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POLARIZATION ERRORS OF TWO DIFFERENT 
OMNlRANGE ANTENNA ARRAYS 

SUMMARY 

This rep” rt descnbps the results of 
flight tests on the Y “ungst”wn, Ohlo, and 
Indmnapolls, 1 n d 1 a n a , VHF “mnlranges I,, 
order to obtam comparative data with respect 
topolarlzatmnerrors of tw” dlstmct types of 
antenna arrays 

The Youngstown “mnlrange antenna 
array 1s comprised of a smgle loop and two 
pairs of crossed d,p”les The Indmnapol~s 
ommrange utlhzes a standard five-loop an- 
tenna array 

Theflqhttestsmade “nthe Youngstown 
VHF “mmrange we re duplicated as closely as 
possible an the Indmnapol~s ” m n, r a n g e n, 
order that a true camparlson of the perfarm- 
ante of each statIon co u 1 d be made Theo- 
retlcal conslderatmns predIcted a conslder- 
able amount of vert,cal polanzatlon from the 
Youngstown omn~range due to the use of 
crosseddlpoles I” the antenna system Anal- 
ys,s of the i 1ve - 1 o o p antenna array at the 
Indmnapolls “mn,range “redlcted pure horl- 
zonta1 polarlzatlon Polarlzatlon errors of 
conslderable magmtude were observed wh,le 
flight testmg the Young s t” wn “mnlrange, 
while the polarlzatmnerrors observed on the 
Indmnapolls “mmrange were correspandmgly 

less, the rat,” bemg about f,ve to one The 
Y”“ngstownantennaarray,n Its present form 
IS not recommendedfar use in the “mmrange 
system due to the errors assocmted with this 
type of antenna structure 

The requrements of the “mnlrange 
system make It necessary that any antenna 
arrayused in thli particular system produce 
pure honzontal polanzatlnn only ,f it IS to 
became a succebcful navlgatlonal a,d 

INTRODUCTION 

The USC of crossed dipoles xn the VHF 
ommrange antenna a r ray was conceived by 
eng~rwers of the CAA’s OffIce of Federal Air 
ways w,th th,= ,dra of s 1 mp 111) 1 n g the I”- 
stallatlonof the anLenna qritc m (he Fig 1) 

The Idea of usmg crossed dipoles for 
VHF antenna arrays 1s not new Earlier ex- 
perrnents 1” the de\elopment “i VHF lour- 

course ranges by the Office of ‘I e c h n 1 c a 1 
Development, n d 1 c a t e d consIderable polar- 
matlo,, e r r o r s associated with this type of 
antenna structure makmg It necesqary to 
utll,ze the VHF 1”“~ antenna to “btam pure 
horizontal polarmatmn 

Wh,le the presence of vertical polarl- 
zatlon u-, a VHF four-course range antenna 
array 1s not desnable, ,t 1s mdeslrable to a 
muchgreater degree In the “mmrange system 
For th,s reason the use of loop antennas has 
become standardfor allCAAVHFnavlgatlona1 
a,ds systems, and has proven very satxs- 
factory r, the “mmrange antenna array at 
Ind,anap”l,s and numerous other locatmnq 
(See Fig 2). At the request of the Office o[ 
Fe de ral Always, the OffIce of Techmcal 
Development flqht tested the Y ” un g s town 
“mmrange wlthExper,mentalStatlon airplane 
NC-182 The urplane was equipped with V 
antennas locatedat the hatchand tall posltmns 
The hatchposItIon 1s on tap the fuselage along 
the center lme 144 in from the nose, the tall 
posItIan 1s on top the vertical stahlllzer 

The recelvmg equpment canslsted of a 
m”dlf,edRC-103 receiver and converter unit 
adlusted far “peratlon on 30 cps 

THEORETICAL CONSIDERATIONS 

Crossed Dipole Array The charac- 
tenstIcs oi the crossed dipole array may be 
determ,nedbyi,rstc”ns,derlnga single harl- 
zontal dipole as shown in Fig 3 The dlrec- 
tlon of the e 1 e c t TIC f,eld mtenslty vector, 
produced by the d,p”le, when fed with a gen- 
erator at the center of the dipole, 1s obtained 
by p e r I o r m, n g the followmg vector “per- 
at,ons’ 

