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The Development of an Improved “Station-Location’’ or “Z’> Marker
Antenna System

SLMMARY

This teporl deserthes the development ol an
mploved antenna system to be used with
station-location or zone maikers which desig-
nate points of 1eference or fixes, such as the
conc-of-allence above a tadio range station
The development of the antenna design hased
on theoltetical rudiation propeiies of spaced
dipoles1s gven, the equipment used 1s described
and the resulls obtamed are analyzed  Tlns
antenny  has  been  designated  the “SDAY
antenna (spaced dipole artav)

The antenna system consists of (wo spaced
dipale arays at night angles to cach olhe
exated m quadratuie time phase  IBach array
conasts of cophased, spaced cipoles  The di-
pole~ are of a simple standardized design which
can be apphed lo olher antenna systems such
as fan matkers or instrument landing systom
matlkers  The design of the dipoles and chert
geomeliical lay-out are such as Lo msure excel-
lent  stability  and rehability of operation
thioughout secasonal climatic changes  The
consiruction ol the antenna and 1ts adjustment
are notl diflicult The gam of the new anlenna
over the present loim of Z-marker antenna 15
two 10 one with respect to pow er input required
tor the same height of signal zone 01 a gain 1n
signal zone height of 1 4 to 1 for the same powel
mput into the two antenna systems On the
hasis of a maximum signal zone heaght of 10,000
[eet, the new SDA antenna system provides a
signal zone considerably naniower than that of
the present Z motker, being 46 percent as wide
at a 300-foot altitude, 50 percent as wide at a
1,000-foot altitude and 68 percenl as wide at a
3,000-loot altitude Tor tachal on-course fhghts
over the marker  With the SDA Z marker
adjusted Lo produce a sgnal zone height of
20 000 feet (Lwice thot of Lhe present Z matlker),

(1)

the zone widih does nol exceed Lhat of the
presenl Zmatker below 5,700 feel  TUnder Lhese
conditions, at 300 feel 1L 15 only 55 percent as
wide ag the present 7 marker At 1,000 feet
il 15 34 5 percent as wide and at 3,000 fect 74 5
pereent as wide

Duwrmg flight conditions mvolving o lage
crab angle, the zone of the SDA antenua system
1# enlarged to a much less degree than the rone
of the presen( Z-maiker antenna

The brond signal 7one for parallel off-course
thghts at a 500-foot altitude 15 79 percent ol
that oblamed with the piesent Z make
These desuable fealures will aid matenally in
mcreasing the accwacy ol amrernft navigation
during lei-down procedures

INTRODUCTION

The present “Station-Location’ o1 "4
marka s used ot radioaange stations to mailk the
cone-of-gilence of the range are the result ol
development wok which was caried on during
the years 1934 10 1937 The Irsi of the present
commerciully manufactured Z matkers was m-
stalled and commissioned for regulal service at
Allentown, Pa n April 1938  The descripiion
and fheht test data on this mstallation are con-
tamed i Techimeal Deselopment Report No
14! The experience gamed 1n the past 2 yeais
with the present Z maikers has proved them Lo
be a valuable complement to the Federal aids Lo
anr navigabion  The demand for mercased
stability, gieater accuracy as pownts of fix from
which 1o begin the let-down procedure, and a
greater height of signal zone? to mnsure 1eception
mn and H I Motz Lhe Devclopment Adjustment and

Appleation of the 7 Markcr ” Crvil Aeronanties Authorily, Technical

1pey clopment Hoporl Xo 14 Tulv 1938

7 he term © zone’ 1§ used to desienale that repion above the £ marker
anlenna in which can be found a signal of sufficient fuld strength fo hght
the 7 marker mstrumenl lghtm anairplane L histo onisofben referred
to ne the lighl on zond nnd 18 the useful region of the vadnted heam



at higher altitudes, has indicated that an un-
proved antenna system would be desirable

THEORETICAL DISCUSSION

Gieater stability of the Z-marker zone can be
accomphshed by an antenna structure which 15
more 11gid mechanically than the one used at
present  Separating the mmdividual elements of
the antenna and their feeders to decrease theu
mutual couphng will facilitate the adjustment
of the array and msure the stability of the final
adjustment of the system An increase n
altitude of the zone can be accomplished by
increasing the power 1 the present antenna,
but 1n =0 domng the radiated pattern will be
expanded 1n all directions, resulfing in a sub-
stantial broadening of the radiated beam at low
altitudes The accomplishment of an increased
altitude of zone with a nerrower zone at low
altitudes, necessitates redesigning the antenna
system 1n order to provide greater vertical gain
and sharper vertical directivity

