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Typical installation of antenna array for vhf omnidirectional radio range. The five loop elements are in the small structure atop the 
30 -foot -diameter circular counterpoise, and are connected to the transmitter in the building below by means of solid -dielectric cable 

Status of VHF Facilities 
for Aviation 

THE VHF RADIO PROGRAM of the 
Civil Aeronautics Administra- 

tion has three main parts: (A) 
vhf radio ranges for air navigation; 
(B) vhf localizers and markers for 
instrument landing systems at air- 
ports; (C) vhf communication be- 
tween ground stations and air- 
planes. 

The vhf ranges will ultimately re- 
place the present network of low - 
frequency four -course aural ranges. 
The changeover from the latter 
type of facility is dictated by two 
basic factors: (1) the need to avoid 
or minimize the problem of natural 
interference such as atmospherics, 
which is very severe in the 200-400 
kc band; (2) the need to move into 
a portion of the spectrum less con- 
gested than the lower band. The 
present network of low -frequency 
aids more than saturates the band, 
and yet is not adequate for the 

needs of air navigation. The im- 
portance of these two factors to the 
safety and dependability of air 
navigation is absolutely paramount. 

Since the vhf facilities operate 
at frequencies which can be re- 
ceived only within line -of -sight dis- 
tances, approximately, it follows 
that for aircraft at an altitude of 
1,000 feet above the terrain the 
service area has a radius of the 
order of 35 to 40 miles. This type 
of facility is therefore classified 
as a short -distance navigation aid. 
The frequency channels can there- 
fore be repeated at certain geo- 
graphical intervals-in this case, 
500 miles based on a maximum al- 
titude of 18,000 feet. The frequency 
band available for this use (112-118 
mc) permits 30 channels 200 kc 
wide and the geographical distri- 
bution is on this basis. When and 
if receiver manufacturers develop 

a more practical and reasonably 
priced receiver capable of handling 
100-kc spacing and channels, the 
available frequencies will be, of 
course, effectively doubled. (Pres- 
ent equipment capable of 100-kc 
spacing is too expensive for all but 
large types of commercial aircraft.) 

The vhf ranges provide all of the 
services now available with the low - 
frequency aids and at the same time 
furnish additional information and 
greater flexibility of use. 

The instrument landing system 
runway localizer is also in the vhf 
band for the above reasons as well 
as for added convenience. Its func- 
tion requires a radiation space pat- 
tern of such sharpness as to result 
in an impracticable antenna array 
at frequencies much below those 
now in use (about 110 mc). These 
circumstances, combined with ju- 
dicious system design in such mat - 
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FIG. 1-Antenna array and transmitter equipment used at ground station of vhf omnidirectional range, which operates in the band 
from 112 to 118 mc. With distance -measuring equipment in aircraft, one station like this is sufficient for an absolute fix 

Technical details of the vhf omnidirectional radio range now being installed throughout 
the country by CAA for short-range air navigation, along with operating principles of 

glide -path portion of CAA instrument landing system and new phase -comparison localizer 

By PETER CAPORALE 
(thief, Radio Engineering Section, Civil Aeronautics Administration, 

Washington, D. C. 

ters as modulation, have resulted in 
a single airborne unit for the use 
of both ranges and runway localiz- 
ers. The desirability of this situ- 
ation is obvious. 

The markers of the instrument 
landing system (ILS) are in the vhf 
band, but the glide path is not (it 
operates at about 335 mc). The 
system will be discussed below in 
its entirety since the particular 
glide path frequency is not inherent 
in the functional aspects of the ILS 
as a whole. 

In the problem of ground -air - 
ground communication, the basic 
considerations are again freedom 
from natural interference and ade- 
quate frequency channels to pro- 
vide for the expanding load created 
by air navigation. Therefore, the 
vhf communication program will 
also ultimately replace the m -f and 
h -f circuits now being used. 

This program, including the spe- 
cific types of facilities involved, is 
in accord with the conclusions 
reached internationally by ICAO 
(previously PICAO) in Montreal 
in November 1946. 