ID = directIon of electric iwld 

(1) 
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,///,,,/ T-7-7-7- 

Fig 1 Crossed D,pole Ommrange Antenna 
Array 

ID = -,I cos # s,n + sm2B 

+ l,(l-sm 2 $3 s1n2 e ) 

- Ik cos B 51n e 51n # 

IIDI = D =1/l - sm2 .9 sm2 9 

IE = electric field mtenslty 

(2) 

(3) 

=EE 
D 

m 51na (4) 

%I 1s a constant dependmg upon the power 
radmted, the distance, the umts, etc It can 

be shown that 

51n a = I-sm2 e s1n2 54 (5) 

Putting (5) Into (4) and makmg use of (2) 
and (3) 

F,g 2 F,ve-Loop Ommrange Antenna 
Array 

Fig 3 Homzontal D,pole in Coordmate 
System 
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Equat,on (0) may be rewr,tten,n terms “f the 
vert,cal and h”r,r”ntal components a5 follows 

IhH=Em 
[ 

-,, co\ # Sln .$ s,n2 B 

t11 (I-sm2 9 s1n2 B ) 
1 

(7) 

IEV = + F, 
[- 

I k cos 0 5x1 B sm 9 1 (8) 
lIEHI = EH= E,1/1-“‘n2ds1n28(l+cos2 s)(9) 

In equat,“n (4). ,t ,i assumed that the d,p”le 
f,eld ,ntens,t) var,ea as s,n ,, Th,s ,s true 
for 5 ma 11 d,polr lengths and ,i a good ap- 
prox,mat,“nfor lengths approaching one-half 
wavelength 

F,g 4 shows two d ,pol~s of the type con- 
i,drred ,n Fig 3, placed one above thP other 
and parallel to the y-ax,s The d,polei are 
exc,ted u,th P q ua I currents, mphasr The 
f,eld ,ntens,ty Iron, the two d,poles ,s then 

IE, = IE. 
[ 

2 co5 ( ; cos B) 1 (II) 
LEIf (+2cos(+J) (12) 

then IE, = I>, f(B) (13) 

z 

F,g 4 Two D,polr Array 

Fquat,on (13) may bP cxpreised ,n terms oi 
the v e r t, c a 1 and h”r,zontal components by 
mak,ng use of rquat,on% (7) through (10) ai 
f”ll”WS 

The above equat,oni sl-“w that Ih? eflectof 
itack,np, thr d,poles ii to change the vert,cal 
plant character,shch but. ,n no way alt~r the 
relat,vP strength of the vprt,cal component 
w,th rcsp~ct to the horirontal component 
The horuantal planr patterns, wh,rh varv 
w,th d , are unaffectpd bystackmg the d,p”les 
except 1” 5,z.f 

Inspectmn of rquat,“n (17) shows that 
thr vrrt,cal component ,s zero along th? 
horuonand directly above the array and 
reaches a max,mum value depPnd,ng upon 

f 101 The hor,aontal plane patterns, her,- 
rental sl,ces through the three-d,mens,“nal 
pattrrn, are f,gures-of-e,ght w,th max,ma 
at$ = 90’ and 270” The horuontal c”m- 
ponpnt, equat,on (18). has a f,gure-of-e,ght 
pattern along the h”r,zon but, ,t ,s at r,ght 
angles t” the vert,cally polarxed f,gure-“f- 
e,ght The maxima occur at 6 = 0’ and 
180” lor the hor,zontal c”mponenL 

Let 0= 90’. then Iron, equat,ons (17) 
and (18) 

E> av- 0 (19) 

k: aH 2 2 Em cosq (20) 

From equat,“ns (19) and (20). ,t can bp seen 
that ,n thr ho r , 7 on t a 1 plane, ,nclud,ng the 
array, a pe ricct l,gur~ -“f-t ,ght ,~i obtamed, 

