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THE MEASUREMENT OF VOR POLARIZATION ERRORS 

* SUMMARY 

This report deals with the types, the 
causes, and the measurement of polarxzatmn 
errors of VHF ommrange statmns and 
describes the development of a method for 
measurmg these errors on the ground 
Statmnary and portable devices for measur- 
~ng polarlzatlon errors are referred to as 
polarlscopes The constructmn, use, and 
theory of these polarlscopes are described 
and explamed Tests made to determme the 
effect of the radm-frequency phase angle 
between the carrier and the vertxally 
polarized component of the sldeband signals 
are dlscussed There are mcluded examples 
showmg the conflrmatmn by flight tests of 
polarlzatmn eri-ors measured with a polarl- 
scope. and suggestmns are given for further 
appllcatmns of this device. 

INTRODUCTION 

Early in the development of the very- 
lugh-frequency omnlrange (VOR), tests were 
conducted to determme the most sultable 
antenna system and type of polarlzatmn It 
was foundthat a horlzontallypolarlzed antenna 
system was supermr to vertically polarized 
types, and as a result the conventional five- 
loop antenna array was evolved 1 Thzs array 
consists of ilve 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 electrIca 
spacmg between them 1s small compared to 
a wavelength so that a figure-of-aght field 
pattern results This pattern 1s rotated by 
means of a capacity gonlometer which 1s 
driven by a synchronous motor at 1,800 reyo- 
1utmns per mmute (rpm) The rotatmg 
gonlometer acts as a balanced modulator, 
ellmlnatlng the carrier frequency and sup- 
plying sldeband energy to the two pairs of 
loops at carr’ler frequency * 30 cycles 
per second (cps) Smce the entlre field, m 
effect, 1s rotated once for each rotation of 
the gonmmeter, It IS apparent that each 
dlrectmn in space ~111 have a certam phase 
Of the rotatmnal frequency assocmted with 
It and that this phase will change degree for 
degree with a change no azxnuth relative to 
the statlon Thus If 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 VHF Omnlrange,” 
CAA TechnIcal Development Report No 113, 
June 1950 

which 1s mdependent of aznnuth. we can 
determme azzmuth from the statmn by 
measurmg the phase angle between the two 
30-cps signals The reference signal consists 
of the carrier-frequency amplitude modulated 
by a lo-kilocycle (kc) subcarrler slgnal 
which has been frequency-modulated by a 
30-cps slgnal Thepurposeof the subcarrler 
modulatmn 1s toprovlde a means of dlscrnm- 
natmg between the two 30-cps voltages in the 
receiver 

It has been demonstrated that while 
the ommrange antenna radiates horlzontally 
polarized energy the suppartmg pedestals 
radiate small amounts of vertically polarized 
energy Other ob,ects such as a poor count- 
erpolse, wires, or trees near the antenna 
system can produce vertxally polarized 
radlatmn. however, these condltmns can be 
remedied by proper constructmn and sltmg 
and ~111 not be dlscussed m this report The 
vertically polarized energy ~111 produce 
ommbearmgs which are in quadrature with 
true bearing mformatmn The vertically 
palarlzed field strength of a normal VOR 
statmn IS approximately five per cent of 
the horizontally polarized field strength and 
can produce errors of from 0’ to 3” in the 
arcraft receiver. depending upon the type 
of arcraft and the recelvlng-antenna 
lnstallatlon 

The purpose of this report 1s to present 
an explanatmn of polarzatmn errors and to 
describe recently developed mstrumentatlon 
for the measurement of such errors 

SOURCES OF POLARIZATION ERRORS 

Let us consider the four sldeband loops 
of the VOR antenna See Figs 1 and 2 
Energy 1s fed to these loops from the gonl- 
amete r The currents produced in the loops 
are 

11 = I sm Wt smpt (1) 

I2 = I s1n ut co5 pt = I 51rl wt s1n (pt + 90”) (2) 

I3 = -11 (3) 

I4 = -12 (4) 

where 

& = Carller frequency, 

sr = modulatmn frequency (30-cps), 
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Fig 1 The Sldeband Loops and Their 
Associated Electric Field Vectors 
The Phase Angles Shown Are of 
30 cps 

and 

t = tune III seconds 

These currents with their associated 
30-cps phase relatlonshlps are mdlcated in 
Fig 1 The horizontally polarlzedfleld 
patterns produced m space by these currents 
are mdzcated by the solld lmes ln 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 Smce the horizontal electric-fxld 
vectors at any pomt are perpendicular to a 
lme through the pant m question from the 
loops producmg them, there 1s a cancellation 
of fields on a lme perpendmular to one con- 
nectmg the centers of a pax of loops This 
cancellation 1s almost complete when the dis- 
tance d 1s large compared with the spacmg 
of the loops, however, the resultant vector 
mcreases as the distance d IS decreased 