Increasing the gain and directivity of antenna
arrays by mesans of spaced antennas, reflectors
{both driven and parasitically excited), and
stacked arrays 15 well known to the att  The
utihization of these principles for the improve-
ment of Z-marker antennas has been suggested
by Green? Sharpness of vertical radiation may
be obtamned by using several rows of paiallel
dipoles spaced one-half wavelength apart in the
1ows gnd spacing the rows one wavelength
apart Green shows that 1o order to obtain
substantial symmetry between the radiation 1n
the vertical plane contaning the radwators and
i the vertical plane at mght angles to the
radintors, the antenna array should form a
square figure 1 the honzontal plane The
numerical progression of rows of radintors and
radiators per row 18 as follows 1-2, 24, 4-8,
ete , respectively, where the first figure mn the
group indicates the number of rows and the
second figure the number of radiators 1n each
row The total number of radiators mereases
as 2%*~1 where », an 1integer, may be considered
the number designating the successive stages in

3 A T, Green, ""Marker Beacons for Symmeirical Radstion, > Amalgam
pted Wireless (Australia) Technical Review, January 1838, vol 3, No 3,
pp 113-142

the expansion of the system Thus, the thid
stage would require a total of 32 radiators, the
4-8 combmation Aside from the difficulties of
construction and adjustment of such a large
number of 1adiators, the second stage of expan-
sion, the 2—4 array, provides a vertical field
pattern having two minoi lobes which are 27
percent as large as the major lobe, a eondition
which nullifies 1ts usefulness as a zone maiker
The 4-8 combination has six minor lobes, the
greatest of whach 15 approximately 23 percent of
the majorlobe A means of reducing the minot
lobes offered by Green 1s to stack the antennas
m the vertical planc  Two layers of the 24
combination will double the number of 1adiators
and reduce the secondary lobes to only 17
peicenl  Three layers will triple the nuinber of
radiators and reduce the lobes to only 10 pei-
cent It can emsily be Seen that the system
proposed 1s mherently complex mechameally
and eclectrically

The late EE J Sterba of the Bell Telephone
Laboratories, 1n a memorandum of February
3, 1939, has shown that, 1n order to reduce the
mtensity of the minor lobes 1n a vetieally
stacked antenna syslem, 1t 18 hecessary to feed
the wvanwous stacked dipole clements of the
array with currents of different amphtudes,
which vary 1n accordance with the coefficients
of the successive teims of the binomial ex-

pansion
. e n(n— 1)
(a+b)"=a" -|— 1% 4 —— 152

whete (n+1)=numbcl of stacked dipoles
thearray  If the array consists of three stacked
dipoles, n=2 and the relative amplitudes of
the currents in the three dipoles would be

2 2(2—1)

T +=53

For four stacked dipoles the relative amph-
tudes would be

1.___. 3____. 3._..- 1

and for five stacked dipoles the relative ampli-
tudes would be

1. 4 ____ 6_____ 4 ____ 1

rl_____ 2.____ 1

An mvestigation was made to determine
whether this principle of proportioned currents



could be apphed to cophased, collinear dipoles
to reduce the mtensity of the minor lobes which
result from the use of more than two dipoles
spaced more than 180°

The free space radiation patterns in the
vertical plane for several arrays of half-wave
dipoles are shown m figure 1 and illustrate the
apphcation to spaced arrays of the princple of
currents proportioned in accordance with the
coefficients of the successive terms of the bmo-
mial expansion Figure 1 also shows the
vertical patierns oblained with 2-, 3-, and
4-¢lement arrays with umly cutreni ratios
Considering only dipole spacngs of 180° the
{wo-element array with equal currents has a
substantially wide pattern with no minor lobes
The addition of a thurd dipole 1n line, spaced
180° from an adjacent dipole and having a
current amphtude equal to the other two dipoles,
provides a sharper pattern but results 1in the
addition of two munor lobes which are opposite
m phase to ithe major lobe and have a maximum
intensity of 117 percent of the major lobe
radintion  When the three dipole currents are
proportioned i a 1-2-1 ratio, the mmor lobes
are entirely suppressed and the mamn lobe
becomes shghtly broader The major lobe
sharpness may be mcreased by the use of [our
dipoles spaced 180° and cariying equal eurrents
At an angle of 20° from the wvertical, the
strength of the radiated signal may be reduced
to 55 4 percent of the value obtained with the
three-element 1-2-1 array  \linor lobes agan
develop which have a maximum value of 17
percent of the maximum of the major lobe
These minor lobes may be eliminated, as before,
by the proportioming of the dipole currents 1n a
1-3-3-1 ratio  Although the minor lobes are
ehmmnated the mam lobe becomes somewhat
broader, sinee the radiation at an angle of 20°
from the vertical has heen increased by 555
percent over that obtained with unity current in
the four dipoles However, the signal sirength
of the 1-3-3-1 array at an angle of 20° from the
vertical 18 86 percent of the signal obtamed from
the 1-2-1 array

