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The Development, Adjustment, and Application of the Z- Marker

SUMMARY

The Z-marker was developed to meet the
need for a positive position indicator for air-
craft operating under mstrument fiymg condi-
tions which would otherwise have to depend
entirely upon the “cone of silence” as an indi-
cation of passage directly over a range station
The marler consists of a low power transmit-
ter and directire antenna array, operating on
a frequency of 75 megacycles, which projects
a verfical beam through which aircraft will
pass when flying over the range station A

RELATIVE EXTENT
OF Z MAREER FOR
SAME ALTITUDE

DIMINUTION OF

1 1 MILES 1

SIG

tions and purchased an imtial order of re
ceivers suitable for utihzing these markers 1n
routme scheduled flights

INTRODUCTION

p
There exists directly above every radio range

station (Fi1g 1) a small zone known as the
“cone of silence” mm which no signal 1s present
This zone was not considered of consequence
i the carly development of the radio range
system, but 1t soon proved to be a valuable aid
to airmen navigating entirely by imnstiuments, as

o]

RADIO RANGE
RECETVER SIGNAL

FOR FLIGHT ALTITUDE OF
1000 FEET ABOVE STATION

1 MIPE s I | | W—

16 1z B 4

STATION 1 a 12 16

Figure 1 —Cone of silence data—Hartford radio Tange (operating nonsimultaneously)

special single frequency receiver, without tun-
ing controls, provides both aural and visnal
ndication

Ultra-ligh-frequency Z-markers were first
nstalled experimentally at several radio range
stations 1 1934 and 1935 In 1936 and 1937,
mportant unprovements were made 1n an-
tenna systems and transmotter frequency sta-
bility In Aprl 1938, at Allentown, Pa, the
first commerctally manufactured Z-marker
was 1nstalled and commissioned for regular
service operation . Based on the results of the
expermnental installations, these final markers
have a simplhfied antenna system, and a dual
automatic transmitter, designed to give con-
tinuous unattended service After conduct-
mg tests, several air lines prepared specifica-

1t gave a definite “fix” from which to start
their let-down, or approach to the awrport
Dead reckonmg 15 not sufficiently accurate for
this purpose

Although the “cone of silence” 1s a fortunate
byproduct of the radio range system, 1t 1s,
after all, a negative indication so far as the an-
craft recelver 1s concerned A result similar to
that produced by the “cone of silence” may oc-
cur due to a faulty receiver, a drop m the air-
craft battery voltage, a momentary falure of
the transmitter, or by a “fade” caused by
cancellation of a direct ray by an indirect ray
reflected from mountaing  Furthermore, 1t
has been found that at low altitudes the
“cone of silence,” as nsed 1n an approach to an
airport, 15 so small 1n area, that 1t 1s dufficult 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-
sidered desirable for many years to supplement
the “cone of silence” with a positive signal.

In 1934, installations of experimental “cone
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, Calif.
Chicago, I11. Salt Lake City, Utah.

Kansas City, Mo.

The equipment consisted of a simple radio os-
cillator using only two tubes operating from the
range station 110 volt a. e¢. power supply.  The
frequency was 93 megacycles and the modula-
tion 60 cycles. The antenna system consisted
of two “H” type arrays (Iig. 2) elevated 34
wavelength above ground and arranged at right
angles to each other. Originally parasitic re-

flectors 1/ wavelength below the antenna system
were used. The transmission line length to the
two arrays differed by 90 electrical degrees, so
that reception in an airplane would be relatively
equal, 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
Army Air Corps instrument landing system at
Wright 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
that 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,

1Cone of Silence Marker—Penders ILlectrical Engineering
Taadbook, T11 Ldition, Sec. 16—42.

Figure 2.—Original H-type array.



is located inside the streamlined housing,
which forms the central support of the
doublet antenna. The indicator con-
sisted of a small lamp mounted in an
instrument case and covered normally
by an electrically operated shutter or
vane.

