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FOLARIZATION ERRORS OF TWO DIFFERENT
OMNIRANGE ANTENNA ARRAYS

SUMMARY

This report describes the results of
flight tests on the Youngstown, Ohio, and
Indianapolis, Indiana, VHF omniranges 1n
order to obtain comparative data with respect
to polarizationerrors of two distinct types of
antenna arrays

The Younpgstown omnirange antenna
array 1s comprised of a single loop and two
The Indianapolis
ommrange utilizes a standard five-locop an-

pairs of crossed dipoles

tenna array

The flighttests made onthe Youngstown
VHF omnirange were duplicated as closely as
possible on the Indianapolis omnirange 1n
order that a true comparison of the perform-
ance of each station could be made Theo-
retical considerations predicted a consider-
able amount of vertical polarization from the
Youngstown omnirange due to the use of
crossed dipoles inthe antenna system Anal-
¥s515 of the five ~loop antenna array at the
Indianapolis omnirange oredicted pure hori-
zontal polarization Polarization errors of
considerable mapgnitude were observed while
flight testing the Youngstown omnirange,
while the polarizationerrors observed on the
Indianapolis omnirange were correspondingly
less, the ratio being about five to one The
Younpstownantenna arrayin its present form
1s not recommendedfor use i1n the omnirange
system due to the errorsassociated with this
type of antenna structure

The requirements of the omnirange
systern make 1t necessary that any antenna
arrayused in this particular system produce
pure horizontal polarization only if 1t 1s to
become a succes<ful navigational aid

INTRODUCTION

The use of crossed dipoles in the VHF
omnirange anienna array was concelved by
engineers of the CAA's Office of Federal Air-
ways with the 1dea of simpliflying the in-
slallationof the antenna system (bce Fig 1)

The 1dea of using crossed dipoles for
VHEF antenna arrays 1s not new Farlier ex-
periments 1n the development of VHF four-

course ranges by the Office of Technical
Developmentindicatedconsiderable polar-
ization errors assoclated wath this type of
antenna structure making 1t necessary to
utilize the VHF loop antenna to obtain pure
horizontal polarization

While the presence of vertical polari-
zation in a VHF four-course range antenna
array 1s not desirable, 1t 1s undesirable to a
much greater degree inthe omnirange system
For this reason the use of loop antennas has
become standardforall CAA VHF navigational
aids systems, and has proven very satis-
factory in the omnirange antenna array at
Indianapolis and numerous other locations
(See Fi1g 2), At the request of the Office of
Federal Airways, the Office of Technical
Development flight tested the Youngstown
omnirange with Experimental Station airplane
NC-182 The airplane was equipped with V
antennas locatedatthe hatchand tail positions
The hatch position s on top the fuselage along
the center line 144 1n from the nose, the tail
position 1s on top the vertical stabilizer

The receiving equipment consisted of a
modified RC-103 receiver and converter unit
adjusted for operation on 30 cps

THECRETICAL CONSIDERATIONS

Crossed Dipole Array The charac-
teristics of the crossed dipole array may be
determined by first consideringa single hori-
zontal dipole as shown in Fig 3 The direc-
tion of the electric field intensity vector,
produced by the dipole, when fed with a gen-
erator at the center of the dipole, 15 obtained
by perflorming the following vector oper-
ations

ID = direction of electric field

Ir 1T
s x(u XFI) (1)

1 11, 1) and lk are umit veclors
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|E = electric field intensity
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E_, 15 a constant depending upon the power

radiated, the distance, the units, etc It can
be shown that
sina = Fl-sin2 ¢ sin ¢ (5)

Putting (5) into (4) and making use of (2)
and (3)
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I1E = E

™ [—n cos ¢ sin ¢ sinZ g

+ |J(1 -s1n? @ c1nl @ )
- lk cos # sin 4 sin ¢ ] (6)