( a coblne wave) and no vrrtlcal componrnt 
This rharactcrlst,r 1s d?\,rablc lor an “mm- 
rangt If 0 # 90”. thP ilgurt -of-e,ght pattern 
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of the hormontal component changes from a 
true co s ,ne shape to a dumbbell, then to a 
axle, as the z-ax,s ,s approached The 
vert,cal componenr IS also present, but w,th 
a sme pattern (f,gure-of-e,ght d,splaced 90” 
from that produced by the horzontal con,- 
portent) 

From the above cons,derat,ons, ,t ,s 
apparent that the use of two pa,rs of elements 
at r,ght angles to each other and each pa,= 
fed from an output of the gon,ometer assot,- 
ated w,th the ommrange w,ll produce the de- 
s,red varmble phase radmtmns of an omn,- 
range ,n the hormontal plane conta,n,ng the 
array only As the rece,ver ,s moved to 
h,gher and h,gher angles above the hor,zon. 
the pattern of the horzontal component be- 
comes more and rno,-e d,storted wh,le at the 
same tune a vert,cally polarzed pattern 
c 0 me s ,nto play The vert,cally polar,zed 
pattern would produce a course just 90” re- 
moved ,n space from that of the horxontal 
component In other words, the same re- 
ce,ver us,ng f,rst the hormontal component 
would ,nd,cate a course N-S for example, 
wh,le secondly, us,ng Just the vert,cal cam- 
ponent, the rece,ver unchanged would ,nd,cate 
an E-W course Actually, a hor,zontal V an- 
tenna 1s used for rece,v,ng on the a,rcraft so 
that the antennafavors recept,on of the ho=,- 
zontal component However, the sk,n of the 
a,rcraft ,ntercepts energy Irom both corn- 
ponents. and some of th,s energy 1s coupled 
to the V antenna Consequently. a5 the d,- 
rect,on of fhght ,s changed w,th respect to a 
f,xed po,nt, the amount of vert,cal component 
reach,ng the rece,v,ng antenna may vary, de- 
pend,ng upon the comb,ned d,rect,ve pattern 
of the sk,n of the a,rcraft and rece,v,ng an- 
tenna 

If ,t ,s assumed that the a,rcrait rece,ver 
responds to both the vert,cal and the ho=,- 
zontal components present, at ,ts locat,on ,n 
space, the follow,ng errors would result 

Let $ = 90’ ,n equatmns (17) and (18) 
The fields, due to one output of the ganmmeter 
ilr.2 

E % 
aV1 - 

E aH1 = Em COS2B f Is) (22) 

The f,elds, due to the other output 01 the 
gon,ometer, are obta,ned by settmg # = 0’ 
In equatmn (17) and (18) 

E aV2 = 0 (23) 

E aH2 = EIn f lel (24) 

If B + 90’, EaH1 maybe neglected smce 
EaH1 ,s small co m p a r e d w,th EaV1 The 
30-cps phase angle ,s then, 

Ifthevert,calf,eldwerenotpresent, # V= 0”. 
so that # v, ,n effect, ,s the error due to the 
presence of the vert,cal polar,zat,on 1 he 
follow,ng tabulation shows how the error var,es 
w,th 0 

e(degrees) oV(deg=ee*) 

88 20 
85 4 95 
80 9 85 

If we assume that the a,rcraft rece,ver re- 
sponds to the hor,zontal component only, an 
error w,ll be produced as the a,rcraft ln- 
creases 1 t s angle of elevat,on due to a dls- 
tort,“* al the I,gure-of-eight pattern 

Let d = 90”. then f ram rquatlon (IS) 
the f,eld due to one output of the gon,ometer 
xv,11 be 

E 
aH1 

=E m co52 e f Is) (20) 

By putt,ng + = 0 ’ ,n equat,on (I 8) the f,eld ,n 
space due to the other output of the gon,ometer 
,s obtamed 

E an2 ‘Em flet (27) 

The phase angle of the c o m b, n e d voltages 
producedinthe rece,ver byfwlds of equatmns 
(26) and (27) IS 

@ Tan-‘lCos2 B) (28) 
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If no dlstortlon I” the figure-of-eight pattern 
were produced E would be presentaH = ‘. *H = “, n” err”r 