F,g 2 Current Paths ProdwIng Vertically 
Polarized Fladlatmn 

Fig 3 Vertically and Horizontally Polarized 
Field Patterns Produced II, Space 

Thrs 1s shown in Fig 1, where El and E3 
are vectors representmg the electric fields 
produced by loops 1 and 3 respectively and 
E, at 0’ phase angle (&) IS the resultant of 
El and E3 This resultant voltage may be 
thought of as a generator connected between 
antennas 2 and 4, as shown in 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 polarzzed fwld pattern that IS m 
phase at the 30-cps frequency but in quadra- 
ture III space with the horizontally polarized 
radlatlon whxh produced It, as shown I,I 
Fig 3A Sm-olarly, loops 2 and 4 produce a 
vertically polarxzed field pattern u, quadra- 
ture with their associated horxontally po- 
larlzed radlatlon patterns Hence It can be 
seen that the vertically polarized radlatmn 
from the loops produces an omnibearmg m 
quadrature with the one produced by the 
horzontally polaru.ed radmtmn, thereby 
mtroduclng errors termed polarization 
errors If an omn~range statmn radiated 
pure horzontally p o 1 a I 1 z e d energy, no 
polarlzatmn error would be experienced 

Varmus attempts have been made to 
elmunate this source of vertically polarized 
radlatlon Replacement of the metal pedes- 
tals with nonmetallic materml was of no 
value, since the RG-8/U cables feedmg the 
loops acted as vertxal radmtors The 
orlgmal lnstallatmn was found to be the most 
practlcal one, producmg the least amount of 
vertxally polarized radlatmn 



Fig 4 Components of Voltage Induced Into a 
Dipole Antenna by Vertically and 
HorIzontally Polarleed Radlatlon 

A declded xnprovement I” the polari- 
zatlon error of the five-loop array was 
experienced by placing Uskon cloth around 
the loop pedestals as a group 2 

If an alrcraft equpped with an ormu- 
range receiver 1s flown over a flxed check- 
point on the ground at a number of different 
headmgs, the lndlcated omnlbearmg may be 
found to vary with the headmg The arcraft 
has only one correct ommbearmg when over 
the ground checkpomt, and this bearmg 1s 
mdependent of headmg The change in the 
omnlbearlng with the change m headmg 1s 
one form of polarlzatlon error and 1s referred 
to as push-pull error The arcraft receives 
the signal prxnarlly from the horxzontally 
polarized wave, however, as the heating 1s 
changed the amplitude and the phase of the 
vertically polarized slgnal and of the horl- 
zontally polarized slgnal vary and produce 
different ommbearmg mdlcatlons This 1s 
readily understood when considermg the 
method by which the vertically polarized 
radlatlon that contains the erroneous bearing 
Inform&on gets mto the horizontal recelv~ng 
antenna mountedon the airplane If the horl- 
eontal recelvmg antenna vfere m free space 
wlthout any metallic obJects close by, no 
push-pull error would be experienced How- 
ever. the vertlcallypolarized energy Induces 
currents In the skm or metal structure of 
the alrplane This energy is reflected from 
the airplane at random polarization, the 
horizontal componentof which 1s accepted by 
the recelwng antenna Errors are thus m- 
traduced Into the bearmg mdlcatlon The 
amplitude and phase of the reradiated energy 
1s a function of the shape, material, and 
posltlon of the reflectmg surfaces of the 
aIrcraft. The pomts of reflection and the 
radm-frequency (r-f) currents m the skm 
of the urcraft change when the headmg 1s 
changed, hence, the error produced by the 
vertically polarized radlatum changes with 

‘IbId , p 56 

Fig 5 Attitude Error Produced by Vertxally 
Polarized Signal Contalnmg Bearmg 
InformatIon m Quadrature to the 
Correct Bearmg InformatlonContained 
by the HorIzontally Polarleed Signal 

the headmg Polarization errors, in gen- 
eral, vary with the type of arcraft and with 
the location of the recelvmg antenna on It 