The radiation characlerstic in the vertical
plane which 1ncludes the elements of a four-
element array with a 1-3-3-1 distribution of

currents 15 practicelly the same as that of a
three-element array with a 1-1-1 distribution of
currents, except that the minor lobes have been
suppressed The sharpening of the pattern
can be carried on further by the addition of
more dipoles and by the proper proportioning
of the currentzs The selection of the desired
array becomes a problem of economy and com-
promise  In general, the intensity of the mimot
lobes mercases wilh inerease m the numbe of
radiators unless the currents are properly
proportioned In actual service, where the
radiators are located a quarter wavelength
above a metallie counterpoise, the free space
radiantion characteristic will be modified by the
Tactor

s (90 s 9)

It 1s possible to design an array 1 which the
minor lobes are only partially suppressed below
a tolereble value However, the limit of expan-
ston of the array 1s governed by cost and space
hmitations, which mcrease with an imcrease n
the number of dipoles In this development 1t
was decided 1o imit the array io four dipoles

A study was then made to determuine the
lumits to which the radiation pattern could be
sharpened by spacung the clements of the
array at distances greater than 180°  Figure
1 also tllusirates the patterns obtamned [rom
the 1-2-1 airay with dipole spacings of 180°,
200°, 220°, and 240° It 15 seen that as the
spacing Imcreases, the pattern becomes sharper
with a shght tendency toward the production of
minor lobes It 1s interesting to observe that
the 1-2-1 array, using 220° dipole spacing, has
a sharpness equal to the 1-3-3-1 array, using a
spacing of 180° The maxmum value of the
munor lobe obtained with the 1-2-1 array and
220° spacang 1s only 1 6 percent of the maximum
value of the major lobe for free space radiation
This 1s reduced to 0 64 percent when the array 1s
located a quarter wave above a metallic counter-
poise A spacing of 240° shows a slightly
sharper muin lobe pattern with 4 1 percent
munor lobes for free space radiation The minor
lobe amplitude reduces to 2 2 percent when the
array 1s located a quarter wave above a metalhic
counterpoise  The mmor lobes are present



with spacings of 200° and 220°, bul thoy are
too small to be mndicated on the polar coordinate
paper

Figure 1 shows patieins for fice space 1adia-
tion  Subsequent radiation patterns  dilker
fiom those shown m figure 1 1 ihat the 1e-
flections fiom the earth’s surface, assunming
petfeet conducting gound, ale taken mlo con-
sideration  Also, 1 figures 1 fo 3, the 1adie-
tion patteins have all been plotied to a mavi-
mum of unity at 90° from the horrzontal plane
The patterns, thercfore, do not show the gamn
of one arnay over the other and are not com-
parable on the basis of constant power input
to the artays The numetical figuies shown
above the 1adwators on the figuies me relatise
amplitudes ol the cunrent values in the clements
of each anay

Figure 2 show~ the pattein for the Z-matka
a11ay 1L present use at radio 1ange stations
The atray consisls of two collinear, cophased
dipoles canying equal currents and spaced 180°
In addition to the 1adiation pattern, 7,(8) m a
vertical plance contamnmg the radiatos, the
tachation pattein fz(#), i a vertieal plane noi-
mal to the line of the radiators, also 1s shown
These plancs heneeforth will be referred to s
the A and B planes The solid of 1adiation
would 1esemble a thick caclus leaf and the dis-
tance {rom the origin to any pownt on 1ts surface
would represent the relative hield strength at
that particular angle measwed al a conslant
distance from the onigin The duection of the
clectae polential vector at any pomnt s at all
tumes 1. a plane contamme the radiators and
the pomnt in quesiion, and 1s normal to the line
joinung the pont with the origin Thus, 1n the
A plane the dircetion of the electric potentinl
vector varles ftom vertical at the earth’s sur-
face to horizontal above the array In the B
plane the clectric vector 1s at all times ho1i-
zonlal and parallel to the radiators  Since air-
planes usually fly thiough the marker rones
at a constant allitude with the recerving an-
tenna . a horizontal position, the patterns
shown aire not strictly repiescnlative of the
voltage impiessed on the receving antenna as
1t 13 flown over the array  However, al lhugh
altitides and near a pomt duectly over the