Hence, # H 1s the error 
produced by the d,st”rtlon of the f,gure-“f- 
eight pattern The chart below Indicates how 
oH var~ee wvlth B 

0 (degrees) 0 H(degrrPs) 

85 0 44 
80 18 
45 26 6 

0 45 0 

This anal> 51s of the c r o 5 s e d dipole array 
neglects the e ff e c t of the counterpoise and 
earth Equatlan (25) 1s derIvedon the assump- 
tlon that the a,rcraft 1s located ,n the null of 
one figure-of-eight pa t t e P n Actually, this 
e qua t,” n holds for all d,rectl”ns from the 
StatIon It 1s be 1, eve d that in bp,te of the 
slmphfymg assumptions made ,n the analysis, 
effects agreemg with the theory both of the 
order andmagmtude as predxted shouldexIst 
The flight tests to be described later bear out 
the valldlty of this view 

Five-LoopArray This array uses loop 
ante n n a s which theoretxally radiate very 
11tt1e or no ” e r t 1 c a 1 p”larlzatl”n213 If no 
vertlcalp”lar,zat~“n,s radiated, ,tls believed 
thatnopolar~zat,“nerrors ShouldexIst except 
In those cases where the polaruatlon has been 
changed by reradntlon from trees, buldmgs, 
etc Incidentally, re radxatlon p h e no me na, 
would also e XI s t in the case of the crossed 
dzpole array If ltls assumed thatthe loop an- 
tennas are not perfect radiators, that they do 
radiate a small amount of vertical p”larnxt>“n, 
one wouldexpedqute dlffere~characterlst,~ 
from the loop array, than are predlcted for 
the c r o s se d dipole array The flight tests 
mdlcate very little polanzatmn errors for 
the looparrayand, where error is observable, 

‘S R AndersonandH F Keary, “F,ve- 
Lo “p Omm-Dlrectlonal Radio Range Array 
Developed for Use On the New York-Ch,cag” 
AlWay" C AA TechnIcal Development 
Se r v 1 c e unpubl,shed Memorandum Report 
No 9, Apnl 29, 1946 

3A Alford and A C Kandolan, “Ultra 
High F r e q u e n c y Loop Antennas”, A I E E 
TechnIcal Paper 40-45, January 1940 

Its characterlstlcs are qmte different from 
that predlcted for the crossed dipole array 

FLIGHT TESTS 

Incheckmg for polarlzat,on errors, the 
alrcraft 1s flown on a course away from the 
“mmrange stat,“” over a well-defined pomt, 
at a predetermmed d,stance from the range 
site and clearly v,slble from the cockpIt at a 
known altitude After passmg over the check 
pomt, the axrcraft 1s turned around and flown 
across the check pomt at right angles to the 
orlglnal course After crossmg the check 
pomt in one dlrectlon, the alrcraft 1s turned 
aroundandcrosses over the check pomt I” the 
reverse dIrectIon If the needle of the cross- 
p”l~terlnstrument(the course recorder gives 
a true r,d,cat,“n”f the cross-pomter needle at 
all tunes) assumes the sameposltlonatthe in- 
stantthe checkpomtxcrossedover, I” either 
dlrectlonof flight, no polanaatlon errors are 
present If the cross-pomter needle assumes 
a different posltlon when crossmg over the 
checkpomtmone dxectlon.as compared w,th 
the cross over I” the reverse dlrectlon. It 1~ 
evident that polarzatlon errors exist since 
the course has apparently been shifted when 
the aircraft c h a n g e 5 Its dIrectIon of flight 
This 1s sometxnes referred to as “pushmg” 
or “pullmg” 

F,g 5 shows the locatlonof check pomts 
at the Indlanap”l,s o m n, r a n g e , and Fig 6 
lndlcates the locatlonof check pomts at 
Youngstown omn1range 

InTablesIandIIare tabulatedthe polar- 
lzatlon errors o b s e r v e d 11, flight f o r the 
Youngstown and Ind,anapoll s “mnlrange 
stat,ons 