Another form of polarlzatlon error 
occurs when an arcraft 1s In a banked attl- 
tude Under these condltmns, the mdlcated 
onunbearIng may change even though the 
headmg of the airplane 1s unchanged This 
type of polarmatlon error 1s known as an 
attitude error This effect may be demon- 
strated by guldmg an alrplane toward a 
station and rocking the wmgs to the left and 
right while holdmg the nose at a constant 
headmg Attitude error may be explained 
by neglecting all reflectlon or reradiation 
effects due to the proxlmlty of the axplane 
and by consldermg a dipole m free space 
When the recelvmg antenna 1s horizontal and 
perpendicular to a radial from the station, 
It picks up no vertically polarxed radlatlon, 
and. therefore, the correct bearmg to the 
station 1s m&cated When the dipole is 
tllted to the left or right. (1) It LS receptive 
to vertically polarzed radlatlon as ex- 
pressed by E, sum e and (2) It 1s receptive 
to horlzontally polarized radlatlon as ex- 
pressed by Eh cos e In the first case, E, 1s 
the field strength of the vertical wave, m 
the second.Eh 1s that of the horizontal wave. 
and in both cases, 8 IS the angle of tilt from 
the horizontal posltlon Fig 4 shows these 
relatlonshlps for e = O”, -30’. and t30” 
Examination of Figs 4B and 4C shows that 
the voltage Induced In the Mted dipole by the 
vertical wave 1s In phase with the voltage 
from the horizontal wave for counterclock- 
vase rotation of the antenna and out of phase 
for clockwlse rotatmn Hence, the phase of 
the voltage produced In the antenna by the 
vertically polarxzed radlatlon changes by 
180” relative to the voltage produced by the 
horlzontally polarxed radlatlon It 1s as- 
sumed that the voltage produced by the horl- 
zontally polarleed wave contams the correct 
bearing mformatlon prewously dIscussed 
Fig 5 shows the bearmgs mdlcated by the 
receiver for level flight and for banks to the 
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Fig 6 Laboratory Polarlscupe Antennas 

left and right It can be seen that the effect 
of the 180” reversal of the vertical slgnal 
causes posltlve error when the alrplane 1s 
banked one way and negative error when 
banked the other way The magnitude of the 
error ~111 depend upon the degree of the 
bank and upon the magnitude and phese of the 
vertically polarized energy at the receiving 
antenna 

Both forms of palarizatlon error may 
be demonstrated simultaneously when an 
arcraft 1s flown IncIrcles at a distance over 
a pomt of known bearing from the VOR sta- 
tlon Both push-pull and attitude errors 
then affect the receiver m varying degrees, 
dependmg on the posItIon and attitude of the 
arcraft This IS the more general case that 
1s experienced In the normal use of omnlrange 
navlgatlon facilities 

If the amonnt of vertically polarized 
energy from the transmlttlng antenna can be 
reduced, the observed polarxatlon errors 
~111 be reduced proportionately 

In order to study the causes and effects 
of the vertically polarized radlatlon, an ac- 
curate measuring device was requred The 
polarlscope was developed to aId m the 
study, measurement, and reduction of these 
polarlzatlon errors 

THE LABORATORY POLARISCOPE 

A view of the laboratory polarlscope 
1s shown m Fig b It consists of a horizontal 
dlpole antenna fixed perpendicular to one end 

of a 12-foot alurmnum channel A vertical 
dlpole 1s mounted on a dolly which can be 
moved along the aluminum channel by a sys- 
tem of cables and pulleys The distance 
between the vertical and horuontal dxpoles 
can be read directly on a scale which 1s 
scrlbed on the channel The lengths of both 
dlpales were cut for operation at the middle 
of the omnirange band, 115 megacycles (Mc) 
The en tl r e assembly 1s supported on a 
wooden frame b l/2 feet above a metal ro- 
tatable counterpolse which forms the roof of 
the TDEC antenna laboratory Both dipoles 
were connected to RG-22/U balanced r-f 
cables lad In the slot of the alummum chan- 
nel The cables were brought down the end 
of the channel opposite the hormontal dipole 
and through the counterpolse into the labora- 
tory It was necessary to keep the vertical 
antenna at least 5 feet from the vertical 
sectionof cables In order tommmuzemutual 
coupling The cables were carefully prepared 
so that they would be of equal electrical 
length 

The recelvlng and measurmg eqmpment 
conelsted of a Bendix ARN-14 navlgatlonal ’ 
receiver Installed with the course devlatlon 
lndlcator clrcult which 1s connected to a 
mlcroammeter which lndlcates zero current 
when centered and registers 150 rmcro- 
amperes (pa) left or right This IS designated 
a.5 a 150-O-150 m1croammeter The cables 
from the polarlscope dipoles were connected 
to a tee flttmg mounted on a balance-ta- 
unbalance r-f transformer which in turn 1s 
mounted on the antenna receptacle of the 
receiver A schematlc diagram of the 
polarlscope 1s shown in Fig 7 