nrray the eftect ol varymg dislance can be neg-
lected  When an anplane s flying i the A
plane, the 7,(8) paltein 15 to be considered,
with proper emphasis being given to the angle
between the clectrie poteniial vector and the
tecerving antenna The voltage mmpressed on
the tecerving antenna 15 the product of the ficld
sttength and the cosume of this angle  The
ellect ol tlus factor, which s equal to sm 8,
whete 8 15 the elevation angle measured [rom
the hornzoutal s to sharpen the f,(#) pattan
at low angles with only a shght eftecl at the
high angles  When the airplane 15 Jown par-
allel to the A plane and Lo ono side of the artay,
the sobd radiation pattern must be considered
However al the wmslant 16 enteis the B plane,
the fu(8) patian withoul modification 1epre-
sends the vollage mmpressed on the recaving
anlenna, since the electrie potential veetor 15
parallel to the 1ecerving antenna When these
factorz axe boine in mind, figure 2 indicales
that an auplane Nying patallel to the array and
{o one side of a pownt dizectly over lhe antenna
will enter a signal zone of suthaent ntensily to
give a “Light-on  mdication at a greater dis-
tance 1o one side of the station than would be
the casc had the anplone flown through a pownl
duecly over the station  This phenomenon
ol the elongation of the “hght-on  rone for
[hghts parallel io Lhe airay and to one sule 1e-
sults m 1 broad mdiwcation of the location ol the
Z mailker  To reduce tlus bioademng of the
“heht-on ” zone, 1t 18 necessary lo make the
f=(0) pallern simulate the £,(6) patiem as much
as possible, neglecting, of course, the pattemn
ol the receiving antenna  Although the #,(#)
pattern of the 1-2-1 atray (with 220° spacing)
was considered satisfactory, its f5(¢) pattern 1s
wlentieal with the 77(8) pattern of figure 2 To
reduce the f5(0) patlern, the array was modified
m such a manmer as 10 obtain the cleetrical
cquivaleni of the 1-2-1 amay and thus mam-
tain the #,(8Y pattern  This was acecomplished
by sphilmg up the cenler clement nto two
parallel dipoles, spaced 180° and cairying equal
currenis  The net result iz & four-dipole array,
a plan view of which 1< shown m fignrte 3 The
ta(8) and f5{(#) polterns ate dlusiiated 1n the
same Agure  The mino1 Iobes of the £4(8) put-



tern are too small (0 64 percent) to be drawn
on polar coordmnate paper IFigure 4 shows the
patterns of figures 2 and 3 plotted m rectangulal
coordinates, and gives a clear picture of the
degree of sharpness cffccted by the SDA array
It 18 also seen from figures 2, 3, and 4 that the
sharpening effect, through the use of the SDA
array design, has been greater 1 the £,(8) pat-
terns than o the fz(9) patterns Figure 4 also
indicates that the present Z marker 18 more
symmetrical than the SDA anay In practical
terms this sigmifies, as will be shown later mn
discussion of the results, that the reduction
the elongated pattern, though substantial, was
not so great as the reduction in the rone width

During the early stages of development of
this artay, the end dipoles were also displaced
s0 thal each one was collincar with one of the
center dipoles  This arrangement resulted mn
a greater narrowing of the f3(8) pattern than
that obtained with the final arrangement, and
a greater reduction in the elongated pattern
when flyang parallel to the array and to one
side  However, becausc of the arrangement of
dipoles, the array was not symmetrical for
angles measured either side of the normal to
the collinear axis of the array m the horizontal
plane This dissymmetry resulted m a minor
lobe of 17 5 percent for radial fhehts over the
array n a plane which made a 120° angle with
the axis of the array The maximum of the
lobe occurted at an elevation angle of 27 5°
At 40° 1t 18 stall 12 percent Thus this mmor
lobe 15 quite apparent both in the headset and
on the marker indicator lamp for parallel chord
flights to either side of the array at an altitnde
of 500 fecet For this reason this arrangement
was discarded  This arrangement 18 sometimes
tefeired to as the unsymmetrical SDA array
(see fig 30) and can be secn 1n figpure 17 The
final arrangement of the Z marker 1s referred
to as the symmetneal SDA artny and has a
minor lobe of 565 percent for a 45° radial
thght through the marker However, this lobe
hes along a 21° elevation angle The hor-
zontal distance for an altitude of 500 fect at
21° elevation angle 18 1,374 fect Exammation
of the elongated patterns mn figure 29 will show
that this distance out along a 45° radial 15 well

486924—43——2

outside the “hight-on’ zone of the marker As
the mrplane 18 moved 1n nearer the array, the
elevation angle increases This fact may ex-
plam why no mmor lobes are detected on parallel
chord flights at an altitude of 500 feet either
gide of the symmetrical SDA array The
general equation for this array 18

