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The Development of an Improved Ultra-High-Frequency Radio Fan Maiker

SUMMARY

An antenna system, similar to the four-
element array described in Safety and Planning
Division Report No 5, except operating above
a wire-mesh counterpoise, was installed and
tested at the Bowie, Md, light beacon In-
provements in the method of conducting energy
from the transmitter to the anterma were neor-
porated 1n this mstallation The system was
found to produce patierns equusalent to those
measured for the tormer antenna and to be
relatively free of variations caused by snow,
sleet, or growth of vegetation
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Figure 1-—Calculated field patterns for two- and four elements arrays
14 wavelength above perfect ground, excited in phase

right angles to antenna

INTRODUCTION

The basic development of the fan-tvpe marker,
which began 1n 1936, w as described 1in Technical
Development Repoit No 5! In this report,
experimental data were presented m which 1t
was shown that a field pattern of smtable extent
and shape could be produced by the use of four
14 wavelength antenna elements 1n lme exated
mn phase and spaced 14 wavelength above level
earth  The experimental 1esults are 1n general
agrecment with the theoretical pattern produced

1Report No 5 *'The development of a fan type nltra high-

Trequeney radio marker ag a (riffic control and let down aid,’
Tanuary 1938
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Horizontal '3 wavelength elements,
Solid Iimme-1n Iime with antenna Dash lime—at



by an array of this type The caleulated radi-
ation patteins for the four-element array and
the simpler two-element anlay are shown 1n
figure 1 Previous tests mdicated that the
power required for the desired pattein was
between 100 and 150 watts There remained,
however, tests to be conducted on the use of a
wire-mesh counterpoise which would act as a
reflector for the antenna system and protect the
radiated pattern shape from changes that
might be expected as the result of the growth of
vegetation and accumulation of snow In ad-
dition to the antenna system, 1t was also neces-
sary to develop and test means for conducting
energy from the transmutier to the antenna
system with protection from these same elements
and with minmmum loss  This report describes
the tests conducted on the mmproved antenna
system located at Bowie, Md, and illustrates
with recordings and cwves the satisfactory
results obtained

APPARATUS

A complete four-element antenna system was
constructed using 75-inch (O D) ngid copper
tubing supported by 6-inch stand-off insulators
at the top of 67 x 6’ wood posts The height
of the antenna elements above ground was made
34 wavelength m order to allow contenient con-
struction of ithe counterpoise at a distance of
14 wavelength below the antenna  The height
of the counterpoise above ground 1s determined
by local conditions (growth of vegetation, snow-
fall, and natural slope of terran), which for
this locahty demanded an elevation of approxi-
mately 6 feet or Ly, wavelength  All insulatois
supporling the antenna system were placed at
pomits of mimmum voltage The antenna posts
were roofed away from the side contamning the
antenna 1nsulatols, to mimmize sleet formation
on that side of the post

Two simple methods are available for excat-
mg the antennas i phase One 18 shown 1n
Tig 2 (A) m which the several antennas ale
fed m pans This necessitates a more compli-
cated transmission-line stiucture than the final
design shown 1n Fig 2 (B), which takes the
equivalent form of two antennas, each %, wave-
lengths long, fed from a single lme  The mud-

dle 1% wavelength section of each of the 3/
wavelength antennas 1s folded to prevent radi-
ation from the out-of-phase section, giving the
effect of four 14 wavelength antennas m hine,
fed m phase The duection of the mstantane-
ous currents 13 mdicated by the airows in g 2
Photograph, Fig 3, shows the arrangement of
the Iine at the antenna

Counterpoise

The mechanical construction of the counter-
poise 15 shown 1n the drawing, Fig 4, and 1n the
photogiaphs Figs 5, 6, and 7 Its orlentation
and position with respect to the beacon-light

— — — —

FIG 24

FIG 23

Figure 2 —Two methods of exeating four in-hne
antennas 1n phase
tower1s piven in Fig 8§ The structure 12 made
entirely of wood, the counterpoise supporting
posts bemng 47 x 4", the antenna supporting
posts 6”7 x 6”7, and all other framework 2" x 4’/
The 2 x 4’ were placed on edge Lo mimmize
accumulation of snow or sleet on the counter-
potse, and to provide minimum sag between
supporting posts The entiie stiucture 1s cov-
ered with a 8" x 3’ mesh of number 13 gal-
vamzed wire sereen  The center of the system
15 placed 1 wavelength (7874 inches) above
ground Due to the siope of the gound, this
distance from counteipoise to giound varies
from 4 to 8 feet Copper glound straps one inch



Figure 3.—Showing method adopted for exciting the antenna system, Bowie, Md.
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Figure 6—Bowie, Md., fan marker antenna taken from beacon tower.
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wide by 0.020 inch thick were added to con-
nect the counterpoise screen to ground at all
posts (16), simulating a metal counterpoise
framework.

