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at hgher altitudes, has mdvzted that an uu- 
proved antenna system would be dewable 

THEORETICAL DISCUSSION 

Gleater stablllty of the Z-marker zone < tlu be 
accomphshed by an antenna structure \1 hlch 1s 
more rlgld mechamcally than the one used at 
present Separatmg the mdwdual elements of 
the antenna and thar feeders to decrease then 
mutual couphng ~‘111 fwhtate the adjustment 
of the array and msui-e the stablhty of the final 
adjustment of the system An 1ncrPas~ 111 
altitude of the zone can be accomphshed by 
mcreasmg the power m the plesent antennn, 
but m so domg the radmted pattern w-111 1)~ 
expanded m all &r&mm, resultmg m n. sub- 
stantml broademng of the radmted beam at lov. 
altitudes The accomphshment of an mcreased 
nlt~tude of zone wth a utwrowor zone at loa 
altitudes, nocessltates redesrgmng the antenna 
system m order to provide greater vertxsl gam 
and sharper vertxal chrectw~ty 

Increasmg the gam and dlrectlvlty of sntennn 
arrays by means of spaced antennas, reflectors 
(both driven and parasitically ax&d), and 
stacked arrays IS well known to the mt The 
utlhzatmn of these prmaples for the uuprove- 
ment of Z-marker antennas has been suggested 
by Green 3 Sharpness of verhcal radmtmnmay 
bo obtamed by usmg several rous of paxdlel 
&poles spaced one-half wavelength npar t m the 
10~s and spacmg the rows one w-svelength 
apart Green shows that m order to obtam 
substantml symmetry between the rachatmn m 
the vertxal plane contanmg the radmtors and 
m the vertxal plane at nght angles to the 
i-a&atom, the antenna array should form a 
square figure m the horwontal plane The 
numer~al progressmn of row-s of radmtors and 
radmtors per NOW IS as follows l-2, 24, 4-8, 
etc , respectwely, where the iirst figure m the 
group mchcates the number of i-cm’s and the 
second figure the number of radmtors m each 
mow The total number of radmtors mcreases 
as Zp”-’ where n, au mteger, may be considered 
the number desqnatmg the avxess~ve stages m 

the rxpansmn of the system Thus, the thud 
stage would requxe & total of 32 radmtors, the 
4-8 combmatmn AsIde from the dficultles of 
constructmn aud adjustment of such a la-go 
number of la&atom, the second stage of expan- 
smn, the 24 alray, prov&s a vortlcal field 
pattern havmg two nunm lobes wlmh we 27 
percent as large as the major lobe, a condltmn 
which null&s ltb usefulness as a zone maker 
The 448 combmatmn has SM mmor lobes, the 
greatest of wluch 1s appmxunately 23 percent of 
the ma,or lobe A means of reduang the rnnml 
lobes offaed by Green 1s to stack the antennas 
m the vert~cnl plant Two layels of the 24 
rombmatmn\F~ll double the number of lachators 
and reduce the seconday lobes to onI>- 17 
pi3lCHll Three layers wll tllple the numbr~ of 
r&atom and reduce the lobes to only 10 POP 
cent It can ewly be &en that the system 
proposed 1s mhcrcntly complex mwhnmcallg 
and clectrxxlly 

The late E d Sterbu of the Bell Telephone 
Lsboratorles, m u. memorandum of Fcbrumy 
3, 1939, has shown that, m order to reduce the 
mtenslty of the mmor lobes m a vatwally 
stacked antenna system, It 1s necessary to feed 
the va~mus stacked &pole elements of the 
array with currents of different amphtudes, 
wluch vary m accordance wltb the coefficlcuts 
of the succes~we tams of the bmomml ex- 
pJlSlOll 

(a+b).=a”+~an-‘6+~a”-2bZ---~~~..etc 

Nheie (n+l)=numba of stacked &p&b m 
the array If the array consists of three stacked 
&poles, n=2 and the rrlntwe amphtudcs of 
the currents m the three &poles would be 

]+;+“c&J or 1-~---2-----l 

For four stacked &p&s the r&&we smph- 
tudes w-ould be 

1--~~-3~-~~-3-~-.-1 

and for five stacked &poles thr rclatwe ampll- 
tudes would be 

Au mvest~getmn was made to determme 
whether this prmaplc of proportmned currents 
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could be apphed to cophasod, colhnear dipoles 
to reduce the intensity of the mmor lobes which 
result from the use of more than two dipoles 
spaced more than 180’ 

The free space radmtlon patterns m the 
vrrtmrtl plane for sereral arrays of half-wave 
dlpolcs are shown m figure 1 and dlustrate the 
apphcatlon to spaced arrays of the prmclple of 

