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THE PHASE COMPARISON LOCALIZER 

SUMMARY 

This report covers the development of 
the phase comparmon localwer, first tested 
in August, 1945, at the CAA TechnIcal De- 
velopment and Evaluatmn Center, Ind,ana- 
polrs, IndIana In th,s system. the differ- 
ence in phase between two v o 1 t a g e s of the 
same frequency 1s measured rather than the 
difference ,n amplitude between two voltages 
of different frequenaes as I,, the equlsqnal 
locallzer The phase comparison system for 
local1zers operates on a prlnclple slmllar to 
thatof the omnlrange and uses ldentlcal trans- 
mlttmg equpment The same r e c e 1 ye r 1s 
usedfor receptIonof both the phase comparl- 
son locallzer and the VHF omnlrange Stablllty 
of course-width and posltlon 1s assured by 
takmg energy for both the carrier loops and 
sldeband loops from the plate clrcut of the 
power ampllfler stage Flqht tests mdlcate 
that the courses of the locallrer are clearly 
defmed and sharp Clearance 1s excellent at 
allbearlngs from the locallzer on either side 
of the two courses 

INTRODUCTION 

In 1938. the f, r s t mstrument landing 
system was Installed at Indw.napolls, Indiana 
One of the essential components of the u,- 
strument landmg system (ILS) 1s the local- 
lzer which provides lateral gudance for an 
alrcraft approaching a runway Present 
locallzers, of wh,ch there are now approx,- 
mately 100 lnstallatlons in the Unlted States 
and about 40 in other parts of the world. are 
of the famllmr equxqnal. or amplitude com- 
par1son. type 

Aftera careful study of the phase com- 
parlson prmclples used I,, the ommrange, 
and early ,n the development of the range, It 
was decided by the Office of TechnIcal De- 
velopment that the same prmclples might be 
applied to the ILS localxer and certau, advan- 
tages gamed thereby These are, (1) use of 
a common receiver for both VHF omnlrange 
and ILS localzer nawgatmn, elnnmatu,g the 
need for a 90 - 150 cps filter-rectlixr unit, 

and (2) snnphflcatlon of transmlttmg equrp- 
ment by usmg essentmlly the same compo- 
nents and requ,rr,g the same type of mamte- 
nance as II, the omnxange 

The purposeof this reportls to describe 
the phase campar,son locallzer and to po,nt 
out some of Its advantages over the equl- 
SIgnal type 

THE EQUISIGNAL LOCALIZER 

Before proceedmg with a dlscusslon of 
the phase comparison locallzer, we shall re- 
vlewbrleily the operation of the 90 - 150 cps 
equlslgnal local1zer presently In use 

In the equslgnal locallzer. the course 
1s de f one d by the IntersectIon of two hqhly 
d, r e c t 1 Y e overlappmg field patterns The 
overlappmg, or equxlgnal zone, 1s a 11 g n e d 
with the runway ReferrIng to Fig 1, the 
CAA locallzer antenna consists of a broad- 
side array of eight loops, the two central 
loops, CL and CR, r ad 1 ate cari-ler signals 
modulated at bo th 90 and 150 cps (and ~ncl- 
dentally at 1,020 cps and voice for statmn 
Idenhfxatmn) The remammg suloops, ISL, 
2SL. 3SL. 1SR. 2SR, and 3SR. radmte 90 and 
150 cps sldeband signals only. 

The radmted field patterns of (A) the 
carrwr loops,(B) the sldeband loops, and (C) 
the resultant pattern are Illustrated I,, Fqs 
2A, 2B. and 2C It ~111 be noted, Fig 2B, that 
the radlatlon from the sldeband loops 1s zero 
along the lme of the course, and that the 90 
and 150 cps ma,or lobes of the sldeband antenna 
pattern are opposite I,, phase with respect to 
each other Phase relatmnshlp between the 
sldebands from the two groups of antennas IS 
suchthatl50-cpsenergy predommates on the 
right when f a c in g the antenna system from 
the runway The relative sldeband currents 
in the four pa, I s of sldeband antennas are 
lndlcated I,, Fq 1 

The received signals are detected in a 
superheterodyne receiver shown diagram- 
matlcallyinFq 3 The 90 and 150 cps com- 
ponents of the received signal are separated 
by means of bandpass filters The outputs of 
the filters are rectlfled and the difference in 



