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THE DEVELOFMENT OF
AN TMPROVED ULTRA-HIGH FREQUENCY RADIO FAN MARKER

by
P. D. McKeel, J. M. Iee, and H. I. Metz

SUMMARY

An antemma system, similar to the fowr-element array des-
eribed 1n Safety and Planning Division Report No. 5, except operating
above a waire mesh counterpoise, was installed and tested at the Bowie,
Md., light beacon. TImprovements in the methed of conducting energy
from the transmtter to the antemna were i1ncorporated in this installa-
tion., The system was found to produce patterns equivalent to those
measured for the former anterma and to be relatively free of varlatlons

caused by snow, sleet, or growth of wvegetation,

INTRODUCTION

The baslic development of the fan type marker, which began in
1936, was described in Report No. 5 of the Safety and Planning Division.#
In this reporl, experimental data were pressnted in which 1t was shown
that a field pattern of suitable extent and shape could be produced by
the use of four 1/2 wavelength antenna elements in line exvited in phase
and spaced 1/4 wavelength above level earth., The experimental results
are in general agreement with the theoretical pattern produced by an
array of this type. The calculated radiation patterts for the four-element

array and the simpler two—element array are shown in figure 1. Previous

#Report No. 5, "The development of a fan type uwltra-high frequency
radio marker", January - 1938,
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tests indicated that the power required for the desired patternm was
between 100 and 150 watts. There remained, however, tests to be con-
ducted on the use of a wire mesh counterpoise which would act ag a re-
flector for the antenna system and protect the radiated pattern shape
from changes that might be expected as the result of the growth of vege-
tation and accumulation of snow. In addition to the antenna system,

1t was also necessary to develop and test means for conducting energy
from the transmitter to ihe antenna system with protection from these
same slements and with minimum loss. This report describes the tests
conducted on the improved antemna system located at Bowie, Md., and

illustrates wath recordings and curves the satisfactory results obtained.

APPARATUS

A complete four-element antemma system was constructed using
7/8 inch (0.D,) rigld copper tubing supported by 6-inch standoff in-
sulators at the top of 6" x 6" woed posts. The height of the antemma
elements above ground wag made 3/4 wavelength in order to allow con—
venlent construction of the counterpoise at a distance of 1/4 wavelength
below the antenma. The height of the counterpoise above ground 15 de—
termined by local conditions (growth of vegetation, smowfall and natural
slope of terrain), which for this locality demanded an elevation of ap-
proximately 6 feet or 1/2 wavelength. All insulators supporting the
anterma system were placed at points of minimm voltage. The antenna
posts were roofed away from the side containing the antenna imsulators,
to mnimze sleet formation on that side of the post.

Two simple methods are available for exciting the antermas 1n

phage. One is shown in Fig, 2 (&), in which the several antenmas are
/bré
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fed ip pairs. This necessitates a more complicated transmisslon line
structure than the final design shown in Fig. 2 (B), which takes the
equivalent form of two antemnas, each 3/2 wavelepgthe long, fed from a
single line. The middle 1/2 wavelength section of each of the 3/2 wave—
length antemnap is feolded, to prevemt radiation frem the out-of-phass
section, giving the effect of four 1/2 wavelength antemnas in line, fed
in phase. The direction of the instantanecus currents 1s indicated by
the arrows in Fig. 2. Fhotograph, Fig. 3, showa the arrangement of the
line at the antenna.
Counterpoise

The mechanical conatruction of the counterpoise is shomn in
the drawing Fig. 4, and in the photographs, Figs. 5, 6, and 7. Iis
orientation and position with respect to the beaccon light tower 1s
given in Fig., 8. The structure is made entirely of wood, the counter—
polee supporting posts being 4™ x 4%, the antenna supperting posts
6" x 6%, and all other framework 2% x 4". The 2x4's were placed on
edge to minimlze accumulation of snow er sleet on the counterpolsze, and
to provide minimum sag between supporting posts. The entire structure
is covered with a 3% x 3 mesh of mmber 13 galvanized wire sereen.
The center of the system is placed 1/2 wavelength (78.74 inchas) above
ground. Due to the slops of the ground, this diatance from counter-
polse to ground varies from 4 to 8 feehk. Copper ground siraps ome imnch
wide by 0.020 inches thick were added to comnect the counterpeise soreem
to ground at all posta (16), simlating e metal counterpcise framework.
Trangmission line