1 currents proportioned m accordance with the 
coefficwnts of tho succcss~vc terms of the bmo- 
mm1 exp*nsi”n l+gugurp 1 also sho>xs the 
vartlcal patterns oblamed wth 2., 3., and 
4.element arrays wth umty current ratios 
Consldcrmg only dlpolc spwmgs of 180’ the 
two-elemeni array nlth equal currents hns IZ 
substantmlly wde pattern wth no mmor lobes 
The addltlou of a thnd dipole 1” hue, spaced 
180” from an adjacent dipole and hnvmg a 
current amphtude equal to the other two dipoles, 
provides a sharper pattern but results m the 
addltlon of two mmor lobes which are opposite 
m phase to the major lobe and have a m~xuuum 
intensity of 11 7 percent of thr mayor lobe 
radmtlon When the three d~polc currents are 
proportioned m a l-2-1 ratio, the minor lobes 
are entirely suppressed and the mam lobe 
becomes shghtly broader The mzt,“r lobe 
sharpness may be mcreased by the uw of Iour 
dipoles spaced 180’ and crux) lug equal currents 
At nn angle of 200 from the vertlcd, the 
*trength of the radiated slgnal may bc reduced 
to 55 4 percent of the v&x obtained with the 
three-element 1-2-l array \hor lobes Itgam 
develop which have a maxnuum value of 17 
percent of the maxunum of the mayor lobe 
These minor lobes may be ehmmntrd, as before, 
by the proportlonmg of the dipole currents m a 
1-3-3-1 rat10 Although the mmor lobes are 
ehmmated the mam lobe becomes somewhat 
broader, since the radiation at an angle of 20’ 
from the vertical has been mcreased by 55 5 
percent over that obtamed with umty current m 
the four dlpolos However, the signal strength 
of the 1-3-3-1 array at an angle of 20’ from the 
vertical 1s 86 percent of the signal obtamed from 
the 1-2-l array 

The radlntlon charactenstlc m the vertlccL1 
plane which Includes the elements of R four- 
element array with a l-3-3-1 dlstnbutlon of 

currents IS practically the same as that of a 
three-element arm1 with 8, l-l-l dlstributlon of 
currents, except that the mmor lobes have been 
suppreswd The sharpemug of the pattern 
can be cnrrmd on further by the addltlon of 
more dipoles and by the proper proportlonmg 
of the currents The selection of the dewed 
array becomes a. problem of economy and com- 
pronuse In general, the mtenslty of the mm”1 
lobes mcrcnses wllh mcroase m the number of 
radmtors unless the currents we properly 
proportloned In actual sers,ce, where thP 
radmtors are located a quarter waxwlength 
above a mctulhc counterpow, the ficc space 
radrttlou characterlstlc ~111 be modlfird by the 
Enctor 

Sl” (90 Sill 0) 

It 1s possible to dewgu an array m which thy 
minor lobes are only partmlly suppressed below 
a tolerable! value However, the hmlt of expan- 
slon of the array 1s governed by cost and space 
hmltatlons, which mcrease with an mcrease m 
the number of dlpolcs In this development It 
was dccldcd to limit the array lo four dipoles 

A study ww thrn m,zdc to determme the 
lrmlts to which the lsdmtlon pattern could be 
sharpened by spa~mg the elements of the! 
urray at dlstamcs grcnter than 180’ Flgure 
1 also dluslrotrs the patterns obtamed Irom 
the 1-2-l allay wth dipole spacmgs of 180°, 
200°, 220°, aud 240’ It ~b seen that as the 
spacmg mcrc~ses, the pnttcrn becomes sharper 
with a shght tendency toward the production of 
minor lobes It IS mterestmg to observe that 
the l-2-1 array, usmg 220’ dlpole spncmg, has 
a sharpness equal to the 1-3-3-1 array, using a 
spacmg of 180’ The maxrnurn value of the 
,mnor lobe obtained with the 1-2-1 array and 
220’ spacing IS only 1 6 percent of the maxuuum 
value of the major lobe for free space radmtlon 
This 1s reduced to 0 64 percent when the array IS 
located a quarterwave above a metalhccounter- 
poise A spacmg of 240’ shows a shghtly 
sharper main lobe pattern with 4 1 percent 
mmor lobes for free space radmtlon The rumor 
lobe amplitude reduces to 2 2 percent when the 
array IS located a quarter wave above a metalhc 
counterpow The mmor lobtx are presrnt 
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\vlth .,~<,c,,,gs of 200’ nnd 220°, but th, \ a,,, 
too smnll to hc mdwated on Lhe polar cooldmntc 
pllrw 

F~gurc 1 show< pnttelns for flee spnrc ~ndw 
t1on Subsrqucnt radlntmn pattclns dlltrl 
flom those sho\\n 1,) figwe 1 m that the IC- 
tlcct1ons f1om tb? calth’s surfntc, assrmrlng 
pcrfrct <cmdu<tmg hound, me taken ml” CO,,- 
sldelatrou Also, 111 figures I to 3, Ill? 1ndw 

tion pattws hn\e all been plotted to a m<,\,- 
mum of umty at 90’ from the houzontnl plnnc 
The pattuns, thrrcfole, do not show the gi,ul 
of omc an’ty OTCI tbc other and arc not <on- 
parnblc on the hnsls of constant p”\+w mput 
to the .,r,uys Thp numel,c al figucs &“WII 
Jbovc the lorhntors on the figuw <,,r ~elntlr <I 
‘“llplltlldcs OI 1111, cuLrl~“t v>lllll~s 111 t111, Pl~mrnl~ 
of eltch allay 