Using the Laboratory Polarlscope 
To measure the polarlzatmn error of 

an amnlrange statlon with the laboratory 
palarlscope, only the horuontal dlpale 1s 
connected to the recelve~, and the counter- 
poise and polarlscope are rotated until the 
horzontal dipole IS perpendicular to a radial 
from the statlon The omnlbearmg selector 
1s rotated until the mlcroammeter pomter 1s 
centeredan zero This determines the bear- 
mg lnformatlon contamed m the horizontally 
polarized slgnal from the statlon The omm- 
bearing selector 1s then rotated five degrees 
each side of the on-course mdlcatlon, and 
the mlcroammeter readings are noted The 
sum of the readmgs dlvlded by ten gives the 
sensltlvlty of the system in mlcroamperes 
per degree 

For example, If the on-course mdlca- 
tlon 1s found at 228” on the omnlbearmg 
selector, the selector 1s then rotated to 223” 
and the mlcroammeter reads -97 pa, the 
selector 15 then rotated to 233’ and the 
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mlcroammeter reads t 101 pa The sensl- 
tlvlty of the recexv~ng equpment 1s 

97 t 101 
10 

= 19 8 pa per degree 

After the sensltlvlty 1s computed, the 
cables from the vertical and horleontal 
dipoles are plugged ~“to the tee flttmg at the 
receiver The posltmn of the vertical dipole 
1s then adlusted toproduce max~mur” deflec- 
tmn of the mlcroammeter poanter This 
reading 1s recorded as Test 1 

The vertical dipole cable 1s then re- 
moved. turned over (connectmns reversed), 
and remserted Into the tee flttmg This 
causes the mlcroammeter to be deflected I” 
the opposite dIrectlo” This reading 1s 
recorded as Test 2 The distance between 
the vertical and horizontal dipoles 1s re- 
cordedas a” mdlcatlonof the r-f phase angle 
between the vertically and horizontally 
polarized radlatmn from the statmn The 
mlcroammeter readmgs are the” converted 
to degrees of error by dlvldlng the readmgs 
by the sensltlvlty The senshvxty should be 
checked every few minutes to compensate 
for any receiver var1atlons 

THE PORTABLE POLARISCOPE 

In order to measure the polarlzatmn 
error of omnlrange statmns which are be- 
yond the range of the laboratory polar~scope, 
portable equipment capable of being quckly 
assembled and disassembled for portablllty 
was deslgned Fig 8 shows the mstrument 
assembled at a field locatm” and ready for 
use The control and measuring equipment 
are located I” the mstrument truck, as 
illustrated I” Fig 9 The disassembled 
polarlscope wilts are show” III Fig 10 

The horizontal support consists of 
three 5-foot sectlons of 1 l/2-mch brass 
tubmg The outer sectvans are deslgned for 
easy attachment of the dipole elements, and 
the RG-8/U coaxial cables are also sectmn- 
allzed and carried wlthm the brass tubmg 
The whole assembly 1s supported 6 l/2 feet 
above the ground by means of four detachable 
wooden legs A wlr~ng diagram of the po- 
larlscope 1s shown I” Fig 11 Constructmn 
details of the dipole end of the horizontal 
support are show” I” Fig 12 

The device IS equvalent to the labora- 
tory polar1scope, except that the vertical 
dipole cannot be moved relative to the horl- 
zontal dipole to get maximum error mdxa- 
tmn This fun&on 1s accomplished by the 
use of a phaser made of rlgld, au-dlelectrlc. 
52-&m, adJuStable coaxial line By con- 
nectmg the phaser I” serves with the cable 
from the vertical dipole, It 1s posalble to 

Fig 7 Sketch of Antenna Laboratory 
Polar,scope 

change the phase of the voltage at the receiver 
termmals by more than 180’ The equivalent 
of reversmg cable termmals for Test 2 1s 
accomplrshed by wltchmg 160’ of addltmnal 
lme Into the vertical dipole clrcult by means 
of two xngle-pole, double-throw coaxial 
relays The vertical dipole 1s c&connected 
from the receiver for callbratmn and 
sensltrvlty checks by another coaxial relay, 
as shown I” the w~r,“g diagram A three- 
posltmn switch S-l marked CALIBRATE, 
TEST 1, TEST 2 was used to operate the 
relays for these swltchmg operatmns 

The lsolatmn attenuators were “eces- 
sary to reduce the effects of the standing 
waves produced by the mismatch at the 
receiver end of the transmlssm” lmes This 
mismatch was variable and unavmdable 
because of the changing Input Impedance of 
the receiver at various frequencies and be- 
cause of the variable load produced by 
adJustl”g the phaser 

Fig 13 shows a” equivalent arcult of 
the portable polar~scope The generator of 
72 ohms of Internal Impedance 1s connected 
between points a and b and 1s equvalent to 
the vertical dipole Slm~larly, the generator 
of 72 ohms of internal Impedance IS connected 
between pants e and f and 1s equwalent to 
the horrzontal dipole The Impedance m~s- 
match between the generators and the 
transmlsslo” 11ne.5 produces a 1 38 voltage 
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Fig 8 Portable Polarlscope 1” Use 

