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The Development, AdJustmen& and Appllcatlon of the Z-Marker 

SUMMARY tmns and purchased an mltlal order of re 

‘Ihe Z-marker was developed to meet the ce~vei-s sutable for utlhzmg these markers m 

neea for a posltlve posltlon In~cator for air- routme scheduled flights 

craft operatmg under mstrument flymg condl- 
tlons uhlch aould otherwIse have to depend , 

INTRODUCTION 

&rely upon the %ne of s~lenoe” as an mdl- There exists dn-ectly above every radio range 
catIon of passage dnwtly ova a range statlon stahon (Fig 1) a small zone known as the 
The marker consists of a low pomer transmit- %one of sdence” m which no signal E. present 
ter and dxectl\e antenna array, operatmg on This zone ,,as not consIdered of consequence 
a frequency of 75 megacycles, vhlch prolects m the oilrly development of the r<rdlo ran~‘c 
a vertical beam through which arcraft -iv111 system, but It soon pro\-ed to be a valuable ald 
pss when flymg over the range qtntmn A to an-men nal-lgatmg entxelq by mshuments, as 
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F,gure 1 -Cane of sdence data-Hartford radm range (aperatlng nons~mnllaneously) 

specx~l angle frequency recenw, wlthout tun- ,t gave a d&r&e “fix” from which to start 
mg controls, provides both aural and v~snal their let-down, or approach to the an-port 
mdlcatmn Dad reckonmg IS not snfficlently accurate for 

Ultra-h&frequency Z-markers were first this purpose 
mstalled expenmentally at several radio range Although the “cone of s&axe” 1s & fortunate 
statmns m 1934 and 1935 In 1936 and 1937, bqproduct of the radio range system, It IS, 
important nnprorements were made m an- after all, n negatl\e mdlcatmn so far as the a- 
tenna systems and transmitter frequency sta- craft mcm\.er 1s concerned A result sunllar to 
b&y In April 1936, at Allentomn, Pa, the that produced bq the “cone of s&a& may oc- 
first commercmlly manufactured Z-marker CUP due to a faulty recaver. a drop m the air- 
was Installed and conmussmned for regular craft battery voltage, a momentary falllure of 
service operation > Based on the results of the the transmitter, or by a “fade” caused by 
experunental mstallatmns, these final markers cancellation of a dn-xt ray by dn mdlrect ray 

have a sunphfied antenna system, and a dual reflected from mountams Furthermore, It 
automatic transmitter, dwgned to gwe con- has been found that at low altitudes the 
tmuous unattended serv~e After conduct- “cons of silence,” as used m an approach to an 
mg tests, sel-era1 am lmes prepared spemfica- axport, IS so small m area, that It IS d&xlt to 

(1) 



locate. At high altitudes the “cone of silence” 
widens to such an extent that as a position check 
it becomes even less reliable. It has been con 
sidercd desirable for many years to supplement 
the “cone of silence” with a positive signal. 

In 1934, installations of experimental “coi~e 
of silence” markers, later designated as ‘*Z” 
markers, were made at the following radio 
range stations : 

Washington, D. C. Pittsburgh, Pa. 
Newark, N. J. Oakland, Cnlif. 
Chicago, 111. Salt Lake City, Utah. 
Kansas City, Rio. 

The equipment coils&cd of a simple radio os- 
cillator using only tmo tubes operating from the 
range station 110 volt a. c. power supply. The 
frequency was 93 megacycles and the modula- 
tion 60 cycles. The antenna system consisted 
of two “H” type arrays (Fig. 2) elevated a/L 
wavelength above ground and arranged at right 
angles to each other. Originally parasitic re- 

flectors $/i wavelength below the antenna system 
were used. The transmission line length to the 
two arrays differed by 90 electrical degrees, so 
tliat reception in an airplane would be relatively 
cq~ml, regardless of direction of approach.’ The 
antenna used on the airplane to receive these 
marker signals is shown in Fig. 3. 

In connection with the development of the 
,Irmy Air Corps instrument landing system at 
TVright Field, location markers operating on 75 
megacycles were used. In this development, 
special emphasis was placed on the simplicity 
of the aircraft marker receiver and marker 
transmitter. An output of approximately 20 
watts was used in the marker transmitter, so 
t,liat a simple, relatively insensitive and non- 
selective single tube receiver could be used on 
the airplane. A view of this receiver is shown 
in Fig. 4. The only vacuum tube, a detector, 

1 Cone of Silence M~arker-Penders Electrical Engineering 
fTnndhook, TIT I?dition. Sec. l&42. 

Figure Z.-Original H-type array. 
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is locatcd inside the streanllined housing, 
which fornls the central support, of thr 
doublet antenna. The indicator con- 
sisted of a small lamp mounted in an 
instrumelit, case ant1 covered noi*inallJ 
by an electrically operated shutter 01’ 
vane. 

Simplicit,y of the receiving equipnlent 
for commercial transport and itinerant, 
aircraft USC was also considered of ex- 
treme importance; horrever, it was bc- 
liex,ed tha.t a more sensitive and sclectiv-r 
receiver was essential, in order to provitlc 
a more reliable indication, and to pcr- 
mit the development of a “fan type” 2 
marker which would not require an LU- 

reasonable output power. A power up 
to about 100 \vatts was considered to be 
economically feasible for fan markers. 
It was also concluded that all markers 
should be operated on a single common 
frequency ill order to permit the use of a singlr 
marker receiver. .s a result., Z-niarkers, fan 
markers, xucl instrument landing iuner and 
outer markers were all designed to operate on 
7.5 megacycles. 

111 1!)3G, the Bureau continued work on the 
% type markor. The results accomplished may 
bc summarized as follows : 

1. The frrq~~cncy was changed from 93 mega- 
cFc:es to 75 megacycles. 

Figure 4.-Original army marker receiver. Stream-lined case 
contains detector tube and forms support for doublet 
antenna. 

2 Technical Detielopment Report No. 5--“The Development 
of Fan Tgpc T-ltra-Hirrll-I“~er[nen~r \Inrlwrs.” 

Figure 3.-Original airplane antenna for marker 
service. 

