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THE DEVFLOPMEMY, A27USIMANT, AWD APPLICATION
OF 4 47 . MANFER
By

#. B, Jeckeon and H. 1. Meths

SUMMARY

The Z marker was developed to meet the nered for a positive
pogition indieator for aireraft operating under instrument flying con-
ditions which would stherwige have to depend entirely upon the "cone
of s1lence™ ag an indicatiom 4f passage directly over a rangs station.
The marker c¢onslsts of a low power transmitter and directive antemma
array, cperating on a frequency of 75 megacycles, which projects &
vertical beam through which aareraft will pass when flylng over the
range station. A special single frequency receiver, without tuning
controls, provides both aural and vasual indication.

Ultra~high frequency Z markers were first installed experi-
mentally at several radio range statioms im 1934 and 1935. In 1936
and 1937, lwportant improvements were made in anterma systems and
transmitter frequency stabllity. Im Apral, 1938, at Allentown, Pa.,
the first commercially-marmufactured Z marker was installed and com~
missioned for regular service operation, Based on the resulis of the
experimental installations, these final markers bhave a simplified an-
terma system, and a dual automatlc transmitter, designed te give con-
tinuous uvpattended service. After condusting teste, several airlines
prepared specifications and purchased an initial order of receivers

puitable fer utilizimg these markers in routine scheduled flights.
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INTRODUCTTON

There exists directly above every radioc range station (Fig. 1)
a small =zone known as the "conms of silence™ in which no signal is present,
Thie zone was not considered of consequence 1n the early developmsnt of
the radie range system, but it soon proved to be a valuable aid to airmen
navigating entirely by instruments, as it gave a definite P{ix® from
which to start their let—down, or approach to the alrport. Dead reckon-
ing is not sufficiently accurate for this purpose.

Although the "cone of silence® is a fortunate by-product of the
radio range system, 1t is, after all, a negative indication so far as the
alrcraft receiver is concerned. A result similar to that produced by the
Rgope of sllence" may occcur dus to a faulty receive—r, a drop in the alr-
craft battery voltage, a momentary failure of the transmitter, or by a
Wfade" caused by cancellation of a direct ray by an lndirect ray reflec-
ted from mountains. Furthermors, it has been found that at low altitudes
the "cone of silence®, as used in an approach to an airport, is so small
in area, that it is difficult to locate, At high altitudes the "oone of
filence® widens to such an extent that as a position check it becomes even
less reliable, It hae been considered desirable for many years to sup—
plement the M"come of silence™ with a p;sitive signsl.

In 1934, installations of experimental "cone of silence® markers,

later designated as "Z" markers, were made at the following radio range

stations:
Washington, D. GC. Pittsburgh, Pa.
Newark, N, J. QOakland, Calif.
Chicago, Ill. Salt Leke City, Utah

Kansas Clty, Mo.

S 2/7



-3 -

The equipment conwictted of a simple radio oeseilletur usimg only two tubes
operating from the range statien 110 volt a.—c. power supply. The fre-
quency was 93 megacycles and the modulation 60 cycles. The antenna sys—
tem consisted of two "i" type arrays (Fig. 2) elevated above ground and
arranged at right angles to each other. Originally parasitic reflectoras
1/4 wavelength below the antenna system were used. The transmission line
length to the two arrays differed by 90 electrical degrees, so that recsp-
tion 1n on airplane would be relatively equal, regardless of dirsction of
approach,¥# The antenna used on the airplane to receive these marker sig-
nals is shown in Faig. 3.

In connection wath the development of the Army Air Corps in-
strument 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 mircraft marker recelver and marker transmitter. An
output of apprommately 20 watts was used in the marker transmitter, se
that & slmple, relatively insensitave and non-selective single tube receiv-
er could be used on the airplane. A view of this receiver is shown in
Fig. 4. The only vacuum tuba, a destector, is located Inside ths stream—
lined housing, which forms the central support of the doublet antemna.
The indicator consisted of a small lamp mounted in an 1nstrument case apd
covered normally by an elsctrically—operated shutter or vane.

Simplicity of the receiving equipment for commerclal transport
and itinerant airecraft use was alsc considered of extreme importance;

however, it was believed that a mere sensitive and selective recelver waa

#Cone of Silence Marker — Pepderg Electrical 1neering Handbook, IIL
Edition BS=ze. 16-42.
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essenti1al, 1n order to provade a more reliable indication, and to permit
the development of a "fan type" marker® which would not require an um-
reasonable output power. A powsr up to about 100 watis was considered to
be economically feasible for fan markers. It was also concluded that all
markers should be operated on & single common frequency in order to permit
the use of a single marker receiver. As a result, Z markers, fan markers,
and instrument landing immer and outer markers were 81l designed to oper-
ate on 75 megacyrles.

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

l. The frequency was changed from 93 megacycles to 75 megacycles.

2, The antenna system was simplified and improwved.

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

4v A receiver sultable for both fan and Z markers wzs provided.

In carrying out thls work, a new and simplified transmitting
antenna system was devised, and a counterpolse and radio tramsmission line
was developed that would permit stable operation of the anterna umder all
weather conditions, including snow and sleet, which ordinarily make close
supervision necessary. A suitable orystal-centrolled transmitter was de-
s1gned to work with the new antemna and, as a conclusion te the project,
speclfications were prepared from which a quantity of dusl squipments were
purchased for installation throughout the country. A suitable receiver

wag developed and uwesed In all flight tests described in this report.

#Safety and Planning Division Report No. 5 —"The Development of Fan Type
Ta Hig 6QUency MATKers."

f;’.?/;



-5~

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 megacycles, This type of an-
tenna was alse tested on 75 megacycles without parasitic reflectors, both
at 3/4 and 1/4 wavelength above ground. Fig. 5b shows a simplified an-
tenna designed to combine the electirical centers of the north-socuth and
eagt-west radiators in an attempt to elimimate lobes that exasted in space
when using earlier types of physically spaced antemnas. A simplification
of this last antenna is shown in Fig, 5c. Thiz is the type that was fi-
nally adopted.

Exposed copper tube transmission lines were used in the original
tegts., These consisted of two half-inch seamless tubes, spaced 3-1/4
inches apart, and supported 10 to 14 inches above ground on Isclantite in-
sulators. The 1nsulators were placed at points of zero voltage, as shown
in Fig. 5d, no attempt being mede to termipate correctly the transmission
line.