The twe—wire transmission line is made of 1/2 inch cutside

dismeter hard copper tubing, spaced one inch on centers, and enclesed in

g
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a 3" x 3" copper duct. The duct provides a shield for the line, and
gliminates the éffects of changing weather conditions and vegetation on
the characteristics of the line. The lines are supported symmetrically
in the copper duct by standoff insulators, mounted .on 3-inch square
bakelite bases, at intervals of approxamately é feet. The transmission
line duet ia comnected to the tranamltter frame and to the counterpoise
and is grounded every 8 feet throughout its length. The closure for
the counterpoise end of the line is roofed to minimiza the collestion
of snow and ice, The details are shown in Figa, 3 and 4.
Iransmitter

The tranamtter used in these tests wam the mame one that was
uged for the concluding tests of the former antenna array and mentiomed
in Report No. 5. A block didgram of this transmitter is given in Fig,
9. The transmitter is a type TXI, crystal comtrolled, 100 watt unit,
operating at 75 megacycles, The crystal is of the low temperature co-
effielent +ype, operating in a crystal dynatron cireuit. The fourth
harmonie (18.75 megacycles) derived directly from the 57 crystal cir-
cuit 1s then doubled again in an RK-23 tube, and is amplified by a sec—
ond RE-23, which delivers sufficient power at 37.5 megacyeles to excite
the succeeding stage. Following the 37,5 megacycle exclter stage, a
type 304-B tube doubles the frequency to 75 megacysles, after which it
is amplified in a second type 304-B tube to drive two type 304-B tubes
in push-pull as a pewsr amplifier. High efficilemcy tank circuits, com-
pipting of "halr—pin coils® tuned with "ple—plate® condensers, result

in a power amplifier plate efficiency of the order of 60 per cent whem

delivering 100 watts of pawer at 75 megacytles.
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The modulator consists of two type 838 tubes inm class B, ex~
clited by two type 243 tubes, and it delivers ample power to modulate
fully the power amplifier., A veouum tube esoillator, operating at 3000
gyoles, furnisghes the tone used to modulate the transmitier. Thia toms
18 keyed with the characteristic identification gignal, which i@ a sun—
gession of dashen.

High voltage direct current for plate power ls supplied by
two mercury vapor rectifiers. The powsr supply to the transmitter is
110 volts, 60 oyele, =ingle phase.

A mingle transmitter was used in this experimental installa-
tion. ITta operation was studied to obtaln information from which speci-
ficationg for the fimal units could be written. Six months of conm—
timuous operation have shomn that, although mére tubes are necessary In
a crystal controlled tranasmltter, careful design and dual automatic
tranamitters will provide ihe neceasary reliabllity for umattended opers~

tieom.

TESTS AND RE3ULTS
thod o antenna 1

The neasurement of current at ultra-high frequencies ig &
difficult problem, and this is especlally true of the ¢uwrrent in a con-
duoctor such ag an antemna, where hlgh polentials may be encowmtered.
The meter may indicate & radiation current in addition to the desired
cuwrrent. If the meter im placed at a polmt of low potential, the indi-—
cations, however, are sufficlently accurate, Sinee it 13 not convenient
to comect the meter directly in the entenna, a pensitive meter may be

sirnted across a section of the anterma, ag illustrated in Fig. 104, or
flegs



eoupled te the anterma, as illugtrated in Fig. 10B. The latter methed
iz, of coursa, much more sensitive., The former method (Fig. 104) ia
sore rugged and was used for mest of the readings presented in this re-
port.