Simplicity of the receiving equipment
for commercial transport and itinerant
aireraft use was also considered of ex-
treme importance; however, it was be-
lieved thaf a more sensitive and sclective
recelver was essential, in order to provide
a more reliable indication, and to per-
mit the development of a “fan type”*
marker which would not require an un-
reasonable output power. A power up
to about 100 watts was considered to be
economically feasible for fan markers.
It was also concluded that all markers
should be operated on a single common
frequency in order to permit the use of a single
marker receiver. As a result, Z-markers, fan
markers, and instrument landing inner and
outer markers were all designed to operate on
75 megacycles.

In 1936, the Bureau continued work on the
Z type marker. The results accomplished may
be summarized as follows:

1. The frequency was changed from 93 mega-

cycies to 75 megacyceles.

2 Technical Development Report No. 5—*“The Development
of Fan Type Ultra-High-Frequeney Markers.”

Figure 4—Original army marker receiver.
contains detector tube and forms support for doublet
antenna.

Figure 3.—Original airplane antenna for marker
service.

Stream-lined case

2. The antenna system was simplified and
and improved.

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

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 opera-
tion of the antenna under all weather 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.

3.

4.

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 was also
tested on 75 megacycles without paiasitic reflec-
tors, both at 34 and 14 wavelength above
ground I'ig 5b shows a simplified antenna
designed to combine the electrical centers of the
north-south and east-west radiators m an
attempt to eliminate lobes that existed 1n space
when using eaiher types of physically spaced
antennas A simphfication of this last antenna
15 shown 1n Fig 5¢ This 1s the type that was
finally adopted

Exposed copper tube transmassion lines werc
used 1n the original tests These consisted of
two half-inch seamless tubes, spaced 314 inches
apart, and supported 10 to 14 mches above
ground on Isolantite insulators  The insulators
were placed at points of zero voltage, as shown
m Fig 5d, no altempt being made to ternnate
correctly the transmission line

The final array 1s as shown m Fig 5e  The
antenna 1s of the same type as m Fig 5d, but
1s erected 14 wavelength above a coarse
(3" X3") mesh screen, and 1s connected to the
remote transmitter through a shielded line that
1s correctly terminated The counterpoise pro-
vides an effective leiel reflector for the antenna,
yet allows snow to fall throngh and vegetation
to grow beneath, avoiding the change of pattern
which these elements would otherwise produce
The transmssion lme 18 a pau of half-inch
seamless copper water pipes, spaced 1 inch
apart and supported centrally mm a 38’7X3"
copper shield A cross section 15 shown
Fig 5f

The measurable features of the various an-
tennas on which experiments were conducted
are Frequency, antenna eurrents, line currents
and, fleld pattern shape and dimensions Fre-
quency stability of a lugh order was not essen-
tial for the original market plans  Accurately
calibrated wavemeters, type AC-105, were used
to set the frequency of the transmitter These
wavemeters were sumlar to (encral Radio
Company type 419-A, but were modified and
accurately calibrated at the National Bureaun
of Standards The circuit 15 shown m Fig 6
When crystal-controlled transmitters were
adapted to this marker service, the accuracy
of these wavemeters was obviously inadequate,

250070—41—2

and accuracy of fiequency was dependent upon
the accuracy of the fundamental erystal
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Figure 6 —Type AC-105 frequency meter

The antenna current required for final Z-
marker service was found to be relatively low
The actual current was never measuted, be-
cause relative values only were required, and
1t 18 rather difficult to measule the actual cur-
rent These relative values were obtamed by
cipmng a low-reading (Weston 0-120 Model
425y B F mlliammeter to the centers of the
antenna tods It was found that the reading
of the mstrument could be mnereased about five
times by series tunmg The arrangement em-
ployed 1s shown in Fig 7

Rough ground checks of the 1adiated signal
were made with an elevated rotatable pick-up
antenna as gshown n Fig 8