F(B)u=—21-[cos (A cos §)+cos (B cos 6)]

cos (80° cos a cos )
+ 1—cos? a cos’ 0

][sm (90° sin §)]

where A=220° cos «
B=90°s1n o
g=the elevation angle measured from
the honzontal plane
o=the angle the vertical plane undei
consideration makes with the col-
hnear axig of the array

The first term of F(#).1s the array factor, the
second the form factor of the dipoles, and the
third the reflection factor of the ground or
counterpoise

EQUIPMENT

The SDA antenna consists of two of the
arrays shown n figure 3 placed at right angles
and fed 1 quadrature time phase with respect
to each other Tach array consists of the
equivalent of thres collinear cophased spaced
dipole radiators separated 220° and having
current ratios of 1-2—-1  The central equivalent
element 18 two dipoles spaced one-half wave-
length apart laterally with each carrying unity
curtent This layoul 1s shown in figure 5
Dipoles 1, 2, 3, and 4 constztute one array
while radiatois 5, 6, 7, and 8 constitute the
other array ‘'The dipoles are supported a
gquarter wavelength above o 30-fool-square
counterpoise consisting of three-inch-square wire
mesh supported 6% feet above ground The
counterpoise 18 simular to the present Z-marker
counterpoise Figure 6 shows the complete
layout of the antenna system  For this photo-
graph the elements were pamnted with aluminum
pamnt so that they would stand out aganst a
dark background

All radiating elements of the expermmental
antenna consist of horizontal dipoles of seven-



eighths inch OD copper tubing supported at
their centers by Isolantite msulators m Ray-
bould tee junction boxes The antennas are
fed thiough 140-chm dual conduector shielded
transmission line A schematic diagram of »
dipole and feeder 18 shown m figure 7 The
dipoles ate fed at a pomnt of low polential and
thus arce inherently free from msulation difficul-
ties and make tor & stable system which 1s little
affected by ram, snow o1 wce Figuie 8 shows
an assembled dipole m place, supported on a
galvanized sieel pedestal  Feeder conneetions
are made below the level of the counterpoise

All three-way and right-angle junctions of the
{wo-wire transmssion line were made by butt
soldering the Lints with silver solder Figure 9
shows a butt tee yjunction

Ihgure 10 18 a view of the teeders under the
counterpoise A spread-out diagtam ot the
system 18 shown m figure 11 The two night-
angle sections of the antenna system are desig-
nated array A (dipoles 1, 2, 3, and 4) and array
B (dipoles 5, 6, 7, and 8) Bulding-out sec-
tions of transmission line T4 and T'B are used
to terpumate the mam feeders to the two arrays
The memn feeder to array B 19 90° longer than
the feeder to array A, to provide the necessary
quadrature phase 1elationship The teimima-
t1ion of the {wo common feeders and the 90°
phasing section are shown 1 fgue 12

Radiofrequency power was supphed to the
antenna by a 75-megacycle, 5-watt transmtter,
type TZE A 3,000-cycle modulation voltage
was applted fiom an external source Figure 13
gshows the transmitter, its voltage regulating
transformer and a 3,000-cycle sudio oscllator
set up 1w a house under the counterpoise At
the night, side of the figure can be seen the end
of the shielded transmission line terminated m
an Isolantite end seal

The measuring istruments used in adjusting
the antenna and feeders consisted of & probe
detector, clip-on antenna meter and a pick-up
dipole The probe detector, figures 14 and 15,
was used to measure voltages on the conductors
of the transmission hmes Slotted sections of
shielding made 1t possible to make measure-
ments on the tiansmssion line conductos
The slotted sections were replaced with sold

shielding after the measurement had becn com-
pleted The meter used to measure the cur-
tents 1n the dipoles was a Western thermo-
mulhammeter, 0-120, and 15 also shown m
figure 14 The meter ternunals are shunted
with 0-75 micromicrofarad varmable con-
denser for tummng out the inductance of the
metler To measure 1elative dipole currents
and balance of currents 1n the two halves of the
dipoles, the meter was chpped on the dipole on
either side of the Raybould tee yjunction The
pick-up dipole, igure 16, was used to measure
the radiated ficld above the antenna at various
angles m the hormzontal plane to mdicate the
cuculanty of polanzation of the radiated field
The dipole was made of two sections of telescop-
mg tubing Lo facilitate tuming, and the recerved
current was read on a thermo-imlhammetet,
0-120, connected at its center The wheel
attached to the assembly was used to rotate
the dipole through 360° by means of a wrapped
cord, manipulated from ground Figuie 17
shows the dipole 1n place approsimmately 12 feet
above the antenna  The layout of the dipoles
seen 1n this figure 18 one which preceded the
final layout shown i figure 5 and has been
referred to above as the unsymmetiical SDA
airay  Figure 18 1s a plot of the current in the
prck-up dipole for vamous angular positions
the horizontal plane  Since the pick-up dipole
15 relatively close to the transmitting antenna
and 15 dircetly over 1t, where the electric field
m the A and B planes 13 equal, the circular
pattern obtained from the readings, theiefore,
15 o mensure of the equality of the curients n
the radiators of the two arrays and of then
quadiature phase relationship