The final array is as shown in Flg. S5e. The antemna is of the
same type as in Fig. 5d, but i1s erected 1/4 wavelength above a coarse
(3" x 3") mesh screen, and is conmected to the remote tranamititer through
a shielded lime that 13 correctly terminated. The counterpolse provides
an effective level reflectar for the anterma, yot allows snow to fall
through and vegetation to grow beneath, avolding the change of pattern
which these elements would otherwise produce. The transmission line is
a pair of half-inoh seamless copper water pipes, spaced 1 inch apart and

supported centrally im a 3" x 3" copper ghield, A cross section 1s shown

in Fig. 5f.

/.7;/7



-6 -

The measurable features of the various antenmas on which ex-
periments were conducted are: Frequency, antenna curremts, line currents,
and field pattern shape and dimensions. Frequenoy stability of a high
order was nolt essential for the original marker plans. Accurately cali-
brated wavemeters, type AC-105, were used to set the frequency of the
transmtter., These wavemeters were simlar to Ceneral Radic Company type
419-A, but were modified and accurately calibrated at ihe National Bureau
of Standards. The circuit is shown 1n Fig, 6. When crystal-controlled
transmtters were adapted to thas marker service, the accuracy of these
wavemeters was obviously inadequate, and accuracy of frequency was depend-
ent upon the accuracy of the fundamental crystal frequency.

The antenna current required for fimal Z marker service was
found to be relatively low. The actual current wag never measured, be-
cause relative values only were required, and it 1s rather difficult to
measure the actual current. These relative valuss were obtained by clip-
ping a low-reading (Weston 0-120 Model 425) R.F. milliammeter to the
centers of the entenns rods, It was found that the reading of the instru-
ment cculd be increased about flve times by serles tuning. The arrange-
ment employed is shown in Fig. 7.

Rough ground checks of the radiated signal were made with an
elevated rotatable pick-up anterma as shown in Fig, 8.

Relative line currents along the transmission line were
measured on a4 tuned R.F. mlliampeter, mounted on a carriage, as shown in
Fig. 9. A section of lane shield, remote frbom the antenna, was opened
at the top to allow use of this pick-up device,

Relative patterns ef the vertically radiated beam were obtained

by flights in Bureau airplanes. The receiving gquipment comsisted of a
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longitudinal wire below the belly of the ship, a short lead-in and a re-
ceiver. The receiver used 1s shown in Fig, 105 its schematie diagram in
Fig. 11. General characteristics of this receiver were publashed in the
Alr Commerce Bulletin of February, 1937. The recelving antenna in early
tests consisted of a 1/2 wavelsngth wire with the lead-in tapped slightly
off center. Final tests were made with a doublet, using a comcentrie
transmission line, as shown in Fig. 12, Tig. 13 illustrates an improved
arrangement of the same type antenna, A discussion of output indicators

developed for use with thede receivers is contained in Safety end Flamang

Division Report Neo. 5.

LY

TESTS

When tests were made to determine the charzcteristics of a
given transmitting antenna system, flights were generally made at odd
altitudes, starting at 1000 feet, and In eight directions of approach
toward the station, Time was measured from the instant the marker light
on the aircraft came on until it extinguished. The duratiom of light
for flights In opposite directions was sveraged and the pattern dimension
wag taken to be the distance traversed during the mean lighted pericd.

In doing this, partial compensation was made for the effect of wind.

On most flights, graphle records of receiver output were made
directly on an Esterline-Angus recording milliammeter which had been
equapped with an amplifier and rectifier for this purpose. With this re-
cording device, 1t was possible to detect and study irregularities im the
pattern that were neither evident in visual checking with the indicator

lamp nor in listening to variations in the aural output of the receiver,

/22/?
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In all flights made when using the H type of antemna array
shown in Fig, 5a, dead spots or lobes were obssrved. It was belleved
that these were the result of the physical displaeement of the two nerth-
south and east-west antenna elements at the transmitting statlon. It ap-
peared desirable to combine the elements so that they would occupy a com-
mon eenter, and yet produce the effective, non-directional pelarization of
the s1ignal.

In order to obtain quadrature currents, the arrzy shown in
Fig, 5b was set up. The four radiating elements (north, east, south, and
west) were each made approxamately 1/2 wavelength, actually 73.25 inches,
whach 1s equavalent to:

93 x A
2

The valus of .93 was found to be approximately correct for maxipnm cur-
rent in the four doublets.

The north and scuth doublets were cemnected to the transmis-
gion lins through a length of line that was skorter than that comnecting
the east and west elements. The correct difference in the lengths of
these two lines was determined experimentally, After adjustment of this

array, the following antenna currents were observed:

North 40
South 48
Fast 40
West 40

It wag found that variation of antenna currents resulted from slight dis-
placement 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 arrangement of the

antenna system did not appear entirely atable or desirable, flight checks

/22/?
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were made which showed the relative pattern dimensions 4o plottsd .n Fig,
14. Two of the amplitude recordings made during these flights are included
1n the same figure, It will be seen from the recordings that the results
obtained from this antemna system were qute gatisfactory. The only ob-
Jeclionable feature was the awkward mectanical arrangement of the downleads,.

A new arrangement of the antenma systewm, shown in Figs. 5¢ and
15, wag set up and adjusted. It was found possible to support the antenna
and downlead system rigadly, and to perform all tuming adjustments on the
system, by variation of the straps on the downleads and the peosition of
the transmissiorn line aleng the downleads. The former adjusiment directly
affects the balance of currents in the adjacent antenna rods, while the
position of the transmsgsion line along the downleads determines the rela-
tive phasing of currenta. The actual operation of performing this adjust-—
ment is outlined later in the test and installation procedure. The adjust—
ment is relatively simple, in that the links on the downleads are moved
unt1l the currents, as measured in adjacent antennas, are equal; then the
transmission line position is varied until the current in an elevated
pick-up antenna is constant, regardless of its orientation.