Figure 7.—Bowie marker installation, Bowie, Md.
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Transmission line.

The two-wire transmission line is made of 14,-
inch outside diameter hard copper tubing,
spaced one inch on centers, and enclosed in
a 3" x 3" copper duct. The duct provides a
shield for the line, and eliminates the effects of
changing weather conditions and vegetation on
the characteristics of the line. The lines are
=upported symmetrically in the copper duct by
standoff insulators, mounted on 3-inch square
bakelite bases, at intervals of approximately 6
feet. 'The transmission line duct is connected to
the transmitter frame and to the counterpoise
and 1s grounded every 8 feet throughout its
length. The closure for the counterpoise end
of the line is roofed to minimize the collection
of snow and ice. The details are shown in Figs.
3 and 4.

Transmitter.

The transmitter used in these tests was the
same one that was used for the concluding tests
of the former antenna array and mentioned in
Report No. 5. A block diagram of this trans-
mitter is given in Fig. 9. The transmitter is
a type TXI, crystal-controlled, 100-watt unit,
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Figure 8.—Ground plan lay-out of experimental marker at Bowie, Md.



operating at 75 megacycles The crystal 15 of
the low temperatuie coefficient type, operating
m a eristal dynatron cucmt  The fourth hat-
monie (18 75 megacveles) derised directly from
the 57 erystal cireuit 15 then doubled again i an
REK-23 tube, and 1s amplified by a second RK-23,
which delivers suficient power at 37 3 megacy-
cles to excite the succeedmng stage Following
the 37 5-megacycle exciter stage, a type 304-B
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after which 1t 18 amphfied m a second Lype 304-13
tube to drive two type 304-B tubes m push-pull
as a power amplifier High efficiency tank tir-

to modnlate the transmitter  This tone 1s keved
with the chavacteristic idenlification sigmal,
which 15 a succession of dashes

Iigh voltage direct current for plate power
1= supplied by two meicumiy vapor rectifiers
The powe1 supply to the transmitter 15 110 volts,
60 cycle, single phase

A single transmitter was used 1n this experi-
mental nstallation  Tts operanon was studied
to obtain nformation from which Specﬂu_,duuua
for the final umts could be written  Six months
of continuous operation have shown that, al-

though more tubes are necessary i a crystal

CRYSTAL 76 MC QUTPUT
4687 SMC TO ANTENMNA
CRYSTAL T
PUSH PULL
OSCILLATOR DOUBLER AMPLIFIER DOUBLER AMPLIFIER POWER —
HARMONIC = 375 mc 375 MC [ 75 MC [ 75 MG [ AMPLIFIER -
GENERATOR Rk~ _ - 75 MG |
18 75 MC K-23 RK-23 304-8 304 B S
57
RECTIFIER BIAS
1000 VoLT RECTIFIER
2- BE8 300y
110V =60 CYCLE g, |
SINGLE PHASE
RECTIFIER FIRST A F CLASS B
1250 ¥ AUDIO INPUT _,. | AMPLIFIER [ o [ MODULATOR
2-879 600 OHMS 2-2A21 a-gap

Figure 9 —Block diagram of 75-megacvcle transmitter—Type TXI

cuits, COllbIStlIlg of “hair-pin corls” tuned with

Elynan v | i o

pie- l;m,w TCRUIL I & POoWel amplli-
fier plate efficiency ol the order of 60 percent
when delivering 100 watts of power at T3
megacycles
The modulator conststs of two type 838 tubes
m class B, excited by two type 2A3 tubes, and 1t
delivers ample power to modulate fully the
power amphfier A vacunm tube oscillator
operating at 3000 c¢ycles farnighes the tone used

[RPE gy

? condensen 8,

controlled transmitter, careful deﬂgn and dual

automatic transimitters will PJ.U\;J.L[L the neces-
saty reliabnlity for unattended opiiation

