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THE MEASUREMENT OF VOR POLARIZATION ERRORS

SUMMARY

This report deals with the types, the
causes, and the measurement of polarization
errors of VHF omnirange stations and
describes the development of a method for
measuring these errors on the ground
Stationary and portable devices for measur-
ing polarization errors are referred to as
polariscopes The construction, use, and
theory of these polariscopes are described
and explained Tests made to determine the
efiect of the radio-frequency phase angle
between the carrier and the vertically
polarized component of the sideband signals
are discussed There are included examples
showing the confirmation by flight tests of
peolarization errors measured with a polari-
scope, and suggestions are given for further
applications of this dewvice.

INTRODUCTION

Early in the development of the very-
high-frequency omnirange (VOR]}, tests were
conducted to determine the most sultable
antenna system and type of polarization It
was found that a horizontally polarized antenna
systemn was superior to vertically polarized
types, and as a result the conventional five-
loop antenna array was evolved 1 This array
consists of five horizontal loop radiators
located at the corners and at the center of a
square Diagonally opposite loops are fed
180 degrees out of phase, and the electrical
spacing beiween them 1s small compared to
a wavelength so that a figure-of-ei1ght field
pattern resuits This pattern 1s rotated by
means of a capacity gomiometer which 1s
drivenbya synchronous motor at 1,800 revo~
lutions per minute (rpm) The rotating
goniometer acts as a balanced modulator,
eliminating the carrier frequency and sup-
Plying sideband energy to the two pairs of
loops at carrier frequency * 30 cycles
per second (eps) Since the entire freld, 1n
effect, 15 rotated once for each rotation of
the goniometer, 1t 1s apparent that each
direction in space will have a certain phase
of the rotational frequency associated with
it and that this phase will change degree for
degree with a change in azimuth relative to
the station Thus i1f we have a signal sup-
plying a 30-cps voltage of reference phase,

1
H C Hurley, S R Anderson, and

H F Keary, "The CAA VHUF Ommirange,"
CAA Technical Development Report No 113,
June 1950

which 1s independent of azimuth, we can
determine azimuth from the station by
measuring the phase angle between the two
30-cps signals The reference signal consists
of the carrier-frequency amplitude modulated
by a 10-kilocycle (ke) subcarrier signal
which has been frequency-modulated by a
30~cps signal The purpose of the subcarrier
modulation 15 to provide a means of discrimi-
nating between the two 30-cps voltapes in the
recelver

It has been demonstrated that while
the omnirange antenna radiates horizontally
polarized energy the supporting pedestals
radiate small armnounts of vertically polarized
energy Other objects such as a poor count-
erpolse, wWlres, or trees near the antenna
systern can produce vertically polarized
radiation, however, these conditions can be
remedled by proper construction and siting
and will not be discussed in this report The
vertically polarized energy will produce
ommbearings which are 1n quadrature with
true bearing information The wvertically
polarized field strenmgth of a normal VOR
station 1s approximately five per cent of
the horizontally polarized field strength and
can produce errors of from 0° te 3° in the
aircraft receiver, depending upon the type
of aircraft and the recei1ving-antenna
installation

The purpose of this report 1s topresent
an explanation of polarization errors and to
describe recenily developed instrumentation
for the measurement of such errors

SCURCES OF POLARIZATION ERRORS
Let us consider the four sideband loops

of the VOR antenna See Figs 1 and 2
Energy 15 fed to these loops from the goni-

ometer The currents produced 1n the loops
are
I, =I sinut sinpt {1)

I, =1 sinwt cos pt =1 sinwt sin {pt + 90°) (2)