Enuation (6) may be rewrittenin terms of the
vertical and horizonial components as follows

by = E

m[—ll cos ¢ sin ¢ siné #

t17{l-smn2 ¢ sin2 @ )] (7)

IEV =+Fm[—lk cos 6 sin & sin ¢ :l (8)

I'EH| = Eyy= Eml/l_-s.mzqﬁsmzo(l'fcosz 8)(9)
llEVIIEV— E ., cos & sin 6 sin ¢ (10)

In equation (4), 1t 15 assumed that the dipoele
f1eld intensity varies as sina This i1s true
for small dipole lengths and 1s a good ap-
proximationfor lengths approaching one-half
wavelength

Fig 4 shows two dipoles of the type con-
sidered 1n Fig 3, placed one abhove the other
and parallel to the y-axis The dipole- are
excited with equal currents, inphase The
field intensity [rom the two dipoles 15 then

I, = Ik [Zcos(%cos&)] (11}

LET f |9]=Zc05(%co@ 6) (L2)

then 1E, = 1l f (6} (13)
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Fig 4 Two Dipole Array

Fquation {13) mav be expressed 1n terms of
the vertical and horizontal components by
making use of equations (7) through (10) as
follows

1E, = [1Ey + tig | f 14) (14)
IE,y = IEy f{6] (15)
IE,g = 1Ey [ (6l (16)

Eav: F—‘V f IBJ
=E  cos # sin 6 sin ¢ f la) (17)
EaH:EH )f'(91

= F_‘r-n}/l-&-ma $p-1n2 @ [i+cose B}| ][I[G] (18)

The above equations shtow that the eflect of
stacking the dipoles is to change the vertical
plane characteristics but, 1n no way alter the
relative strength of the vertical component
with respect to the hori7ontal component
The horizontal plane patterns, which varv
with ¢ , are unaffected by stacking the dipoles
except in s1ze

Inspection of equation (17) shows that
the vertical componcnt 15 zero along the
horizon and directly above the array and
reaches a maximum value depending upon
f‘ {9) The horizontal plane patterns, hori-
zontal slices throupgh the three-dimensional
pattern, are figures-of-eight with maxima
alt ¢ = 90° and 270" The horizontal com-
ponent, equation {18), has a figure-of-e1ght
pattern along the horizon but, 1t 15 at right
anples to the vertically polarized fipure-of-
eipht The maxima occur at ¢ = 0° and
180° for the horizontal component

Let §=90°, then from equations {17)
and (18)

F,y-0 (19)
Eaqg = 2F_ cosg (20)

From equations {19) and (20), 1t can be seen
that in the horirontal plane, including the
array, a perfect figure -of-¢aght 1s obtained,
(a cosine wave) and no vertical component
This characteristicis desirable for an omna-

rang: If 8 # 90°, the f1gure —of-e1ght patte rn



of the horizontal component changes from a
true cosine shape to a dumbbell, then to a
circle, as the z-ax1s5 1s approached The
vertical component 1s also present, but with
a sine pattern {figure-of-eight displaced 90°
from that produced by the horizontal com-
ponent)

From the above considerations, 1t is
apparent that the use of two pairs of elements
at right angles to each other and each pair
fed from an output of the goniometer associ-
ated with the omnirange will produce the de-
sitred variable phase radiations of an omni-
range 1n the horizontal plane containing the
array only As the receir1ver 1s moved to
higher and higher angles above the horizon,
the pattern of the horizontal component be-
comes more and more distorted while at the
same time a vertically polarized pattern
comes 1nto play The vertically polarized
pattern would produce a course just 90° re-
moved in space from that of the horizontal
In other words, the same re-
ceiver using first the horizontal component
would 1ndicale a course N-5S for example,
while secondly, using just the vertical com-
ponent, the receiver unchanged would indicate
an E-W course
tenna 1s used for receiving on the aircraft so
that the antenna favors reception of the hori-
However, the skin of the

component

Actually, a horizontal V an-

zontal cormponent
aircraft intercepts energy from both com-
ponents, and sorme of this energy 1s coupled
to the Vantenna
rection of flight 1s changed with respect to a
fixed point, the amount of vertical component
reaching the receiving antenna may vary, de-
pending upon the combined directive pattern
of the skin of the aircraft and receiving an-
tenna