The VHF Range 

The basic radio aid for air navi- 
gation is the vhf omnidirectional 
range operating in the 112-118 me 
band. This is a facility which pro- 
vides two reciprocal tracks from the 
station. The azimuths of these 
tracks, however, are selected by the 
pilot so that he may use a track at 
any desired azimuth around the 
station, without any discontinuities 
over the entire 360 degrees. It is 
this fact which gave rise to the 
term omnidirectional. Once the pilot 
has selected a track, any deviation 
of his path from the track will re- 
sult in a right or left deflection of 

a zero -center instrument in the air- 
craft. This instrument will read 
zero when the plane is on the track 
and is, in fact, the localizer portion 
of the cross -pointer instrument 
used with the vhf ILS localizer de- 
veloped by CAA.' 

The idea of this type of aid is not 
new,' but the means of accomplish- 
ing the desired results are consid- 
ered novel and of interest techni- 
cally.' Basically the system radiates 
two space patterns; one is circular 
and contains the carrier, while the 
other is a rotating sinusoid and 
contains only the sidebands corre- 
sponding to modulation of the above 
carrier by a monochromatic tone 
of low frequency. This latter pat- 
tern has a relative phase varying 
with azimuth (relative to the sta- 
tion). The receiver in the aircraft 
is designed to observe this phase 
and compare it to a fixed reference 
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phase, thereby providing an indica- 
tion of azimuth. 

The reference phase signal is 
obtained by modulating the carrier 
with a subcarrier which is in turn 
frequency -modulated by the mono- 
tone referred to above. By this 
means the reference and variable - 
phase signals can be conveniently 
separated in the receiver. The car- 
rier pattern is nondirectional and 
its phase does not vary with azi- 
muth, hence the modulation on the 
subcarrier can be used as a refer- 
ence. 

The radiation pattern for the 
sidebands is obtained by the use 
of two pairs of so-called point 
sources at right angles to each other 
and in the form of a square as 
shown in Fig. 1A. The two radia- 
tors of each pair are fed in phase 
opposition and the two pairs are 
fed in phase quadrature. At a 
distant point P in space, there- 
fore, the field due to the pair 
aa' will be klsin(Scos9)sinpt and 
that due to the pair bb' will be 
klsin (SsinO) cospt assuming the 
same current amplitude in both 
pairs. The total sideband field will 
therefore be E = A sin (pt -F ß), 
where A - kl [sin' (S cos B) + sin' 
(S sin ti) ]6 and ß - tan -1 [sin (S sin 
9)/sin (S cos 8)]. If S is very small 
so that sin (S sin 9) --> S sin e, then 
E,=klSsin (pt 0). 

The relative phase of E, is the 
same as the azimuth B and the latter 
can be observed by measuring the 
former. For any practicable value 
of S, the phase ß will vary somewhat 
from 9, and jß-01 is known as the 
octantal error due to the fact that 
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TO SOURCE 
OF EXCITATION 

FIG. 2-Arrangement of rotating capaci- 
tance goniometer used to obtain side - 

band energy for vhf range 
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FIG. 3-Schematic circuit diagram of transmitter used in vhf range station 

it varies from zero to its maximum 
within one octant of azimuth. It is 
evidently zero for all values of B 

for which sin e = cos 9, or for 
which sin B or cos O vanishes. Hence 

there is no error at O = 0, Ir 

4' 2' ... , and the maximum error lies. 
between these points. This maxi- 
mum error is, as pointed out, a 
function of S. It is approximately 
2 degrees for the spacing actually 
used (somewhat over 50 degrees), 
based on an array of four inde- 
pendent point sources. 

In practice each radiator consists 
of a magnetic dipole of considerable 
dimensions and the close spacing 
results in a very appreciable coup- 
ling between antennas. This affects 
the radiated patterns and hence the 
octantal error. It has been found 
that by judicious arrangement of 
the radiators the octantal error is 
reduced to a practically unobserv- 
able magnitude. This is desirable, 
even though octantal error would 
be a fixed characteristic of the sta- 
tion and could be easily taken into 
account in the published charts. 