It was found that the position of the meter op the antenna
had an effect on its readipg. If the grownd terminal of the meter was
Pleced on the end of the antenna, a current indication resulted; while
if the "hot® terminal of the meter was placed at the end, a zerv reading
wag obtained, It was evident from this that the position of the minimm
cwrrent could not be determined accurately. Sinte the high potential
fisld was no doubt responsible fer this dlscrepancy, all anterna measure—
mente were baged omn the polnts of maximm current. Fig. 11 iz z plot of
the ewrrent readings taken on ome of the antennam, curve (A) being takem
from one side, and curve (B) takenm from the oppesite side. This curve
indicates the displacement of the current maxisum, depending on the man—
ner in which the meter wag commected. The point of current maxiuwm was
taken ag the point at which the meter would give the same reading from
elther side of the antenna, Indicated 2e Ax® inm Fig. L.

The point of current maximm for the end antemmas wez found to
be 90 eentimeters from the end, or 0.9 of a quarter wavelength. Dus to
the physical shape of the phasing sections (the folded 1/2 wavelength
section), the cwrrent maximmm on them could net be determined. 7Ths posi-
tiom of the cerrent maxiwme on the inner antemmas eould be shifted by

changing tha length of the phasing sectiem. The position of the current

maximum om the end antenna wag mot affected by the length of the phasing
/Hégé
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section. It was felt that the anterma should act as a folded wire
antemma, the length of the sections (aside from the 1/4 wavelength
gection at the end) being full 1/2 wavelength. This was checked by
stretching the complete antenna system into a straight line and deter-
mining the position of maximm current. Measurements thus taken bore
out this assumption, and the elements were made full 1/2 wavelength,
excopt the end amtennas, which were made 0.95 x 1/2 wavelength (1/4
wavelenkth plus 0.9 x 1/4 wavelength)., Fig. 12 18 a drawing showing
the lengths of the various elements and the position of curremt maxi-
mume .

Line termination

When a transmissicn line is coupled to a load, the impedance
of which is other than the c¢heracteristic impedance of the line, reflee—
tions eccur and standing wawves are produced aleng the line, The imped-
ance of the trarsmission line enclesed in a 3" x 3% copper duct am used
in thie installation is appromimately 125 chms. When thip lipe is
coupled te the antemma at a high voltage point, or peint of high imped-
apce, 8 mis-match occurs and standing waves appear on the llne. Thia
will have several effects: (1) loss of power due to the standing wave
on the line, (2) inefficilent transfer of power to the antemma if the
transmission line is not tuned, (3) unstable line eonditions which may
damage tubes in the transmitter. The lagt ltem is the most sericus in
this installation. A line which hag a standing wave op 1t may appear at
the sending end as a resistance, imductive reactapce, or capacitive
reactance, depending on the pasition of the standing wave on the line.
Azsuma, Por example, that the line appears at the serding end as a

gapacitive reactance, The effect on the power amplifier tank clrcult

/)’575
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will be that of adding a condenser aeross it. If the line condlitlon
should change ag a result ¢f a change in the load, the value of the
capacitive reactance at the sending end of the transmission line will
change, the power amplifier circuit wmall become detuned, and the tubes
will be damaged dus to excessive plate current. The dstuning effects
are more serious than the changes in transmitter leading, since the
effective capacity changes generally represent an appreciabls preper-
tion of the capacity necessary to tune the power amplifier tank circuita
at these frequsencles. Similar effects are obtalned when the line ap-
pearp as an inductive reactance. The transwitter may be correctly ad-
justed fer any oms line condition, but sinse the llne conditions may
vary as a result of raln or smow on the antenna, the transmitter will
require correspomding readjustment. These effects are particularly um-
déepirable in the case of an umettended transmitter.

If the standing wave 1s removed from the 1line by proper ter—
mination at the antemma, a more stable comditiom will result and normal
changes due to weather will have little effect, and the tranamitter will
remain properly tuned and loaded.

Several methods present themselves for establishing the proper
termination between the line and the load:

(1) A quarter wavelength section of the proper impedance may be

used as a traneformer, the ratio being dependent on the im-

pedance of the line and leoad, and the characteristlic imped-

ance of the mateching section.
{(2) The lime mpacing may bs tapered at the polnt where it comnects
to the load by making the feeder sectiom (line betwsen the

H576
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end of the enclosed section and the antennm) in the shape of
a V.
(3) The use of a reactance in the form of a shorted section of

parallel line, commected to the feeders at the proper point.