TESTS AND RESULTS

Method of determuning antenna lengths

The measurcment of current at ultra-lhugh
frequencies 1s a duffienlt problem, and this 1s
especially true ot the curient in a conducior such
as an antenna, where high potentials may be



encounteled  The meter may indicate a radia-
tion cmient m addition to the desired current
It the meter 1s placed at a point of low potential
the mdications howesver, are sufiiclently aceu-
rate  Since 1t 1s not convenlent to connect the
meter directly 1n the antenna, a sensitive metel
may be shunted across a section of the antenna,
as lustrated m Fig 10A or coupled to the an-
tenna as illustrated 1in Fig 10B  The latter
method 15, of course, much moie sensitine  The
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B L LY
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=

Figure 10 —Current and potential indicating devices

former method (Fig 10A) 1s more 1ugged and
was used for most of the 1eadings presented 1n
this report

It was found that the position of the meter
on the antenna had an effect on 1ts rteading  If
the pround termmal of the meter was placed
on the end of the antenna a current mdication
resulted wlnle 1f the ‘hot” termnal of the
meter was placed at the end, a zero reading was
obtamed 1t was evident from tlis that the
position of the minimum current could not be

deterinined accwiately  Since the high poten-
tial field was no doubt responsible for this dis-
crepancy, all antenna measutements weie based
on the pomts of maximum curient Fig 11
1t a plot of the current 1eadings taken on one of
the antennas, curve (A) being taken from one
side, and curve (B} taken trom the opposite
side  Tlus curve indicates the displacement of
the current maximum depending on the manner
i v hich the meter was connected  The point of
curtent maximum was taken as the pomnt at
which the meter would give the same reading
from either side of the antenna, indicated as “x”
m Fig 11

The point of current maximum for the end
antennas was found to be 90 centimeters from
the end, or 0 9 of a quarter wavelength Due to
the physical shape of the phasing sections (the
folded 14 wasvelength section), the cuirent max-
unum on them could not be determined The
position of the cnrrent maxunum on the mmner
antennas could be shifted by changing the length
of the phasmng section The position of the
current maximum on the end antenna was not
affected by the length of the phasmg section
It was felt that the antenna should act as a
folded wire antenna, the length of the sections
(aside from the 1} wavelength wection at the
end) bemg full 14 wavelength This was
checked by stretching the complete antenna
system into a straight line and determimming the
position of maximum current Measurements
thns taken bore out this assumption and the
elements were made full 14 wavelength except
the end antennas, which were made 093 x 14
wavelength (14 wavelength plus 09 x 14 wave-
length) Fig 12 15 a drawing showing the
lengths of the varions elements and the position
ot current maxnmums
Lme termmation

When a transmission line 15 coupled to a
load the impedance of which 1g other than the
characteristic impedance of the line, reflections
occut and standing waves are produced along
the line  The 1mpedance of the transmission
line enclosed 1n a 3’ x 8" copper duct as used
m this mstallation 15 appioximately 125 ohms
When this Iine 1s coupled to the antenna at a



lugh voltage point or point of high impedance,
a nus-match oceurs and standing waves abpear
on the line  This will have seieral effects (1)
loss of power due to the standmg wave on the
lme, (2) 1nefficient transfer of power to the
antenna 1f the transmission line 1s not tuned,
(8) unstable line conditions which may damage
tubes m the transmitter The last item 1s the
most setlous m this mstallation A line which
has a standing wave on 1t may appear at the

change, the power amplifier circuit will become
detuned, and the tubes will be damaged due to
excessive plate curtent The detuning effects
are move serious than the changes m transnuttel
loading since the effective capacity changes gen-
erally 1epresent an appreciable proportion of
the capacity necessary to tune the power ampl-
fier tank cirenits at these frequencies Similar
effects are obtained when the line appears as an
inductive reactance The transmitter may be
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Figure 11 —Plot of meter readmgs along an antenna element,

showimmg the apparent displacement

of the current maximum by the position of the ground termmal of the meter

sending end as a resistance, inductive 1eactance,
or capacitive 1eactance, depending on the posi-
tion of the standing wave on the hne  Assume,
tor example thal the ine appears at the sending
end as a capacitiie reactance  The effect on the
power amplhfier tank cucuit will be that ot
adding a condenser across it If the Ine con-
dition should change as a result of a change 1n
the load, the value of the capacitive 1eactance at
the sending end of the transmssion hne will

correctly adjusted for any one lime condition,
but since the line conditions may vary as a result
of ram or snow on the antenna, the transmitter
will 1equire corresponding readjustment These
effect= are particularly undesirable 1 the ca<e
of an unattended transmitter