The carrier with its several mod- 
ulations, including reference signal 
and voice, is radiated by a separate 
antenna, also a magnetic dipole, 
located at the center of the side - 
band array but at a higher or 
lower horizontal plane for mechani- 
cal reasons. 

In the receiver, the signals from 
the sideband and carrier antennas 
combine to produce a modulated 

signal which is then normally proc- 
essed, through rectification, back 
to the original audio monotone, but 
it will now have a relative phase 
depending on the azimuth of the 
receiving antenna relative to trans- 
mitter. The frequency -modulated 
signal on the carrier is, after first 
detection, handled separately and 
ultimately converted also to its 
original. audio frequency. The re- 
ceiver thus reproduces the original 
monotone but in two parts, one of 
constant phase and the other of 
variable relative phase. 

These two components are then 
fed into a circuit for comparing 
phases. Equality of amplitude and 
phase results in zero deflection in a 
d -c differential meter. A calibrated 
phase shifter is further used with 
the reference signal so that its 
phase may always be adjusted rela- 
tive to that of the variable phase 
component. In this manner the lat- 
ter, and hence the azimuth, can be 
measured. 

Use of Range Signals 

The vhf range facility may thus 
be used in two ways. The observer 
may determine his azimuth from 
the station by adjusting his phase 
shifter until the indicator shows 
zero deflection (so the two signals 
are in proper phase, and he is on 
course), or he may set the phase 
shifter for a predetermined value of 
azimuth and then navigate so as 
to keep on course as shown by the 
differential meter. In this manner, 
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he can fly along a radial to or from 
the station at the desired bearing of 
azimuth. 

The combination of differential 
meter (cross -pointer instrument) 
and the phase shifter (known as 
azimuth selector) is not capable of 
distinguishing between a course 
and its reciprocal. An additional 
circuit is therefore provided to re- 
solve this ambiguity by means of 
indicator lights. 

It is of interest to note that an 
observer within range of two or 
more of these facilities can obtain 
not only his bearing with respect 
to any one of them, but also an ab- 
solute fix. Further, he can follow 
a course other than a radial one by 
obtaining absolute fixes at succes- 
sive stages of the journey and navi- 
gating accordingly. An automatic 
means for doing just this is in 
process of final design and is ex- 
pected to be available within the 
next year or two. The equipment 
required is DME (distance measur- 
ing equipment) and a computer for 
transforming the available observa- 
tions into visual navigational indi- 
cations. This is such that the cross - 
pointer instrument will show on - 
course as long as aircraft is flying 
the predetermined course. Devia- 
tions from this course will result in 
corresponding deflections of the 
meter. 

Antenna Site Requirements 
The siting requirements to in- 

sure satisfactory performance are 
definite, of course, but can usually 
be met adequately. There must be 
no obstructions between the trans- 
mitting and receiving antennas. 
This is basic to these and all 
higher frequencies. The ground 
contours and characteristics within 
a radius of 500 to 1,000 feet of the 
transmitting antenna are the most 
vital factors. 

Ideally, therefore, a site should 
be flat to within 20 or 30 feet for a 
radius of 500 to 1,000 feet, and no 
obstructions within line of sight 
should rise more than 2 degrees 
above the horizon of the antenna. 
In practice these requirements are 
rarely fully met but they constitute 
a guide for survey parties. Actually 
these facilities have been installed 
and have been operating satisfac- 
torily between Las Vegas, Nevada 

and Denver, and between Chicago 
and New York. The terrain encoun- 
tered on these two routes is quite 
typical of bad siting conditions. 

Ground Station Equipment 

A block diagram for the ground 
station is shown in Fig. 1B. The 
antenna elements are horizontal 
loops of relatively wide metallic 
strips, so designed that the cur- 
rent around the loop is approxi- 
mately constant in amplitude and 
phase and takes the directions in- 
dicated in Fig. 1C. The diameter 
of the loop is in the order of magni- 
tude of A/4. Under these conditions, 
the polarization of the electric field 
is almost wholly horizontal and the 
horizontal space pattern is cir- 
cular. The latter, however, is dis- 
torted by the proximity of the four 
radiators required to minimize oc- 
tantal error. By proper orientation 
of the loops relative to each other, 
the octantal error practically van- 
ishes. Figure 1D shows the actual 
array, with the carrier loop in the 
center of and above the sideband 
array. 