Table III 1s (L comparison of the magm- 
tude of the polarlzatlon errors observed on 
the Youngstown and Indw,ap”l~s “mmrange 
statIons It may be seen from these data that 
the polarlzat,“n errors observed”” the 
Youngstown s tat 1 on are approxnnately flW 
times greater than those observe d on the 
Indwmapohs statlo” Also, the polarlzat,“” 
P r r o r on the Youngstown stat,“” locreases 
with an increase in elevation angle, as theory 
predxts, while thl s effect 1s absent for the 
Indmnap”l,s statlo” 

Fig 7 shows recordmgs taken dunrg 
f 11 g h t s in two dnectlons, flymg a straight 
ground track directly over the Indwn,ap”lls 
ommrange, usmg the alrcraft tall V and hatch 
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F,g 5 Sketch 5howmg Locatmn of Check 

recelvlng antenna5 The approach to the 
itatlan IS equally good in both dlrectmns for 
either antenna The cone” 1s qute narrow 
and perrmts a c 1 o s e approach to the omnl- 
range s,tc be f o r P thP cross-pomter npedle 
deviates irom the “n-course posltmn 

Fig 8 shows recordmgsmade “na sun- 
,lar fhqht at toe Youngstown “mnlrange under 
like condltlons It w,ll be note” that the tall 
V antenna e:avr luentical results to that ob- 
taned at the Indmnap”l,s ommrange U’lth 

the hatch V antenna in use, the “cone” was 
c”ns,derably broader and resulted in a more 
d,fflc\llt approach to the statlon due to the 
sharp course-bends It 15 be 11 e v c d bv the 
authors that the course-bends observed with 
the hatch V antenna are due entirely to polar- 
~zar,“n errors The hatch V antenna appz?ars 
to bemorc susceptlblc to vertical polaruntmn, 

F >g 6 Sketch Showng LocatIon of Check 
FJomts for Dipole Antenna 
P”lar~zaL,“n Flight Tests at 
Youngstown. Ohm 

due to ,ts pas~tmn on the axcraft, than 1s the 
tall v antenna 

CONCLUSIONS 

The theoretical analysis of the crossed 
d,p”,e array ,nd,cates that such an array ~111 
producp polarxatlon errors, the magmtude 
of which depends upon the characterlstlcs of 
thr rer?lvmg antenna and its locatlon on the 
aircraft The flxght records of the crossed 
dipole array prove that even with the best 
avaIlable rece,vmg antenna and location on 
the arcraft. ronsldcrable polar~zatmn eri-“rs 
art present Some aircraft requre a location 
comparable to the hatch V 1 o cat 1 on lor the 
recelv~,g antenna, 1” w h 1 c h case the flight 
rerords show an unflyable course over the 
stntlon for the c r D s se d dipole arra> It 15 

recommended, ln x lew of the fmdlngs pre- 
bented in this paper, that the crossed dipole 
array not be used for ommrange stat,“,,* 

The five-loop array, both from theo- 
retlcal conslderatlorzz andfllghtmeasuremenk 
1s responslb?e f o I little polanzatlon error 
It 1s b?l,rved from a compar,son of the tests 
on both antenna systems that the flw-loop 
array byfar makes the safest andmost 
accurate “mnlrange 
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Fq 7 Flqht Recordmg of Ind,anapol~s Radml Fl,ghts 

? 

F,g 8 Flight Recordmg of Youngstown Rad,al Flqhts 
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TABLE 1 TABULATION OF POLARIZATION ERRORS IN YOUNGSTOWN 
FLIGHT TESTS 

Location 

Location 

4 mules North 
II 

Flight Tests on Youngstown, Ohlo. Ommrange Using Crossed 
Dipole Transmttmg Antenna and Tall V Recelvmg Antenna 

Polarlzatlon Combmed 
Dlrectlon Error in One Palarnat,on 
of Flqht Altitude Dlrectmn’t Err”= Remarks 

(degrees) (degrees) 

