develop an atlas of transmission loss curves for 

VHF/UHF/SHF propagation. 

The propagation models and computation techniques use d in this 

study are very similar to those described earlier (Gierhart and Johnson, 

1967). Only those aspects of our models that differ significantly from 

the earlier models will be discussed here. 

A. I Modifications for Aircraft-to-Station Proximity 

We modified our earlier models {Gierhart and Johnson, 1967) 

for this study to obtain curves valid for aircraft-to-station proximity; 

e.g., for an aircraft directly over a station. This was accomplished 

by (a ) extending the reference transmission curves to an aircraft­

to-station distance of zero, and (b) including an allowance for the 

change in medium aircraft antenna gain associated with low aircraft­

to-station elevation angles. 

We extended the desired ILS localizer and VOR transmission 

loss curves to zero distance by (a) obtaining curves for our earlier 

models (Gierhart and Johnson, 1967), and (b) modifying them so that the 

lobing for short distances was not allowed to produce a loss greater 

than about 18 dB of the minimum (full antenna gain) free-space level 

for the particular distance considered. We extended undesired ILS 

localizer curves by using values obtained from our model (Gierhart 

and Johnson, 1967) for aircraft-to-station elevation angles greater 

than about -30
° 

and using the modified curves obtained for the desired 

ILS localizer otherwise. 
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The allowance made for aircraft antenna gain characteristics for 

a desired VOR was based on the data mentioned in section 2. 3. Since 

these data did not include aircraft-to-station angles less than -60
°

, an 

extrapolation to -90
° 

was made so that at -90
° 

the variance was only 

slightly greater than that of RA (fig. 4), and the median level was -10 dB.

For a desired ILS, the allowance was made by adjusting the 

median level of the RA distribution (fig. 4) only for aircraft-to-station

angles less than -20 • For an aircraft directly over a station, the 

median value of RA is then -11 dB if the station is desired, 11 dB

otherwise. 

When an aircraft is directly above an undesired station, the 

modified models yield a D/U(S0) about 29 dB greater than would be 

realized if the undesired station antenna were pointed directly at the 

aircraft and propagation from it characterized by free space. 

Empirical data for an aircraft above a VOR (Anderson and Wonnell, 

1954; Anderson and Frederich, 1956; Anderson and Flint, 1960) indicate 

that this value is reasonable. 

A. 2 ILS Glide Slope Models

Parameters for the desired and undesired glide slope facilities 

were selected to yield the lowest D/U(p) values (worst case) expected 

under current operating conditions. The desired station was assumed 

to have a glide slope angle of 3
° 

and a frequency of 335 Mc/ s, while 2° 

and 329. 6 Mc/ s were used for the undesired station. 

The computational method used to obtain D/U(p) from trans­

mission loss curves and aircraft antenna gain statistics is the same 

as that described by the authors (Gierhart and Johnson, 1967) for the 

ILS localizer, except that parameter values applicable to the glide 

slope were used. Figure 6 shows the RA distribution used in glide
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slope calculations; the two models used to calculate transmission 

loss are discussed below. 

In this study we assume that the aircraft is using the desired 

glide slope and that its location in space is determined by the glide 

path and its distance from the station. Installation of a glide slope 

requires that the height of the primary carrier antenna above ground 

be such that the maximum of its first lobe (due to ground reflection) 

is directed along the required glide slope. Under these conditions 

a very simple model for desired station-to-aircraft transmission 

loss is approximate; e.g., simply decreasing the free-space trans­

mission loss by 6 dB. 

Transmission loss curves for the undesired station were 

forced to increase monotonically with increasing distance from the 

station (aircraft altitude fixed) by using, except for a transition region, 

either (a) free-space transmission loss minus 3 dB or (b) the model 

we described (Gierhart and Johnson, 1967) for the undesired localizer 

with approximate parameters. A frequency of 329. 6 Mc/ s and an 

antenna height of 21 ft above ground were used. Curves resulting 

from these two methods were blended together in the transition region. 
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