13 = —Il (3}
14 = —12 (4)
where

w
5. = carrier frequency,

%r = modulation frequency (30-cps),
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Fig 1 The Sideband Locps and Their
Associated Electric Field Vectors
The Phase Anples Shown Are of
30 cps

and

t = time 1n seconds

These currents with their assoc:ated
30-cps phase relationships are indicated in
Fig 1 The horizontally polarized field
patterns produced in space by these currents
are indicated by the solid lines in Figs 3A
and 3B Fig 3A shows the pattern produced
by the currents in loops 1 and 3, and Fig 3B
shows the field pattern produced by loops 2
and 4 Since the horizontal electric-field
vectors at any point are perpendicular to a
line through the point in gquestion from the
loops producing them, there 15 a cancellation
of fields on a line perpendicular to one con-
necting the centers of a pair of loops This
cancellation 1s almost complete when the dis-
tance d 1s large compared with the spacing
of the loops, however, the resultant vector
increases as the distance d 1s decreased
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Fig 2 Current Paths Producing Vertically
Polarized Radiation
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Fig 3 Vertically and Horizontally Polarized
Field Patterns Produced 1n Space

This 1s shown in Fig 1, where E] and E3
are vectors representing the electric fields
produced by loops 1 and 3 respectively and
E_ at 0° phase angle ((0°) 1s the resultant of
E1 and E3 This resultant voltage may be
thought of as a generator connected between
antennas 2 and 4, as shown 1n Figs 1 and 2
It causes currents to flow through the loop
pedestals and the base plate as shown in
Fig 2 This flow of current results in a
vertically polarized field pattern that 1s in
phase at the 30-cps frequency but in quadra-
ture 1n space with the horizontally polarized
radiation which produced 1it, as shown 1in
Fig 3A Similarly, loops 2 and 4 produce a
vertically polarized field pattern in quadra~
ture with the:r associated horizontally po-
larized radiation patterns Hence it can be
seen that the vertically polarized radiation
from the loops produces an omnibearing in
quadrature with the one produced by the
horizontally polarized radiation, thereby
introducing errors termed polarization
errors If an omnirange station radiated
pure horizontally polarized energy, no
polarization error would be experienced

Various attempts have been made to
eliminate this source of vertically polarized
radiation Replacement of the metal pedes-
tals with nonmetallic material was of no
value, since the RG-8/U cables feedinp the
loops acted as vertical radiators The
original installation was found to be the most
practical one, producing the least amount of
vertically polarized radiation
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Fig 4 Components of Voltage Induced Into a
Dipole Antenna by Vertically and
Horizontally Polarized Radiation

A decided improvement in the polari-
zation error of the five-loop array was
experienced by placing Uskon cloth around
the loop pedestals as a group

If an arrcraft equipped with an omni-
ranpe recelver 1s flown over a fixed check-
point on the ground at a number of different
headings, the indicated omnibearing may be
found to vary with the heading The aircraft
has only one correct omnibearing when over
the pground checkpoint, and this bearing 1s
independent of heading The change in the
omnibearing with the change in heading 1s
one form of polarizationerror and 1s referred
toas push-pull error The aircraft receives
the signal primarily from the horizontally
polarized wave, however, as the heading 1s
changed the amplitude and the phase of the
vertically polarized signal and of the hori-
zontally polarized signal vary and produce
different omnibearing indications This 1s
readily understood when considering the
method by which the wvertically polarized
radiation that eontains the erroneous bearing
tnformation gets 1nto the horizontal receilving
antenna mounted on the airplane If the hori-
zontal receivinp antenna were in free space
without any rmetallic objects close by, no
push-pull error would be experienced How-
ever, the vertically polarized energy i1nduces
currents in the skin or metal structure of
the airplane This energy 15 reflected from
the airplane at random polarization, the
horizontal component of which 15 accepted by
the receiving antenna Errors are thus in-
troduced into the bearing indication The
amplitude and phase of the reradiated energy
1s a funetion of the shape, material, and
position of the reflecting surfaces of the
aircraft. The points of reflection and the
radio-frequency (r-f) currents in the slkin
of the aircraft change when the heading 1s
changed, hence, the error produced by the
vertically polarized radiation changes with
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Fig 5 Attitude Error Produced by Vertically
Polartized Si1gnal Contaiming Bearing
Information 1n Quadrature to the
Correct Bearing Information Contained
by the Horizontally Polarized Signal