Fig. 1 Standard CAA Localxer Antenna Array 

voltagle 1s md,cated on a zero-center ~nstru- 
ment 

THE PHASE COMPARISON LOCALIZER 

To convert the equslgnal localmer to 
phase comparison operatmn. It IS necessary 
to radiate an essentmlly non-dlrectlve madu- 
lated carrier from the carrier loops CL and 
CR, Fig 2A This comprises the “reference 
phase” s,gnal since It 1s r a d 1 ate d without 
phase change due to dlrectmnaf transmlssmn 
The “varmble phase” signal 1s compr,sed of 
sxdebandenergyonl~, radmted from the s,de- 
band loops, Fig 2B. In space, the carr,er 
and sldebands combme to produce a modu- 
lated signal, the modulation frequency con,- 
ponents ofwhlchare melther O’er 180” phase 

lFor a mo r e thorough descrlptmn of 
the localmer, the reader 1s referred to “The 
CAA Instrument Landmg System,” byP 
Caporale, published III “Electromcs” Feb- 
ruary andMarch, 1945 

with respect to each other. by vmtue of the 
Inherent 180 D p ha s e displacement between 
the two ma,or lobes of the side band fmld 
pattern,F,g 2C The localzer course IS de- 
f one d and flxed by the null of the sIdeband 
space pattern along the lme of phase change 
from 0” to 160” The same antenna array 
maybeusedfor either the equs~gnal or phase 
comparison locallzer With a given antenna 
assembly. the pattern shapes are the same 
for both localners 

Inorderthat the reference and varmble 
phase signals may be convemently separated 
in the r e c e IV e r wIthout cross-modulatmn 
between these two channels, the reference 
phase voltage 1s supenmposedona subcarrIer 
of 10 kc by frequency modulatmn The fre- 
quencymodulated subcarrlw n, turnmodulates 
the i-f carr,er radmted by the carrier loops 

F,g 4A 1s ablockdmgramof the equls,g- 
nal local~zer equipment. and Fig 48 15 a block 
dragramafthe fmstphas compar~sonlocalmer 
converted frxnequrs,gnal operation at the Tech- 
nlral Development and Evaluabon Center m&g- 
ust, 1945 Itw,llbeobservedthatthe 90 - 150 
CDS motor-alternator set, Fig 4A, was d,s- 

. . 
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Fig 3 Equlslgnal Locallzer Receiver 

connected and that the hybrid umt (no longer 
necessary as such) served as a power trans- 
former A 10 kc FM subcarrIer generator 
was added The modulatmg voltage at 60 cps 
was derlvedfromthe commercial power 
marls The frequency devmtmn ratio was 
set at exght and the subcarrIer level was ad- 
lusted to modulate the rf carrier at approxl- 
mately 30 per rent The v01ce modulatmn 
level also was iet to an average value of 30 
per cent The rAntIre process of c~nversmn 
was accompllsht d m a little over One hour 

For recept on,= TypeRC-103 receiver. 
with certam marhflcatlons, was used The 
recelvermodlfic~ltlons consIsted of removmg 
the 90 - 150 cps bandpass filters and rectlfvers, 
substltutmg a 10 kc FM demodulator and I,-,- 
stallmg a wattme er mdxator clrcult 

Referrmg toFIg 5, the mdlcator clrcut 
operates as fallows When the receiver 1s 
located to the left of the course, posltmn A, 
the voltage across rectlfler X1 1s equal to the 
sum of Ev and Er Hence, I1 IS greater than 

Iz, and the Instrument pomter deflects to the 
right When the receiver IS on the right side 
of the course, posltmn B. I1 1s less than 12, 
smce the voltage across rectlfler X1 now 1s 
the difference be tw e en Ev and Er. and the 
mstrument pomter deflects to the leit When 
the receiver 1s on course, posltmn C, Er 1s 
7er.s and I1 1s equal to I2 The voltages ap- 
pearmg across the rectlhers are equal and 
opposite, hence the resultant current through 
the mdlcatmg in s t r urn e n t 1s zero and the 
pomter mdxates “on course I’ 