Flgul,~ 2 shr . lhC put t1.1 II for the Z-“lilLl\~ 1 
.lllilV 1” p1csvrrt use at ruho 1mge stnlloll~ 

The alay ~orrilbts of two colhnrt~r, cophnwrl 
dipoles callylng eqnnl currents and spuccd 1800 
In addlhon to the ladmtlon pattern, j*(8) ,n .I 
vcrtmd plalK c”“tal”“lg t11c radlatols, the 
ladl>Ltuxl pattan jz(S), 111 a w?rtlcal plant 11”1- 
mnl to the hnc “I the rndlntors, ala 1s showi 
l’hesc plw~cs hrnccforth ~111 hc rrferrrd to i,s 
the A und B planes The sohd of liLdlatl”u 
would Iesemble a IhIck c.~clus leaf and the ~11s. 
kl”CP horn the orlgm to ar,y 1’“lnt on 1ts surfncl~ 
u ould rcprescnt thr rclatlv~ Md ctrrngtb at 
that pa1 tlcrllitl nllgk! mcns1ucd at n ~““hlallt 

dlstsnw flom the “llgm The dnectlon of the 
clc~tllc potrnt1al 7-e&o1 at X”J- polrll IS at llll 
tones m a plane contnmmg the rndlators and 
the pollIt 1” qlmtl”“, anti 1s normd to t1w llrw 

,ommg the pomt xlth the “ngm Thus, m the 
A plm the dlrcchon of the elcctrxz potcntd 

rector varies E~om vertical at the earth’s s,,r- 
fucc to bourontal above the array I” the n 
plane the c1rctr1c vector 1s at nll tmlcs hll- 

~“nlal and parullcl to the radiators Slrw m- 

plnnrs usunlly fly through the mtwkcr ~“TIC’S 
at a c”“sta”t nlhtude U&l the rcM!,>nrg It,,- 

terms 11, n horuontol poutlou, the pattcrus 
shown ale not strictly rep~escnlatlve of the 
voltage “np1esscd on the rcwmng antcnnil as 

It IS flown over the ttrrlty H”ww~r, nt high 
nltltldcs nnd ncnr II pant dncctly “\cl the 



torn me too small (0 64 percent) to be drawn 
on polar coordmate paper l?lgure 4 shows the 
pntterns of figures 2 nnd 3 plotted m rectangulal 
coordmates, and gwes a clear plcturo of the 
degree of sharpness cffccted by the SDA array 
It IS also seen from figures 2, 3, and 4 that the 
sharpcnmg effect, through the WC of the SDA 
array dcslgn, has been greatel m the fa(S) pnt- 
terns than ,n thef&) patterns Figure 4 also 
m&c&s that the present 2 marker 1s more 
symmetrical than the SDA anay In practical 
te,ms ths slgmfies, as ~111 be shown later m 
dlscusslon of the results, that the reduction m 
the elongated pattern, though substantud, was 
not so grrut as thP reduction m the nme width 

Dunng the early stages of development of 
this anny, tbc end dipoles wwc also dlsplttccd 
bo that each one w~ls collmcnr wth one of the 
tcnter dlpolps TIE arrangement resulted m 
a grpater narrowmg of the f&3) pattern than 
that obtamed wth the final arrangement, and 
B greater reduction m the elongated pattern 
ahen flymg parallel to the array and to one 
side However, because of the arrangement of 
dipoles, the array was not symmetncltl for 
angles measured &her side of the normal to 
the collmear a,xls of the nrray m the honzontal 
plane Thus dissymmetry resulted m a mmor 
lobe of 17 5 percent for mdud fhghts orer the 
may III a plane whxh made R 120° angle with 
the nxls of the array The max,mum of the 
lobe occuned at an eleratlon angle of 27 5’ 
At 40° It 1s stdl 12 percent Thus this minor 
lobe 1s qute apparent both m the headset and 
on tho marker mdlcator lamp for par&l rhord 
fhghts to ather side of the enay at an altaudc 
of 500 feet For thu reason thu arrangement 
was dwnrded This arrangement IS sometnnes 
refared to as the unsymmetrical SDA array 
(see fig 30) and can be seen in figure 17 The 
final arrangement of the Z marker IS referred 
to as the symmetrical SDA array and ha a 
mmor lob? of 5 65 percent for a 45O radml 
thght tlrrough the marker However, tlus lobe 
1~s along a 21~ elleratlon angle The bon- 
zontal dlstanre for an altitude of 500 feet at 
210 elerat1on angle 1s 1,374 feet Exalnlnat10n 
of the elongated patterns m figure 29 wdl show 
t>hat thx distance out along n 45’ rndlnl 1s well 