Many flaght checks were made of this final antenna system. The
general results obtained are as indicated in Figs. 16 and 17, The graph-
1¢ records made on one group of flighta are shown .n Fig, 18. It wll be
observed from these curves that the signal is relatively umform, and
containa na observable lobes that might cause erratic operation of the
narker signal lawp in the airplane. Three experimental ingtallations
(Chicagon, Kansas City, and Newark) of this type of marker were made in

November and December, 1936, and ccomparable results were obtained in each
case, All use 3000—cycle motor alternators for plate supply. BRelaiability

of the tranamitters has been demonstrated by satisfactory operation of
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Many f£light checks were made of this final antenna system. The
general results obtained are as indicated in Figs. 16 and 17. The grapb-
ic records made on one group of flights are shown in Faig, 18, It will be
observed from these curves that the signal is relatively wmiform, and
contains ne observable lobes that might cause erratic operation of the
marker gignal lzmp in the airplane. Three experimental installationa
(Chicago, Kansas City, and Newark) of this type of merker were made 1n
November and December, 1936, and comparable results were cbtained in each
case, All use 3000-cycle motor alternmatora for plate supply. Reliability

of the transmitters has been demonstrated by satisfactory operation of
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these stations for approrimatcly 16 moniha, The sverage tube life In
the trepemmitters ia abuvut 5000 howra.

A1l tests thug far deseribed rslate to zn anterma system
placed above smooth earth. Tha lagt menticomed sntenma system wag els—
vated 1/4 wavelength (1 metre) sbove ground and commeoied to the trans—
mitter through about 32 feet of open wire transmiesion line. The trans-
mitter conslsted of a simple 75-megacycls oszclllator as shown im Fig. 19
(Schematic diagram in Fig. 20). A relay rack type of orystal-controlled
transmitter, type TZA, was designed and built for further tests on these
markers. A view of this transmitter is shewn in Fig. 21, amd its dlagram
in Fig, 22. It has am available output of approximately 25 watts, and
derives its modulating frequency from a self-contained 3000-gycle vacwnm
tube oscillator. The original oseillater transmitter in Fig, 19, which
was mounted 1n a small aluminmum box, was replaced by ths re}ay rack type
crystal-controlled transmitter mounted in a 71 x 7' frame building. 'It
was lmmediately found that irregnlaritiles existed im the pattern in
flights made across the statlom parallel to the direction (northwest) of
the transmission line feeding the antemma system, The irregularities
did not appear im flights perpemdicular to this direction, The prasence
of the tall relay rack, mhich measured approximately 1/2 wavelength in
height, was suspected as a contriltutory canse of these lrregularities,
When the equipment originally mounted on the relay rack wam divided inte
two groups and mounted on a wooden rack having half the original height,
as shown in Fig. 21, it was found that the irregularities disappeared.
Graphic records made before and after the change in the relay rack are
shown in Fig. 23. It was obvious that the antenna must be removed from

tall metallic objects a sufficient distanme so that these reflections

/22’/‘9
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would net eocowr, It was concluded that as long as the metallic equipmenmt
within about 50 feet of the anterma did not project above the lsvel of
the antemna system, no difficulty would be experlemced from reflecticms.
It should be noted here that in subsequent tests of the Z marker, in which
the antenna system was placed on the radio ramge plot, in the ppoximity
of five 125-foot steel radio range towers, no effect of consequence could

be observed from reflections. In this case, the marker antenms was cem-

trally located with respect to three of the towers, the distance to the
towers measuring about 135 feet.

In order that the equipment would net be affected by snow and
vegetation growth around the anterma system, two pussible arrangements
were considered and investigated. First, a small frame house was built
over the antemna system in order that the antemna would be protected.
The structure is shown In photegraphs, Figs. 24 and 25. Flights over
the system, after comstruction of the shelter, indicated that the pattern
wa# substantlally the same ag that when the antemna waa exposed. Since
this work waa done in 1937, it has not been p¢ssible to tbeerve the poe—
sible change of pattern with the accumulation of snow arcund and on top
of the building, because snowfall has been negligible since its con-
struction. The set-up 18 being retailned for further observations.

A second method of aveiding these adverse conditlons was to
olevate the antenna pystem and erect a suitable large-mesh screen
cowmnterpolse which would provide a uniform reflecting surface through
which snow would readily fall. A set—up of this counterpoise was made
and ig shown in the photograph, Fig. 20. The details of the sounterpoise

pysten are shown in Fig. Se. In malding the counterpoise installatiom, it

/aary
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would net occur., It was concluded that as long as the metallic equipment
within about 50 feet of the anterma did not project above the level of
the antenna system, po difficulty would be experienced from reflections.
It shounld be noted here that in subsequenmt tests of the Z marker, in which
the antenna system was placed on the radic range pleot, in the ppoximity
of five 125-foot steel radio range towers, no effect of consequence could
be observed from reflectioms. In this case, the marker antenna was cen-
trally located with respect to thrse of the towers, the digtance to the
towers measuring about 135 feet.

In order that the equipment would not be affected by snow and
vegetation growth arowd the anterma system, two possible srrangements
were considered end investigated. Firsi, a small frame house was built
over the antenna system in order that the antemma would be protected.

The structwre 1s ahown in photographa, Fige. 24 and 25. Flights over
the system, after comstruction of the shelter, indicated that the pattern
wag substantially the same as that when the antenna was expesed. Since
this work was done in 1937, it has not been pessible to tbeerve the pos—
sible change of pattern with the accumlation of emow around end on top
of the building; because snowfall has been negligible since its cem-
gtruction, The set-up ie being retained fer further obserwations.

A second method of avoiding these adverse conditlions was to
elevate the antenna gystem and erect a suitable large-mesh screen
coumterpoise which would provide a tmiform reflecting surface through
which snow would readily fall. A set-up of thls comnterpolse was made
and ig shown in the photograph, Fig. 26. The detailas of the counterpoise
systen are shown in Fig. 58. In making the counterpclse installatiom, it
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wasg considered desarable to investigable operatiom of the array at a con-
siderable distance from the transmitter, in order that 1n ultimate i1n—
stallation of these markers, the transmtiter coild be placed 1n the range
station with the antenna sufficiently removed from the building and center
tower of the range system to avold pattern distortiom. Accordingly, the
counterpolse system shown in Fig. 26 was placed approximately 70 feet from
the transmitter and was connected by means of a two—conductor shielded
transmission line, spaced approxamately one foot above the ground. The
1ane construction details are shown in Fig. 5f.

The same methods of adjusting the counterpoise antema system
were adopted as in the former antenna system. The additional operation
of correctly termnating the transmission line at the antenna was per-
formed 1n order that standing waves would not be present in the line. De-
tai1ls of the methods and results concerning this termination are given
later under antenna adjustment., Flight tests of the counterpoise antemma

system gave results similar to those of the former a=ray.