Ftg 9 Portable Polarlscope lnstallatmn ,n 
Instrument Truck 

standmg-wave ratm on the line This mls- 
match 1s not consIdered sermus HCWJWer, 
the impedance at pants c and d lookmg from 
either dipole IS approximately 25 ohms end 
may have a reactive component This would 
produce a serious standmg v,ave It 1s 
necessary that the voltage produced at the 
receiver termmals by each dipole be pro- 
portIona to the voltage Induced in the dipoles 
by the received signals This condltlon must 
hold for all lme lengths from the vertical 
dipole If there 1s a high standmg-wave 
ratm at the phaser, the voltage at the re- 
celver Input ~111 vary with the phaser settmgs 
By msertmg the attenuators I,, the posltw,s 
shown m Fig 13. the Impedance seen by the 
phaser at pants g and h 15 very close to 52 
ohms, regardless of the load connected at 
pomts c and d The attenuators which were 
usedconslstedof 50 feetof RG-21A,‘U coaxial 
cable hawng 52 ohms characterlstlc Imped- 
ance and an attenuation of about 15 decibels 
(db) per 100 feet Under these condltmns. 
the voltage at the receiver due to the vertical 
dipole was found to be independent of phaser 
settings A slmllar attenuator 1s necessary 
I” the horwatal-dipole feed lme, so that the 
voltages produced at the receiver termmals 



Fig 10 Portable Polar~scope Components 

Fig 11 Wlrmg Diagram of Control Box 

are proportmnal to the voltages mduced I,, 
the &pole Commercial attenuators havmg 
52-ohm Input and output Impedances and 
6-db attenuation were tested I” this appllca- 
tlon With satlsfactcry results Such attenu- 
ators are recommended I” place of the more 
bulky RG-21A/U coaxial cable 

Fig 12 Constructlo” of Portable Polarlscope 
Dipoles 



8 

F,g 13 Equivalent Clrclut of Portable 
Polar1scope 

Using the Portable Polarlscope 
The equipment required for usmg the 

portable polarlscope 111 the field mcludes 
the portable antenna assembly. two 30-foot 
lengths of RG-g/U coaxial cable. phaser, 
control box, a navlgatlonal receiver with a 
150-o-150 mlcroammeter connectedm 
parallel with the course devlatmn mdlcator, 
and a small, 60-cps, llO-volt generator to 
o p e r ate the equlpment A Bendix Type 
MN-85BA navlgatmnal receiver and power 
supply together with a llO-volt, 60-cpsmotor 
generator set, battery chargers, and 28-volt 
batteries were permanently mstalled m a 
panel truck for use wltb the portable polarl- 
scope This made a self-contamed mobile 
umt that could be used wherever It was 
possible to drive the truck 

To measure the polarlzatlon error of a 
VOR statmn, a site was selected more than 
500 feet and less than three miles from the 
station The antenna assembly was set up as 
show” m Fig 8, w1t.h the dipole supportmg 
sectIon along a radial from the statmn and 
the horizontal-dipole end toward the statlon 
The truck was parked parallel to the antenna 
supportmg sectmn at a distance of 30 feet 

As shown m Fig. 11, switch S-l on the 
control box was placed m the CALIBRATE 
pos&on and the bearmg FROM the statlon 
was determmedandrecorded The sensltlvlty 
was then determined by the same method 
used with the laboratory polarxcope S-l 
was then placed I” the TEST 1 posltmn, and 
the phaser was adlusted formaxmum deflec- 
tmn of the mlcroammeter The mIcroam- 
meter readmg and the phaser setting were 
recorded as Test 1 The switch was then 
placed m the TEST 2 posltlon, and the phaser 
was adlusted for maumum mlcroammeter 
deflection These readmgs and the phaser 

Fig 14 Polarleatlon Error at Tllden VOR 

settmg were recordedas Test 2 The phaser 
posltmn found for Test 1 and Test 2 should 
be very “early equal I 

Fig 14 shows a plot of the polarlzatlon 
error measured at varmus pants m azimuth 
around a” omnirange statmn 

The polarlscope I e a ding s compare 
closely with the polarlzatmn-error measure- 
ments obtained m flight Polarlzatlon-zrror 
measurements were conducted m a Douglas 
C-47 arcraft approximately 20 miles from 
the VOR statmn at an altitude of 1,000 feet 
above ground and usmg a navlgatlonal re- 
celver and a tall-mounted VOR recelnng 
antenna A descrlptmn of the tests follows 