The recelvmg equpment was Installed 
m airplane NC-1 1, a Boemg 247D. and con- 
nected to a tall V recelwng antenna In this 
farm. the new type lacalner was first demon- 
strated to the delegates of PICA0 (Provlsmnal 
Internatmnal C IV 11 Avmtmn Organmtmn), 
durmg the CAA demonstratmns of radm ads 
to a,r nawgatmn u, October, 1946 

Soon after the PICA0 demonstratmns, 
the modulation frequency of the omnlrange 
and phase comparison localzer was changed 
from 60-cps to 30-cps in order to mlnlmlze 
the e f f e c t s. of propeller modulatlon2 on the 
alrborne equpment A fur the r smnpllflca- 
tmnof the ground equipment was made at this 
trne The electromc sldeband generator was 
replaced by a 30-cps capacity type 

5 
Onmmeter 

of the type used m the omnlrange The hy- 
brld umt, which had merely been used as a 
transformer to supply 60-cps voltage to the 
screens and plates of the tubes used in the 
sldeband generator, was no longer needed and 
was dlscarded 

A synchronous motor was used to drive 
the gonmmeter which was mounted on a shaft 
commonto themotar, gonmmeter, and a fre- 
quencymodulatedtone wheel The mean fre- 
quencyof the tone wheel was 9,960-cps, modu- 
latedplus and emus 480-cps at a modulatmn 
frequency of 30-cps The frequency madu- 
lated tone wheel was used to replace the 60- 
cps frequencymodulatedosc~llatorprev~ously 
used 

When the gonmmeterwas flrstmstalled. 
Input power was derived from the plate cm- 

‘H C Hurley, S R Anderson and 
H F Keary. “The CAA VHF Omrurange,” 
TechnIcal Development Report No 113, June 
1950 

% ee footnote 2 
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Fig 2 Equs~gnal and Phase Camp. 
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m Locahzer Fxld Strength Patterns 
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1 
F,g 4 Locahzer Ground Statmns 



LEF? 

(A) I, > I2 (A) I, > I2 

COiRSE dIGHT 

FR= FIELD INTENSITY OF REFERENCE PHASE 

Fv= FIELD INTENSITY OF “ARlABLE PHASE 

ER’ REFERENCE PHASE VOLTAGE 

E,= VARIABLE PHASE VOLTAGE 

I,AND I2 = DC COMPONENTS OF CIRCUIT CURRENTS PRODUCED BY +E,t E,, 

&AND X2 ARE SELENIUM RECTlFlER UNITS 

Fig. 5 OneratIon of Indicator Clrcult, Combmed Ommrange and 
Phase Comparison Localner Receiver 

cutof the power ampllfler driver stage ai the course-sensmg, due to Improper adlustment 
transmitter Later tests showed this method of tumng controls or iallure ai a transmlttmg 
of obtammg rf power to be unsat,siactory tube, are deilmte posslbllltles when the gem- 
Course-width varlatmns and r eve r s a 1s of ometer 1s excited with rf energy taken from 



RECORDING WHILE CIRCLING STATION AT A six MILE RADIUS, 1,000 FEET ABOVE THE GROUND 

AT 150 TO 160 MPH TAIL V RECEIVING ANTENNA USED ON DC 3 AIRCRAFT, NC 192, JAN 21.1949 

RECORDING OF LOW APPROACH TO STATION 

Fq 6 Recordq of Flight Test of Phase Comparison Local~zer 
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/J~yg ,gj 
L--- ---A-------J’ 

Fig. 7 Thmty Cycle Phase Comparison 
Local1zer 

either the plate circuit of the driver stage or 
the gnd clrcu,t of the power ampllfler stage 
of the transrmtter These posslbllltles may 
be avoIded by takmg rf energy for the gem- 
ometer f ram the plate clrcut of the power 
ampllfler stage When this method of sup- 
plying e ne r gy to the gonmmeter 1s used, a 
means of removing the modulation from this 
energymustbeprowded This 1s accomplished 
by usmg a modulatmn elmnnator s~mllar to 
that provided ,n the omnmmge4 

TEST RESULTS 

A recordmg, reproduced xn Fig 6. was 
made w,th the components of the ground sta- 
tmn of the phase comparison local~zer 
arranged as shown mF]g 7 The rece~vmg 
equpmentshown dmgrammatlcall> I,, Fug 8, 
was designed for receptmn of both the on,,,>- 