The r -f lines to the antenna sys- 
tem, which is located on a 30 -foot 
counterpoise about thirty feet above 
the ground, are of the solid dielec- 
tric type such as RG -8/U. They are 
all precut to provide the proper 
phasing and matching. 

The sideband energy is obtained 
by means of a rotating capacitance 
goniometer (Fig. 2), essentially a 
capacitor in which the distance be- 
tween the plates is constant, but 
the effective area A varies sinu- 
soidally with time so that capaci- 
tance C = kA = Ksinpt. Thus the 

current through the capacitor at a 
frequency o)/27r is I = kwEsinpt 
sinwt, which represents the side - 
bands resulting from modulating a 

signal of frequency w/2a by one of 

p/2ir or vice versa. 
It has been found desirable to 

maintain p/2i at a low value, in 
this case 30 cps. This is obtained 
by driving the goniometer rotor at 
1,800 rpm. Inasmuch as the phase 
of this modulation will ultimately 
(in the receiver) be compared to a 
reference phase, it is essential that 
the reference signal be strictly 
constant in phase and of the same 
frequency as the variable phase sig- 
nal. 

To insure constancy of phase, 
the reference signal is generated 
by a magnetic tone wheel mounted 
on the same shaft as the goniom- 
eter rotor. This wheel has teeth cut 
in its periphery, of a shape to rep- 
resent (at 1,800 rpm) a 10-kc wave 
frequency -modulated at 30 cps. The 
wheel is driven in a magnetic cir- 
cuit, varying its reluctance in the 
above manner and generating a cor- 
responding emf. This latter then is 
used through appropriate amplifiers 
to amplitude -modulate the carrier 
signal fed to the center loop of the 
array. In this way, the reference 
and variable -phase signals are 
maintained in proper synchronism 
despite minor variations in primary 
power frequency or goniometer 
speed. 

In one type of goniometer as- 
sembly, a phase adjustment permits 
setting the desired angle between 
the tone wheel and the goniometer 
rotor. The rest of the struc- 
ture serves to provide the desired 
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impedance relationships between 
various parts of the circuit. 

The transmitter proper is essen- 
tially the same as described pre- 
viously' It is capable of providing 
a carrier output of at least 200 
watts. Its final stage can be modu- 
lated up to 100 percent, though it 
is not so used here. The intermedi- 
ate power amplifier has sufficient 
output at carrier frequency to pro- 
vide energy to the goniometer as 
well as for excitation of the power 
amplifier stage. 

Figure 3 is a schematic circuit 
diagram of the transmitter. The 
sideband power input to the goni- 
ometer is of the order of 20 watts. 
Of this about 11 watts is lost due 
to the fact that the goniometer is 
only 80 percent efficient and the an- 
tenna array only 60 percent efficient 
as a result of the close spacing of 
the elements. The remainder modu- 
lates the carrier (in the receiver) to 
a depth of 30 percent. (The refer- 
ence phase signal modulation on 
the carrier is also 30 percent.) The 
rest of the transmitting equipment 
is of standard design adapted to 
the requirements peculiar to this 
service. 

VHF Range Receiver 

The receiver is, in the r -f por- 
tion, more or less standard. The a -f 
portion, however, separates the 10- 
kc subcarrier and the 30 cps de- 
rived from the sideband antenna. 
The two are carried along sepa- 
rately, the former going through 
the necessary demodulation circuits 
to recover the 30 -cps reference sig- 
nal, (shown in Fig. 4A) which 
is then passed through a special 
phase shifter. This consists of two 
transformer windings at right an- 
gles to each other and fed by two 
components of the reference signal 
which are in quadrature. A third 
winding rotates inside the first two 
and has a voltage induced in it with 
a phase dependent on its position 
relative to the two primaries. 