Civil Acionauties Admimistration airplane
NC-17 was used in testing the SDA marker an-
tenna and for obtaming comparative data from
the piesent Indianapohs (ID) Z-marker an-
tenna  This airplanc 15 a Waco, Model N bi-
plane  The receiving antenna on NC-17 15 a
standard Z-marker dipole receiving antenna
mounted under the fuselage of the airplane and
collmear wath 1is longitudinal axie  The an-
tenna details are shown 1n figures 19 and 20

The marker receiver mstalled m NC-17 15 a
type RUG recerver bwlt by the Western Elec-



tric Co (therr type No 27A)  This recerver 18
deserbed 1 Western Eleetrie Bulletin 912A
The gam of the receiver was made adjustable
by substituting a decade resistance box for the
variable control circuit m the cathode of the first
intermediate frequency stage  Figure 21 shows
the receiver and the decade box  The resistance
of the decade box can be adjusied to limit the
gan of the 1eceiver and thus the height of ihe
symal zone  The hneanty of the recerver was
mvestigated and the results are shown n figure
22  These cmives show the audiwo output volt-
age vs radwo-frequeney mput, modulated 30
pereent with 3,000 eyeles, for seveial values of
resistance in the cathode eircuit of the first inter -
mediate-frequency stage  The signal gencrator
was not capable of 100-percent modulation,
wluch 15 used for all marker transmitters  The
marker-lamp voltage for varous radio-h equenecy
mputs and varnous values of resistance in the
first mtermediate-frequency stage cathode cir-
cutt also 15 plotted in figure 22  In measuring
the lamp voltage, a 10-ohm resistor was mser ted
i the common rcturn to all three indicator
lamps provided with the teceiver to sunulate the
normal condition of the ciremt m arplane NC-
17 This resistor 15 used n the airplane curcwt
to reduce the resudoal cutrent in the mdicator
lamps when there 1s no recerved signal o
the eurves 16 can be seen that if the output audio
sollage 18 kept below 13 volts and the output
larnp voltage 18 kept below five volts, the re-
cerver will be essentially linear in operation

An Esterlime-Angus -5 millinmpere Model
AW praphic 1ecorder  figure 23, was used to
record cither the audio output of the receiver
o1 the voltage applied to the ndicator lamp
The audio output, selected by a double-pole
double-throw toggle switch, was apphed to the
teconder through a 2,000-chm potentiometer
and a copper omde 1ectiher  The indwator
lamp voltage was measured through a 302-chm
resistor - The calibiation of the recorder 1s
shown m figure 24 A 120-cycle voltage was
used m ealibrating the lamp encuit and a 3 000-
cycle voltage was used to calibrate the audio
cireutt

RESULTS

The power mmw the SDA Z-marker antenna

=1

was adjusted to produce the same height of
signal zone as that obtamed from the present
Indanapohis (ID) Z marker, and the goan of
the receiver was adjusted so that the height of
the signal zones of both markers was limited 1o
approximately 10,000 feet above ground Com-
panson flights were then made on the (wo
markers and the width of the “hght-on” sone
was measured Dnect measwements of the
hight time with a stop walch were not considered
accurate smece the apparenl biilhancy of the
lhight 1s effected by the normal highting in the
arrplane cabm, thus makmg 1t difficult to judge
the exact brilhancy at which to begin and end
the timing It was therefore found expedient
to measuie the Light time by means of the
Esterline-Angus 1ecorder  The 3,000-cycle
tone output of the receiver was rectified and
applied to therecorder  The tune duning which
the rectified mgnal svoltage was equal to ot
greater than o predeternuned value was scaled
from the chart recording, which moves through
the 1ecorder at a constant speed The value
of 1ectified voltage at which the tume axis was
estoblished 15 equal to the maxunum value of
1ectified voltage recorded at the top of the
gienal zone, viz, 10,000 feel  The width of the
signal zone as measured m time was converled
to distance n feet from teadings of the mdi-
cated an speed, taking mnto account the proper
corrcction tactors for lemperature altitude,
wimnd direction, and wind velocity