East 2000 -0 81 3 20 

West 2000 f2 39 

South 2000 -0 0 
North 2000 -0 0 00 

East 4000 -2.39 40 

west 4000 tl 61 
west 2000 +5 56 
East 2000 -3.3 8 86 

Radml Fhght 

South 2000 00 
North 2000 -1 23 1 23 Radml Flqht 

SE 2000 -1 85 
NW 2000 +2 42 4.27 

NE 2000 0.0 
SW 2000 +O 285 0 285 Radml Flxght 

SE 4000 -3 84 

NW 4000 +1 36 52 

Fhqht Tests on Youngstown, Ohlo. Omnmnge Usmg Crossed 
Dipole Tranqmttmg Antenna and Hatch V Recelvmg Antenna 

Dlrectlon 
of Flight 

La5t 
Ivest 
East 
west 
East 

North 
South 
west 
East 

Polarlzatlon Combmed 
Error In One Polarlzatlon 

Altitude Dlrectlon” 

2000 

2000 

4000 

4000 

4000 

4000 

4000 

2000 

2000 

(d egrees) 

-0 81 
$2 94 

-7 29 

t0 08 

-7 79 

-2 44 

t2 76 
+4 3 

-8 4 

Error 

(d egrees) 

3 75 

7 37 

5 2 

12 7 

Remarks 

Agree with pre- 
“lOUS east rlln 

(Plus s,gn lndlcates meter right 
Mmus sign ,ndlcates meter left 
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Location 

9 m&s North 
8, 
$8 
<I 

5 m,les North 

Locat,on 

TABLE 11 TABULATION OF POLARIZATION ERRORS 
IN INDIANAPOLIS FLIGHT TESTS 

Flqht Tests on the Indmnapolx Ommrange Usmg a Five- 
Laop Array for Transmlttmg and a Tall V Recelvmg Antenna 

Dlrectmn Height Above 
of Flight StatIon m Feet 

South 
West 
East 
West 
East 
west 
North 
South 
North 
East 
west 
SW 
SE 
NW 
SE 
NW 

2000 
2000 

2000 

4000 

4000 

4000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

4000 

4000 

Polarlzatlon 
Error in One 

DIrectIon’ 
(degrees) 

00 
to 67 

00 
-0 5 
-0 25 

00 
to 66 

00 
t1 00 
-1 17 
to 66 

00 
to 33 
-0 67 
to 67 
-1.0 

Combmed Polarl- 

zatlon Error 
(degrees) 

0 67 

0 25 

0 25 

0 66 

10 

1 83 

10 

1 67 

Flight Tests on the Indmnapolls Ommrange Usmg a Five- 

Loop Array for Transm~ttmg and Hatch V Recelvmg Antrnna 

Polarlzatlon 
Dlrectlon Height Above Error 1” One Combned Polarl- 
of Flqht StatIon m Feet DIrectIon+ zatmn Error 

(degrees) (degrees) 

North 2000 00 

East 2000 t2 0 25 
west 2000 -0 5 3 15 
East 2000 t3 3 38 

west 4000 -0 75 
East 4000 +2 5 3 25 

*Plus sign lndlcates meter deilectb right 
Mmus sign mdlcates meter deflects left 
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TABLE 1 I1 TABULATION OF COMPARISON OF INDIANAPOLIS 
AND YOUNGSTOWN FLIGHT TESTS 

A Comparmn of Flight Tests on Youngstown and 
Indmnapol~s Omnmnge Statmns Made III NC-182 

TAIL 

Locatmn 
Heqht Above Combmed Polar~za- 

Statmn ,n Feet tmn Error (deE!rees) 

9 miles North 
I, 

4 m&s North 
5 m&s North 

10 m&s NE 
14.6 miles SW 

I! 

10 m&s NE 

Youngstown+ 

2000 32 
4000 4.0 
2000 8 86 
2000 
2000 4 27 
2000 
4000 
4000 52 

HATCH 

9 m&s North 2000 3 75 3 15 
II 4000 7 37 3.25 

*This station used crossed dipole transnuttmg antennas 
“*This 1s the Expermental Statmn site, usmg a five-loop array 

Indmnapolls”” 

0 67 
0 25 

I 88 

10 
1.67 