In this manner, the reference 
signal may have its phase varied 
from zero to 360 degrees. From 
this instrument (the azimuth se- 
lector) the reference signal as well 
as the variable phase signal are 
fed into a bridge circuit (Fig. 4B) 
containing the differential zero -cen- 

ter meter (actually part of the 
cross -pointer instrument used in the 
instrument landing system.) The 
deflection of the meter will depend 
on the relative amplitude and phase 
of the variable phase signal e, with 
respect to the reference e zero de- 
flection occurring only for quadra- 
ture phase relationship or one of 
the two components vanishing, or 
both. Hence if e, and e, are ad- 
justed to be in quadrature at some 
azimuth, say 00, then the vector sum 
of e, and e, differs from the vector 
difference, the currents in the dif- 
ferential instrument do not balance, 
and a deflection occurs. 

Since the two signals can be in 
quadrature twice in 360 degrees, an 
ambiguity results which is resolved 
by additional phase -shifting cir- 
cuits together with a suitable indi- 
cator. With this one can tell 
whether the azimuth selector shows 
true bearing or its reciprocal. 

Instrument Landing System 

The standard CAA instrument 
landing system has been described 
elsewhere', and only those features 
not previously mentioned will be 
given here. 

The markers are unchanged. It 
is anticipated, however, that they 
will be generally replaced by suit- 
able distance -measuring equipment 
as soon as the latter is available. In - 
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stallation of DME is expected to 
start in the fiscal year 1948. 

The glide path operates at about 
335 me and is of the equisignal type 
using 90 -cps and 150 -cps modula- 
tions. The unmodulated carrier out- 
put is of the order of 25 watts. 
These two modulations are im- 
pressed on separate portions of the 
carrier, which are then fed to two 
vertically separated antennas. Each 
of the antennas produces a space 
pattern which is more or less cir- 
cular in the horizontal plane, but 
multilobed in the vertical plane. 
The intersection of two of these 
lobes forms the equisignal surface 
used for a glide path. Figures 5A 
and 5B show these patterns. In the 
vertical plane there is a multiplic- 
ity of equisignal zones, the lowest 
being the one that is used. The an- 
tenna is designed so that the next 
lowest path is of the order of 15 or 
20 degrees above the horizontal so 
that no possibility of confusion can 
exist. Instead of being perfectly 
circular, the horizontal patterns 
are compressed to the rear of the 
facility so as to minimize the effects 
of reflecting objects in that area, 
thus easing site requirements. 

The actual glide path is the in- 
tersection of the equisignal surface 
and the vertical plane containing 
the localizer course, this intersec- 
tion being hyperbolic. In practice 
the upper antenna is composed of 
two elements, one above the other 
and spaced one-half wavelength, so 
that actually three vertically 
stacked radiators comprise the an- 
tenna system. By adjusting the 
spacing between the upper and 
lower portions and by varying the 
relative powers fed to the two por- 
tions, the patterns can be con- 
trolled sufficiently to permit a vari- 
ation of two or three degrees in 
the inclination of the glide path. 

Splitting of the carrier into two 
portions and modulating of each 
portion with its proper tone is ac- 
complished in the present equip- 
ment by means of transmission -line 
bridges together with mechanical 
variation of line impedances, as 
shown in Fig. 5C. 

The receiving equipment is very 
similar to the localizer receiver' ex- 
cept for differences dictated by the 
different radio frequency. 
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The equisignal localizer has al- 
ready been described. A more de- 
sirable form has now been evolved, 
however, which is scheduled to 
supersede the previous method com- 
pletely. This is the so-called phase - 
comparison localizer (Fig. 6A). As 
its name implies, its use depends on 
the comparison of the relative phase 
between two signals. 