486924-43-2 

outslde the “hght-on” zone of the mnrker As 
the a~plane 1s moved m neai-er the army, the 
elevntlon anglp mcreases Ths fact may ex- 
plam why no rnlnor lobes are detected on parallel 
chord fhghts at nn altitude of 500 feet ather 
side of the symmetrical SDA array The 
general equation for this array Ifi 

E'(e),=;[cos (A co8 e)+cos (B cos s)] 

There A=220° cos 01 
B=90°sm LI 
8=the eleratlon angle measured from 

the horizontal plane 
a=the an& the vortlcal plane uoda 

conwdoratlon makes with the col- 
henr &xE of the array 

The first term of F(0), 1s the array factor, the 
second the form fator of the dipoles, and tho 
tbnd the reflection factor of the ground or 
c0unterp01se 

EQUIPMENT 

The SDA antennlt conslsts of two of the 
arrays shown m figure 3 placed at right angles 
and fed m quadrature tune phase wltb respect 
to each othvr EaLh array consists of the 
equvnlcnt of thlee collmear cophascd spaced 
dipole radiators separated 220’ and hwmg 
current ratios of l-2-1 The central equvalent 
element IS two dlpolps spaced one-half nave- 
length apart laternlly with each carrymg umty 
curlent Thus layout 1s shown m figure 5 
Dipoles 1, 2, 3, and 4 constltute one array 
whdc radmtors 5, 6, 7, and 8 constitute the 
other array The dipoles are supported a 
quarter wavelength abovo a 30-fool-sqnare 
counterpoise Lonylstmg of three-mch-square n-n-e 
mesh supported 6)1 feet above ground The 
c,ounterpoxr 1s snn&u to the plesent Z-marker 
counterpoise Figure 6 shows the complete 
layout of the antenna system For this photo- 
qaph the elements were pamted with alummum 
pant so that they would stand out agamst a 
dark background 

All radlatmg elements of the expenmental 
antcnnn consist of honzontal dlpolrs of seven- 



eighths mch OD copper tubmg supported at 
then centers by Isolantlte msulators m Rny- 
bould tee junction boxes The antennas nle 
fed through 140.ohm dual conductor slucldcd 
tl*nsmlsslon lmc A schemntlc diagram of B 
dipole wnd fccdcl IS sboan 111 figure 7 The 
dq>“lcs i,,c fed at R pomt of low polrntud nnd 
tIllI< arc m1rtwnt1y free from lnsulatloll dficul- 
11~s and mnkc fm n stable Bystem n-hlch 1s httle 
affected by ram, snow “1 xt’ Flgme 8 shows 
an assembled dlpolc m plate, supported on n 
galvanwd steel pedestal Feeder connections 
nrc made brlow the level of the countcrpolse 

All three-wy and n&-an& junct,ons of the 
two-wrc transmnslon lme were made by butt 
soldrrmg the lm~s alth sdvc~ solder Figure 9 
shows a butt tee ~unctlon 

Flgue 10 IS n VIFW of the feeders undrl the 
Lounterpolse A sprcild-out dlagnm of the 
qystem 1s shown 111 figure 11 The two right-- 
.mgle se&Ions of the antenna system m-c dewg- 
nnted array A (dlpolcs 1, 2, 3, and 4) and anay 
R (dipoles 5, 6, 7, nnd 8) Bmldmg-out sec- 
tlons of trnnsnusslon lmc T/l and TB are used 
to tennmate the mam feeders to the two arrays 
The mmn feeder to array B 1s 90° longer than 
the feeder to ruray 11, to prorldc the necessary 
quadrature phase wlatlonshlp The trlmma- 
tlon of the two cornmoo feedrm and the 90’= 
phusmg sectton ale shown1 m hgnle 12 

Radio-frequency power w-&v supphed to the 
antenna by a 75-mcgucydc, 5-w&t transmitter, 
type TZE A 3,000.cycle modulation voltage 
was npphed flom an extrnud source Flgure 13 
shous the tInnsmlttel, Its voltage regulatmg 
transformer and u. 3,000.cyrle ltudm oscdlatol 
set np m a house under the counterpow At 
the rlgbt ado of the figure can be seen the end 
of the! shleldcd transrmsslon lme termmeted 11, 
an Isolnntlte end seal 