If the standing wave 1s removed fiom the line
by proper termination at the antenna a more
stable condition will result and normal changes
due to weather will have little effect, and the



transmitter will remamm properly tuned and
loaded

Seieral methods present themselves for estab-
lishaing the proper termination between the line
and the load

(1) A quarier wavelength section of the
proper 1mpedance may be used as a trans-
former, the ratio bemng dependent on the
mmpedance of the hine and load, and the
characteristic impedance of the matching

10

Ime and the antenna Method (2) was used
with modeiate success, however, the final match-
ing was accomplished by use of method (3)

In attempting to match the antenna to the
line by means of a V-shaped feeder section
(method 2), the ratios of I, L., on the line
were observed for various separations at the top
of the feeders The line current was measured
by means of a meter and loop of wire coupled
to both lines and maintained at a constant spac-

section g from the lines These observations were
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Figure 12 —Antenna dimensions, showing the length of the various elements and the position of
the current maximums

(2) The hne spacing may be tapered at the
pomt where 1t connects to the load by mak-
g the feeder section (line between the
end of the enclosed section and the antenna)
mm the shape of a V

(3) The use of a reactance 1 the form of a
shorted section of parallel line, connected
to the feeders at the proper pomnt

Method (1) could not be used 1n this case
because the enclosed line ended several inches
above the counterpoise, making 1t imneconvenient
to use a full 14 wavelength section between the

repeated for seveial lengths of mner antenna
1ods These data are shown m Fig 13A  For
the several lengths of mner antenna, the mim-
mum line eurrent ratio obtamable was phserved
and plotted m Fig 13B  This indicated that
the best 1at10 would be obtamed with an 1nnex
antenna length of 180 centimeters In order to
keep the 1hner antenna length as near 14 wave-
length as possible, a compromise was stiuck at
194 centimeters, which gave a line current ratio
of 107 Changing the mner antenna lengths
effectively changed the feeding point and there-



tore changed the mmpedance looking mto the
antenna

After termination, the cutrents in the several
antennas were checked It was tound that all
four antennas had different currents (line 1 of
Table I) This was consideied undesirable,
and an eftort was made ta determine the cause

Factors affecting antenna current

By means of a potential indicating device, as
shown mm Fig 10C, the position of the standing

11

It was found that the positions of the voltage
nodes along the two wires of the lime were not
exactly opposite, being displaced about 3 centi-
meters  This was found to be the same distance
as the diffezence 1n the length ot the limes due
ta the manner of turning the corner at (A) of
Fig 14 The corner was turned 1n the oryginal
arrangement as in (A) of Fig 14, which made
a chfference 1 the length of the two lines
Changing the construction of the corner to that
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Figure 13 —Lime termmation by means of a V-shaped feeder section A—Line current ratio plotted

against separation at top of the V for various antenna lengths

against antenna length

waves on each s1de of the two-wire hine could be
determmed TIn this indicator the tuned eircuit
LCM 15 coupled to the line ihrough a small
capacity C,, which 18 the capacity between the
wire (X) and the metal cap (Y) If the ciremt
18 tuned to be capacitive, then there will be
ittle danger of the line (X) and the capacity C,
acting to resonate the ciremit  The entire umt
15 enclosed 1 a shield and 18 provided with an
msulated handle

B—Best Line current ratio plotted

of (B) of Fig 14 corrected the line lengths and
the potential nodes then came opposite each
other Tlis also resulted 1 a better ratio of
antenna curients as mdicated m line 2 of
Tahle T

It was reasoned that any capacity coupling
from the power amphfier tank cirewit to the line
will cause in-phase cuirents to flow 1n the two
Imes The cutrent caused by the inductive
coupling between the power amplhfier tank and



lme acts between the wires, and 18 out-of-phase
on the two conductors The reaction hetween
the 1 phase and out-of-phase current in the
line tends to displace the nodal pomts, and
causes an unbalance between the antenna
eurrents I3y groundmg the voltage nodal
pomnt of the coupling coul this 1n-phase hine
current can be reduced However, locating
the exact nodal point 1s not very convenient A
simpler method of removing the m-phase cur-

m

Figure 14 —Methods of constructing 90° bend

transmission line
A—Line lengths unequal
B—Line lengths equal

rents 15 to connect a split stator condenser across
the line and ground 1ts rotor  The rotor will be
at ground potential with respect to the out-of-
phase currents and will act as a capacitive load
across the hine, the two capacities being 1n series
Grounding the rotor will have no effect on the
out-of-phase cmirents but the 1n-phase currents
w1ll then be shunted to giound through the two
sections of the condenser in parallel  Since the
effectiveness of this path 1z dependent on the
1atio of the impedances of the line beyond the