Sample recordmgs ot the signal zones of
both % markers for altitudes trom 1,000 to
9,000 {eel are shown m figute 25

The height of the signal zone was obtamed
from recorder deflections taken on flighls over
the marker at two or more altitudes which
are sufhelent to msute linear operavion of the
recervel  The maxpna of the deflections wen
then plotted for vanous altitudes and a strawght
Ime was drawn through them The allitude
at which this hime mterseets the value used as a
hght tume axis is the height of the sipnal 7one
Curve A of figure 26 illustiates such a sigmal
height determimation This curve mtersects
the light tume axis at an altibude of 8,800 feet
It will be noted that at low altitudes the region
of strong signal strengihs, the maxvmum de-



flections are limited to exght units by the action
of the automatic volume control of the receiver
The straighlt portion of curve A was extra-
polated untal 1t mtersected the abscissa at zero
altitude, pomnt P This method of determina-
tion was used to check the heght of the signal
zone of the SDA array when the power to the
array was mereased to give a zone height of
20,000 feet The airplane used for the tlest
flights was not capable of flymg to 20,000 feet,
and 1t was necessary to resort to this method
of extrapolation to determme the zone height
The maxmum deflection of the recorder was
determmed for a test fhght on the SDA signal
zone at an altitude (13,000 feet) sufficient to
msure lmear operation of the recerver This
deflection was plotted on figure 26, powt F
A straight lme was drawn through pomts P
and F (curve B) and extended until 1t mtersected
the light tame axis  The altitude at this poml
of 1ntersection, 21,500 feet, was the extrapolated
height of the SDA signal zone Other values
of recorder deflection versus altitude were
determimed by flight test on this signal zone
up to 13,000 feet, and the curve 1s shown mn
solid lme from pomt F to the hmiting abscissa
of recorder deflection For all values of
recorder deflection, which are directly pio-
portional to field strengths, the ratio of altitudes
for the straight portions of curves A and B
18 constant, thus substantiating the mverse law
relatmg the altenuation of the electric field
with distance along a constant elevation angle

The signal zones received from the SDA
marker and the TD marker for altitudes up to
10,000 feet above ground are shown 1n figure 27
These patierns were obtained under conditions
of neghgible wind Flghts weie made m the
east-w est direction over both markers The
ratios of the widths of the patterns at several
altitudes are tabulated n figure 27

Figure 28 shows the same patlerns as figme
27, except that the pattern for the SDA marker
has been extended to 20,000 teet above ground,
1 e, twice the height of the 1D marker The
current 1n the dipoles of the SDA antenns was
rased to twice the value which existed at the
time the data for figure 27 were obtamed
Test flights were then made on hoth Z markers
up to and ioeluding an altitude of 13,000
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feet These test flichts confirmed the data
plotted 1n figure 28 From these patterns it
can be seen that the SDA marker zone 1s nar-
rower than the present Z marker zone below
5,700 feet, even though 1ts maximum height 18
twice that of the present Z marker The ratios
of zone widths up to 5,000 feet are tabulated
1 figure 28

The increase in width of the signal zones of
both markers for parallel flights to each side
of the marker antennas at an altitude of 500
feet above ground 1s shown in figure 20 In
these two tests the recewver sensitivity was
adjusted to give a signal zone height of 10,000
feet The clongated paitern for the SDA Z
marker 1s also shown for an altitude of 3,000
feet  The parallel chord fights on the I Z
matker were not made mn a truly east-west
duection since the dipoles of this maiker are
aligned 30° clockwise fiom the true north-
south, east-west direction

During these flights m NC-17 1t was dis-
covered that the receiving antenna had a
greater pick-up on the right stde than on the
left side of the airplane for the same angle of
teception with respect to a vertical plane
through the recelving antenna It was, there-
foie, necessary to avcrage the data obtamed
and to compensate lor this dafference m prck-up
as well as for differences m signal widths com-
puted for flights in opposite directions The
composite averages for both the SDA and the
ID markers ate shown 1n figure 29  The area
within the patteins represents the hoiizontal
aren ay an altitude of 500 feet over which a
signal equal to or greater than a value sufficient
to hght the signal lamp will be 1eceived for
parallel flights to either side of the station and
perpendicular 10 the major axes of the ellp-
tical patterns The average width of the
curves 1 the major duections 18 as follows
for the SDA matker, 1,900 fect, for the ID
maiker, 2,800 feet, a ratio of 0 68 The fact
that the ratio of the average distance i the
major directions 1s not so low as the width ot
the signal zones ai 500 feet, as shown in
figure 27, can be accounted for by the shghtly
greater depree of symmetry of the ID marker
array as explaimned i the Theoretical Discussion
The 18t10 of the major to the minor axis at



a 500-foot altitude for the SDA Z marker
15 4 75, and for the ID marker 1t 1s 453  Ths
15 further substantiation of the differences in
symmetry