The mrasurmg mstruments used m ltdjustmq 
the antenna and feeders conslsted of a probe 
detector, &p-on antenna metcr and a pick-up 
dipole The probe detector, figures 14 and 15, 
wm used to measure roltagcs on the conductors 
of the tlnnsmlsslon lmes Slotted sections of 
shleldmg made It possible to make measure- 
ments 011 the tlansmlsslon hne conductols 
The slotted scctlons TVOI‘e replaced wth sohd 

shwldmg after the measurement had been com- 
pleted The m&r used to mcafiure the cur- 
lents m the dipoles was a Western thermo- 
mdhammeter, O-120, and 1s also shown ,n 
figure 14 The meter termmals are shunted 
wth O-75 m~cronuwofsrad vanable con- 
denser for truung out the mdwtitnw of thr 
meler To measure lrlatnr dipole cuncnts 
and bnlana of currents m the tv o bnlws of the 
dipoles, the meter was chpped on the dipole on 
ather side of the Rnybould tee 1unctlon The 
pxk-up dipole, figure 16, \lias used to mcasuro 
the radiated field above the arrtuma at ranous 
zmglcs m the lronzontal plane to mdzate the 
cnxlanty of polanzntlon of the radmted field 
The dipole was made of two srrtlony of trlescop- 
mg tubmg lo fltclhtate lumng, and the recel~ ed 
current was read on II ~cmlo-~nrll~ammnter, 
O-120, connected nt Its centa The n-heel 
attached to the assembly was uied to rotate 
the dipole through 360’ by means of a wrapped 
cord, mnmpulated from glound Flgurc 17 
shows the dipole m place approxunntrlv 12 feet 
nborc tbc antenna The layout of the dlpolcs 
seen m this figure 1s one wluch preceded the 
final layout shown m figure 5 nnd has been 
referred to above as the unsymmetlul SDA 
almy Plguw 18 1s a plot of the current ,r, the 
pick-up dipole for various angular posltlous m 
the houontal plnne Smce the plrk-up dlpolc 
Ib rclatlvely close to the transmlttlng anterma 
wld IS dncctly “vex It, where the electnc field 
in the A and R planes 1s eqnnl, the crculnr 
pattern obtamrd from the readmgs, therefore, 
LS n measure of the equahty of the cnnmts 11, 
the rndlatols of the two arrays and of then 
qundlnture phase rrlatlonsblp 

Cwd Amonautlcs Admmlstrtltlon arplane 
KC-17 was used m testmg the SDA marker an- 
tenna and for obtammg cornparatwe dntn flom 
the pIesent Indlannpobs (ID) Z-marker an- 
trmm This alrplanc 1~ it Ji’aco, Model N bl- 
plant The recanng antenna on NC-17 IS R 
standard Z-marker dIpok recelvmg anlcnnn 
mounted unda the fuselage of the anplane ad 
collmear with Its longltudmal axis The &II- 
tenna d&ads m-e shoa m m figures 19 and 20 

The marka recewer mstnlled m NC-17 1s n 
type RUG recaver budt by the Western Elcc - 



tnc Co (then type No 27A) This mce,ver IS 
descrtbed m Western Electnc Bull&n 9128 
The gain of the ~RCC~VCT‘ was made adjustable 
by substltutmg a decndc rcslstnncc box for the 
vanable control encult m the cathode of the first 
mtcrmedlate frequency stage Figure 21 shon s 
the rearm and the decade box The roslstmce 
of the decade box can be adjusted to lrmt the 
gam of the ,ccc,ve~ and thus the height of the 
slgmnl 7one The hncmty of the rcce~cr was 
lrlvcst>lgated and t11c results are st10w11 111 figure 

22 Thcsr cuves show the andlo output volt- 
age YS ~ndlo-frequcrrry Input, modulated 30 
pcrccnt wth 3,000 cycles, for ~c~m~al vnlues of 
rrslstanrc m the cathode cmmt of the first Intel- 
medmte-frequency stage The slgnal generator 
WRS not rnpahle of loo-percent modulntlon, 
n-l]lLh ,Y nwd for all marker transnutte~s Thr 
markol-lamp voltage forrnrlousradlo-il~quencv 
Inputs md \ LlllOUS val11es of rrs1stance 111 t11c 
hrst mtermcdlate-frcqrrenry stag” cathode cn- 
cult also 1s plotted m figure 22 In moasurmg 
the lnmp voltage, u. IO-ohm rcmtor was mm ted 
III the common return to all three mdlcator 
lamps plovlded w-lth the lecaver to smulatc the 
mor~nul comdltlon of the cucult m mplane NC- 
17 This revlstor 1s used m the m-plane cu< lot 
to rcducc th” rcs~lual currunt m the mdmlor 
lmnps when thcrc IS no rccmwd signal FIOIII 
the CU-VRS 11 can be seen lhat IE the output audl” 
lollage 1s kept below 13 volts and the output 
lamp voltage 1s kept belou tile volts, thr rc- 
CR,YP~ ad1 be essent,ally lmear m opcratlon 