the heading Polarization errors, in pgen-
eral, vary with the type of aircraft and with
the location of the receiving antenna on 1t
Another form of polarization error
occurs when an aircraft 1s 1in a banked atti-
tude Under these conditions, the indicated
omnibearing may change even though the
heading of the airplane 1s unchanged This
type of polarization error 1s known as an
attitude error This effect may be demon-
strated by guwding an airplane toward a
station and raocking the wings to the left and
right while holding the nose at a constant
heading Attitude error may be explained
by neglecting all reflection or reradiation
effects due to the proximity of the airplane
and by considering a dipcle 1n free space
When the receiving antenna 1s horizontal and
perpendicular to a radial from the station,
it picks up no vertically pelarized radiation,
and, therefore, the correct bearing to the
station 1s indicated When the dipole 1s
tilted to the left or right, (1) i1t 1s receptive
to vertically polarized radiation as ex-
pressed by E, sin ® and (2) 1t 1s receptive
to horizontally polarized radiation as ex-
pressed by Ep, cos 8 In the first case, Ey 15
the field strength of the vertical wave, 1n
the second, E}, 15 that of the horizontal wave,
and in both cases, 8 is the angle of filt from
the horizontal position Fig 4 shows these
relationships for 8 =0°, =-30°, and +30°
Exarnination of Figs 4B and 4C shows that
the voltage induced in the tilted dipole by the
vertical wave 1s 1n phase with the voltage
from the horizontal wave for counterclack-
wise rotation of the antenna and out of phase
for clockwise rotation Hence, the phase of
the voltage produced in the antenna by the
vertically polarized radiation changes by
180° relative to the voltage produced by the
horizontally polarized radiation It 15 as-
sumed that the voltage produced by the hori-
zontally polarized wave contains the correct
bearing 1nformation previously discussed
Fig 5 shows the bearings indicated by the
receiver for level flight and for banks to the
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Fig 6 Laboratory Polariscupe Antennas

left and right It can be seen that the effect
of the 180° reversal of the vertical signal
causes posttive error when the airplane 1s
banked one way and negative error when
banked the other way The magnitude of the
error will depend upon the degree of the
bank and upon the magnitude and phase of the
vertically polarized energy at the receiving
antenna

Both forms of polarization error may
be demonstrated simultaneously when an
aircraft 1s flown i1ncircles at a distanceover
a point of known bearing from the VOR sta-
tion Both push-pull and attitude errors
then affect the receiver in varying degrees,
depending on the position and attitude of the
aircraft This 1s the more general case that
1s experienced in the normal use of omnirange
navigation facilities

If the amount of vertically polarized
energy from the transmitting antenna can be
reduced, the observed polarization errors
will be reduced proporticnately

In order to study the causes and effects
of the vertically polarized radiation, an ac-
curate measuring device was required The
polariscope was developed te aid in the
study, measurement, and reduction of these
polarization errors

THE LABORATORY POLARISCOPE
A view of the laboratory polariscope

1s shown 1n Fig 6 It consistsof a horizontal
dipole antenna fixed perpendicular to one end

of a l2-foot aluminum channel A vertical
dipole 1s mounted on a dolly which can be
moved along the aluminum channel by a sys-
temm of cables and pulleys The distance
between the wvertical and horiszontal dipoles
can be read directly on a scale which 1s
scribed on the channel The lengths of both
dipoles were cut for operation at the maiddle
of the ommnirange band, 115 megacycles {Mc)
The entire assembly 1s supported on a
wooden frame 6 1/2 feet above a metal ro-
tatable counterpoise which forms the roof of
the TDEC antenna laboratory Both dipoles
were connected to RG-22/U balanced r-f
cables laid in the slot of the aluminum chan-
nel The cables were brought down the end
of the channel opposite the horizontal dipole
and through the counterpoise into the labora-
tory It was necessary to keep the vertical
antenna at least 5 feet from the vertical
section of cables 1n order tominimize mutual
coupling The cables were carefully prepared
so that they would be of equal electrical
length

The receiving and measuring equpment
consisted of a Bendix ARN-14 navigational
recelver 1nstalled with the course deviation
indicator circuit which 15 connected to a
micreammeter which 1ndicates zero current
when centered and registers 150 micro-
amperes {pa)left or right This 1s desipnated
as a 150-0-150 microammeter The c¢ables
from the polariscope dipoles were connected
to a tee fitting mounted on a balance-to-
unbalance r-f transformer which 1in turn 1s
mounted on the antenna receptacle of the
recelver A schematic diagram of the
pelariscope ts shown in Fig 7