¥ethod (1) could not be used 1n this case because the enclosed
line ended several inchea above the counterpelse, making it inconvenient
to nse a full 1/4 wavelength section between the line and the antenna.
Method (2) was used with moderate success}; however, the final matching
wag accomplished by use of method (3).

In attempting to match the antemna to the line by means of a
V-shaped feeder section (method 2), the ratios of Ipay/In;y, on the line
were observed for various separations at the top of the feedera. The
line current was measured by means of a meter and loop of wire coupled
to both lines and maintained at a comgtant spacing from the lines. These
observations were repeated for several lengths of inmer antenna rods.
These data are shown in Fig. 13A. For the several lengths of immer an-
temna, the minjmum line current ratio obtainable was observed and plot-
ted in Fig. 13B. This indicated that the best ratio would be obtained
with an inner antema length of 180 centimeters. Im order to keep the
1nper antenna length as near 1/2 wavelength as pessible, a compromise
was struck at 194 centimeters, which gave a line current ratio of 1.07.
Changing the inner antemna lengths effectively changed the feeding point
and therefore changed the impedance looking into the antenna.

After termination, the currents in the several antemnas were
checked, It was found that all four antemnas had different currenis

(1ine 1 of Table I). Thie was considered undesirable, and an effort was

pade to determine the cause.
//67 4
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Factors affecting antenna current

By means of a potential indicating device, as shown in Fig,
10C, the position of the standing waves on each side of the two-wire
lins could be determined, In this indicator, the tuned carcuit L C U
1s coupled to the line through a small capacity C,, which is the capac-
ity between the wire (I) and the metal cap (Y). If the circuit is tuned
to be capacitive, then there will be little danger of the lime (X) and
the capacity C, acting to rescnate the circuat, The entire unit is em-
closed in a shield and is provided with an insulated handle.

It was found that the positions of the voltage nodes along the
two wires of the line were not exactly opposite, being displaced about
3 centimeters, This was found to be the same distance as the difference
in the length of the lines due to the manner of turning the cormer at (A)
of Fig. 14. The cornmer was turned in the original arrangement as in (A)
of Fig. 14, which made a difference in the length of the two lines.
Changing the construction of the cornmer to that of (B) of Fig. 14 cor-
rected the line lengths and the potential nodes then came opposite each
other, This also resulted i1n a better ratioc of antenna currenta, ams
indicated i1n line 2 of Table I.

It was reasoned that any capacity coupling from the power am—
plifier tank circwat to the line wall caudse 1n-phase currents te flow in
the two lines. The current caused by the inductive coupling between the
power amplifier tank and line acts between the wires, and 1s out—of-phase
on the two conductors. The reaction between the in-phagse and cut-of-
phase current in the line tends to displace the nodel points, anxd causes

an unbalance between the antemns currents. By grounding the voltage
1égd
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nodal point of the coupling ceil, #his im-phase line ewrrent can be
reduced. However, locating the exact nedal point 15 net very conven-
ient. A simpler metheod of remevimg the in-phase curremts is to com-
nect a split stater cendenser acress the line and ground its rotor.

The rotor will be at greund pstential with respect to the out—of—phase
cwrrents amd will aet a8 a capacitive load across the line, the two
capacities being in series. Grounding the rotor will hawve no effect
on the out—of-phaze currents, but the in-phagse currents will then be
shunted te ground through the twe sections of the condenser in paral-
lel. OSince the effectiveness of this path 1s dependent on the ratio of
the impedances of the line beyond the point amd that of the condensers,
the impedance to ground can be reduced by connecting the midpoint of
the condensers to ground thpough a coll ef such inductance to tune to
resonance with ihe split stator condenser. When properly adjusted,
this in-phase trap circuit has a tendency to provide a better balance
between the antermna currenis as shown in line 3 of Table I.