[fiti1s assumed that the aircraftreceiver
responds to both the vertical and the hori-
zontal components present, at 1ts location 1n

Consequently, as the di-

space, the followinp errors would result

Let ¢ = 90° 1n equations (17} and (18)
The fields, due to one cutput of the goniometer
are

E‘rn S5in 249

Eay] = f o} (21)

E

a1 = Em Cos2e f (6] (22)

The fields, due to the other output of the
gonmiometer, aTe obtained by setting ¢ =0°
in equation {17) and {18)

E,v =0 (23)

If 6 »90°, E .,y may be neglected since
E,H] s small compared with E vy The
30-cps phase angle 1s then,

-t E -1
$ —Tan(a_‘“)—Tan (M) (25)
E’aHZ 2

If the vertical field were notpresent, ¢ V= 0°,
s0 that ¢ v, 1n effect, 15 the error due to the
presence of the vertical polarization T he
following tabulation shows how the error varies
with 8

o(degrees) py(degrees)
88 20
85 4 95
80 9 85

If we assume that the aircraft receiver re-
sponds to the horizontal component only, an
error will be produced as the aircraft in-
creases 1ts anple of elevation due to a dis-
tortion of the figure-of-eight pattern

Let @ = 90°, then from equation (18)
the field due to one output of the goniometer
will be

E 4, = B Cos?s f s} (26)

By putting ¢ = 0° inequation (18) the field in
space due to the other cutput of the gomometer

15 obtained

FaHz =By f”’ (27)

The phase angle of the combined voltages
produced in the receiver by fields of equations
(26) and (27) 1s

= Tan

-IfE g
?y

) :Tnn_'fCoszﬂJ (28)
EaHz



If no distortion in the figure-of-eipht pattern
were praoduced K,y =0, ¢y =07, no error
would be present Hence, ¢ ff1s the error
produced by the distortion of the figure-of-
eight pattern The chart below indicates how
¢y varies with @

8 (degrees) ¢H(degrees)

B5 0 44
BO 18
45 26 €
0 45 0

This analysis of the crossed dipole array
neglects the effect of the counterpoise and
earth Egquation(25)isderivedon the assump-
tion that the aircraft is located in the null of
Actually, this
equation holds for all directions from the
station Itis believed that in spite of the
simplifying assumptions made 1n the analysis,
effects agreeing with the theory both of the
order and magnitude as predicted should exist
The flight tests to be described later bear out
the validity of this view

one fipure-of-eipht pattern

Five-LoopArray Thisarrayusesloop
antennas which theoretically radiate very
If no
vertical polarizationis radiated,itis believed
thatno polarizationerrors should exist except
in those cases where the polarization has been
changed by reradiation from trees, buildings,

little or no vertical polarization2,?

etc Incidentally, reradiation phenomena,
would also ex1st in the case of the crossed
dipole array Ifitisassumedthatthe loop an-
tennas are not perfect radiators, that they do
radiate a small amount of vertical polarization,
one would expect quite different characteristics
from the loop array, than are predicted for
the crossed dipole array The flight tests
indicate very little polarization errors for
the looparrayand, where erroris observable,

23 R AndersonandH F Keary, "Five-
Loop Omm-Directional Radio Range Array
Developed for Use On the New York-Chicage
CAA Technical Development
Service unpublished Memorandum Report
No 9, April 29, 1946

3A Alford and A G Kandoian, "Ultra
HighFrequency Loop Antennas", Al E F
Technical Paper 40-45, January 1940

Asrway"

1ts characteristics are quite different from
that predicted for the crossed dipole array