Using the Liaboratory Polariscope

To measure the polarization error of
an omnirange station with the laboratory
polariscope, only the horizontal dipole 1s
connected to the receiver, and the counter-
poise and polariscope are rotated until the
horizontal dipele 1s perpendicular to a radial
from the station The omnibearing selector
15 rotated until the microammeter pointer is
centeredon zera This determines the bear-
ing information contained in the horizontally
polarized signal from the station The omni-
bearing selector 1s then rotated five degrees
each side of the on-course 1indication, and
the microammeter readings are noted The
sum of the readings divided by ten gives the
sensitivity of the system in microamperes
per depgree

For example, 1f the on=-course indica-
tion 1s found at 228° on the omnibearing
selector, the selector 1s then rotated to 223°
and the microammeter reads -97 pa, the
selector 1s then rotated to 233° and the
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microammeter reads + 101 pa The sensi-
tivity of the receiving equipment 1s

97 + 101
15—

5 =19 Bupa per degree

After the sensitivity 1s computed, the
cables from the vertical and horizontal
dipoles are plugged into the tee fitting at the
receiver The position of the vertical dipole
1s then adjusted toproduce maximum deflec-
tion of the microammeter pointer This
reading 1s recorded as Test 1

The vertical dipole ecable 1s then re-
moved, turned over (connections reversed),
and reinserted into the tee fitting Thas
causes the microammeter to be deflected in
the opposite direction This reading 1is
recorded as Test 2 The distance between
the vertical and horizontal dipoles 1s re-
cordedas an indication of the r-f phase angle
between the vertically and horizontally
polarized radiation from the station The
microammeter readings are then converted
to degrees of error by dividing the readings
by the sensitivity The sensitivity should be
checked every few minutes to compensate
for any receiver variations

THE PORTABLE POLARISCOPE

In order to measure the polarization
error of omnirange stations which are be-
yond the range of the laboratory polariscope,
portable equipment capable of being quckly
assembled and disassembled for poriability
was designed Fip 8 shows the instrument
assembled at a field location and ready for
use The control and measuring equipment
are located in the instrument truck, as
illustrated in Fig 9 The disassembled
polariscope units are shown in Fig 10

The horizontal support consists of
three 5-foot sections of 1 1/2-inch brass
tubing The outer sections are designed for
easy attachment of the dipole elements, and
the RG-8/U coaxial cables are also section-
alized and carried within the brass tubing
The whole assembly 1s supported 6 1/2 feet
above the ground by means of four detachable
wooden legs A wiring diagram of the po-
lariscope 1s shown in Fig 11 Construction
details of the dipole end of the horizontal
support are shown i1n Fag 12

The device 1s equivalent to the labora-
tory polariscope, except that the wvertical
dipole cannot be moved relative to the hori-
zontal dipole to get maximum error indica-
tion This function 1s accomplished by the
use of a phaser made of rigid, air-drelectric,
52-ohm, adjustable coaxial line By con-
necting the phaser in series with the cable
from the vertical dipole, 1t 1s possible to
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[

-
TOWARD
STATICN
[
|1
EQUAL LENGTHS /
RG-22/U
T
& FITTINGS vy
v—OI
TULR 2
b
RECEIVING
EQUIPMENT
CALIBRATE TEST NDI TEST NO 2
NO | CONNECTED To — a b
NO 2 CONNECTED TO ~ b a

CAA TECHWCAL DEVELOPRCNT
AND EWALUATION CEN
INDVANAFOLIS  INDLAMA

Fig 7 Skeich of Antenna Laboratory
Polariscope

change the phase of the voltage at the receiver
terminals by more than 180° The equivalent
of reversing cable terminals for Test 2 1s
accomplished by switching 180° of additional
line into the vertical dipole circuit by means
of two single-pole, double-throw coaxial
relays The vertical dipole 1s disconnected
from the receiver for calibration and
sensitivity checks by another coaxial relay,
as shown in the wiring diagram A three-
position switch $5-1 marked CALIBRATE,
TEST 1, TEST 2 was used to operate the
relays for these switching operations