nas adlustcd to produce the same height of 
signal zone as that ohtamed from the present 
Indmnapohs (ID) Z marker, and the gam of 
the receme~ was adlusted so that the height of 
the sIgna eoncs of both markers was lumted to 
spproxmmtely 10,000 feet nbow ground Com- 
panson flights uere t,hrn made on the lwo 
markers and the mdlh of the “hgbt-on” /one 
was measured Dnct t rnrasu~rmrnls of 111~ 
hght tme with a stop watch were not consldcrod 
accurate smce the appnlenl bnllmmy of the 
bght IS affected by the normal hghtmg m the 
amplane cabm, thus makmg It dlffieult to judge 
the exact brdhancy at which to begm nnd md 
the tmmg It was therefore found evpcdmt 
to measue the hglrt tnnc by means of the 
Estcrllne-hgus 1 ec”1 der Thr 3,00O-ryrlr 
tone output of tt1o lYYO,W’, u*q 1PCllfM’d am1 
apphcd to the rcroldel The tmw dumg \T-tnch 
the rectified slgnsl \“ltage wab cqwd to “1 
greater than a predetrrmncd value M a3 scaled 
from the chart recordmg, whlcb moves through 
the lecorder nt a Lonstnnt speed The mluc 
of rectltied voltage at whxh the tune axn was 
eslabbshrd 13 equal to the maxunum value of 
lectlfied voltltgc rccordcd at the top of the 
signal zone, >u, 10,000 fret The mdtb of the 
s1glld 7one as mcasurcd 111 tune RN5 rollvrrlrll 

to distance m feet from IPR~III~S of tbc mdl- 
cated an speed, takmg Into accounl the proper 
conwtlon fartols for temperature nltltude, 
amd dmctlon, nnd wnd velorlty 

An Esterlme-Angus O&5 mdlmmpere XIodel 
AFT gaphlc lecordrr figure 23, was med t,o 
record clthcr the audio output of the rerewer 
01 the voltage apphed to the mdlcator lamp 
The audio output, selected by a double-pole 
double-th1 OM tog&l wtcb, was nppbcd to tbr 
Iecoldex through a 2,000-ohm potentlornctrr 
and a copper oxldc 1 c&fm The mdxatol 
lamp I-oltagc n-as meowred through a 302-ohm 
~‘pSlS101 The cabbrntlon oi the recordor 1s 
shown m flgurc 24 A 120.cycle voltage was 
used in cabbratmg the lamp cutut nnd n 3 OOO- 
cycle voltage was used to cnhbrnte t,hc aud,o 
mT111t 

Sample rccordmgs ot the wgml zones of 
hotb Z markers for altitudes from 1,000 to 
9,000 fret are shown m figure 25 

RESULTS 

The hnght of the mgnal zone nns obtamcd 
from recorder deflectlam taken on flights over 
the nmkcr at t-o or mom ultltudrs \vInch 
are sufhclent to umnc hoem “pcrauon of tho 
IVXTV, The max,,,,~ of tlw dcflcct~ons WPII 
tbcn plotted for YBIIOUS nltltndcs and a strayht 
lme was drnan through them The .~ll~iudc 
at wluch this hnc mtrrsccti lhc value ucd ns a 
bght tune GUS IS the hclght of the syml ronc 
Curve A of figure 26 dlusllntes such a so& 
llnght dctcrl1ll1latlon ‘lhs curve lntcrsccts 

tbr hght trnr &XIS at m ztltltudr of 8,800 feet 
It ~111 bc noted that at low alhtudcs the region 

The power mc” the SDA Z-malker antmnn of strong synal strengths, the mn~rnum dc- 
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flectlons are llmlted to e&t units by the uctlon 
of the automatic \rolume control of the rccewer 
The stralghl portlon of curve A wxs extra- 
polated untd It mtersccted the abwssa nt zero 
altitude, point P This method of detemuna- 
tmn was used to cheek thr hex& of the slgnnl 
zone of the SDA array when the poww to the 
array w-as increased to gl>r a zone helghl of 
20,000 feet The airplane used for the test 
fhghts was not capable of flymg to 20,000 twt, 
and It was necessary to resort to this method 
of extrapolntlon to determine the zone height 
The maxnnum deflcctlon of the recorder was 
determined for a test fhght on the SDA sylul 
zone at an altitude (13,000 feet) sticlent to 
unsure hnear operation of the recewer This 
deflechon was plotted on figure 26, pout F 
A straight hne was drawn through pomts P 
and F (curveB) and extended until It mterspcted 
the hght tune ax18 The alhtude at this pox11 
of mtersectlon, 21,500 feet, w&s the extrapolated 
he&t of the SDA spa1 zone Other values 
of recorder deflection ~ei-sus altitude were 
detemuned by flight test on this signal zone 
up to 13,000 feet, and the curve IS shown m 
sohd hne from point F to the hnutmg abscissa 
of recorder deflection For all values of 
recorder drflecllon, whxh are drectly plo- 
portIonal to field strengths, the mtxo of altitudes 
for the strnlght portlons of cures A and B 
IS constant, thus substantlatlng the inverse law 
rdetmg the attenuation of the electrx field 
wth dlstaneo along 8. constant elevation angle 