Relative Line currents along the transmission
hne wele measured on a tuned R F milhiam-
meter, mounted on a carttage, as shown in
Fig 9 A section of line shield, remote from
the antenna, was opened at the top to allow
use of this pick-up device

Relative patterns of the vertically radiated
beam were obtained by flights 1 Bureau air-
planes  The recerving equipment consisted of
a longrtudinal wire below the belly of the ship,
a short lead-in, and a receiver The receiver
used 15 shown m Fig 10, its schematic dia-
gram 1 Fig 11  General characteristics of
this recerver were published in the Awr Com-
merce Bulletin of February 1937 The 1e-
cerving antenna in early tests consisted of a
145-wavelength wire with the lead-in tapped
slightly oft center Iuinal tests were made
with a doublet, using a concentiic transmission
hine, as shown m Fig 12 Fig 13 illus-
trates an umpioved airrangement of the same
type antenna A discussion of output indrca-
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tors developed for use with these recervers 1s TESTS
contaned 1n Pechnecal Development Report
No o

When tests were made to determine the char-
acteristics of a gilven transmuiting antenna
system, fhights were generally made at odd alta-
PiErue anTenns tudes, starting at 1,000 feet, and i eight diree-
WETR 070 He R F { tions of approach toward the station Time
was measured from the instant the marker hght
on the aircraft came on until 1t extinguished
The duration of hight for fhghts 1n opposite
directions was averaged and the pattern dimen-
s1on was taken to be the distance traversed dur-
mg the mean lighted period In doing this,
AT piemE anTEM . p;irtmldcompensatlon was made for the effect

of win
\- On most flights, graphic records of receiver
output were made directly on an Esterline-

- Angus recording milliammeter which had been
[ ! equpped with an amphfier and rectifier for this
purpose With this 1ecording device, 1t was
possible to detect and study 1rregularities in the
pattern that were neither evident in visual
T 4L checking with the indicator lamp nor 1n listen-
rl g to variations in the aural output of the
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QL recelver

In all fights made when using the H type of
Figure 8 —Elevated rotatable pick-up antenna antenna array shown m Fig ba, dead spots ot




lobes were observed It was believed that these
were the result of the physical displacement of
the two north-south and east-west antenna ele-
ments at the transmitting station It appeared
desirable to combine the elements so that they
would occupy a common center, and yet produce
the effect1s e, nondirectional polarization of the
s1gnal

In order to obtamm quadrature currents, the
array shown i Fig 5b was set up The four
radiating elements (north, east, south, and west)
were each made approximately 14 wavelength,
actually 78 25 inches, which 15 equivalent to

A
0 93X§

The value of 0 93 was found 1o be approximately
correct for maximum current i the four
doublets

-1

The north and south doublets weie ¢connected
to the transmission line through a length of
Jine that was shorter than that connectimg the
east and west elements The correct difference
mn the lengths of these two lines was determined
experimentally After adjustment of this ar-
ray, the following antenna currents were
observed

North . _ _______________ 40
South______ _____________________ 48
Kast_____ 40
West 40

It was found that variation of antenna currents
resulted from slhight displacement of the down-
leads from the antenna elements Actually,
the reasonably good current balance indicated
above was obtained by slightly shifting the
downlead positions While the mechanical ar-
rangement of the antenna system did not ap-
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Figure § —Instrument for measuring transmission Iine current
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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. Two of the downleads.

T ikl
RECEIVER

a5, SARN

Figure 10.—Ultra-high-frequency marker receiver type RUD.
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Figure 11.—Schematic diagram type RUD marker receiver,
amplitude recordings made during these flights A new arrangement of the antenna system,
B =]

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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Figure 12.—Sketch of marker receiving antenna on
NS-31.

perform 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
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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 Newark) 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. Relability 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 14
wavelength (1 metre) above ground and con-
nected to the transmitter through about 32
feet of open wire transmission line. The



transmitter consisted of a simple 75-megacycle
oscillator as shown in Fig. 19 (Schematic dia-
gram in Fig. 20). A relay rack type of

10

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

s

Figure 15b.—The antenna of figure 15a after

being installed and adjusted at the Washington radio range station.