The 1solation attenuators were neces-
sary to reduce the effects of the standing
waves produced by the mismatch at the
receiver end of the transmiassion lines This
mismatch was variable and unavoidable
because of the changing input impedance of
the receiver at various frequencies and he-
cause of the variable load produced by
adjusting the phaser

Fig 13 shows an equivalent circuit of
the portable polariscope The generator of
72 ohms of internal impedance 15 connected
between points a and b and 1s equivalent to
the vertical dipole Similarly, the generator
of 72 chms of 1nternal impedance 15 connected
between points e and f and is equivalent to
the horizontal dipole The impedance mis~-
match between the generators and the
transmission lines produces a 1 38 voliage
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Fig 8 Portable Polariscope in Use

Fig 9 Portable Polariscope Installation in
Instrument Truck

standing~wave ratio on the line This mis-
match 1s not considered serious However,
the impedance at points ¢ and d looking from
either dipole 1s approximately 25 ohms and
may have a reactive component This would
produce a serious standing wave It 1s
necessary that the voltage produced at the
recelver terminals by each dipole be pro-
portional tothe voltage induced i1n the dipoles
by the received signals This cond:tion must
hold for all line lengths from the vertical
dipele If there 1s a high standing-wave
ratioc at the phaser, the wvoltage at the re=~
celverinput will vary withthe phaser settinps
By 1inserting the attenuators in the positions
shown in Fig 13, the impedance seen by the
phaser at points g and h 1s very close to 52
ohms, regardless of the load connected at
points ¢ and d The attenuators which were
used consisted of 50 feetof RG-21A/U coaxial
cable having 52 ohms characteristic 1mped-
ance and an attenuation of about 15 decibels
(db) per 100 feet TUnder these conditions,
the voltage at the receiver due to the vertical
dipole was found to be independent of phaser
settings A similar attenuator 1s necessary
in the horizontal-dipole feed line, so that the
voltapes produced at the receiver termainals
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Fig 13 Equivalent Circuit of Portable
Polariscope

Using the Portable Polariscope

The equipment required for using the
portable polariscope in the field includes
the portable antenna assembly, two 30-foot
lengths of RG-8/U coaxial cable, phaser,
control box, a navigational receiver with a
150-0-150 microammeter connected in
parallel with the course deviation indicator,
and a small, 60-cps, 110-volt generator to
operate the equipment A Bendix Type
MN-85BA navigational receiver and power
supply together with a 110-volt, 60-cps motor
generator set, battery chargers, and 28-volt
batteries were permanently installed in a
panel truck for use with the portable polari-
scope This made a self-contamned mobile
unit that could be used wherever 1t was
possible to drive the truck

To measure the polarizationerror of a
VOR station, a site was selected more than
500 feet and less than three miles from the
station The antenna assembly was set up as
shown i1n Fig 8, with the dipole supporiing
section along a radial from the station and
the horizontal-dipole end toward the station
The truck was parked parallel to the antenna
supporting section at a distance of 30 feet

As shown 1n Fig. 11, switch S-1 on the
control box was placed in the CALIBRATE
position and the bearing FROM the station
was determined and recorded The sensitivity
was then determined by the same method
used with the laboratory polariscope S5-1
was then placed in the TEST 1 position, and
the phaser was adjusted for maximum deflec-
tion of the microammeter The microam-
meter reading and the phaser setting were
recorded as Test 1 The switch was then
placed in the TEST 2 position, and the phaser
was adjusted for maximum microammeter
deflection These readings and the phaser
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Fig 14 Polarization Error at Tilden VOR

setting were recordedas Test 2 The phaser
posttion found for Test 1 and Test 2 should
be very nearly equal

Fig 14 shows a plot of the polarization
error measured at various points 1n azimuth
around an ommirange station

The polariscope readings compare
closely with the polarization-error measure-
ments obtained 1n flight Polarization-error
measurements were conducted in a Douglas
C-47 aircraft approximately 20 miles from
the VOR station at an altitude of 1,000 feet
above ground and using a navigational re-
ceiver and a tail-mounted VOR receiving
antenna A description of the tests follows