If the limit of the major axis of the clongaied
paltern were plotted for vanous altitudes, 1t
would have the form of the f3(8) curves of
figures 2 and 3 If the rccenving pattein of
the awrplance antenna were uniform for varous
angles m a plane normal to the anicuna axis,
the ratio ot the width of the fz(8) curve to
the width of the F,(#) curve at varwous rela-
tive altitudes would give a close approximation
of the ratio of the major to minor axes of lhe
clongated patterns at those altitudes  Actually,
the ratios as measured are shghtly greater than
that predictable by the vertical patterns m
figures 2 and 3  From these tests and calcula-
tions made of the awplane recerving patterns
1t can be concluded that the width of the signal
zone and the elongation of the pattern for
parallel flights to one side of the Z marker 1s
also a function of the charactenstics of the
recerving antenna on the airplane

The results of test fights made duiing a time
of high winds aloft are shown i figure 30
These flights were made durmg the time the
unsymmetrical array was being used  The crab
angle was 17 5° and the wind velocity averaged
50 miles per howr between 2,000 and 10,000
{eet above ground 1t will be noted that the
cnlargement of the pattein 1s more pronounced
in the case of the IT) marker than mn the case
of the SDA maker A companson of figuies
27 aud 30 shows that even under this extreme
crab angle the SDA marker pattern is only
shghtly larger than the ID marler pattern
shown m figure 27, which was obtamed unde:
the most favorable wind conditions  Fhe zone
width due to ciabhing 1s inereased because of
the ercased pickup of the receiving antenna
ag the axis of the antenna s turned away from
the direction of fight It 1s to be expected that
the enlargement of the symmetrical SDA
Z-marker pattern due {o crabbing will be
shightly greater than that for ihe unsymmetneal
SDA Z-marker, due to 1ts larger f5(8) pattern,
but still not as great as that for the 1D Z-
marker

The horizontal cross-sectional patterns of

486024—43——.3

tachal fhights over the marker are not circular
at all altitudes This may be ascribed to the
fact that the recerved field along different radu
over the marker 1s the vector resultant of the
fields from both errays in quadrature time
phase  Horizontal patterns were taken on
radial flights at altitudes of 500, 2,000, and
5,000 feet (fig 31) The height of the SDA
marker was 10,000 feet during these tests The
2,000-foot and 5,000-foot patterns are practi-
cally square The 500-foot pattern is practi-
cally circular

CONCLUSION

It has been shown that the SDA antenna
system possesses a number of chstinet ad-
vantages over that of the present Z marker, w1z,

(1} The marker w1l provide o more accurate
position fix because the zone 1s considerably
less at all altitudes

(2) The marker zone can be extended to
20,000 fect altitude without modification of the
present transmitters Under these conditions
the rone will be narrower than the present type
of marker for all altitudes up to 5,700 feet and
will be only 54 5 percent as wide at 1,000 feet

(3) The broad marker zone normally ob-
tained on flights off to one side of the antenna 1s
appreciably reduced, resulting m a more ae-
curale fix over the radio range stotion

(4) Under flignt conditions involving large
crab angles the marker zone 1s considerably
smaller than with the present type of marker

(5) The anienna system 18 easy to adjust and
will provide a rehiable and stable Z-marker zone
under rain, snow, and sleet conditions

{6) The radiating elements are simple 1n
design, easy to adjust, and are adapted to
quantitv production They may be assembled
m the factory as pretabrecated umts ready for
field mstallation

It also has been shown that hghly directive
radiator patterns with neghgible minor lobes
may be obtamned with collinear, cophased
dipoles using spacings greater than 180° pro-
vided that ihe dipole currents are propo:tioned
in accordance with the cocfficients of successive
terms of the binomial expansion (a+58)",
where (a+41) 15 the number of dipoles eon-
stituting the array
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Figure 2 —Vertical radiation paiterns— Present Z-marker
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220°

Figure 5.—Plan layout of the SDA Z-marker antenna.

Figure 6.—SDA Z-marker antenna layout.
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Figure 7.—Dipole antenna and tuning seclion. Figure 8.—Dipole and support.

Figure 9.—Butt weld.
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Figure 10.- -SDA Z-marker antenna feeder system.
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Figure 11..—Schematic diagram of SDA Z.marker Figure 12.—Common feeders, terminations and phasing
antenna system. 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.

ose-up of marker receiving antenna.

Figure 19.—Marker receiving antenna
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Figure 21.—UHF marker receiver and decade resistance box.
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