RECETVER SENSITIVITY ADJUSTMENT

Correct receiver sensitivity wae considered to be very impor-
tant 1n the proper operation of the marker system. The greatest uncer-
tainty in the operation of the system was the poasible marker recelver
response to signals other than those of the marker transmitter. The
pilot would then receive inaccurate or misleading information concerning
his position. The receiver originally developed for this marker servace
did not possess extreme selectivity inasmuch as 1t was considered desir-

able that the recelver be light, simple, and certain to respond to
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signals of the marker transmitters, which in their early form were not
crystal comtrolled. Most of the receiver discrimmunation against undesir-
ed signals was obtained through the use of a modulation frequency eof 3000
cycles, & frequensy considerably removed from that of other classes of
servige, together with the insertlon of a good 3000-¢ycls electrical fil-
ter in the output of the receiver. The remainder of the selsetivity was
obtained by means of a tuned radio frequeney input circult. With thias
amount of awlle ard radio selectivity, the recelver sensitivity could be
reduced congiderably below that which would ceuse any flashing ef the
indieator lamp when flying directly over powerful yplira-high frequency
telegraph transmitting stations ard over the 65-megacycle teletypewriter
beam signale of the Bureau staticn at Silver Hill, Md. When the sensi-
tivity had thus been reduced, it was found to measure approximately 1400
microvolts on the Ferris Type 18B signel generator. This sensitivaty was
then assumed to be the correct safe valne, and ths marker tramsmitter
power adjusted to give the degired size of marker pattern with such a re-
ceiver.

In addition to the sensitivity investigation as outlined in
the foregoing, it was necessary to arrive at a sensltivity that would

accommodate operation of the recelver on fan marker signals of the type

described in Safety and Flamning Divasion Report No, 5, and a sensitivity
that would not require too great a power at the fan marker station to pro-

vide the desired patterns. The value of 1400 microvolts, ap indicated,

gppeared to be satisfastory in all respects.
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MARKER POWER ADJUSTMENT

In adjusting the output of the marker transmtter to provide
the required pattern size in accordance with the receiver senmsiiivity
outlined above, it was observed that an antenna current of approximately
10 milliamperes was required. This corresponded to a plate powser input
of approximately 7 watts at the transmiter, the plate supply to the
power amplifier tube being 3000 cyeles a.c., zero d.c. Ne d.—¢. voltage
was used on the power amplifier stage in order that the percentage ef
modulation on the transmitter signal would remain constant. Final speci-
fication for this type of transmitting equipment, however, was made te
include a d.-c. plate voltage in ordar to avold possible future diffi-
culty from modulation harmonics, particularly after installatiom of ap—
proach markers which will operate with 400- and 1300-cycle modulation.

The anterma current referred te in the foregoing was measured
by c¢lipping the antenna meter directly on the anterma reds at their center,
This method does not indicate the true curremt in the antermmna, but is a
relative value which is setisfactory for the adjustment of the marker pat-
tern. In order actually to read a current value this low with the instru-
ments available, it was necessary to series tume the meter with an

arrangement as shown in Fig. 7, end as described under APPARATUS.

ADJUSTMENT COF THE ANTENNA SYSTEM
GConsiderable experience hag been gained as a result of the
adjustment of the four experamental Z marker installationsg at Washington,
Newark, Chicago, and Kansas City, and the adjustment of the first com-
mercially-made 72 marker installation at Allentown, Pa. As a resull of
this experience, prec%se procedure has been developed for the adjustment

of this type of antemnma as deseribed herewith.
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Adjustment of current balanes

Fig., 27 1llustrates the factors involved, and the adjustmentas
avallable for thls iype of antemna array. It will be noted in Fag, 27a
that there are four antemnes: north, east, south, and west, with thelr
respective downleads, The north and east antemnnas are connected by means
of a shorting bar, The south and east antennas are algo comected by a
shorting bar, The antemnas are each 1/2 wave in length and the downleads
are each 1/, wave long. In Fig. 27b, the north and east arrays have been
drawn 1n a gtraight line with thelir respective dowmleads to i11lustrate
the fact that the totzl overall length is approximately 3 helf-wavelengths.
The first adjustment involved i1s the making of this dimension exactly 3
electrical half-wavelengths for the nerth-east sectlon and the south-west
gections,

It was found by experiment that the correct length of the
antenma rods for operation in this array ip approximately 73.25 inches.
This dimension is measured from the end ef the rod to the center line of
the downlead. Dimension X, es indicated in Figs. 27a and 2Z7b, is meagured
vertically from the center line of the antemma along the downlead to the
conter line of the shorting bar. With the transmission line position (Y)
remaining fixed, th!; puaition\of the sherting bars (dimension X) is varied
mntil approximate equsl currents are obtr;med in the four antemna meters,
1, 2, 3, ard 4, It will be observed from Fig. 27b that when a correct
dimension X is obtained, the antenna meters 1 and 2 will read equal values
of current* in the north and zast antermas respectively, The same con-

dition holdr for the meters 3 and 4 on the south amd west antennas,

#"Single Wire Transmission Lines", Proc. I.R.E., Vol, 17, No. 10,
October, 1929.
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although the absolute wvalues of currcnts in the north-east array and the
gouth-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 cobtained, The correct position for the shorting bar
18 that at which the respective current curves cross. In Fig. 28a, the
dimension 1s 35.5 inches, and in Fig. 29a, it is 37-7/8 inchea.

In measuring the antenna currents, a meter, as illustrated ain
Fig. 7, 15 used and 1t 15 clipped on the anterma rod approximately equal
distance from the two ends of the rod. It 18 belleved that the correct
position for this type of meter 1s that which gives equal current readings
when attached to either side of the antenna rod. Only a few tests are
required to determine this position. The exact position is not ef very
great importance, however, so long as the position of the meter is the
same on the respective antemmas. The readings of the antenna current
meters are changed by & person standing in the vieimty of the antenna and
it is, therefors, necessary that the operator step back clear of the an-
tenna system for each reading., It has been found convenient and satisfac-
tory to cobserve the adjacent antenna readings, for example, north and east
from one position of the operater, and the readings for south and west
antenna from a diagomally opposite position.

A variation of the position of the downleads has considerabls
effect upon the relative currents in the four antennas. It is important
that the downleadsa be accurately spaced, parallel to each other, and per-
pendicular to the plane of the antemna system.