1 30° Wing Rock
Heading toward the station, the aircraft
15 banked £ 30° The nose of the aircraft 1s
held at a constant heading during this ma-
neuver The course-deviation-indicator
current 1s recorded and converted to degrees
of course displacement

2 Eipht Ways Over a Ground Checkpoint
While the course-deviation-indicator
current 15 being recorded, the arrcraft is
flown on eight different headings (a daisy
pattern which crosses a point at every 45°
heading) over a specific ground check-
poimnt The recording 1s marked as the plane
crosses the checkpoint, and the indicated
bearing 1s compared wath the magnetic bear~-
ing The zero reference point 1s taken on the
heading to the station

3 360° Carcle
With the airplane headed toward the
station and the tests started from a ground



TABLE I

COMPARISON OF POLARIZATION ERRORS
MEASURED BOTH ON THE GROUND AND IN AIRCRAFT

Bearing Aircraft Tests Polariscope
Test
8-Ways 30° Wing Rock 360° Circle
(degrees) {degrees) {degrees) {degrees) (degrees)
322 + 056 + 016 + 1 37 + 0 61
272 + 0 375 + 0 06 + 052 =0 23
27 2% + 0 375% + 0 75% + 1 72% + 2 38%

¥Error deliberately increased

checkpoint, a 360° circle 1s flown at a con-
stant 30° bank The course-deviation current
15 recorded during this circle and converted
into degrees of error {rom the azimuth
course which was flown at the beginning of
the ecirele Since the aircraft in the 360"
circle changes azimuth with respeet to the
VOR, this deviation 15 computed in degrees
and subtracted from the ecourse-deviation-
indicated error Subtraction of the known
error tesults i1n the numerical wvalue of
polarization error

Table I shows the errors measured at
a four-loop ommnirange station 3 This infor-
mation was obtained io show a comparTison
between polarization errors measured both
on the ground and 1n aircraft Measurements
were made along the same radial from the
VOR and at approximately the same time
The aircraft and pround measurements were
expected to agree 1in direction of change but
not i1n magnitude, because the polarization
error varles with the type of aireraft and
with the location of the receiving antenna on
the aircraft No attempt was made 1n design-
ing the polariscope to make 1ts readings
agree 1n magnitude with the aircraft
measurements of polarization error

The table shows that the ground meas-
urements agree in trend but not in absolute
magnitude with the aircraft 30° wing-rock
measurement Results show that the
pelariscope measurements changed from

35 R  Anderson, H ¥ Keary, and

W L Wright,''"The Four-Loop VOR Antenna,"
CAA Technical Development Report not yet
published

06l° to 0 23", a ratio of 1 to 0 377, while
the 30° wing-rock measurements changed
from 0 16" to 0 06°, a ratio of 1 to 0 375
Apgain the polariscope measurements changed
from 0 23° to 2 38°, a ratio of 1 to 10 35,
while the 30° wing-rock measurements
changed from 0 06° to 0 75°, a ratio of 1 to
125 The erght-ways test and the 360° circle
test changed 1n the same direction as the
30° wing=rock test but not in the same
amount

TESTS OF CONTROLLED
POLLARIZATION ERROR

In order to study the effects of vertr-
cally polarized radiation which has various
magnitudes and phase angles and which 1s
from anomnirange antenna array, the system
shown in Fig 15 was installed A single
horizontal loop radiated carrier and sideband
eneTgy 1n such a manner that a fixed bearing
was obtained at any point in azimuth The
phase relationship between the reference and
variable signals radiated from the loop was
the same at all points in space This rela-
tionship was held constant during all the
tests A vertically polarized antenna was
fed from the No 2 ocutput of the pomiometer
and contained sideband energy which was in
quadrature with the 30-cps energy fed to the
loop antenna The feed line from the goni-
ometer to the vertical antenna contained a
tapped, shorted quarter-wave transformer
and 50 feet of RG-21A/U 1in order to reduce
the power It also contalned a phaser which
made 1t possible to vary throughout a range
of 200 degrees the r~f phase of the energy
fed to the vertical antenna with respect to
the carrier With this feed system 1t was
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Fig 15 Polarization Error Test Installation

possible to adjust the magnitude and r-f
phase of the sideband energy radiated from
the vertical antenna