Phase -Comparison Localiser 

The antenna system is the same 
as that of the equisignal type, that 
is, a nondirectional radiator for the 
carrier, and one or more pairs of 
radiators for the sidebands-all in 
a symmetrical linear array. The 
sideband radiators on one side of 
the carrier antenna are, as before. 
in opposite phase to those on the 
other side. The only real difference 
between this and the equisignal 
type is in the fact that the carrier 
is modulated by a subcarrier which 
is itself frequency -modulated by a 
low -frequency tone. (The arrange- 
ment is, in fact, identical to that 
used in the vhf omnidirectional 
range.) Sidebands corresponding 
to this same low -frequency tone are 
impressed on the other radiators. 

As a result of the phasing of the 
sideband radiators, each pair will 
produce a horizontal space pattern 
having a null and consequently a 
phase reversal aloñg the perpendic- 
ular bisector of the array. Refer- 
ring to Fig. 6B, for each pair the 
expression for the field is of the 
form e = klein(SsinO). Obviously 
the field for O = O is exactly equal 
but opposite in phase to that for 
O = -B, and vanishes for O = O. 

In the receiver, the signal corre- 
sponding to the sidebands just men- 
tioned is combined with the refer- 
ence signal in the bridge circuit 
described in connection with the om- 
nirange receiver. Thus if eq is in 
phase with e., the voltage applied to 
the differential instrument (Fig. 
4B) is from b to a and the pointer 
deflects to one side. If the relative 
phases are reversed, the voltage will 
be from a to b and the pointer de- 
flects to the other side. If e, = 0, 

the current through the instrument 
is zero and there is no deflection. 
The circuitry and operation, and 
hence the equipment (in the air- 
craft) is the same as for the omni- 
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FIG. 6-Block diagram of phase -comparison localizer that is scheduled to replace 
equisignal localizers now being used in ILS, and detail of antenna array used 

range. From a practical viewpoint 
this is a powerful recommendation 
for thé phase -comparison localizer. 

In the ground equipment this 
type of localizer represents a con- 
siderable simplification over the 
equisignal type and a further 
standardization of apparatus. The 
goniometer is in fact used, but in 
this case the inactive set of plates 
is connected to a dummy load to 
maintain balance. As in the equi - 
signal type, the carrier can be mod- 
ulated with voice and identification. 

In practice, the phase -comparison 
type of localizer provides the same 
performance as the equisignal, but 
with appreciably greater ease of 
maintenance and hence greater re- 
liability and efficiency of operation. 
These considerations have led to the 
adoption of this form as the CAA 
standard. It will replace the equi - 
signal type as soon as the flying 
public is more generally equipped 
with proper receivers. It is also 
scheduled by ICAO to be the inter- 
national system, waiting only for 
more widespread availability of re- 
ceiving equipment. 

VHF Communication 

With respect to air -ground -air 
communication there is no special 
technique involved, the equipment 
being of standard design. All of 
this communication as well as the 
vhf navigation aids are within the 
band from 108 to 132 me and the 
airborne receiver used for the navi- 
gation aids is designed to cover the 
entire band for communication as 
well. 

There are also voice channels on 
both the runway localizer and the 
omnirange, which are used gener- 

ally for traffic control and weather 
information. At the present time, 
consideration is being given to util- 
izing a very narrow portion of the 
above spectrum for continuous 
weather broadcasting. The operator 
would record weather information 
on a continuous tape which then 
would be run through the trans- 
mitter. This has not yet been 
worked out operationally. 

Conclusion 

This paper is confined to the mat- 
ter described by the title. But it is 
not to be inferred that no work is 
being done on newer, promising 
techniques to accomplish the above 
results a little better or more eco- 
nomically. Both laboratory and 
field tests have been in progress for 
some time on new ideas and devices, 
particularly those depending on 

pulse techniques. 
The CAA has the statutory obli- 

gation of providing certain serv- 
ices continuously and reliably with 
the best means available. It, there- 
fore, cannot adopt various new 
devices before they are suitable for 
use in civil operations of airways, 
nor can it discontinue its program 
of constantly improving service. 

The CAA is working to provide 
always a better airway aids serv- 
ice to a constantly expanding civil 
aviation, which in turn means 
better service to a large and vital 
segment of military aviation in 

time of emergency. 
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