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 8000-cycle vacuum tube oscil-
lator. The original oscillator transmitter in
TFig. 19, which was mounted in a small alumi-
num box, was replaced by the relay rack type
crystal-controlled transmitter mounted in a
7 X7 {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 14

%
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ght, was suspected as a con-
tributory cause of these wrregularities When
the equpment originally mounted on the re-
lay rack was divided into twe groups and
mounted on 4 wooden 1ack having half the
orginal height, as shown 1n Fig 21, 1t was
found that the irregularities disappeared
Graphic records made before and after the
change 1 the relay rack are shown in Fig 23
It was obvious that the antenna must be re-
moved from tall metallic objects a sufficient
distance so that these reflections would not
oceur It was concluded that as long as the
metallic equipment within about 50 feet of the
antenna did not project above the level of the
antenng, system, no difficulty would be experi-
enced from reflections It should be noted
here that in subsequent tests of the Z-marker,
i which the antenna system was placed on the
radio range plot, 1in the proximity of five 125-
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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
: RS : : details of the counterpoise system are shown in
Figure 19.—Original ultra-high-fl:equency transmitter Fig. 5e. In making the counterpoise installa-
for marker service. tion, it was considered desirable to investigate

150 7 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 sufliciently 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

SHIELDED
FIL. LINES

-

]

FiL. PLATE

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 : ; 2
construction of the shelter, indicated that the Experimental crystal controlled Z-marker
pattern was substantially the same as that when transmitter type TZA.




was connected by means of a two-conductor
shielded transmission lme spaced approxi-
mately one foot above the ground The line
construction details are shown 1n Fig 5f

The same methods of adjusting the counter-
poise antenna gystem were adopted as 1n the
former antenna system The additional opera-
tion of correctly terminaling the transmssion
hne at the antenna was performed 1n order that
standing waves would not be present 1n the line
Details of the methods and results concerning
this termunation are given later under antenna
adjustment Flight tests of the counterpoise
antenna system gave results similar to those of
the former array

37 Ru23

RECEIVER SENSITIVITY ADJUSTMENT

Correct receiver sensitivity was considered to
be very important in the proper operation of
the marker system The greatest uncertainty
1n the operation of the system was the possible
marker recelver response to signals other than
those of the marker transmitter The pilot
would then receive inaccurate or misleading
mformation concerming his position  The
receiver originally developed for this marker
service did not possess extreme selectivity 1nas-
much as 1t was considered desirable that the
recerver be light, simple, and certain to respond
to signals of the marker transmitters, which
mn their earlv form were not crystal controlled
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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, together with the insertion
of a good 3000-cycle electrical filter in the
output of the receiver. The remainder of
the selectivity was obtained by means of a
tuned radio-frequency input circuit. With this
amount of audio and radio selectivity, the
receiver sensitivity could be reduced consider-
ably below that which would cause any flashing

m

RACK VERTICAL FLIGHT SOUTHEAST TO WORTHWEST

RACK YERTICAL FLIGHT NORTHWEST 7O SOUTHEAST

RACK HORIZONTAL FLIGHT SOUTHEAST TO WORTHWEST

RACK HORIZONTAL FLIGHT WORTHWEST TO SOUTHEAST

TRANSHITTER
HOUSE

APPROXIMATELY
TO SCALE

ANTENNA
L]

RACK LINE

EARTH

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

14

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

arrive at a sensitivity that would accommodate
operation of the receiver on fan marker signals
of the type described in Zechnical Development
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.



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. ¢. No
d. c. voltage was used on the power amplifier
stage In order that the percentage 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

Figure 26.—The experimental counterpoise system as installed at Washington radio range station.
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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 APPARATUS.