2. The antenna system was simplified and 
and improved. 

3. Correct transmitter power and receive1 
sensitivity, to allow use of both fan and Z- 
markers on a single fixed aircraft receiver, 
were determined. 

4. A receiver suitable for both fan and Z- 
markers was provided. 

In carrying out this work, a new and simpli- 
fied transmitting antenna system was devised, 
and a counterpoise and radio transmission line 
was developed that would permit stable oper:l- 
tion of the antenna under all Feather conditions, 
including snow and sleet, which ordinarily 
make close supervision necessary. A suitable 
crystal-controlled transmitter was designed to 
work with the new antenna and, as a conclusion 
to the project, specifications were prepared from 
which a quantity of dual equipments were pur- 
chased for installation throughout the country. 
A suitable receiver was developed and used in 
all flight tests described in this report. 

APPARATUS 

The various types of antenna systems tried 
out in the course of the development are shown 
in the attached drawings. Fig. 5a shows the 
original H type array which operated on 93 
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megacycles This type of antenna nns also and accuracy of fraquency mas dependent upon 
tested on 75 megacycles mlthout palasltlc reflec- the accuracy of the fundamental crystal 
tom, both at 3/ and % narelength above frequency 
ground Fig 5b shows a smphfied antenna 
designed to combme the electrical centers of the 
north-south and east-west radmtors m an 
attempt to ehmmate lobes that emsted m space 
when usmg ealher types of phywally spaced 
a11tennas A s1mp11Iics11on of t111s last a11tenna 
IS shonu m l?lg 5c This 1s the type that was 
fu~~lly adopted 

Exposed copper tube transmlsslon lmes RBK 
used m the or~gmal tests These conslsted of 
two half-mch seamless tubes, spaced 3% Inches 
apart, and supported 10 to 14 Inches aboro 
ground on Isolantlte msulatols The msulators 
were placed at pants of zelo voltage, as shown 
m Fig 5d, no altempt bang made to termmate 
correctly the tr.msrmsslon hne 

The final assay IS as shown u, Fig 5e ‘lhe 
antenna IS of the same t3-pe as m FYg 5d, but 
1s erected l/d wavelength above a coarse 
(3”X 3”) mesh screen, and IS connected to the 
remote transmitter through B shmlded hne that 
1s correctly termmated The counterpoIse plo- 
vldes an effective lerel reflector for the antenna, 
yet allons snow to fall through and vegetntwu 
to grow beneath, avoldmg the change of pattern 
winch these elements vould otherwise produce 
The transmlsslon lme IS a pzur of half-m& 
seamless copper water p’pes, spaced 1 mch 
apart and supported centrally m a 3-x3” 
copper shield A cross se&on 1s shown m 
Fig 5f 

The measurable features of the va~lous an- 
tennas on winch experunents mere conducted 
are Frequency, antenna cunents, hne currents 
and field pattern shape and dnnensmns Fre- 
quency stablllty of a hlgb order was not essen- 
tml for the ongmsl market plans Accurately 
cahbrated wavemeters, type AC105, nere used 
to set the frequency of the transmitter These 
wavemeters were sun&r to General R&o 
Compeny type 419-A, but wei-e mod&d and 
accurately cahbrated at the Nntlonal Bureau 
of Standards The cmcmt IS show, m Fig G 
When crystal-controlled transmitters mere 
adapted to this marker servuze, the accuracy 
of these waremeters 1%~ obvmusly madequate, 

Figure 6-Type AC105 frequency meter 

The antenna current requred for final Z- 
marker serv~e vras found to be relatwely low 
The actual current was never mewned, be- 
cause rclatwe ralues on11 were reqmred, and 
It 1s rather d&icult to rnc.~~ule the actual cur- 
rent These relative values mere obtamed by 
Llq’Inng a lowendmg (W&on O-120 Model 
425) R F nulhammeter to the centers of the 
mtenns lads 11 was found that the readmg 
of the mstrument could be mcreascd about five 
tnnes bq series tunmg The arrangement om- 
ployed 1s shovn m Fig 7 

Rough ground checks of the 1 ddlated signal 
\+ere msde with an elevated rotatable pick-up 
antemu as shown ,n Fig 8 

Relatlre lme currents along the transmlsslon 
hne wele measured on a turd R F m~llmm- 
meter, mounted on a canuge, ns shown m 
Fig 9 A scctmn of lme shmld, remote from 
the antenna, vaas opened at the top to allow 
use of this pick-up dmuze 

Relatwe patterns of the wrtlcally radiated 
beam \rere obtamcd by fhghts 11, Bureau a~- 
planes The recewmg equq’ment consIsted of 
a longltudmal wue below the belly of the ship, 
a short lead-m, and a recel~er The receiver 
used IS shown in Fig 10, Its schematic dla- 
gram m Fig 11 General chsracterlstlcs of 
this recewer nere publIshed m the Air Com- 
mace Bulletm of February 1937 The le. 
cewmg antenna m earl> tests conslsted of a 
l/Z-wavelength wme 1, lth the lead-m tdpped 
shghtly off center Fmal tests \+ere made 
v&h a doublet, nsmg a concentllc transnusslon 
Ime, as shown m Fig 12 Fig 13 111~s. 
trates an urqnoved alrangement of the same 
type antenna A rl~uss~on of output mdlca- 
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HAHUARLUND r 1 
HF 75 

WESTON THERMO- 
HILLIAHMETER 

U3E CLIP 3UI 

CLIPS 

MODEL '+35 DIAORAH OF CONNECTIONS 
O-120 HA R F. 