This installation satisfied all the re-
quirements to produce various magnttudes of
polarization error The loop antenna and the
vertical antenna were 1nstalled so that their
vertical axes coincided, thereby producing
fixed patterns of uniform relative phase in
all directions of azimuth Tests made with a
field-strength meter showed that the ratio of
horizontally to vertically polarized radiation
from the horizontal loop was approximately
15 to 1 The ratio of vertically to horizon-
tally polarized radiation from the vertical
antenna was approximately 20 to 1 When
only the loop antenna was excited, no polari-
zation error could be measured inan airplane
or with the polariscope When a small
amount of power was applied to the vertical
antenna, polarization error was immedziately
noticeable both in an airplane and with the
polariscope This error was proportional to
the voltape applied to the vertical antenna

Previous attempts to reduce polariza-
tion errors had indicated that the r-f phase
angle between the horizontally and vertically
polarized radiation had a direct relationship
to the amount of polarization error experi-
enced in aircraft Further investigation of
this hypothesis was conducted, using the
system shown in Fig 15 The amount of
power fed to the wvertical antenna was ad-
Justed to produce a polarization error of
+ 4 5° This was produced with a power
ratio of about 40 to 1 between the vertical
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antenna and the sideband power 1n the
horizontal loop Aircraft withthree different
types of recerving-antenna installations were
flown on eight different headings over apoint,
and the phaser 1n series with the vertical
antenna was changed through 200° for each
heading The course-deviation-indicator
voltage was recorded for eachphaser setting
Figs 16A, B, C, and D are plots of push-
pull error versus the phaser setting recorded
in the aircraft for flights in the cardinal
directions These curves seem to indicate
that between the vertically and horizontally
polarized waves there 1s not a single r-f
phase relationship that produces minimum
polarization error for all types of aircraft
and receiwving-antenna installations The
error produced i1n the receiver 1s dependent
upon the characteristics of the receiving
antenna as well as upon the signals produced
at the omnirange station. However, reducing
the magnitude of the vertically polarized
radiation from the station will reduce the
polarization error indicated by an aircraft
Tecelver

Extensive tests were conducted with
the portable polariscope to determine the
effect of the proximaty of fences, power lines,
and the instrument truck It was found that
accepiable readings can be obiained if the
antenna assembly 1s located not less than
20 feet from low wire fences and 200 feet
from overhead wires Greater proximaity
usually increased the amount of polarization
error observed It was found that the instru-
ment truck had least effect when parked
parallel to the antenna supporting sections
Thirty feet of separation between the truck
and the antenna assembly was found to be
adequate to eliminate any proximity effect
It was also necessary to be within the line of
sight of the omnirange antenna to obtain
reliable readings

A method of checking the portable
pelariscope egquipmentwithoutusing auxiliary
instruments was devised To make the fol=-
lowing tests, 1t was necessary to modify the
navigational receiver by putting a mailliam-
meter in the cathode cireumt of the first r-f
stage The readings on this meter were a
function of the signal strength present at the
recelver-antenna terminals To check the
equality of the electrical characteristics of
the two antennas, they were installed one at
a time 1n the horizontal antenna position wath
their feed lines connected directly to the re-
ceirver The milliammeter readings should
be the sarme with either antenna connected
With one antenna installed in the horizontal
position and the control box, phaser, and
recelver connected in the usual manner, the
feed line from the antenna was connected
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Fig 16 Push-Pull Errors Versus Phaser Settings

first to the phaser and then to the horizontal
input of the control box The malliammeter
readings obtained in these tests were very
nearly equal but higher than those obtained
when the attenuators were not in the circumt
Moving the phaser settings and switching
from Test 1 to Test 2 positions did not pro-
duce large changes in the mulliammeter
readings By analyzing the results of the
foregoing tests, it was possible to locate
trouble that might be present in the portable
polariscope egquipment