ADJUSTMENT OF THE ANTENNA SYSTEM

Considerable experience has been gained as
a result of the adjustment of the four experi-
mental Z-marker installations at Washington,
Newark, Chicago, and Kansas City, and the
adjustment of the first commercially made
Z-marker installation at Allentown, Pa. Asa
result of this experience, precise procedure has
been developed for the adjustment of this type
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

°
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there are four antennas, north, east, south,
and west, with their respective downleads The
north and east antennas are connected by means
of a shorting bar The south and cast an-
tennas are also connected by a shorting bar
The antennas are each 74 wave i length and the
downleads are each 1 wave long In Fig 27b,
the north and east airays have been drawn m a
straight Iine with then respective downleads to
llustrate the fact that the total over-all length
1s approximately 3 half-wave lengths The first
adjustment mvolved 1s the making of this di-
mension exactly 3 electrical half-wave lengths
for the north-east section and the south-west
sectlon

It was found by experiment that the correct
length of the antenna rods for operation 1n this
array 15 approximately 73 25 meches This di-
mension 15 measured from the end of the rod
to the center line of the downlead Dimension

16

X, as indicated 1n Figs 27a and 27b. 13 meas-
ured vertically from the center line of the an-
tenna along the downlead to the center hine of
the shorting bar With the transmission lme
position (¥) remaining fixed, the position of
the shorting bars (dimension X') 1s varied until
approximately equal currents are obtained in
the four antenna meters, 1, 2, 3, and 4 It will
be observed from Fig 27h that when a correct
dimension X 1s obtamed, the antenna meters
1 and 2 will read equal values of current?® in
the north and east antennas respectively The
same condition holds for the meters 3 and 4 on
the south and west antennas, although the abso-
lute values of currents in the north-east array
and the south-west array may be different If
the currents in the four antennas are plotted
with respect to dimension X, curves resembling
those of Figs 28a and 29a will be obtained The
correct position for the shorting bar 1s that at
which the respectie current curves cross In
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Fig 2Ba, the dumension 18 355 inches, and
Fig 29a, 1t 15 3774 mnches

In measurmg the antenna currents, a meter,
as 1lustrated 1n Fig 7, 15 used and 1t 13 clipped
on the antenna rod approximately at the center
of the rod It 1s believed that the correct posi-
tion for this type of meter 1s that which gives
equal current readings when attached to either
mde of the antenna rod Only a few tests are
required to determine this position The exact
posttion 1s not of very great importance, hown-
ever, so long as the position of the meter 1s the
same on the respective antennas The 1eadings
of the antenna current meters are changed by a
person standing in the vicimity of the antenna
and 1t 18 therefore necessary that the oper-
ator step back clear ot the antenna system for
each reading It has been found convenient
and satisfactory to observe the adjacent an-
tenna readings, for example, noith and east
from one position of the operator, and the
readings for south and west antenna from a
diagonally opposite position

A variation of the position of the downleads
has considerable effect upon the relative cur-
rents 1 the four antennas It 1s unportant

that the downleads be accurately spaced,
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parallel to each other, and perpendicular to
the plane of the antenna system

The adjustment of phasing

The phasing adjustment 1s accomplished by
variation of the position of the transmission
Iine tap on the downlead system The effect
of phasing 1s observed by means of a rotat-
able pick-up antenna as illustrated in Iig 8
and by actual fhght check of the pattern after
completion of antenna adjustments The
phasing of currents 1n the antenna system di-
rectly affects the strength of signal that 1s re-
ceived by the pick-up antenna in the quadrants
defined by the respective antenna rods Foi
example, m Fig 27a this would be 1n
southwest-northeast and northwest-sontheast
directions  The correct adjustment of phasing
{dunension ¥, Fig 27) can be obtained by ob-
serving the 1elative pick-up currents in these
iwo directions If dimension ¥ 15 varied
while observing cuirents in the pick-up an-
tenna for these two directions, a curve can be
plotted as shown in 28b and 29b The cor-
rect dimension ¥ 1s that where the two curves
cross 38 6 mches for Fig 28b and 3334 mches
for Fig 29h When the corilect phasing posi-
tion has been determined. relative pick-up m
all directions can be cbserved and plotted as
Nlustrated 1n Fig 30 It w1l be observed m
Fig 30b, that while the phasing 1s correct as
mdicated by the equality of currents m the
northeast-southwest and mnorthwest-southeast
directions, the north-south curient 1s somewhat
greater than the east-west current This 1s
probably caused by the slight unbalance in the
actual antenna currents as shown by the ar-
rows 1in Fig 30 A difference of the magni-
tude mdicated m Fig 80, however, 15 msigmfi-
cant 1 the actual use of the marker