FLIGHT TESTS

In checking for polarization errors, the
aircraft 1s flown on a course away from the
ommrange Station over a well-defined point,
at a predetermined distance from the ranpge
site and clearly visible from the cockpit ata
known altitude After passing over the check
point, the aircraft 1s turned around and flown
across the check point at right angles to the
original eourse After crossing the check
point in one direction, the airecraft i1s turned
aroundand crosses over the check point 1n the
If the needle of the cross-
pointer instrument(the course recorder gives
a true indication of the cross-pointer ncedle at
all times) assumes the same positionatthe in-
stant the check pointis crossedover, 1n either
direction of flight, no polarization errors are

reverse direction

present Ilfthe cross-pointer needle assumes
a different position when crossing over the
check pointinone direction, as compared with
the cross over i1n the reverse direction, 1t as
evident that polarization errors exist since
the course has apparently been shifted when
the aircraft chanpge s 1ts direction of flipht
This 15 sometimes referred to as '"pushing”
or "pulling"

Fig 5 shows the locationof check points
at the Indianapolis omnirange, and Fip &
indicates the location of che ck points at
Youngstown ommnirange

InTableslandIl are tabulated the polar-
i1zation errors observed in flight for the
Youngstown and Indianapolis omnirange
stations

Table IIl 15 a comparison of the magni-
tude of the polarization errors observed on
the Youngstown and Indianapolis omnirange
stations [t may be seen [rom these data that
the polarization errors observed on the
Youngstown station are approximately five
times greater than those cbserved on the
Indianapolis station
error on the Younpstown station increases

Also, the polarization

with anincrease 1nelevation angle, as theory
predicts, while this effect 1s absent for the
Indianapolis station

Fig 7 shows recordings taken durirg
flights in two directions, flying a straight
ground track directly over the Indianapolis
ommnirange, using the aircraft tail V and hatch
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Poinls for Five-Loop Antenna Array
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receirving antennas The approach to the
station 1s equally good in both directions for
either antenna The 'cone' 15 quite narrow
and permits a clese approach to the omni-
range site hefore the cross-poinler needle
deviates from the on-course position

Fi1g 8 showsrecordings madeona sim-
ilarflightat the Youngstown omnirange under
like conditions It will be notea that the tail
V¥V antenna gave 1dentical results to that ob-
tained al the Indianapalis omnirange With
the hatch V antenna in use, the ""cone' was
considerably broader and resulted in a more
difficult approach to the station due to the
sharp course-bends Itis believed bv the
authors that the course-bends observed with
the hatch V antenna are due entirely to polar-
1zation errors The hatech V antenna appears
to be morc susceptible to vertical polarization,
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Fig 6 Sketch Showing Location of Check
Points for Dipole Antenna
Polarizaition Flight Tests at
Younpgstown, Ohio

due to 1ts posilion on the aircraft, than 1s the
tail ¥V antenna

CONCLUSIONS

The theoretical analysis of the crossed
dipole array indicates that such an array will
produce polarization errors, the magnitude
of which depends upon the characteristics of
the receiving antenna and its location on the
The flight records of the crossed
dipole array prove that even with the best

aircraft

available receiving antenna and location on
the aircraft, considerable polarization errors
are present Some aircraftrequire a location
comparable to the hatch V lccation for the
receilv.ng antenna, in which case the flight
records show an unflyable course over the
station for the crossed dipole array Itas
recommended, 1n vi1ew of the findings pre-
sented 1n this paper, that the crossed dipole
array not be used for omnirange stations

The five-loop array, both from theo-
retical considerations and flight measurements
1s responsible for little polarization error
It 15 believed from a comparison of the tests
on bothantenna systems that the five-loop
array byfar makes the safest and most
accurate omnirange
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TABLE | TABULATION OF POLARIZATION ERRORS IN YOUNGSTOWN
FLIGHT TESTS