The adjustment of phasing
The phasing adjustment 18 accomplished by variation of the
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position of the transmission line tap on the downlead system. The effect
of phasing 15 observed by means of a rotatable plek—up antemna as illus-
trated in Fig. 8 and by actual flight check of the patterm after com-
pletion of anterma adjustments., The phasing of currente in the antemma
system directly affects the strength of signal that i3 received by the
plek—up antermg 1n the quedrants defiped by the respective antenna rods.
For example, in Fig., 27a this would be in soutlmwest-northeast and
nortiwest-southeast directions. The correct adjustment of phesing
(dimension Y, Fig. 27) can be obtained by observing the relative pick-up
currents in these two directioms. If dimension Y 1s varied while ob-
servang cuwrrents in the plck-up antenna for these two directions, a curve
can be plotted as shown in 28b and 29b. The correct dimension Y 1s that
whera the two curves crosa, 33.6 inches for Fig. 26b and 33-3/8 inches
for Fig., 29b., Yhen the correct phasing position has been determined, rela-
tive pick-up in all directions can be observed and pletted as 1llustrated
in Fig. 30, It will be obssrved in Fig, 30b, that while the phasing is
correct as indicated by the equality of currents in the northeast-southwest
and northwest—southeast directions, the north-south current 1s somewhat
greater than the east-west current. Thie is probably caused by the slight
mbalance in the actual antenna currents as shown by the arrows in Fig,
30, A difference of the magnitude indicated in Fig., 30, however, 1s in-
significant in the actual use of the marker.

Termination of the tranemission

The third adjustment in connection with the antenna system is
the proper termination of the transmlssion line so as to remove reflec-
tions and standing waves from the line. This is accomplished through the

use of matching stubs as indicated in Fig. 27c.
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The pesition of the matehing stubs "Z" from the point where the
transmission line 1s commected toc the downleads and the length WLM of ths
matehing stubs are both eritical, The procedure i1m determang the corrsct
dimensiorsZ and L involves first the measurement of standing waves on the
line at a point on the line remote from the antenna system., A section of
the transmission line shield approximately 80 inches leng must be remaved
te allow this operation. A suitable meter to measwre the line currents
is shown in Figs 9. As this meter is moved along the line, currents are
obgerved which 1f plotted will resemble the curve of Flg. 3la. Thie rep~
resents the condition exdisting with no matching stubs applied to the ter-
minal end of the line. The ratio of maximm to minimmn current is ap—
pro;mmately 10:1. As the correct adjustment for the matching stubs is
appreoached, the curremta observed along the line resemble those shewn in
Fig. 31b. The desirable terminatiop is that which glves & ptraight line
or equal current for 3ll readings aleng the lipm, Actually the hest ter-
mnation thal hag been obtained is that giving a ratio ¢f maximmm to min-
imm 1.05:1.

In adjusting the matching stubs, the flrst procedure is to
assume a given length L and, while holding this length constant, teo vary
the position Z along the line, .observing for each pesition the ratic of
maximum to mimimmm current on the 1ine. A typical curve of the results
of this procedure 13 plotted in curve Fo. 1, Fig. 32a. The best positionm,
1t will be observed, is for a dimemsion of Z equal te 13-1/4 inches.

The mext provedurs is to secure the dimension Z at this best valuse, 13-1/4
inches, and vary length L over a conslderable range observing, for sach
dimensior of L, the line current ratie. PFor the seriez of adjustments of
L, a curve resembling that of No. 1, Fig. 32b, will ba obtained,
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Additional valuss of dimension Z mmst then be taken, and for
gach valus the line ratio for several lengths of "L® must be osbserved.
From this information, a group of cwrves similar to curves 1, 2, and 3
of Pig. 32b can be plotted. From curves 1, 2, and 3, a curve similar
to curve 2 of Flg. 32a can be plotted, this curve representing the mini-
zum or best line ratio for each of the cuwrwea 1, 2, and 3 of Fig. 32b,
It is apperent from curve 2 of Fig. 32a that the optimum dimension Z is
approcimetely 11-1/2 inches for the anterma on which these msasurements
were made. It will also be obgerved from the curves of Fig, 32b that
the optimm dimension for lemgth L will be approximately 23-1/4 inches,

In meking the adjustmenta descri‘t{ed in the foregoing prove—
dure, it was neted that there was soma reactiom between the varlous ad-
justments, When one adjustment was made, other adjustments had to be
rechenked to insure that they were =till correct. A particulsr cxample

~of this cocurred in the dimensions I and Y, in which oconsiderable change
in anterma eurrent balance resulted from a change in dimension Y, when
the dimension Y wias changed to any great extent, after finding and aset—
ting dimenaion X at ar optimmm valua.

I4 alsc has been noted that in making adjustments for line
termination, it 1s essemtial that the terminating stubs be supported
during initial sdjustmente by the ingulators that are to be used after
the finsl adjustment. Unless this is dome, the capacity of the end
caps snd olmmps of the matching stub supporting insulators (see Fig. 37),
added to the matching stubs, will serivusly vpset the maiching ef the
line impedamce.
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RESULTS

Tests on first commercially-made i1nstallation, Allentown, Pa.

The first commercial installation made for the Bureau at
Allentown, Pa., as shown i1n the photograph, Fig. 33, illustrates the
final form of this developmen*. The details of construction are shown
in Figs. 34 to 39, inclusive. The transmitter is shown in the phote-
graphs, Figs, 48 to 51, inclusive. Notes have been added to each il-
lustration to make it self-explanatory. Figs. 37 and 38 illustrate
the parts of the antemna system on which the adjustments of current
balance, phasing and line termination are accomplished.

Careful adjustment of the downleads (see Fig. 40) to bring
them exactly parallel and perpendicular to the plame of the antema
syotem, 18 essential, The use of the elewated pick-up anterms illus-~
trated in Fig. 41 requires the use of a transit or swrveyor's hand
level for observing the current in the pick-up anterma instrument.
Observation of this currenmt through a hand level from the outer edges
of the counterpolse system was found to be convenient and satiafaetory,

Line cwrrent ratios were measured by means cf a pick-up
device shomm in Flg. 9 and photograph, Fig. 42, Tt was observed that
corsiderable Imagcuracy of line current readings resulted when the
gides of the tranesmission line shisld were allowed to change pesition
with respect to the loop of the pick-up device, In cutting open &
long section of the transmwission lime, such as 18 necessary for thess
measurements, 1t 1s obvicus that side walls of the shield will not re-
main in their normal straight line. It was necessary to use spacing

blocks, as illustrated in Fig., 43, to maintain the correct side wall

gpacing necessary for reliable readings. Several blocks, with cerrectly
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gpaced slots cut in them, were uscd aleng the opening of the line, as
shown 1n Fig. 44.