Termmation of the transmission hne

The third adjustment 1n connection with the
antenna system 1s the proper termimation of
the transmission line so as Lo remove reflections
and standing waves fiom the lme This 1s
accomplished through the use of matching stubs
as indicated m Fig 27c

The position of the matching stubs Z from
the pomt where the transmission line 1s con-
nected to the downleads and the length L of
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the matching stubs are both critical The pro-
cedure 1 determinung the correct dimensions
Z and L involves first the measuiement of
standing waies on the line at a pomt on the line
remote from the antenna system A section of
the transmission hne shield approximately 80
inches long must be removed to allow this opera-
tion A suitable meter to measure the line cur-
rents 15 shown m Fig 9 As this meter 1s
moved along the line, currents are observed
whteh 1f plotted will resemble the curve of Fig
3la This represents the condition existing
with no matching stubs applied to the termnal
end of the Iine  The 1atio of maximum to min-
mum current 1s approximately 16 1 As the
correct adjustment for the matching stubs 1s
approached, the currents observed along the
line resemble those shown m Fig 31b The
desirable termination 1s that which gives a
straight line or equal current for all readings
along the hine Actually the best termination
that has been obtained 1s that giving a ratio of
maximum to minimum 105 1

In adjusting the matchimg stubs, the first pro-
cedure 18 to assume a given length L and, while
holding this length constant, to vary the posi-
tion Z along the hine, obsers ing for each position
the ratio of maximum to mimmum current on
the lime A typical curve of the results of this
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procedure 15 plotted 1 curve No 1, Fig 32a
The best position, 1t will be observed, 1s for a
dimension of Z equal to 131} imches The next
procedure 18 to secure the dimension Z at this
best value, 131 inches, and vary length Z over
a considerable range observing, for each dimen-
sion of L, the line current ratioc  For the seres
of adjustments of L, a curve resembling that of
No 1, Fig 32b, will be obtained

Additional values of dimension Z must then
be taken, and for each value the line ratio for
several lengths of *“L” must be observed
From this information, a group of curves sumi-
lar to curies 1 2 and 3 of Fig 32b can be
plotted From curves 1, 2, and 3 a curve sumi-
lar to curve 2 of Fig 32a can be plotted,
this curve representing the mimmum or best
line ratio for each of the curves 1, 2, and 3 of
Fig 32b It 1s apparent from curve 2 of
Fig 32a that the optimum dimension Z 1s
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approximately 1114 inches for the antenna on
which these measurements were made It will
also be observed from the curves of Fig 32b
that the optimum dimension from length £ will
be approximately 231} inches

In making the adjustments described m the
foregoing procedure, 1t was noted that there
was some reaction between the various adjust-
ments When one adjustment was made, other
adjustments had to be rechecked to 1nsure that
they were still coirect A particular example
of this occurred 1n the dimensions X and ¥, 1n
which considerable change m antenna current
balance resulted from a change i dimension ¥,
when the dimension ¥ was changed to any great
extent, after finding and setting dimension X
at an optimum value

It also has been noted that in making ad-
justments for line termination, 1t 13 essential
that the terminating stubs be supported dur-
mg 1itial adjustments by the msulators that
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are to be used after the final adjustment TUn-
less this 15 done, the capacity of the end caps
and clamps of the matching stub supporting
msulators (see Fig 37), added to the matching
stubs, will seriously upset the matching of the
Imme 1mpedance