F,gure B-Elevated rotatable wk.up antenna 

TESTS 

When tests were made t,o determme the chax- 
acter~stics of a gwen transmlttlng antenna 
system, flights were generally made at odd altl- 
tudes, startmg at 1,000 feet, and m aght dlrec- 
tlons of approach toward the statlon Time 
\+as measured from the m&ant the masker bght 
on the aircraft cane on until It extmylshed 
The durstlon of hght for fhghts m opposite 
dlrectlons M as averaged and the pattern dunen- 
slon was taken to be the distance traversed dur- 
mg the mean llghted perlod In domg this, 
partml compensation was made for the effect 
of mmd 

On most flights, graphic records of recewer 
output nere made dn-ectly on an Esterlme- 
Angus recordmg m~llmmmeter whloh had been 
oqulpped with an amphfier and rectllier for this 
purpose With this lecordmg device, It nas 
possible to detect and study lrregularltles m the 
pattern that were m&her evident m visual 
checkmg with the mdxntor lamp nor m hste11- 
mg to ~aslatlons In the aural output of the 
lWXlVW 

In all flights made when usmg the H type of 
antenna array shown m Fig 5a, dead spots or 
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lobes were observed It was b&end that these 
were the result of the physuxl dmplacement of 
the two north-south and east-west antenna ele- 
ments at the transm~ttmg statlon It appeared 
demable to combme the elements so that they 
would occupy a connnon center, and yet produce 
the effectne, nondmectlonal polarmtlon of the 
signal 

In order to obtam quadrature currents, the 
array shown m Fig 5b was set up The four 
radmtmg elements (north, east, south, and west) 
mere each made approxmately l/2 ~~avelengtb, 
actually 73 25 mhes, which IS equmalent to 

0 93x; 

The value of 0 93 was found to be approxmately 
correct for maxnnum current m the four 
doublets 

The north and south doublets nelc connected 
to the transrmss~on lme through a length of 
hne that was shorter than that connectmg the 
east and west elements 1 he correct dlff erence 
m the lengths of thew two hnes mas detmmned 
experlnlentallJ After ad]ustment of this ar- 
my, the follommg antenna currents were 
observed 

METER 

v 
OIAGRAH 

TUBING 

WESTON THERHO-HILLIAHHETFP7 /"AMMARL"" "F-36 

l- 

I) 
TRANSMISSION LlNE --- 

\ .l~ \/’ 

Fwure 9 -Instrument for measurmg transnnssron he current 



8 

pear entirely stable or desirable, flight checks tory. The only objectionable feature was the 
were made which showed the relative pattern awkward mechanical arrangement of the 
dimensions as plotted in Fig. 14. TJVO of the downleads. 

Figure IO.-Ultra-high-frequency marker receiver type RUD. 

BELLY 
AtlTEI(IlA 

FILTER CONSTANTS 
Cl .001535 nfd. 
c2 .0573 q fd. 
LI 1.83 h. 
12 .0991 h. 

Figure 11,Schematic diagram type RUD marker receiver. 

amplitude recordings made during these flights A new arrangement of the antenna system, 
are included in the same figure. It will be seen shown in Figs. 5c and 15, was set up and ad- 
from the recordings that the results obtained justed. It was found possible to support the 
from this antenna system were quite satisfac- antenna and downlead system rigidly, and to 
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9 A 

Figure lt.-Sketch of marker receiving antenna on 
NS-31. 

1Mrform all tuning adjustments on the system, 
by variation of the straps on the downleads and 
the position of the transmission line along the 
downleads. The former adjustment directly 
affects the balance of currents in the adjacent 
antenna rods, while the position of the trans- 
mission line along the downleads determines 
the relative phasing of currents. The actual 
operation of performing this adjustment is out- 
lined later in the test and installation proce- 
dure. The adjustment is relatively simple, in 
that the links on the downleads are moved until 
the currents, as measured in adjacent antennas, 
are equal ; then the transmission line position 
is varied until the current in an elevated 

Figure 13,Improved design marker receiver belly an- 
tenna Rigid concentric line forms central support 
for doublet. 

pick-up antenna is constant, regardless of its 
orientation. 

Many flight checks were made of this final 
antenna system. The general results obtained 
are as indicated in Figs. 16 and 17. The 
graphic records made on one group of flights 
are shown in Fig. 18. It will be observed 
from these curves that the signal is relatively 
uniform, and contains no observable lobes that 
might cause erratic operation of the marker 

Figure 14,Relative pattern of experimental marker 
signal and two of the graphic records. 

signal lamp in the airplane. ‘Three experi- 
mental installations (Chicago, Kansas City, 
and NelTark) of this type of marker were 
made in November and December 1936, and 
comparable results were obtained in each case. 
All use 3000-cycle motor alternators for plate 
supply. Reliability of the transmitters has 
been demonstrated by satisfactory operation of 
these stations for approximately 16 months. 
The average tube life in the transmitters is 
about 5,000 hours. 

All tests thus far described relate to an an- 
tenna system placed above smooth earth. The 
last mentioned antenna system was elevated 1/4 
wavelength (1 metre) above ground and con- 
nected to the transmitter through about 32 
feet of open wire transmission line. The 
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transmitter consisted of a simple ‘X-megacycle 
oscillator as shown in Fig. 19 (Schematic dia- 
gram in Fig. 20). A relay rack type of 

Figure 15a.-The final experimental antenna structure 
before being placed in the ground. 

crystal-controlled transmitter, type TZA, was 
designed and built for further tests on these 
markers. A view of this transmitter is shown 
in Fig. 21, and its diagram in Fig. 22. It has 
an available output of approximately 25 watts, 
and derives its modulating frequency from a 
self-contained 3000-cycle vacuum tube oscil- 
lator. The original oscillator transmitter in 
Pig. 19, which was mounted in a small alumi- 
num box, ras replaced by the relay rack type 
crystal-controlled transmitter mounted in a 
7x7’ frame building. It was immediately 
found that irregularities existed in the pattern 
in flights made across the station parallel to 
the direction (northwest) of the transmission 
line feeding the antenna system. The irregu- 
larities did not appear in flights perpendicular 
to this direction. The presence of the tall re- 
lay rack, which measured approximately 1/ 

Figure 15b.-The antenna of figure 15a after being installed and adjusted at the Washington radio range station. 

. 