The slgnal zones recclved from the SDA 
marker and the ID marker for altitudes up to 
10,000 feet above ground u-e shown m figure 27 
These patterns were obtalned under condltlons 
of neghglble wind Fhghts welo made m the 
east-nest dn-e&Ion ol-er both markers The 
ratios of the wudths of the patterns at several 
altitudes are tabulated 111 figure 27 

Figure 28 shows the same patterns as figue 
27, except that the pattern for the SD4 marker 
has been extended to 20,000 feet abort ground, 
1 e , twxe the height of the ID marker The 
current in the dipoles of the SDA antenna was 
raised to twlLe the value whxh exlsted at the 
time the data for figure 27 were obtauled 
Test fhghts were then made on both Z markers 
up to and mcludlng an altitude of 13,000 

feet These test fhghts confirmed the data 
plotted m figure 28 From these patterns It 
can be seen that the SDA marker zone IS nar- 
rower than the present 2 marker zone below 
5,700 feet, even though Its maxlmnm height 1s 
twice that of the present 2 marker The ratios 
of mono wdths up to 5,000 feet are tabulated 
111 figure 28 

The mcrease m width of the signal zones of 
both markers fol parallel flights to each side 
of the marker antennas at an nltltude of 500 
fcot abore ground 1s shown m figure 29 In 
these two tests the recewer sensltlvlty was 
adlusted to gme a slgnal zone height of 10,000 
feet The elongated pattern for the SDA Z 
nuuker 1s also shown for an altitude of 3,000 
feet The parallel chord flights on the ID Z 
ouukel wexe not made in a truly east-west 
due&on ~,nw the dipoles of this nxukel are 
uhgned JO0 cloclr\lw fionl the true no,th- 
south, east-m-est dlrectlon 

During these fhghts m NC-17 It was dw 
covered that the recelrlrlg antenna had a 
greater pick-up on the r&t sldc then on the 
left side of the airplane for the same angle of 
xcceptlon with respect to tx rertxal plane 
through the recelvlng antenna It W&B, there- 
fole, necessary to avcragr: the data obtalned 
wd to compensate ior ttus dlffcrcru 11, pick-up 
JS well as for dlff crcnces m s~gnul wdths com- 
puted for flights m opposite drectlons The 
colnposlte averages for both the SDA and iho 
ID markers are shown m figure 29 The area 
wlttnn the pattrrw represents the hollzontal 
ai-ci~ ah an altitude of 500 feet o\er whxh n 
slgnnal equal to or greatel than a value sufficient 
to hght the slgnsl lamp wJ1 be lecewed for 
parallel flights to &her side of the statlon and 
perpendxular lo the rnn~or axes of the elhpp- 
tIca1 patterns The a~eragc wdth of the 
curves 1~ the major duectlons IS as follows 
fol the SDA nuxkel, 1,900 feet, fol the ID 
mallrer, 2,800 feet, a ratlo of 0 68 The fact 
that the ratlo of the avelage distance 1n the 
major dlrectlons 1s not so low as the width of 
the signal zones at 500 feet, as shown ~1 
figure 27, can be accounted for by the shghtly 
greater degree of symmetry of the ID marker 
array as explaIned 1~ the Theoretxal Dwzuss~on 
The latlo of the ma,or to the nnnor axis at 



a 500.foot altitude for the SDA Z marker 
IS 4 75, and fm the ID marker It IS 4 5 Thm 
IS further substantmtmn of the dtierences m 
symmetry 

If the hmt of the ma,m txas of t,he clang&d 
pattern were plotted ioi animus nltltudes, It, 
would hme the form of the ~B(B) curves of 
figures 2 md 3 If the rccmmg pnttan of 
l,he wplanc antenna x~crc umform for xw~ous 
angles m a plane normal to the antcmm ails, 
the ratlo of the wdth of the f&3) cur~c to 
the w-ldth of lhc fA(0) curve at various rcla- 
twe ctltltudes would gwe n close approxlmat~on 
of the ratlo of the ma]or to mmor axes of lhc 
clongatedpxtterns at those altitudes ActuallJ-, 
the ratios as measured are slightly greater than 
that predztable by the wrtmal patterns m 
figures 2 find 3 From these tests and cltlcula- 
tlons made of the n~rplano recermg patterns 
It can be concluded that the uldth of the slgnnl 
zone and the elongntlon of the pattern for 
parnllel fllphts to one ade of the Z marker IS 
nlso n fun&on of the charnct~ustrs of the 
recel~mg antenna on the snplune 