RESULTS

Tests on first commercially made mstallation, Allen-
town, Pa

The first commercial nstallation made tor
the Bureau at Allentown, Pa , as shown 1n the
photograph, Fig 33, illustrates the final form
of this development The details of construc-
tion are shown mn Figs 34 to 39, inclusive The
transmitter 15 shown 1n the photographs, Figs
48 to 51, mnclusive Notes have been added to
each 1llustration to make 1t self-explanatory
Figs 37 and 38 illustrate the parts of the an-
tenna system on which the adjustments of cur-
rent balance, phasing, and lme termination are
accomplished

Careful adjustment of the downleads (see
Fig 40), to bring them exactly parallel and
perpendicular to the plane of the antenna sys-
tem, 15 essential The use of the elevated pick-
up antenna 1llustrated 1n Fig 41 requires the
use of a transit or surveyor’s hand level for
observing the current m the pick-up an-
tenna instrument Observation of this current
through a hand level from the outer edges of
the counterpoise system was found to be con-
vement and satisfactory

Lane current ratios were measured by means
of a pick-up device shown 1n Fig 9 and pho-
tograph, Fig 42 It was observed that con-
siderable inaccuracy of line current readings
resulted when the sides of the transmission line
shield were allowed to change position with
regpect to the loop of the pick-up device In
cutting open a long sectlon of the transmission
line, such as 1s necessary for these measure-
ments, 1t 18 obvious that side walls of the shield
will not remam 1n their normal straight line
It was necessary to use spacing blocks, as illus-
trated in Fig 43, to maintain the correct side
wall spacing necessary for reliable readings
Several blocks, with correctly spaced slotg cut
m them, were used along the openmg of the
line, as shown 1n Fig 44
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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,



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. 47b. This
addition compensates for the length of line
represented by the bushing length. The mon-
itor 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

21

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 regular and stand-by channels. Although
its primary function is to start the stand-by
channel upon failure of the regular, it was con-
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 tank circuits, but it was discov-
ered that, while identical monitor operation
could be obtained from both channels, unde-
sirable cross coupling existed that might
cause confusion to operating personnel. Con-

Figure 37.—Arrangement of matching sections.

sidering this, it was finally decided to couple
only to the regular channel on the present
equipment, and to 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 operation can be
expected from both channels is through strict
adherence to mechanical and electrical sym-
metry between channels up to the transmission
line terminals.

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

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



)
-

w e
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Figure 41.—Method of observing pick-up antenna current.
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this installation are iilustrated clearly in Figs.
29, 30, and 31. A flight check of the marker
to determine the pattern of the transmitted sig-
nal was made in Bureau airplane NS-31, with

Figure 44.—Complete assembly of spacing blocks.

45 and 46 were obtained. Iig. 45 illustrates
the approximate vertical pattern extending to
an altitude of 9,000 feet, and useful slightly
beyond this, for the finally adjusted trans-
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Figure 42.—Meter used in line current measurements. tivity. On this curve, a dotted line has been
plotted to illustrate the approximate relative
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its receiving antenna arranged as shown in
Fig. 12, and with the RUD type receiver shown Ll =
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in Figs. 10 and 11. F¥rom the data obtained Figure 45.—Relative vertical pattern obtained by

on these flights, the average curves of Figs. flight check of Allentown marker.
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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 instrument panel. The marker signal
1s 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.



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 direction indicated by the

Figure 49.—Rear view of type TZA marker trans-
mitter.
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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 flights 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. A true air speed of

-

Figure 50.—Side view of type TZA marker trans-
mitter.



100 miles per hour was maintained for all
flights.

Final transmitter design.

The arrangement of the transmitter devel-
oped for this service is shown in Figs. 48 to 51.
inclusive. A block diagram of the transmitter
circults is given in Fig. 53. The nominal out-
put rating is 5 watts. The audio-frequency
modulating voltage is derived from a stable
3000-cycle vacuum tube oscillator.