1 30’ Wmg Rock 
Headmg toward the statmn, the arcraft 

1s banked -t 30’ The nose of the axcraft 1s 
held at a constant headmg durmg this ma- 
“e”Yer The course-devla~on-lndlcator 
current 1s recorded and converted to degrees 
of course displacement 

2 Eight Ways Over a Ground Checkpomt 
Wble the course-devlatlon-mdc=tor 

current 1s bang recorded, the axcraft IS 
flovr” on eight different headmgs (a daisy 
pattern which crosses a pomt at every 45’ 
headmg) over a speclfx ground check- 
pomt The recordmg 1s marked as the plane 
crosses the checkpomt, and the mdlcated 
bearmg IS compared with the magnetic bear- 
mg The zero referencepomt 1s taken on the 
heading to the statmn 

3 360’ Circle 
With the airplane headed toward the 

statmn and the tests started from a ground 



TABLE I 

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

Bearing Alrcraft Tests Polar1scope 
Test 

(degrees) 

322 

272 

272* 

S-Ways 
(degrees) 

+ 0 56 

* 0 375 

* 0 375* 

30’ Wmg Rock 
(degrees) 

+ 0 16 

* 0 06 

* 0 75* 

360’ Circle 
(degrees) 

* 1 37 

+ 0 52 

l 1 724 

(degrees) 

+ 0 61 

* 0 23 

* 2 38% 

*Error deliberately mcreased 

checkpomt. a 3bO” circle 1s flown at a con- 
stant 3O’bank The course-devlatmn current 

I 
1s recorded durmg this circle and converted 
Into degrees of error from the azimuth 
course whxch was flown at the begmnmg of 
the circle Smce the arcraft I,, the 360’ 
circle changes azimuth with respect to the 
VOR, this devlatmn 1s computed x, degrees 
and subtracted from the course-devlatmn- 
mdlcated erroi- Subtractmn of the known 
error results u, the numerical value of 
polarlzatlon error 

Table I shows the errors measured at 
a four-loop ommrange statmn 3 This mfor- 
matlon was obtamed to show a comparison 
between polarxatmn errors measured both 
on the ground and in arcraft Measurements 
were made along the same radial from the 
VOR and at approximately the same time 
The arcraft and ground measurements were 
expected to agree in dlrectmn of change but 
not m magnitude, because the polarlzatmn 
error varies with the type of arcraft and 
with the locatmn of the recelvmg antenna on 
the alrcraft No attempt was made in design- 
mg the polarlscope to make Its readmgs 
agree ,n magnitude with the arcraft 
measurements of polar1zatmn error 

The table shows that the ground meas- 
urements agree m trend but not in absolute 
magmtude with the arcraft 30” wmg-rock 
measurement Results show that the 
polarlscope measurements c h an g e d from 

3 
S R Anderson, H F Keary, and 

W L Wright, “The Four-Loop VORAntenna,” 
CAA Technical Development Report not yet 
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0 61” to 0 23”. a ratm of 1 to 0 377. while 
the 30” wmg-rock measurements changed 
from 0 16” to 0 06’, a rat10 of 1 to 0 375 
Agan the polarlscope measurements changed 
from 0 23’ to 2 38’, a rat10 of 1 to 10 35. 
while the 30’ wng-rock measurements 
changed from 0 06” to 0 75’, a ratm of 1 to 
12 5 The eight-ways test and the 360” cucle 
test changed m the same dlrectmn as the 
30’ wmg-rock test but not m the same 
amount 

TESTS OF CONTROLLED 
POLARlZATION ERROR 

In order to study the effects of vertl- 
tally polarized radlatmn which has various 
magnitudes and phase angles and which IS 
from an ommrange antenna array. the system 
shown in Fig 15 was mstalled A single 
horizontal loop radiated carrler and sldeband 
energy in such a manner that a flxed bearmg 
was ohtamed at any pomt m azzmuth The 
phase relatmnshlp between the reference and 
variable signals ra&ated from the loop was 
the same at all pants >n space This rela- 
tmnshlp was held constant durmg all the 
tests A vertically polarized antenna was 
fed from the No 2 output of the gomometer 
and contamed sldeband energy which was m 
quadrature with the 30-cps energy fed to the 
loop antenna The feed line from the gem- 
ometer to the vertical antenna contamed a 
tapped, shorted quarter-wave transformer 
and 50 feet of RG-ZlA/U in order to reduce 
the power It also contamed a phaser which 
made It 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 It was 
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Fig 15 Polarlzatlon Error Test Installation 