11 

navelength m haght, was suspected as a con- 
tnbutory cause of these megulantvas When 
the eqnlpment ongmlly mounted on the re- 
Ia3 rack was dmded Into t\+o groups and 
mounted on a wooden lack bmng half the 
or~gmsl he~gbt, ns shovn m Fig 21, It T.&S 
found that the megulantm dmppeared 
Graphic rwords made before and after the 
change m the relay rack u-e shown m Fig 23 
It, was obvious that the antenna most be re- 
moved from tall metalhc oblects a suffimnt 
rllstance so that these reflectmns would not 
occur It was concluded that as long as the 
nretalhc equqnnent mthm about 50 feet of the 
antenna did not pro]& above the level of the 
mtenna system, no d&ulty would be expen- 
enced from reflectmns It should be noted 
here that m subsequent tests of the Z-marker, 
1x1 which the antenna system was placed on the 
radio range plot, m the proxmty of five 125. 

ORIENTATION OF 

ANTENNA ARRAY 

3960 FEET 

Figure X-Z-marker hormmtal pattern at 3,000 feet 
“5”, 6y5yd from transm,tt,ng antenna of figures 

foot steel radio range towers, no effect of con- 
vequence could be observed from reflections 
In this case, the marker antenna was centrally 
located alth respect to three of the towers, 



Figure lg.-Original ultra-high-frequency transmitter 
for marker service. 

Figure 20.-Type THL 75 mc marker transmitter 
schematic diagram. 

the distance to the towers measuring about 
135 feet. 

In order that the equipment would not be 
affected by snow and vegetation growth around 
the antenna system, two possible arrangements 
were considered and investigated. First, a 
small frame house was built over the antenna 
system in order that the antenna would be pro- 
tected. The structure is shown in photographs, 
Figs. 24 and 25. Flights over the system, after 
construction of the shelter, indicated that the 
pattern was substantially the same as that when 

the antenna was exposed. Since this work was 
done in 1937, it has not been possible to observe 
the possible change of pattern with the accumu- 
lation of snow around and on top of the build- 
ing, because snowfall has been negligible since 
its construction. The set-up is being retained 
for further observations. 

A second method of avoiding these adverse 
conditions was to elevate the antenna system 
and erect a suitable large-mesh screen counter- 
poise which would provide a uniform reflect- 
ing surface through which snow would readily 
fall. A set-up of this counterpoise was made 
and is shown in the photograph, Fig. 26. The 
details of the counterpoise system are shown in 
Fig. 5e. In making the counterpoise installa- 
tion, it was considered desirable to investigate 
operation of the array at a considerable distance 
from the transmitter, in order that in ultimate 
installation of these markers, the transmitter 
could be placed in the range station with the 
antenna sufficiently removed from the build- 
ing and center tower of the range system to 
avoid pattern distortion. Accordingly, the 
counterpoise system shown in Fig. 26 was placed 
approximately 70 feet from the transmitter and 

Figure 21.-Experimental crystal controlled Z-marker 
transmitter type TZA. 
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was connected by means of a two-conductor RECEIVER SENSITIVITY ADJUSTMENT 

shwlded transmission lme spaced qpron Correct receiver sensltnq \~a? considered to 
mately one foot above the ground The lme be very nnportant m the proper operatloll of 
construction details are shown m Fig 5f the marker sjstem The greatest umxrtamty 

The same methods of ad@mg the counter- m the operatmn of the system M as the possible 
posse antenna system vere adopted as m the marker receiver response to signals other than 
former antenna q&m The addltlonsl opera- those of the marker transmitter The pllot 
tlon of correctly termmalmg the transmxsmn would then receive maccurste or rmsleadmg 
lme at the antenna 71 as performed m order that mformatlon concernmg his posltlon The 
sttandmg waves would not be present m the lme recewer orlgmally developed for this marker 
D&ads of the methods and results concernmg service did not poets extreme selectwlty mas- 
tins termmatmn are gnen later under antenna much 5s it was considered desnxble that the 
nd]ustment Fhght tests of the counterpow i-ecewar be l&t, smple, and certam to respond 
antenna qstem gave results smnlar to those of to signals of the marker transmitters, whlcb 
the former array m then- earlv form were not crystal controlled 

AUDIO OSCILLATOR, AMPLlFlER 
AND MODULATOR GfiOUND 

WHEN OPERAT 

Flgure 22-Sehematlc dmgram of type TZA marker transmrtter 

2600718-414 



14 

Most of the receiver discrimination against 
undesired signals was obtained through the use 
of a modulation frequency of 3000 cycles, a fre- 
quency considerably removed from that of other 
classes of service, toget,her with the insertion 
of a good 3000-cycle electrical filter in the 
output of the receiver. The remainder of 
the selectivity was obtained by mclans of a 
tuned radio-frequency input circuit. With this 
amount of audio and radio selectivity, the 
receiver sensitivity could he reduced consider- 
ably below that which wonld rause any flashing 

Figure 23.-Copies of graphic records showing the rela- 
tive effect of the presence of the vertical relay rack in 
the vicinity of the transmitting antenna. 

of the indicator lamp when flying directly over 
powerful ultra-high-frequency telegraph trans- 
mitting stations and over the 65-megacycle tele- 
typewriter beam signals of the Bureau station 
at Silver Hill, Md. When the sensitivity had 
thus been reduced, it was found to measure 
approximately 1400 microvolts on the Ferris 
Type 18B signal generator. This sensitivity 
was then assumed to be the correct safe value, 
and the marker transmitter power adjusted to 
give the desired size of marker pattern with 
such a receiver. 

In addition to the sensitivity investigation as 
outlined in the foregoing, it was necessary to 

Figure 24.-The experimental shelter to protect the 
transmitting antenna from the elements. 

arrive at a sensitivity that would accommodate 
operatibn of the receiver on fan marker signals 
of the type described in Technic&? Developmmt 
Report No. 5, and a sensitivity that would not 
require too great a power at the fan marker 
station to provide the desired patterns. The 

Figure 25.-The shelter showing removable section 
which allows the complete house to be withdrawn 
on its skids during adjustment of the antenna. 
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value of 1400 microvolts, as indicated, appeared 
to be satisfactory in all respects. 