ANAI.YSIS OF THh POLARISCOPE

The antenna system used with the
laboratory and portable polariscopes 1s the
equivalent of a dipole antenna tilted at 45°
and with a means of varying the r-f phase
angle between the vertically and horizontally
polarized components A dipole 1n space
t1lted at 45° 1s capable of Tece1ving vertically
or horizontally polarized radiation equally
well The same 15 true of the polariscope
antennas The phase angle between the vert1-
cal and horizontal waves 1s directly related

to the spacing between the polariscope dipoles
required for a maximum deflection of the
course deviation indicator or of the muicro-
ammeter As previously explained in this
report, the vertically polarized radiation
which causes bearing error is the 30-cps
amplitude -modulated sideband energy, the
audio phase of which 1s 1n quadrature with
the desired 30-eps sideband energy contain-
ing the correct bearing information The r-f
phase of this vertically polarized sideband
radiation may be at any phase angle with the
carrier

To produce maximum effect 1n a re-
cewver, the carrier and sideband radiations
must be 1n the proper r-f phase with each
other This 15 shown vectorially in Fig 17
The equation of an amplitude-modulated
wave may be written as

(5)

e = E, sin 2nft + E.gm san 2mft sin 2mwigt

The first component of Equation (5) 1s the
carrier frequency, and the second compo-
nent 1s an expression for the sidebands A
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more general expression for the sideband
components 1s

(6)

where ¢ 15 the angle between the carrier
vector and the resultant of the sideband vec-
tors When ¢ has any value other than 0° or
180°, the effective depth of modulation cof the
radiated wave 1s reduced as shown in Fig 17
because the detector in the receiver responds
only to the component of the vector r that 1s
in line with the carrier vector ¢

By use of the polariscope, 1t 1s possible
to measure the phase anple ¢ Consider, for
example, that the vertically polarized side-
band enerpy leads the carrier by an anple of
30° The carrier signal 1s picked up by the
horizontal antenna of the polariscope, and
the sideband signal 1s picked up by the ver-
tical antenna Since the two antennas are in
the same plane, the voltage produced at the
receiver where the two signals are mixed
will also have the same 30° phase angle and
will not produce maximum depth of modula~
tion, as 1s shown in Fig 17A If the spacing
between the vertical and horizontal antennas
of the polariscope 1s adjustedor if the length
of one of the feed lines 1s changed, 1t 15 pos-
sible to have the two signals arrive at the

E,m sin (2rft + ¢) sin 2migt

GPO 81-105329
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recelver 1n phase and thereby have the
maximum effect The error measured with
the pelariscope then represents the maximum
attitude error an aircraft could experience
when banked 45°

It should be noted that the sideband
energy which contains the correct bearing
information 1s received by the horizontal
antenna of the polariscope along wrth the
carrier and reference signals The vertically
polarized sideband energy contains bearing
information which 1s 1n quadrature waith that
contained 1n the horizontally polarized radia-
tion When the vertically polarized sipnal 1s
properly phased by adjusting the polariscope,
it produces 1ts maximum amount of error in
one direction When 1ts phase 1s chanped
180° by reversing the cable connections or
by adding 180° of r-f transmission line, the
vertically polarized sideband radiation pro=-
duces its maximum effect i1n the opposite
direction This 1s the eguivalent of rocking
an aircraft from a 45° bank in one direction
to a 45° bank 1n the oppostte direction Such
readings are recorded as Test 1 and Test 2
on the polariscopes

CONCLUSIONS

The polariscope was originally devel-
oped as a tool to aid in the development of a
new VOR antenna array, however, 1ts use 1s
not lirmited {o this application It 15 a
valuable tool for measuring the relative
amplitude and phase of vertically and hora-
zontally polarized radio signals from any
source The portable polariscope provides a
convenient, economical method of measuring
polarization errors on any radial from an
omnirange station, and 1its use 1s 1nvaluable
when adjustments or repalrs are made at a
station in an attempt to reduce polarization
error Its use has eliminated much costly
and time-consumang flight testing

The results ohtained with both the
laboratory and portable polariscopes indi-
cate that the amount of polarization error
produced by an omnirange station can be
accurately measured These results have
been substantiated by flight tests

The tests reported 1indicate that,
between the carrier and the vertically polar-
1zed sideband emergy, there i1s no optimum
phase anple which produces rminimumn
polarization error for various types of
aircraft and receiving-antenna installations