12

powmnt and that of the condensers, the impedance
to ground can be reduced by connecting the mid-
point of the condensers to giound through a
co1l of such inductance to tune to resonance with
the spht stator condenser  When properly ad-
justed this in-phase trap encuit has a tendency
to provide a better balance between the antenna
currents as shown 1n line 3 of Table T

TarLe I
Anlenna Ratio
1 lowese
5 - Jowest
1 = ‘ 3 ¢ I bighent
1 - - — & 104 108 93 07
2 _ , , 7h h2 a5 T8 702
1 - 84 106 106 -] 792
4 , - 96 106 100 99 50
q - - _ 93 104 109 91 B5
[’} - - - 114 142 140 115 B2

A calculation of the radiation resustance of
the antetnas mdicates that the resistance of the
outer antennas should be less than that of the
mner by 23 percent, the coriesponding current,
theretore, being greater Measulements ndi-
caie a lower current 1 the outer antennas  This
15 no doubt due to the phasing sections and the
method of feeding the antennas, since only
the effect of the mutual coupling between
the antennas was taken mto account in the
calculations

In an effort to 1mpiove the ratio of the cur-
rents between the antennas, an mterestmg phe-
nomenon was noted m connection with the
phasing sections It was found that changing
the phasing sections so that they were vertical
above the antennas 1mproved the ratio by about
10 percent (lime 4 of Table I}, making
the phasing <ecttons horizontal was an 1m-
protement of about 5 percent (line 5 of
Table I}  When the phasimg sections were
horicontal, the mmdicated current maximum
was at the center of the inner antenna
This was considered as the normal condi-
tion, smee moving the phasing sections to
a iertical position, either above or below the
antenna, moved the indicated current maximum
approximately ten centimeters either side of the
mner antenna center  This indicated that pos-
s1bly a curient was being induced 1n the phasmg



L

seclions 1 such a direction as to add to tlie inner
antenua cuirent and subtract from the outer
Netther transposing nor reversing the feeders
had any appreciable effect A folded 14 wave-
length section 1n the shape of an S was substi-
tuted for the phasing sections This section
had the same effect as taking up only a quarter
wave, and the cultent maximum on the nner
antenna moved to the outer endo1 14 wave-
length  No explanation could be given for this
result

3

and below as shown mm Fig 4 The indicated
antenna current maximum was displaced ten
centimeters towaid the feeders as shown in
Fig 12 The final indicated antenna curient
maxunums are shown 1n line 6 of Table 1

Final line termination

A shorted section of line was used for ter-
mination The curves of Fig 15A were ob-
tained by plotting the hine-current ratio against
the length of the shorted section for several
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Figure 15 —Line termination by means of shorted section of line
against length of shorted section for various positions
B—Best line current ratio plotted against position

matching section

Two different spacings for the phasing sec-
tions were tried one 54 centimeters, the other
12 centimelers The clowe spacing gave a
slightly better ratio of antenna currents

Smce 1t would not be practical to leave the
phasing sections vertical above the antenna, due
to the possible interference trom the supporting
structule, 1l was decided Lo make them vertical

A—Line current ratic plotted
Position 15 distanee from the antenna to the

positions of the matching section Fiom the
mimmums of these curves is plotted ¥Fig 158,
using the position as the vamable  From these
two cuives, 1t 15 seen that the matching section
should be 92 centuneters long and placed 305
centimeters from the antenna  Fmal check on
the line gaie a curent tatio 1/1 as closely
as could be measuied



FLIGHT TESTS

After completion and adjustment of the an-
tenna system, flight tests were conducted in
Bureau airplane NS-31, a high wing fabric
monoplane. The receiving antenna was a half-
wave horizontal doublet stretched along the
belly of the ship. A shielded coaxial line con-
nected the antenna to the receiver. The instal-
lation is shown in Fig. 16. The receiver used

NS- 3}

RUD
MARKERESY
BECEIVER]: 2 FLex RuBBER INS. SHIELDED

!‘I 1CONCENTRIC TRANSMISSION LINE

L

Figure 16.—Marker receiving antenna on NS-31.

o

Figure 17.—Ultra-high-frequency marker

14

was the type RUD, developed by the Bureau,
and is shown in Fig. 17. Graphic records were
made of the rectified audio output of the re-
ceiver, using an Esterline-Angus type AW
recording milliammeter. This airplane and
receiving equipment were used on many of the
previous tests during the development of the
fan and Z type markers. The receiver sensi-
tivity is adjusted so that the relay will close and
the indicator lamp will light when the signal
input to the receiver is equivalent to 1300 micro-
volts (modulated 30 percent with 3000 cycles)
from a Ferris Microvolter. Flights were made
at altitudes between 3,000 and 11,000 feet, and
for various positions to either side of the true
“on course” over the station. From recordings
and observations taken during these flights, it
was possible to determine the relative shape of
the field patterns at various altitudes.