MARKER POWER ADJUSTMENT 

In adjusting the output of the marker trans- 
mitter to provide the required pattern size in 
accordance with the receiver sensitivity out- 
lined above, it was observed that an antenna 
current of approximately 10 milliamperes was 
required. This corresponded to a plate power 
input of approximately 7 watts at the trans- 
mitter, the plate supply to the power amplifier 
tube being 3000 cycles a. c., zero d. c. No 
d. c. voltage was used on the power amplifier 
stage in order that the percent’age of modula- 
tion on the transmitter signal would remain 
constant. Final specification for this type of 
transmitting equipment, however, was made to 
include a d. c. plate voltage in order to avoid 
possible future difficulty from modulation 
harmonics, particularly after installation of 
approach markers which will operate with 
400- and 1300-cycle modulation. 

The antenna current referred to in the fore- 
going was measured by clipping the antenna 

meter directly on the antenna rods at their 
center. This method does not indicate the true 
current in the antenna, but is a relative value 
which is satisfactory for the adjustment of the 
marker pattern. In order actually to read a 
current value this low with the instruments 
available, it was necessary to series tune the 
meter with an arrangement as shown in figure 
7, and as described under APP.\RATUS. 

ADJUSTMENT OF THE ANTENNA SYSTEM 

Considerable experience has been gained as 
a result of the adjustment of the four expcri- 
mental Z-marker inst,allat,ions at) Washington, 
Newark, Chicago, and Kansas City, and the 
adjustment of the first commercially made 
Z-marker installation at Allentown, Pa. As a 
result of this experience, precise procedure has 
been developed for the adjust’ment of this t,ype 
of antenna as described herewith. 

Adjustment of current balance. 

Fig. 27 illustrates the factors involved, and 
the adjustments available for this type of an- 
tenna array. It will be noted in Fig. 27a that 

Figure 26.-The experimental counterpoise system as installed at Washington radio range station. 
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Figure 2i’-Schemst~ arrangement of transmlttlng 
antenna shawn,g the factors nwolved m adp,st- 
ment 

there are four antennas, north, east, south, 
and west, wltb them respectnc downlends The 
north and eayt antennas are connected by me&n$ 
of a shortmg bar The south and cast an- 
tennas are also connected bj a shortmg bar 
The antennas are e.rcb I/ wale m length and the 
don&ads are each 1/b ,%ave long In Fig 27b, 
the north and east arraqs hale been drawn m a 
straight lme with then respectlre downleads to 
dlustrate the fact that the total owr-all length 
1s approxunately 3 half-maI e lengths The first 
adjustment mvolved 1s the makmg of this dl- 
menslon exactly 3 electrical half-\\ ave lengths 
for the northeast section and the soutll-nest 
section 

It was found by expenment that the correct 
length of the antenna rods for operntlon m this 
u-ray IS approxnnntely 73 25 Inches This dl- 
mens~on 1s measured from the end of the rod 
to the center lme of the doanlead Dlmw,s,on 

X, as mdlcated m Figs 27a and 27b. 1s merls- 
ured vertxally from the center lme of the an- 
tenna along the domnlead to the center lme of 
the shortmg bar With the transmlsslon lme 
posltmn (Y) remammg fixed, the posltlon of 
the shortmg bars (dnnenslon X) 1s vaned untd 
approxunately equal currents are obtamed m 
the four antenna meters, 1,2, 3, and 4 It n11l 
bc observed from Fig 27b that when a correct 
dunenslon X 1s obtamed, the antenna meters 
1 and 2 ~111 read equal values of current3 m 
the north and east antennas respect&y The 
same condltlon holds for the meters 3 and 4 on 
the south and west antennas, although the abso- 
lute values of currents m the north-east array 
and the south-west array may be dlfferent If 
the currents m the four antennas are plotted 
wth respect to dnnenslon X, curves resemblmg 
those of Figs 28a and 29a ad1 be obtamed The 
correct posItIon for the shortmg bar 1s that at 
nhlch the respectTe current curves cross In 
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Fig 28a, the dunensmn IS 355 Inches, and m 
Fig 29a, It 1s 37’i/, mches 

In measunng the antenna currents, a meter, 
as dlustrated m Fig 7,m used and It 1s chpped 
on the antenna rod approxnnately at the center 
of the rod It 1s bellwed that the correct posl- 
tlon for this type of meter 1s that nhlch gwes 
equal current readmgs when attached to atha 
side of the antenna rod On11 8. few tests are 
requred to determme this posltmn The exact 
posltlon 1s not of very great unportsnce, bon 
wer, so long as the posltlon of the meter 1s the 
same on the respectwe antennas The leadmgs 
of the antenna current meters are changed by a 
person stnndmg m the vlcmlty of the antenna 
and It 1s therefore necessary that the oper- 
ator step back clear of the antenna system for 
each readmg It has been found convement 
and satxfactory to observe the ad]acent an- 
tenna readmgs, for example, nolth and east 
from one posltmn of the operator. and the 
leadmgs for south and nest antenna from a 
dlngonnlly opposite posltmn 

A vnnatmn of the posltmn of the downleads 
has considerable effect upon the relatwe cur- 
rents 111 the four antennas It 1s important 
that the downleads be accurately spaced, 

F,gure X--Curves of currents observed ,n admstmg 
Allentovn Z-marker Antenna and downleads were 
ah Inch outalde dmmeter tubmg Transmmsmn hue 
was v2 ,nch outs,de dmmeter tubmg 

parallel to each other, and perpendxular to 
the plane of the antenna system 

The adwstment of phasmg 

The phnsmg adjustment 1s accomphshed by 
varlatlon of the posItIon of the transmlsslon 
hne tap on the donnlead yystem The effect 
of phasmg 1s obserred by means of a rot& 
dble puzk-up antenna as illustrated m Fig 8 
nnd by actual fhght check of the pattern after 
completum of antenna ad&m&s The 
phasmg of currents m the antenna system dl- 
rectly affects the strength of slgnal that 1s re- 
caved by the pick-up sntcrma m the quadrants 
defined by the respectwe antenna rods FOl 

example, m Fig L7a this \rould be m 

~outhnest-noltheast and northwest-soothcast 
dn-ectmns The colrect nd]ustment of pbasmg 
(donenslon I’, Fig 27) can be obtamed by ob- 
sorru~g the Ielatlve p~k-up currents m these 
ino dlrectlons If clnnensmn Y 1s vaned 
whdc obsenmg curents in the p~lr-up an- 
tonnn for these tno dlrectmns, a LUIXB can be 
plotted as shown m 28b and 29b The col- 
rect dunensmn Y 1s that xhere the two curves 
cross 33 6 Inches for Fig 28b and 333/’ m&es 
for Fig 291, X-hen the collect pbasmg pow 
tmn has been determmed. relatne pick-up m 
all duxctmns cnn be observed and plotted as 
dlustrated in Fig 30 It wdl be observed m 
Fig 30b, that wlule the phnsmg 1s correct as 
mdxated by the equahty of currents m the 
northeast-southnest and north\~est-southeast 
dmectlons, the north-south curlent 1s somewlut 
greater than the east-west current This IS 
probably caused by the shght unbalance m the 
actual antenna currents ns sbonn by the ST- 
rows ,n Fig 30 A d&rence of the magm- 
tude mdlcated m Fig 30, however, 1s ms~gmfi- 
cant m the actual use of the marker 