It shouwld be noted that some difficulty was experilenced in
obtaining a gaod balance of antemna currents, and a goed ratio of line
currents, with the transmitting equipment as originally deliversd for
installation at Allentown. It was necessary to rearrange the leads be-
tween the output coupling coil of the transmitfer and the transmission
line terminale so that these leads were short, straight, and of equal
length. The original arrangement of leads is illustrated iIn Fig. 47a,
and the modified arrangement in Fig. 47b. To obtain equal termination
for both charmels of the transmitter, 1t was necessary also to add en
extra langth of wire on the standby transmitter between its output relay
terminals and the partition bushing, as indicated inm Fig. 47b. This
addition compensates {or the length of line represemted by the bushing
length. The monltor wmit could not be commeoted dirsctly to the trans-—
miesion line through condensers, as originally provided, witheut dis-
turbing the condltions of curremt on the tramsmission line. It was nees-
epgary to inductively couple thim unit, as shown in Fig, 47b. After
making the modifieations as indicated, it was obmerwved that the antenna
and line current copditions were apprrorimatsly equal for both regular
and standby equipmeants. The adwvantage of coupling the monitor to the
tranamission line, as criginally provaded, is that it is operative for
both regular and standby chamnels, Although 1ts primary funection is to
otart the standby chammel upon feilwre of the regular, it was cemsidered
valuable &8 a megans of determining relative output and modulation for

both channels, Ar attempt wes made to industively couple the momitur
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simultaneously to both power amplifier tank circuits, tut it was die-
covered that, while identical monitor operation could be ohtaimed from
poth charmels, undesirable croass coupling existed that might cause con-
fusion to operating personnel. Considering this, it was finally de—
cided to couple only to the regular chammel 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 relative output and
meodulation for both channels,

It 18 believed that if abselutely ldeal termination were
possible for the transmission line, some of the differences obaserved
in the operation of the twe channels (regular and standby) would not be
present. However, since this ideal la net generally obtained, the only
way in which identical operation can be expected from both channels is
through strict adherence to mechanical and electrical symmetry between
channels up %o thé transmisglon line terminals,

The final results of the adjustments for currsnt balanece
phasing and line termination for thais installation are illustrated
clearly in Figs. 29, 30, and 31, A flight check of the marker to de-
termine the pattern of the transmitted signal was made in Bureau air-
plane N5-31, with 1ts receiving antemna arranged as shown In Fig. 12,
and with the ROD type recelver shown In Figs, 10 and 11. From the data
obtained on these flights, the average curves of Figs. 45 and 46 were
obtained. Fig, 45 11luatrates the approximate vertical pattern extend-
ing to an altitude of 9000 feet, and useful slightly beyond thia, for
the finally adjusted trapsmitter power and the accepted receiver sensi-
tivity. On this curve, a dotted line has been plotted to illustrate
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the approximate relative limits of audibility for the marker sig:nala.
The inner solid curve, representing the aectual marker pattern, is the
pattern determined by the operation of the marker light on the airplane
instrument panel, The marker signal 18 audible befors and after opera-
tion of the marker light.

The curve of Fig. 46 was plotted from data taken im all
directions over the station at an altitude of 3000 feet. It illus-
trates that the phasing of the antenna cwrrents is approxamately cor-
rect, since the signal received 1s approxamately equal in all direc-
tions. The pattern is slightly larger in the northeast-southwest
directlon, probably because of direction of wind during the flights.
The wind wes in the approximate direction indicated by the arrow om
the figure (from northwest). Flights in the northeast—soutlmest di-
rection would naturally be made with considerable crab angle, result-
ing 1n a true ground speed much less than that for flights in other
directiona over ths station. Consequently, this would account for the
inereased time of signal for this direction. Patterns of the experi-
mental markers have, in gemeral, been elongated slightly in a diree-
tiem perpendicnlar to the wind direction. A true airspeed of 100
mileg psr hour was maintained for all flightis.

Final transmitter design

The arrangement ¢f the tranamitier developed for thls serv—
ice is shown in Figs. 48 te 51, inclusive. A block diagram of the
transmitter eireuats 18 glven in Fig, 53. The nominal output rating
18 5 watts., The audio frequency modulating voltagé iz derived from a

stable 3000-cycle vacuum tube oscillator,
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It will be observed from Figs. 48 and 49 that the transmltter
consists of two identiezl wunits constructed vertically in a common frame.
Controls and indicating instruments are provided for the tuning and ad-
Justment of each channel, regular and standby. An elapsed time meter is,
provided for the filament circuit of each chamnel, so that a total number
of hours of operation can be recorded.

The monitor unit provided with this equiyment is shewn in the
upper righthand section of Fig. 49. This unit functions to discommedt
the regular chammel in evemt of its failure to deliver the required out-—
put, and starts up the standby chamnel, conmseting it to the transwission
line in place of the regular channel., In additlon, the moritor unit with
1ts two mesters (rectified carrier curremt and rect:;.fied audio current)
provides a means for setting the percentage modulﬁ};ion at apprmatély
100%. Curves of the audiq and carrier ourrents have been plotted in Fig.
52 against relative percentage modulation, The moniter tranafer system
operates when the medulation has been reduced to about 45 per cent, or
when the carrler drops sufficiently te reduce the recelved rectified audie
current more than about 30 per cent.

Controls are provided, as shown 1n Fig. 51, to permit elther
manual or automatic operation of either charmel of the transmitter, It
is poasible through the operation ef theps comirel swiichea for either
channel to deliver power tc the antenna system while repairs, adjustments,
or tuning changes are belng made on the other chamel,

Remote monitering.

Provision for remote monitoring of Z marker squipment was not

included in the finel transmitter deslgm although some experimsmts were
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conducted during the development period. Remote monitoring wae considered
unnecessary for two particular reasons:
1. The range station is visited dally by operating persomnel and any
irregularities of the Z marker operation can be observed.
2, There is & relliable standby equipment and automatic transfer de-
vice to opetate in case of ‘failure cof the regular equipment.