%ee footnote 2 

* 

Fig. 8 Combmed Omnmnge and Phase 
Comparison Locallzer Receiver 

range and the p ha s e comparison local~zer 
In makmg the aforementmned recordmg. the 
mrplane circled the statlo,, at a dmtance of 
tenmllesandatanal~tude of 1,000 feet above 
ground It ~111 be noted that the change III 
dire c tlon of deflectlo., of the crosspomter 
meterwas smoothas the arcraft flew across 
the two courses. moreover. at no point on 
e,ther side of the courses was the deflectmn 
of the crosspamter meter less than full scale 
This mdlcates that the clearance was excellent 
zn all dlrectmns from the statmn It should 
be mentmncd that the equmlgnal type local~zer, 
formerlymstalled at the same site and usmg 
the same antenna system, gave clearance 
values about 20 per cent lower III any given 
dlrectmn from the statmn when adlusted to 
the normal course-width of 5’ Exhaustive 
flight tests over apermd of nearly four years 
have shownthe course 1s exceptmnally straight 
and easy to fly 

A chart of c o u r s e devmtmn based on 
readmgs taken at Irregular mtervals over a 
permd of SIX months 15 shown III Fig 9 The 
known wide lunlts between which modulation 
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percentages and pow e r output of the trans- 
mutter varied are not reflected in the chart 
On January 25, 1949,power to themomtorwas 
interrupted for 16 hours The large devlatmn 
of co u i- s e posItIon mdxated for January 26 
1s probably erroneous because only a short 
tune was allowed for the monitor to stabilize 
before meter readmgs were recorded The 
morntor with whl ch the data I,, Fig 9 was 
obtaned had formerly been used at one of the 
VHF ommrange sites The pxk-up head of 
the mon,tor was placed on-course Controls 
were then ad,usted so that a dewatlon of one- 
quarter degree in either d 1 r e c t 1 on of the 
course pos~tu,n would cause full scale deflec- 
tlon of the lndlcatmg meter 

CONCLUSIONS 

Although the first conslderatlon in 
developmg the p h a s e compar~on local~zer 
was to complement the omnuange and to 
simplify r e c e I” In g equpment, a locallzer 
supermr to the equlslgnal type m several re- 
spects v,as developed 

Because the course establlshed by the 
phase comparison local~zer 1s determ,ned by 
the null of the antenna space patterq varlatmns 
lnmodulatlonamplltude do not alter Its posl- 
tmn In the case of the equslgnal local~zer, 
the relative amplitudes of the 90 and 150 cps 
modulatmg voltages dxectly affect the course 
posItIon Varlatlons I,, ampl,tude of Esther of 
the two modulating voltages ~111 cause an 
appreciable shift in the course, llkewse, any 

unbalance due to changes I,, characterlstlcs of 
the 90 - 150 cps bandpass filters andthe 
rectlflers us e d u, the recelvmg equipment 
~111 cause an apparent shift of the locallzer 
course Hence, the phase comparison local- 
~zer 1s Inherently more stable than the equl- 
s1gna1 local1zer 

An outstanding advantage of the phase 
comparison 1 o c a 1 I z e r 11es I,, the snnpllfl- 
catlon of the receiver The same receiver 
may be used for both ommrange and local~zer 
fac111t1es Further, the ellmxw.tlon of the 
balanced 90 - 150 cps f 11 t e r s results 11, a 
lower cost receiver and a reductmn of about 
5 lbs in weight 

Tests have shown that the quality of 
VOICE transnussmn from the phase compare- 
son local1zer IS greatly superior to that 
from an equwgnal local~eer The 9,9bo-cps 
FM modulatran of the carrier and the X0-cps 
sideband energy are present 11, only a small 
quantity in the af channel of the receiver. 
whereas the 90 and 150 cps modulation, to- 
gether with the sumanddlfferen~ffrequencles, 
add materially to the background Norse when 
recelvlngvolce from an equ1s1gnal locallzer 
This e f f e c t 1s particularly notIceable when 
flying more than5’ to Esther side of the course 

Of considerable slgmfxance 1s the fact 
that the transmlttmg equpment of the phase 
comparison lacal~zer 1s common and Inter- 
changeable with that of the ommrange which 
sunpllfles procurement and maintenance of 
the faclhtles 