The third ad@ment m vxmectum nlth the 
antenna system 1s the proper termmatmn of 
the transmlsslon hne so as lo remove reflectlolls 
and standlug naves flom the lme This 1s 
accomphsbed tin-ough the use of mdtchmg stubs 
as lndlcated m Fig 27~ 

The posltlon of the matcbnng stubs Z from 
the pant where the trnnsmlsslon lme 1s con- 
nected to the donnleads and the length L of 
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F,gure Sal-Relatwe patterns obtamed on Ciiww 
and Allentown Z-markers usmg rotatable wk.up 
antenna 

the mntchmg stubs are both crltlcal The pro- 
cedure m detormmmg the correct dlmensmns 
Z and L mvolws first the measurement of 
standmg wales on the lme at a pomt on the lme 
remote from the antenna system A se&on of 
the transmlsslon lme slneld approxmmtely 80 
Inches long must be removed to allow this opera- 
tmn A suitable meter to measure the lme cur- 
rents 1s shown m Fig 9 As this meter 1s 
moved along the lme, currents ue obserxd 
which if plotted ml11 resemble the curve of Fig 
31~ This represents the condltmn exlstmg 
with no matchmg stubs apphed to the termmal 
end of the lme The latm of maxunum to mm- 
imum current 1s approxnndtely 10 1 As the 
correct adjustment for the matchmg stubs 1~ 
approached, the currents observed along the 
he resemble those shown m Fig 31b The 
desn-able termmatmn 1s that which gwes a 
straight lme or equal current for all readmgs 
along the lme Actually the best termmatlon 
that has been obtamed IS that glvmg a ratm of 
msx1mumto lllln1mum 105 1 

In adjustmg the mntchmg stubs, the first pro- 
cedure 1s to assume a. glren length L and, while 
holdmg this length constant, to vary the pow 
tlon Z along the lme, obser\ mg for each posltlon 
the ratlo of maxmnnn to mmrnum current on 

procedure 1s plotted m curve No 1, Fig 32a 
The best positloll, It ml11 be observed, is for a 
dlmensmn of Z equal to 13% Inches The next 
procedure 1s to secure the dnnensmn Z at this 
best value, 131/, Inches. and vary length L o>er 
a considerable range observing, for each dunen- 
s,on of L, the hue current ratm For the sales 
of adJustmen& of L, a curve resemblmg that of 
No 1, Fig 32b, ~11 be obtamed 

Addltmnal ralues of dlmensmn 2 must then 
be taken, and for each value the lme ratlo for 
several lengths of “L” must be obserred 
From thx mformatlon, n group of curves sun,- 
Inr to tunes 1 2 nod 3 of Fig 321, c&n be 
plotted From curves 1, 2, and 3 a curve srnl- 
lar to curve 2 of Fig 32a can be plotted, 
this curve representmg the mmmnun or best 
he ratlo for each of the cures 1, 2, and 3 of 

Fig 32b It 1s apparent from curve 2 of 
Fig 32~1 that the optmnun dlmensmn 2 1s 

F,gure 31--Curves of transmssmn hne current 
the lme A tgplcal curse of the results of this resdlngs 
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approxmately 1135 mches for the antenna on 
which these measurements mere made It a111 
also be observed from the curves of Fig 32b 
that the optmum dmensmn from length Z ~111 
be approxmately 231/ Inches 

In makmg the ad]ustments described 111 the 
foregomg procedure, It was noted that there 
was some reaction betneen the various adlust- 
mats When one ad]nstment was made, other 
adjustments had to be rechecked to msure that 
they were stdl colrect A partmdar example 
of this occurred m the dmensmns X and Y, m 
nhlch consldemble change m antenna current 
balance resulted from a change m dunenslon Y: 
Then the dmens~on Y was changed to any great 
extent, after findmg and eettmg dmensmr X 
ut an 0pt1mum value 

It also has been noted that m makmg ad- 
]ustments for lme teImlnatmn, 1t 1s essentm1 
that the termmatmg stubs be supported dur- 
mg mtml adpmtmcnts by the msulators that 

I Y 

are to be used after the final ad]ustment Un- 
less this 1s done, the capamty of the end caps 
and clamps of the matchmg stub supportmg 
msulators (see Fig 3i), added to the matchmg 
Stubs, ~11 senously upset the rmtchmg of the 
lme mpedance 

RESULTS 

Tes”,s,g “p’,“t commercmlly made mstallatron. Allen- 

The first commercml mstallatlon made for 
the Bureau at Allentown, Pa, as shown m the 
photograph, Fig 33, dlustrates the final form 
of this development The details of construc- 
tmn are shon n m Figs 34 to 39, mclus~ve The 
transmitter 1s shown m the photographs, Figs 
48 to 51, mclus~ve Notes have been added to 
each dlustratmn to make It self-explanatoq 
Figs 37 and 38 illustrate the parts of the an- 
tenna system on whlcb the adjustments of cur- 
rent balance, phasmg, and lme termmatlon are 
aceomphshed 

Careful ndJustment of the downleads (see 
Fig 40), to brmg them exactly parallel and 
perpendmlar to the plane of the antenna sys- 
tem, 1s essentml The use of the elevated pick- 
up antenna illustrated m Fig 41 requres the 
use of a transit or sur>eqor’s hand level for 
observmg the current m the prck-up an- 
tenna mstrument Observatmn of this current 
through a hand level from the outer edges of 
the counterpom system ma found to be cm,- 
venxnt and satisfactory 