During develeopment, small diode detector-amplifier units were
coupled to the transmitter output circults to provide an sudio monitoring
signal. This signal was then cormected through relays to the broadcast—
centrol line which connects the range station to the remate contrel quar-
tera. An a.—¢. microsmmeter wes used st the distant quarters to operate
from this monitoring signal. The relays were used to dlsconnect the sig-
nal from the line during brosdeasting.

A development project has been set up to study conditions amd
mathods for mondtoring all types of markers. Conmsidering the faoct that
good signals can be heard on a sensitive receiver at the Silver Hi1l (Md.)
experimental station of the Bureau from beth the Bowle fan marker, 16
mlles distant, and the Washington Z marker, about 3 milee distant, 1t 1s
possible that some method of remote momitoring, with the use of a receiver
amd direetive receiving anterma, may eventually be provided at the cen—

trally leocated quarters or airport.

CONCLUSIORS
- As a result of this developmeni, it has been concluded thatsz
1, The antermma system of the final design desoribed in this report,
ard shown in Figa. 5c amd 33, 1s satisfactory for regular marker service.
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2. The average antenna current of 65 milliamperss in the four anten—
na rods, as measured by the instrment illustrated in Fig. 7, 1s satssfac-
tory for the present pattern dimensipng, These currents may vary 25 per
cent from ome another without causing an appreclable change in pattern
shape.

3. The antenna system can be operated in the vicinlity of radio range
towers, provided these towers are mot over 125 feet tall, amd are placed
at least 125 feet from the marker antemna. Objects within a radius of
about 50 feet of the antenne should mot project more than about 6° above
the plane of the antenma system.

4. The uge of an elevated antenma, with a counterpoise as shown in
Figs. 5e and 33, is satlsfactory and necessary. The counterpoise may be
supported on a grounded structural stesl framework.

5. The use of a two-conductor shielded transmission line, as illua-
trated in Figs. 5f and 34, is satisfactory and is very convernent for this
system. .

6. The termination of this line, using the matching stubz, as shown
in Flg. 37, 1a satisfactory.

7. The dual transmitter of the type shown in Figs. 48 to 51 18 satais—
factory for this servace. The rated output of 5 watis is adequate.

8. The use of crystal control for the transmitter 1s satisfactory
and desirable,

9, The usg of az monitoring device for the purpose of automatically
changing from regular to standby transmitter in the evemt of failevre of

equipment is satisfactory as provaded with the commercially-made equip-

ments now being purchased.
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10. The use of the type RUD recelver, 1llustrated in Figs, 10 and
11,is satisfactory for the checking of marker patterns, but a selective
erystal-controlled superheterodyne receiver of the type Hescribed in
Bureau specification BA-304 will be requlred fer interference-free recep—
tion of marker signals under service conditioma, ‘

11, The type of receiving anterma illustrated in Figs. 12 and 13 is
satlasfactory for use on aireraft,

12, The use of a emsll incandeagent type lamp as an indicator is

convenient and satisfactory.
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FIGURE INDEX

Curve of radic range cone of gilence,

Photograph of oraginal H type marker transmitter array.

Photograph of original airplane antenna for marker service.
Photograph of original Army marker reseeiver.

Schematic diagrams of arrangements investigated.

DMagram of type AC-105 frequency meter.

Sketch of instrument for measuring marker antenna currents.

Sketch of elevated rotatable pick-up antemma for phasing adjustments.
Sketch of instrument used to measure line current ratio.

Photogreph of type RUD marker receiver.

Dlagram of type RUD marker receiver.

Sketch of marksr receiving antenna on NS-21,

Photograph of improved marker recelving antenna.

Relative pattern and graphic record of experimental marker sigmal.
Fhotograph of final antemma structure.

Relative pattern at 3000 feet altitude from experimental marker.
Relatlve vertical pattern of experimental marker.

Graphic records taken on experimental marker signals,

Photograph of original type THL marker transmitter.

Diagram of origipmal type THL marker transmitter.

Photograph of experimental crystal-controlled Z marker transmitter.
Schematle diagram of experimental crystal-controlled 7 marker trans-
mitter.

Graphic records showing effeet of metallic relay rack in vicinity of

tranamtting antemna.



No.

25.
26,
27.

28.

30.

31.
32,
33.
34.

35.
36.

2.
38-

Photograph
Photograph

Photograph

of experimental shelter of transmitting antenma.
of sheltrr ghowing removeble ssction.

of experimental counterpoise system.

Schematic diagram of transmitting antemna showmng factors .nvolved

in adjustment.

Curve of currents observed in adjueting Chicage Z marker,

Noverber, 1936,

Gurve of currents observed 1n adjusting Allentown Z marker,

Apral, 1938.

Relative patterns obtained on Chicago and Allentown Z markers,

using rotatable pick-up antenna.

Curves of transmission line current readings.,

Curves used 1n termination of transmission line.

Photograph
Photograph
ingulators
Photograph
Photograph
Allentomn.
Photograph
Photograph
downleada.
Photograph
Photograph
Photograph

Photograph

of complete transmtiing antenna at Allentown, Pa.
showing original arrangement of transmission line
at Allentown,

showing bridge arrangement over transmission line,

showing eubatructure of transmitiing antenna system at

showang arrangement of matching section.

show.ng the connections and adjustments on the antenna

showing methed of securing antenna rods.
showing dowrilead section of antennas.
gshowing method of observing pick-up entenma current.

showing meter uged i1n line current measuremsnts.
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43. TFPhotograph showing spacing block uged to seeure constant spacing
of duet side wall.