Plan views of the pattern, based on average
time of marker signal operation, arc shown in
Fig. 18. The relative thickness of the pattern
obtained from flights directly over the station

receiver, type RUD,
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Figure 18 —Patterns showing the approximate area over which marker signal operates
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Figure 19 —Thickness pattern up to 11,000 feet
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along the true “on course” 15 shown mn Fig 19
This pattern 15 also based on average tume of
signal operation  Instudying curves 18 and 19,
1t will be observed that for the 3,000-foot alti-
tude, the pattein dimensions are approximately
12 miles wide and 2 5 rmiles thick  The relatiie
patterns obtalined for the earlier antenna are
reproduced 1 Fig 20 for comparison

From the recordings of 1eceiver output taken
during flights over this station, 1t 1s possible to
determine the relative position of the two minor
lobes existing on either side of the main lobe
of the transmitted pattern  This was done and
the results ate shown 1n Figs 21 and 22 Fig
21 represents flights made m a northeast duec-
tion directly over the station, for altitudes be-
tween 3 000 and 11,000 feet The 1rregularities
of the 1ecordings have been omitted 1n drawing

the outlines of both Figs 21 and 22 to simphfy
the 1nterpretation of the position of the two
munor lobes In the central poition of the
recordings, considerable 1rregularity was noted
because of the overloading of the recelver fiom
the strong signals of the major lobe These
miegularities did not affect the determination
of actual pattern dimensions or the position of
the respective lobes Fig 22 shows the relative
1ecordings and lobes over the station for fhghts
made 1n the direction opposite to that of Tig 21
It will be observed that both figures are fairly
symmetrical with respect to the station, al-
though there 1= a noticeable leaning of the pat-
tern for the northeast flights of Fig 21 Thas
15 less evident in the opposite flights of Fig 22
Such displacement can be accounted for parti-
ally by the directional characteristics of the



17

L—"

BN

f)
Vs
T

MAJOR LPBE

\
AT
/\ N
5B SRR s
‘/ J | zooo | 1/ T~
,B(\/'\ - o~ f\\/\

3000

]

Muon LoBEN
l!z \
TN \

\
AN

/
/ MINO; LOBE \4

N E —t——

N

AN Direction |of flights
N |/
20 15 10 5 o} 5 10 15 20
APPROX MILES NE STATION APPROX MILES SW
Figore 21 —Copiea of graphie records of northeast flights, showing presence and position of lobes
recelving antenna on the anplane The recerv-  tions assuming a petfect reflector The sixtiy-

mg characteristic of the anplane antenna 1s
known to point <hghtly toward the rear of the
ship, 1ather than directly downward

According to Figs 21 and 22 1t 15 beleved
that the effect of the minor lobe 1n highting the
mndicator lamp on the airplane 15 lost at some
altitude above 11,000 feet  Since the amplitude
of the minor lobes 15 only 15 petcent of that of
the major lobe, 1t can be assumed that the major
lobe extends above any altitude at which flights
ot commercial ancratt a1e contemplated

COMCLUSIONS

In view of the 1esults obtaied, 1t 13 concluded
that—

1 The 1ertical field pattern obtamned 15 esgen-
tially the same as that obtamed from caleula-

foot high, steel beacon light tower at tlus site
does not noticeably affect the field pattern

2 The use of a counterpolse consisting of
3" x " 1ron wire mesh 1s a satisfactory stable
substitute for the actual ground and the dimen-
stons of 20° x 40" are sufficient for the four-
element array ag used for this service

3 The counterpoise may be connected to
ground at the several wood supporting posts,
ndicating that a metal supporting framework
could be used for this seivice

4 Crystal controlled transmitters are prac-
tical at these frequencies, and when used m
duplicate with automatic change-over, are ca-
pable of providing a rehable continuous service
for unattended fan marker mnstallations
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