Lme current latlos were memned by means 
of a pick-up device shown m Fig 9 and pho- 
tograph, Fig 42 It w&s obserl-ed that con- 
ildernble maccurscy of lme current readmgs 
resulted when the sides of the trmsmlsslon lme 
shmld were allowed to change posltlon with 
respect to the loop of the pxk-up demce In 
mttmg open a long sectmn of the transmission 
he, such as IS necessary for these measure- 
ments, It 1s obrlous that side nails of the shield 
~11 not remam m then normal stmght lme 
It was necessary to use spacmg blocks, as ~llus- 
trated m Fig 43, to mamtam the correct ede 
wall spacmg necessary for rehable readmgs 
Several blocks, mth correctly spaced slots cul: 
11, them, were used along the opemng of the 
lxx, as shown m Fig 44 



20 

It should be noted that some difficulty was town. It was necessary to rearrange the leads 
experienced in obtaining a good balance of between the output coupling coil of the trans- 
antenna currents, and a good ratio of line cur- mitter and the transmission line terminals so 
rents, with the transmitting equipment as that these leads were short, straight, and of 
originally delivered for installation at Allen- equal length. The original arrangement. of 

Figure 33.-Complete transmitting antenna at Allentown, Pa. 

Figure 34.-Original arrangement of transmission Figure 35.-Bridge arrangement over transmission 
line insulators at Allentown. line at Allentown. 
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leads is illustrated in Fig. 47a, and the modi- 
fied arrangement in Fig. 47b. To obtain 
equal termination for both channels of the 
transmitter, it was necessary also to add an 
extra length of wire on the stand-by transmitter 
between its output relay terminals and the par- 
tition bushings, as indicated in Fig. 4’7b. This 
addition compensates for the length of line 
represented by the bushing length. The mon- 
it,or unit could not be connected directly to the 
transmission line through condensers, as origi- 
nally provided, without disturbing the condi- 
tions of current on the transmission line. It 
was necessary to inductively couple this unit, 
as shown in Fig. 47b. After making the 

Figure 36.~Substructure of transmitting antenna 
system at Allentown. 

modifications as indicated, it was observed that 
the antenna and line current conditions were 
approximately equal for both regular and 
stand-by equipments. The advantage of cou- 
pling the monitor to the transmission line, as 
originally provided, is that it is operative for 
both re.gular and stand-by channels. Slthough 
its primary function is to start the stand-by 
channel upon failure of the regular, it was toll- 
sidered valuable as a means of determining 
relative output and modulation for both chan- 
nels. An attempt was made to inductively 
couple the monitor simultaneously to both 
power amplifier t,ank circuits, but it was discov- 
ered that, while identical monitor operation 
could be obtained from both channels, unde- 
sirable cros coupling existed that might 
cause confusion to operating personnel. Con- 

Figure 37.-Arrangement of matching sections. 

sidering this, it mas finally decided to couple 
only to the regular channel on the present 
equipment, and t,o provide an inductively 
coupled R. F. meter on the transmission line, 
on the top of the transmitter, to indicate rela- 
tive output and modulation for both channels. 

It is believed that if absolutely ideal ter- 
mination were possible for the transmission 
line, some of the differences observed in the 
operation of the two channels (regular and 
stand-by) would not be present. However, 
since this ideal is not generally obtained, the 
only way in which identical opernt,ion can be 
expected from both channels is through strict 
adherence to mechanical and electrical sym- 
metry betlveen channels up to the transmission 
line terminals. 

The ha1 results of the adjustments for cur- 
rent balance phasing and line termination for 

Figure 38.-The connections and adjustments on the 
antenna downleads. 



Figure 39.-Method of securing antenna rods. Figure IQ.-Downlead section of antennas. 

Figure Il.-Method of observing pick-up antenna current. 



this installat,ion are illustratetl clearly in Figs. 
29: 30, and 31. ,2 fligllt check of the marker 
to de!erminc the pattern of lhc transmitted sig- 
unl ~\-a~ made in l3ureau airplane NS-31, lritlr 

Figure 42.-Meter used in line current measurements. 

Figure 43.-Spacing block used to secure constant 
spacing of duct side wall. 

its receiving antenna arrangctl as shown in 
l;ig. 12, and wit11 tile I1UD type receiver shown 
in Figs. 10 and 11. From the data obtained 
on these flights, the average curves of Figs. 

Figure 44.--Complete assembly of spacing blocks. 

l:i al~tl 46 were obtained. Fig. 45 illustrates 
the approximate vertical pattern extending to 
an altitutle of 9,000 feet, and useful slightly 
bt>yoiid this, for the finally adjusted trans- 
mitter polver and the accrptcd receiver sclnsi- 
tivity. On this curve, a dotted line has been 
plotted to illustrate the approximate relative 

Figure 45.-Relative vertical pattern obtained by 
flight check of Allentown marker. 
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Figure I&-Relative pattern cross section at 3,000 feet 
altitude for Allentown marker. 

hADDED LENGTH I 

Figure 47.-Arrangement of transmitter output 
circuit. 

limits of audibility for the marker signals. 
The inner solid curve, representing the actual 
marker pattern, is the pattern determined by 
the operation of the marker light on the air- 
plane inst’rument panel. The marker signal 
is audible before and after operation of the 
marker light. 

The curve of Fig. 46 was plotted from data 
taken in all directions over the station at an 

Figure 48.-Final type TZA marker transmitter. 
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altitude of 3,000 feet. It illustrates that the 
phasing of the antenna currents is approxi- 
mately correct, since the signal received is ap- 
proximately equal in all directions. The 
pattern is slightly larger in the northeast- 
southwest direction, probably because of direc- 
tion of wind during the flights. The wind was 
in the approximate direct.ion indicated by the 

Figure 49,Rear view of type TZA marker trans- 
mitter. 

arrow on the figure (from northwest). 
Flights in the northeast-southwest direction 
would naturally be made with considerable 
crab angle, resulting in a true ground speed 
much less than that for flighm in other direc- 
tions over the station. Consequently, this 
would account for the increased time of sig- 
nal for this direction. Patterns of the ex- 
perimental markers have, in general, been 
elongated slightly in a direction perpendicu- 
lar to the wind direction. h true air speed of 

Figure 50.-Side view of type TZA marker trans- 
mitter. 
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100 miles l)cr hour was maintained for all 
flights. 