The ~esulls of test fhghts made dung a tnme 
of high wmds aloft are shown m figure 30 
These flights were made dunng the tnne the 
unsymmetrxal srra~- was bang used Thr crab 
angle was 17 5’ and the nmd I-rloclty nreraged 
50 mdcs per hou betu-een 2,000 nnd 10,000 
feet abore ground It nil1 bc noted that the 
cnlargcmcnt of the pattan IS nxxe pronoumed 
in the C&SC of the ID marker than m thr CBSC 
of the SDA mmker !. COmpUlSOll 01 fiFll,PS 
27 and 30 shows that even under this e\trcmc 
crab angle the SDA markrr pattern 1s only 
shghtly larger than the ID mnrhrr psttcrn 
&oan m figure 27, n luch w-ns oblnmcd nndr~ 
the most farorable wmd cond~l~ons Tlw LO~C 
width duo to clabhmq IS mrrcnwl because of 
the mcrcascd p,rlaq~ of the rccelvmg r,ntenna 
as the axis of tllc nrrteunn. 1s turned away from 
the dnectlon of Alght It IS to be r\p&cd thnt 
the enlarganenl of the symmrtr1cnl SD.{ 
Z-markPI pattern due lo ~mbhnrg ~11 bc 
qhghtly greater than that for thr unsymmctncal 
SDA Z-marker, due to Its larger fB(0) psttcm, 
but stdl not as great as that for the ID Z- 
marker 

The horuontal cross-sec~mual patterns of 

~schal flights over the marker are not crcular 
at all alhtudes Tlus may be ascribed to the 
fact that the recaved field along d&rent ra& 
over the marker 1s the vector resultant of the 
fields from both arrays m quadrature tune 
phnsc Horizontal patterns acre taken on 
radml flrghts at altitudes of 500, 2,000, and 
5,000 feet (fig 31) The haght of the SDA 
marka F! ns 10,000 feet durmg these tests The 
2,000.foot and 5,000-foot patterns we practl- 
ally square The 500-foot pattern IS prectl- 
tally clrculnl 

CONCLUSION 

It has been shown that the SDA antenna 
system possesses a number of mstmct ad- 
vnntsges over that of the present Z marker, ,wz, 

(1) The marker .x-111 provide a more accurate 
position fiu because the zone IS consldersbly 
less at all altitudes 

(2) The marker zone can be extended to 
20,000 feet altitude wIthout modlficatlon of the 
present transnntters Under these comhtlons 
the lone wdl be narrouw than the present type 
of marker for all altzudes up to 5,700 feet and 
mll he only 54 5 percent as aide at 1,000 feet 

(7) The broad marker zone normally ob- 
tamed on fhghts off lo one ado of the antenna 1s 
appwcmbly reduced, rcsultmg m a more ac- 
curate fix over the rn&o rango station 

(4) Under fhgnt condltlons mvolvmg large 
crab angles the mnrkrr zone 1s conadorably 
smaller thou with the present type of marker 

(5) Tho antenna system 1s easy to adlust and 
~111 plot& a rehable and stable Z-marker zone 
under van, snoa , and sleet conditions 

(6) The rndmtmg elernrnts are slmple m 
design, caqy to adjust, and are adlapted to 
quanlltv productmn They may hr assembled 
m thr factory as prefnhncntcd umts ready for 
held mslallation 

It also has been shoun tlmt highly &&we 
rndmtor pntlerns u~lth nrghpblc mmor lobes 
may bc obtwmd ulth colhnenr, cophased 
&poles using spacmgs grrat,er than 180°, pro- 
vidcd that the dipole currents are propoltloned 
m arrordnncr wu-lth the cocffiuents of swces~we 
terns of the bmormal expansmn (a+b)“, 
vhere (n+f) IS the number of &poles con- 
stltutmg the array 
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Figure 5.-Plan layout of the SDA Z-marker antenna. 

Figure 6.-SDA Z-marker antenna layout. 
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Figure ‘i’.-Dipole antenna and tuning section. F igure S.-Dipole and support. 

-..---~ .~~~ 
Figure 9.--Butt weld. 



Figure Il.--Schematic diagram of SDA Z-marker 
antenna system. 

Figure 12.-Common feeders, terminations and phasing 
section. 
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Figure 13.-UHF inner marker transmitter, audio oscillator and voltage regulator. 
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Figure 14. Antenna meter and probe detector. Figure 15:-Schematic diagram of probe detector. 
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Figure 16.-Pick-up dipole. 

Figure 17.-Pick-up dipole in place. 



Figure 18. -Observed currents in pick-up dipole for 
various angular positions in the horizontal plane 
above the antenna. 

Figure 20.-Close-up of marker receiving antenna. 

Figure lg.-Marker receiving antenna on NC-17. 
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Figure Zl.,UHF marker receiver and decade resistance box. 
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Figure 23. ---Esterline-Angus graphic meter. 
RECORDER OEFLECTlON 

Figure 24.-Calibration of Esterline-Angus graphic 
meter, model AW, serial No. 28883, deflection vs. 
input volts. 
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Figure 27 --Z-marker patterns-Measured done wdthb 
far 10.000~coot signals 
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F,gure 30 --Z-marker patterns under condltron of large 
crab angle 
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hgure 31 -Hamontal pattern of SDA Z-marker for 
radml flqhtfi at altitudes of 500, 2,000, and 5,000 
f-.& 