44. Photograph showang complete assembly of spacing blocks.

45. Relative vertical pattern obtained by flight check of Allentown
marker.

46. Relative pattern cross sectiom &t 3000 feet altitude for Allentown
marker.

47. Diragram showing arrangement of transmitter output careuit.

48. Photograph showing final type TZA marker transmitter.

49. Photo‘g'raph ghowing rear view of type TZA marker transmitter.

50. Photograph shming gide view of type TZA marker tranamitter.

51. Photograph showing control switches of type TZA transmitter.

52. Curves showing momtor current readings for various percentages
of modulatlon.

53. Block diagram of type TZA transmitter circult.
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DIRECTION OF
i RECCRDING

\ FIG. 14b

i FE j—

WEST

WEST TO EABT 50UTH TO NORTH

NORTH

—fEAST

. W25
/

FIG. l4a

/.12/7

FIG. 14

SOUTH

RELATIVE PATTERN OF EXFERIMENTAL MARKER SIGHAL
AND TWO OF THE GRAPHIC RECORDS



GROUND

VIEW OF THE FINAL EXPERIMENTAL ANTENNA STRUCTUHE
BEFORE BEING PLACED IN THE

15a

FIG.
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ORIENTATION OF
ANTENNA ARRAY

———— 3960 FEET —_

FIG. 16
Z MAREER HCRIZONTAL PATTERN
AS OBTAINED FROM TRANSMITTING ANTENHNA
OF FIGS. Sc ANWD 54
3000' OBEERVATION WASHINGTON, D.C.
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7000

STATION | (FERET)

5000

ABQVR

ALTITUDE

3000

1000

FEET

3000

FIG. 17 RELATIVE VERTICAL PATTERN OF EXPERIMENTAL MARKER

2000

1000 0 1000
EXTENT OF MARKER SIGNAL OPERATION

USING ANTEKNA AS IN FIG. Bd

2000



DIRECTION OF RECORDING

ALTITUDE

3000

FLIGHTS SOUTH TO NORTH FLIGHTS WEST TO EAST

FIG. 18 COPIES OF GRAPHIC RECORDY
MADE ON FLIGHT TESTS OF ARRAY SHOWN IN FIG, 15 AND USED IN PRE-
PARING THE PATTERN CURVES OF FIGS. 16 AND 17. WASHINGTON, D.C.
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FIG. 21
EXPERIMENTAL CRYSTAL CONTROLLED Z MARKER TRALSMITTER TYPE TZA

Criginally mounted in a single relay rack but here shown 1n
wooden racks to eliminate reflections of radiated wave of
adjacent antenna. Monitor umat 1s shown 1n lower left,
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RACK VERTICAL FLIGHT SOUTAEAST TO NORTHWEST

RACE VERTICAL FLIGHT NORTHWEST TO SOUTHEAST

RACK HORIZONTAL  FLIGHT SOUTHEAST TC NORTHWEST

AN .

RACK HORIZONTAL  FLIGHT NORTHWEST TO SOUTHEAST

TRANSMITTER APPROITIMATELY
HOUSE " TO SCALE
RAGK-’A" " LIKE “ﬂﬂ_
EARTH

FIG, 73 COFIES OF GRAPHIC/REGCRDS
SHOWING THE RELATIVE EFFECT OF THE PRESENCE OF THE VERTICAL
RELAY RACK IN THE VICINITY OF THE TRANSMITTING ANTENNA

/aa/y



FIG. 24
VIEW OF THE EXPERIMENTAL SHELTER TO PROTECT
THE TRANSMITTING ANTENNA FROM THE ELEMENTS..

FIG, 25
VIEW OF THE SHELTER SHOWING REMOVABLE SECTION WHICH
ALLOWS THE COMPLETE HOUSE TO BE WITHDRAWN
ON ITS SKIDS DURIKG ADJUSTMENT OF THE ANTERNA

fRaly



FIZ 25 VIEW OF THE EXPRERIIEITAL COUNTERPOISE SYSIEM AS
INSTALIED AT WASHINGTON RADIO RANGE STATION
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TRANSMIBSION LINE

NORTH

FI1G., 27a

|~— ANTENNA DOWNLEADS —+— ANTENNA - "
X
.{-\. —_— #
EAST o Y
> f— NQRTH
SECRTING BAR
TRANSMISSION
FIG. 27b LINE
FORTH
WEST EAST
—— —
Y ———ad
DOWNLEADS f DORNLEADS
|
Z
FlG. 27e " L .
—— T, —q
LMATGHING STUBS
TRANSMISSION LINR
8OUTH

FIG. 27 SCHEMATIC ARRARGEMENT OF TRANSMITTING ANTENNA

SHOWING THE FACTORS INVOLVED IN ADJUSTMENT
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FIG. 28 (URREETS OBEERVED DURING ADJUSTMENT OF EXPERIMENTAL Z MARHKER
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Transmission line wes 1/2" 0.D. tubing
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MAREKER INSTALLATION

34 ALIENTOWN "Z"

FIG.

arrangement of trensmission

Showing original
line insuletors.

These are to be alternated

in subsequent instellations.

35 ALIENTOWN "Z" MARKER INSTALLATION

FIG.

Showing the special arrangement at the bottom of

one antenna post to allow passage of &

he transmission line.
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FIG. 36 ALLENTOWN "2" MARKER INSTALLATION

Showing the substructure directly below the antenna system.

FIG. 37 ALIENTOWN "Z" MAREER INSTALLATION

Showing the matching stub errengement for termination of the
trensmission line directly below the counterpoise at the antenna.
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FIG 38 ALIENTOWN "Z" MARFKER INSTALLATION

Showing the conmections and sdjustments on the
bottom end of the antenna downlesads.

FIG. 39 ALLENTOWN "Z" MAREER INSTALLATION

Fhotograph showing method of securing entenne rods.
fRZtg



FIG. 40 ALIENTCWN "Z" MAPFER INSTALLATION

Showing the entenna and downlsad arrangement and indicating
the method of securing the rotateble piok-up dipole support
to one of the antenna posts.
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FIG. 41 ALIENTOWE nz" MAREER INSTALLATION
during adjustment of phesing.
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FIG. 42 ALIENTORN "Z™ MARKER INSTALLATION

Arrangement of tuned meter and pick-up coil for
transmission line current ratio measurements.

FIG 43 ALIENTCOAN "Z" MARKER INSTALLATICN

A close-up view of the spacing block used to
hold duet sidewnll spsmoing accurste during

transnission line measurements.
f2asg



FIG. 44 ALIENTOWN "Z" MAREER INSTALLATION

Showing the camplete assembly of slotted blesks to hold
duct sidewall spacing acourate during line current messurements.
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FIG., 47a

MONITOR UNIT
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LOOP "~
DED IENGTH
REGULAR STAND-BY
TOP VIEW A rrowT
FIG. 47b

FIG. 47 DIAGRAM SHOWING ARRANGEMENT OF TRANSMITTER OUTPUT CIRCUIT
Top views of transmitter showing (A) original connections and (B)
medifications to obtaln symmetry in line lengths



FIG, 48, FINAL Z MARKER TRANSMITTER TYPE TZA
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