Final transmitter design. 

The arrangement of the transmitter clc\-el- 
aped for this keyvice is shown in Figs. 48 to .il. 
inclusive. h block diagram of the transmitter 
circuits is given in Fig. 53. The nominal out- 
l)ut rating is 5 watts. The audio-frecluenc,!- 
modulating voltage is derived from a stable, 
3000-cycle vacuum tube oscillator. 

It \vill be observed from Figs. 48 and 49 that 
.the transmitter consists of two identical units 
constructed vertically in a common frame. 
Controls and indicating instruments are pro- 
vided for the tuning and adjustment of each 
channel, regular and stand-by. An elapsed 
time met,er is provided for the filament circuit 
of each channel, so that a total number of hours 
of operation can be recorded. 

The monitor unit provided with this eqllip 
meut is shown in t’he upper righthand section 

of Fig. 49. This unit fuuctions to disconnect 
the regular channel in event of its failure to 
deliver the required output, and starts up the 
stand-by channel: connecting it to the transmis- 
sion line in place of the regular channel. In 
addition, the monitor unit with its two meters 
(rectified carrier current and rectified audio 
current) provides a means for setting the per- 
centage modulation at approximately 100%. 
Curves of the audio and carrier currents have 
been plotted in Fig. 52 against relative per- 
centage modulation. The monitor transfer 
system operates when the modulation has been 
reduced to about 45 percent, or when the car- 
rier drops sufficiently to reduce the received 
rectified audio current more than about 30 
percent. 

Controls are provided, as shown in Fig. 51, 
to permit eit’her manual or automatic operation 
of either channel of the transmitter. It is 
possible through the opxation of these control 

Figure 51-Control switches of type TZA transmitter. 



swultches fa atJ,er channel to dehrer power 
to the antenna system while ~epars, adjust- 
mcnts, or tunmg d,anges are bang nude on 
the other channel 

Remote malutor1ng 

Pronwon for remote rnmtolmg of Z-marker 
rqnlpment nas not mcluded m the final trnns- 

mltter cleslgu slthougb some cxperments weze 
conducted durmg the development period 
Remote momtmng was considered unnecessary 
to1 two partmlar reasons 

1 The range station 1s mated dally by oper- 
atmg personnel and my megulmtm of 
the Z-markel ope~atm can be obseI\-ed 

2 There 1s a relmble stand-by equipment and 
~utomatlc transfer cle1E? to operate m case 
of faAue of the regulal equipment 

Durmg development, small diode detector- 
amphfier umts were coupled to the transmitter 
output arants to pmlde m nudlo momtormg 
slgml Thx signal was then connected through 
relays to tile brondcast-control lme which con- 
nects the range slatIon to the i-emote control 
quarters An cx c mmoanunete~ mc&s used at 
the distant qualtcrs to operate from this mon- 
kmlg signal The relays were used to dmon- 
nect the slgnal for tile lme dumg broadcastmg 

A dmelopment proJcct hns been set up to 
studj condltlons and methods for momtomg 
all Qpfs of markers Comdermg the fact that 
mod s~mds can be henrd on n sensltl%e recaver 

statmn 



of the Bureau from hoth the Bomw fan marker, 
16 rules distant, and the Washmgton Z-marker, 
about 3 m11es distant, It 1s posslble that some 
method of remote monltonng, with the use of a 
rece,ver and dlrectwe recenmg sntennn, may 
erentually be prorlded at the centrallq located 
quarters or airport 

CONCLUSIONS 

As a. result of this development, It has been 
concluded that 

1 The antenna system of the final design 
described m this report, and shown m Figs 
5c and 33, IS satisfactory for regular marker 
selTxe 

2 The arerage antenna current of 65 mdham- 
peres m the four antenna rods, as measured by 
the mstrument illustrated m Fig 7, 1s satls- 
factory for the present pattern dnnenslons 
These currents may xary 2.5 percent from one 
another mlthout causmg an apprecnble change 
~TI pattern shape 

3 The antenna system can be operated m 
the vuuty of radio range towers, provided 
these towers are not over 125 feet tall, and 
are placed at least 125 feet from the marker 
antenna ObJecti wlthm a radius of about 50 
feet of the antenna should not project more 
than about 6’ above the plane of the antenna 
SYStWll 

4 The use of an elevated antenna, with a 
counterpox as shown m Figs. 5e and 33, 13 
satisfactory and necessary The counterpolse 
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may be supported on a grounded structural steel 
framework 

5 The use of a two-conductor shlelded trans- 
rn~s~on he, as dlustrated m Figs 5f and 34, 
1s satisfactory and 1s very convement for this 
system 

6 The ternunatlon of this hne, usmg the 
matching stubs, as shown in Fig 37, 1s s&s- 
factoly 

7 The dual transmitter of the type shown 
111 Figs 48 to 51 1s sahsfaetory for this service 
The rated output of 5 watts IS adequate 

8 The use of crystal control for the trans- 
mltter 1s satisfactory and dewable 

9 The use of a monltonng device for the 
purpose of automatvxdly changing from reg. 
ular to standby transmitter ~TI the event of fall- 
we of equipment 1s satisfactory as provided 
with the commercially-made equpments non 
bang purchased 

10 The use of the type RUD recelre,, 
dlustrated m Figs 10 and 11, IS satisfactory 
for the checkmg of marker patterns, but a selw 
twe crystal-controlled superheterodyne recelr er 
of the type described in Bureau speaficatlon 
BA-304 ~11 be required for mterference-free 
reception of marker signals under sernce 
condltlons 

11 The type of recewlng antenna dlustrated 
m Figs 12 and 13 1s satisfactory for use on 
aircraft 

12 The use of a small uxandescent type lamp 
as an mdlcator 1s convenient and satisfactory 