It will 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 meter 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 equip-
nment is shown in the upper righthand section
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Figure 51—Control switches of type TZA transmitter,

of Fig. 49. This unit functions 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 80
percent.

Controls are provided, as shown in Fig. 51,
to permit either manual or automatic operation
of either channel of the transmitter. It is

possible through the operation of these control




switches fo1 either channel to deliver power
to the antenna system while 1epairs, adjust-
ments, or tuning changes are bemng made on
the other channel

Remote monitoring

Provision for remote monitoling ot Z-marker
equipment was not included 1n the final trans-
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mitter destgn although some experlments were
conducted durmg the development period
Remote monitoring was considered unnecessary
to1 two particular reasons
1 The range station 1s visited daily by oper-
ating personnel and any irregularities of
the Z-marke1 operation can be obser ved
2 There 15 a reliable stand-by equipment and
automatic transfer deiice to operate 1 case
of faalumre of the regular equipment
Durmg development, small diode detector-
amplifier units were coupled to the transmitter
output crcuits to provide an audio monitoring
signal  Thas signal was then connected through
relays to the broadeast-control hine which con-
nects the range slation to the remote control
quarters An a ¢ microammeter was used at
the distant quaiters to operate from this mon-
itoring sighal  The relays were used to discon-
nect the signal for the line during broadcasting
A development project has been set up to
study conditions and methods for momitoring
all types of markers Considering the fact that
good signals can be heard on a sensitive receiver
at the, Silver Hall (Md ) experimental station
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Figure 53 —Block diegram of type TZA transmutter circut



of the Bureau from both the Bowie fan marker,
16 miles distant, and the Washington Z-marker,
about 3 mules distant, 1t 15 possible that some
method of remote monitoring, with the use of a
recelver and directive receiving antenna, may
eventually be provided at the centrally located
quarters or airport

CONCLUSIONS

As a result of this development, 1t has been
concluded that

1 The antenna system of the final design
described 1 this report, and shown in Fags
5¢ and 33, 1s satisfactory for regular marker
service

2 The average antenna current of 65 milham-
peres 1 the four antenna rods, as measured by
the instrument 1llustrated m Fig 7, 1s satis-
factory for the present pattern dimensions
These currents may vary 25 percent from ons
another without causing an appreciable change
m pattern shape

3 The antenna system can be operated 1n
the vieimity of radio range towers, provided
these towers are not over 125 feet tal], and
are placed at least 125 feet from the marker
antenna Objects within a radus of about 50
feet of the antenna should not project imore
than about 6° above the plane of the antenna
systerm

4 The use of an elevated antenna, with a
counterpoise as shown m Figs. 5e and 33, 19
satisfactory and necessary The counterpoise
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may be supported on a grounded structural steel
framework

5 The use of a two-conductor shielded trans-
mission line, as lustrated mn Figs 5f and 34,
15 satisfactory and 1s very convenient for this
system

6 The termination of this line, using the
matchimg stubs, as shown in Fig 37, 1s satis-
factory

7 The dual transmitter of the type shown
m Figs 48 to 51 1s satisfactory for this service
The rated output of 5 watts 15 adequate

8 The use of crystal control for the trans-
mitter 1s satisfactory and desirable

9 The use of a momtoring device for the
purpose of automatically changing from reg-
nlar to standby transmatter 1n the event of fail-
ure of equipment 1s satisfactory as provided
with the commercially-made equipments now
being purchased

10 The use of the type RUD receiver,
llustrated 1n Figs 10 and 11, 1s satisfactory
for the checlking of marker patterns, but a selec-
tive crystal-controlled superheterodyne recerser
of the type described in Bureau specification
BA-304 will be required for mterference-free
reception of marker sighals under service
conditions

11 The type of receiving antenna 1llustrated
i Figs 12 and 13 1s satisfactory for use on
aircraft

12 The use of a small incandescent type lamp
as an indicator 1s convenient and satisfactory