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

This lnstallatmn satlsfled all the re- 
qurements to produce varmus magnitudes of 
polarlzatmn error The loop antenna and the 
vertxal antenna were mstalled so that their 
vertical axes comcxded, thereby producmg 
flxed patterns of uniform relative phase m 
all dlrectmns of azimuth Tests made with a 
field-strength meter showed that the ratlo of 
horzontally to vertically polarized radlatmn 
from the horizontal loop was approximately 
15 ta 1 The ratm of vertically to horizon- 
tally polarized radmtmn from the vertical 
antenna was approximately 20 to 1 When 
only the loop antenna was excited, no polarl- 
zatmn error could be measured in an airplane 
or with the polarlscope When a small 
amount of power was applied to the vertical 
antenna, polarlzatmn error was lmmedlately 
noticeable both m an airplane and with the 
polar1scope This error was proportmnal to 
the voltage apphed to the vertical antenna 

Prevmus attempts to reduce polarlza- 
tmn errors had mdlcated that the r-f phase 
angle between the horlzontally and vertically 
polarized radlatmn had a direct relatmnshlp 
ta the amount of polarlzatmn error experl- 
enced in aircraft Further lnvestlgatmn of 
this hypothesis was conducted, usmg the 
system shown m Fig 15 The amount of 
power fed to the vertical antenna was ad- 
justed to produce a polarzatmn error of 
+4 5’ This was produced with a power 
ratio of about 40 to 1 between the vertical 

antenna and the sldeband power in the 
horizontal loop Alrcraft wlththree different 
types of recelvmg-antenna installations were 
flownan eight different headmgs over apamt, 
and the phaser m series with the vertical - 
antenna was changed through 200” for each 
heading The course-deviation-mdicator 
voltage was recorded for eachphaser setting 
Figs 16A. B, C, and D are plots of push- 
pull error versus the phaser settmg recorded 
m the arcraft for flights m the cardinal 
dxectmns These curves seem to mdlcate 
that between the vertically and horlzontally 
polarized waves there IS not a smgle r-f 
phase relatlonshrp that produces mmlmum 
polarlzatmn error for all types of urcraft 
and recervmg-antenna mstallatmns The 
error produced m the receiver 1s dependent 
upon the characterlstlcs of the recelvmg 
antenna as well as upon the signals produced 
at the ommrange statmn. However, reducing 
the magmtude of the vertxally polarized 
ra&atmn from the statmn wvlll reduce the 
polarlzatmn error mdlcated by an aircraft 
*t?CelYe* 

Extensive tests were conducted with 
the portable polarlscape to determme the 
effect of the proximity of fences, power lmes, 
and the mstrument truck It was found that 
acceptable readmgs can be obtamed If the 
antenna assembly 1s located not less than 
20 feet from low wire fences and 200 feet 
from overhead wires Greater proxlmlty 
usually Increased the amount of palarleatmn 
error observed It was found that the metru- 
ment truck had least effect when parked 
parallel to the antenna supporting sectmns 
Thirty feet of separatmn between the truck 
and the antenna assembly was found to be 
adequate to ellmmate any proxlmlty effect 
It was also necessary to be wlthln the lme of 
sight of the ommrange antenna to obtam 
reliable readmgs 

A method of checkmg the portable 
polarucope equpment wlthout usmg auxlllary 
mstruments was devised To make the fol- 
lowmg tests, It was necessary to modify the 
navigational receiver by puttmg a mllham- 
meter m the cathode circuit of the first r-f 
stage The readings on this meter were a 
functmn of the signal strength present at the 
receiver-antenna termmals To check the 
equality of the electrlcal characterlstxs of 
the two antennas, they were Installed one at 
a time m the horizontal antenna posltmn with 
their feed lmes connected &rectly to the re- 
celver The mllllammeter readmgs should 
be the same with either antenna connected 
With one antenna Installed m the horzzontal 
posltlon and the control box, phase=, and 
receiver connected m the usual manner, the 
feed lme from the antenna was connected 
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first to the phase= and then to the horizontal 
Input of the control box The mllllammeter 
readmgs obtamed In these tests were very 
nearly equal but higher than those obtamed 
when the attenuators were not m the clrcult 
Movmg the phaser settings and swltchmg 
from Test 1 to Test 2 posltmns did not pro- 
duce large changes m the mllllammeter 
readmgs By analyzmg the results of the 
foregang tests. It was possible to locate 
trouble that might be present m the portable 
polariscope equipment 