Flight Tests on Youngstown, Qhio, Ommrange Using Crossed
Dipole Transmitiing Antenna and Tail V Receiving Antenna

Polarization Combined
Direction Error in One Polarization
Liocation of Flight Altitude Direction* Error Remarks
(degrees) (degrees)
9 miles North East 2000 -0 B1 320
" West 2000 +2 39
" South 2000 -00
" North 2000 00 00 Radial Flight
" Fast 4000 -2.39 40
" West 4000 +1 61
4 miles North West 2000 +5 56
" East 2000 -3.3 8 86
" South 2000 (V)
" North 2000 _1 23 123 Radial Flight
10 miles NE S5E 2000 -1 85
" NW 2000 +2 42 4.27
" NE 2000 0.0
' SW 2000 +0 285 0 285 Radaal Fllght
" SE 4000 -3 B4
: NwW 4000 +1 36 52

Flight Tests on Youngstown, Ohio, Omnirange Usinpg Crossed
Dipole Transmitting Antenna and Hatch V Receiving Antenna

Pclarization Combined
Direction Error in One Folarization
Location of Flight Altitude Direction*® Error Remarks
(degrees) (degrees)
9 miles North East 2000 -0 81
“ West 2000 +2 94 375
" Fast 4000 -7 29
X West 4000 +0 08 137
" East 4000 -7 79 Agree with pre-
vious east run
" North 4000 -2 44
" South 4000 +2 76 52
4 miles North West 2000 +4 3
3 East 2000 -8 4 127

*Plus sign indicates meter right
Minus sign indicates meter left



TABLE 11 TABULATION OF POLARIZATION ERRORS
IN INDIANAPOLIS FLIGHT TESTS

Flight Tests on the Indianapolis Omnirange Using a Five-
Loop Array for Transmitting and a Tail V Receiving Antenna

Polarization
Direction Height Above Error in One Combined FPolari-
Location of Flight Station 1n Feet Direction® zation Error
(degrees) (degrees)
9 miles North South 2000 00
" West 2000 +0 67 067
" Fast 2000 00
" West 4000 -05 0 25
. East 4000 -0 25
" West 4000 00 025
5 miles North North 2000 +0 66 0 66
" South 2000 00
" North 2000 +1 00 10
" Fast 2000 -117
& West 2000 +0 66 1 83
14 6 miles SW 5w 2000 00
" SF 2000 +0 33
5 NW 2000 -0 67 10
" SE 4000 10 67
" NW 4000 ~1.0 1 67
Flight Tests on the Indianapolis Ommirange Using a Five-
L.oop Array for Transmitting and Hatech V Receiving Antenna
Polarization
Direction Heipht Above Error in One Combined FPolari-
Location of Flight Station 1n Feet Direction™ zation Error
(degrees) (degrees}
9 miles North North 2000 00
" East 2000 +2 0 25
" West 2000 -0 5 315
" East 2000 +3 3 is
" West 4000 -0 75
" East 4000 +2 5 325

*Plus sign indicates meter deflects right
Minus sign indicates meter deflects left
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TABLE 111 TABULATION OF CCMPARISON OF INDIANAPOLIS
AND YOUNGSTOWN FLIGHT TESTS

A Comparison of Flight Tests on Youngstown and
Indianapolis Omnirange Stations Made 1n NC-182

TAIL
Height Above Combined Polariza-
Location Station in Feet tion Error {degrees)
Youngstown#* Indianapolis**
9 miles North 2000 32 067
" 4000 4.0 0 25

4 males North 2000 8 Bt -

5 miles North 2000 - 1 88
10 miles NE 2000 4 27 -
14,6 miles SW 2000 - 10

" 4000 - 1.67
10 miles NE 4000 5 2 -
HATCH
9 mailes North 2000 375 3115
" 4000 7 37 3.25

*This station used crossed dipole transmitting antennas
**This 15 the Experimental Station site, using a five-loop array
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