ANALYSIS OF TH& POLARISCOPE 

The antenna system used with the 
laboratory and portable polarxcopes 1s the 
equivalent of a dipole antenna tilted at 45” 
and with a means of varymg the r-f phase 
angle between the vertically and horizontally 
polarized components A dipole m space 
tllted at 45” is capable of recelvmg vertically 
or horizontally polarized radlatmn equally 
well The same IS true of the polariscope 
antennas The phase angle between the vertl- 
cal and horizontal waves 1s directly related 

to the spacmg between the polarzscope dipoles 
required for a maxImum deflection of the 
course devlatmn mdxator or of the micro- 
ammeter As prevmusly explamed in this 
report, the vertically polarized radmtmn 
which causes bearmg error is the 30-cps 
amplitude-modulated sldeband energy, the 
au&o phase of which 1s In quadrature with 
the desired 30-cps sldeband energy contam- 
mg the correct bearing mformatmn The r-f 
phase of this vertically polarized sldeband 
ratiatmn may be at any phase angle with the 
tarrier 

To produce maxImum effect In a re- 
ceiver, the carrier and sldeband radlatmns 
must be an the proper r-f phase with each 
other This 1s shown vectorlally In Fig 17 
The equation of an amplitude-modulated 
wave may be wrltten as 

e = E, sm 2nft + E,m sin Znft sm 2rrf,t (5) 

The first component of Equatmn (5) 1s the 
carrier frequency, and the second compo- 
nent 1s an expressmn for the sldebands A 
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more general expressmn for the sldeband 
components 1s 

E,m sin (Znft + 0) sin 2nf,t (6) 

where + 1s the angle between the carrier 
vector and the resultant of the sldeband vec- 
tors When 4 has any value other than 0’ or 
180’. the effective depth of modulatmn of the 
radiated wave 1s reduced as shown XI Fig 17 
because the detector m the receiver responds 
only to the component of the vector r that 1s 
xi lme with the carrier vector c 

By use of the polarlscope, It 1s possible 
to measure the phase angle $ Consider, for 
example, that the vertically polarized side- 
band energy leads the carrier by an angle of 
30” The cai-rler signal 15 plcked up by the 
horizontal antenna of the polarlscope, and 
the sldeband signal 1s plcked up by the ver- 
t1ca1 antenna Smce the two antennas are zn 
the same plane, the voltage produced at the 
receiver where the two signals are mixed 
~111 also have the same 30” phase angle and 
~111 not produce maxrnum depth of modula- 
tmn, as 1s shown w, Fig 17A If the spacmg 
between the vertlca.1 and horzontal antennas 
of the polarlscope 1s ad,ustedor If the length 
of one of the feed lmes 1s changed, It 1s pos- 
slble to have the two signals arrive at the 

receiver in phase and thereby have the 
rnaxwnum effect The error measured w1t.b 
the polarlscope then represents the maxxnurn 
athttude error an arcraft could experience 
when banked 45” 

It should be note d that the sldeband 
energy wluch contams the correct bearmg 
mformatmn 1s received by the horizontal 
antenna of the polar~scope along with the 
carrier and reference signals The vertxally 
polarleed sldeband energy contans bearmg 
mformatmn which 1s m quadrature with that 
contamed m the horizontally polarxed radla- 
tmn When the vertically polarized signal 1s 
properlyphased by ad,ustlng thepolarlscope, 
It produces Its m- um amount of error m 
one dlrectmn When Its phase 1s changed 
180” by reversmg the cable connectmns or 
by addmg 180’ of r-f transmlssux, lme, the 
vertically polarized sldeband radmtmn pro- 
duces Its maxmnurn effect m the opposite 
&rectmn This 1s the equivalent of rockmg 
an axcraft from a 45’ bank in one dlrectmn 
to a 45” bank m the opposite dlrectmn Such 
readmgs are recorded as Test 1 and Test 2 
on the polarlscopes , 

CONCLUSIONS 

The polarlscope was orlgmally devel- 
oped as a tool to aId m the development of a 
new VOR antenna array. however, Its use 1s 
not lnnlted to this appllcatlan It 1s a 
valuable to 01 for measurmg the relative 
amplitude and phase of vertically and horl- 
zontally polarzed radm signals from any 
source The portable polarlscope provides a 
convement, ecanomxal method of measurmg 
polarlzatmn errors on any radial from an 
ammrange statmn. and Its use 1s Invaluable 
when ad]ustments or repairs are made at a 
statmn m an attempt to reduce polarlzatmn 
error Its use has elnnmated much costly 
and tune-consunmg flight testing 

The results ohtamed with both the 
laboratory and portable polarlscopes mdl- 
cate that the amount of polarlzatmn error 
produced by an ommrange station can be 
accurately measured These results have 
been substanbated by flight tests 

The tests reported lndlcate that, 
between the carrier and the vertically polar- 
lzed sldeband energy, there 1s no optrnum 
phase angle which produces mx,unum 
polarlzatlon error for va11Clus types of 
alrcraft and recewmg-antenna mstallatmns 