A calculation of the radiation resistance of the antennas
indicates that the resistance of the outer antennas should be less than
that of the lmmer by 23 per ecent, the correspomding curremt, therefore,
Peing groater, Measurements indicate a lower cwrrent im the outer an-
4ennasy. Thims is no doubt due to the phasing sectioms and the msthod of
Teedimg the antennas, sinee only the effect of the mutuzl coupling be-
tween the antennas wes taken into account in the calcvlations,

In an effort to improve the ratio of the currents between the

amtennas, an interesting phenomenon was noted im conmection with tha

phasing sections. It was found that changing the phasing sectiong so

4hat they were vertical above the antemmas improved the ratie by about
egi
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10 per cent (line 4 of Table I); making the phasing sections herizomtal
wap an improvement of about 5 per cemt (lins 5 of Table I). When the
phasing sections were horizomtal, the indicated current maximum was at
the center of the ilmmer antemma. This was considered as the normal con-
ditiom, eince moving the phasing sections to a vertical position, elther
above or belsw the antenna, meved the indicated purrent maximum approxi-
mately ten centimsters either smide of the immer antemna center. This
indicated that possibly a current was being induced in the phasing sec-
tions in such a dirsction as to add to the inmer mntemna current and
subtract from the outer. Neither transposing mer reversing the feeders
had eny appreclable affect. A foldad 1/2 wavelength section in the
shape of an S wag substituted for the phasing sections, Th#s seection
had the same effect ag telking up only a quarier wave, aml the cuwrrent
maxiwum on the irmer anterma moved to the outer end, or 1/} wavelenghh.
No explanation oounld be given for this result,

T™we different spacings fer the phasing sections were tried,
ons 5.4 centimeters, the other 12 centimeters., The clese spacing gave
a slightly better ratio of antonna currents,

Sinee it would not be practical to leave the phasing seetions
vertical above the anterma, dus to the possible interference from the
supperting strueturs, it was decided ‘o make them vertical and below as
shown in Fig. 4. The i1ndicated anterma eurrent maximm was displaced
ten centimeters toward the feederm as shown in Fig. 12. The final indi-

cated antemma current maximums ars shown in line 6 of Table 1.

//574



Final line terminaiion

A shorted section of line was used fer termanatien. The curves
of Fig., 15A were obtained by plotting the line current ratie against the
length of the shorted cection for several pesitions ef the matching seec-
tion, From the minimms of these curves is plotied Fig. 15B, using the
position a8 the variable, Frem these iwo ewrves, it is seen that the
matching section should be 92 eentimeters lomg and placed 30.5 centimeters
from the anterma. Fimal check on the line gave a euwrremt ratie of 1/1

ay closely ag could be measured.

FLIGHT TESTS

Alter completien and adjustment ef the anterma system, flight
tests were conducted in Bureau airplane N§8-31, a high mag fabric meme—
plane. The receiving antemna was a half-wave herizontal deublet stretehed
along the belly of the ship. A shielded coaxial line cermected the an-
tennz to the recelver. The installation 1s shemn in Fig, 16. The re—
ceiver used 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
receiver, using an Esterline—Angus type AW recording milliammeter. Thia
airplane and receiving equipment were used on many ef 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 indrcater lamp
mll light when the signal input to the receiver i1s equivalent to 1300
microvelts (modulated 30 per cent with 3000 cycles) from a Ferrig Micre—
volter. Flights were made at altitudes between 3000 and 11,000 feet, and
for warious pesitions to erther side of the true "on course" over the sta-

tion. From recordings and observations taken dur g these flights, it was
igd
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poggible to determine the relative shape of the field pattern at various
altitudes.

Plan views of the pattern, based on average time of marker sig-
ral operation, are shown in Fig., 18. The relative thicknesm of the pat-
tern obtained from flights directly over the statiswm aleng the trus Mon
course" 1s shown Im Fig. 19, This pattern is alse wased oen average time
of sigmal eperatien. In studyimg curves 18 and 19, it will be observed
that fer the 3000 foot altitudse, the pattern dimensioms are approxi-
mately 12 maleg wmrde and 2,5 miles thick., The relative patterns obtained
for the earlier antemma are reproduced 1m Fig, 20 fer comparison.

Fron the recordings of recelver output taken durimg flights
over this statiem, it 13 pessible te determime the rclative pesition of
the twe miner lebes existing en either side of the main lobe of the trans-
mitted patterm, Thi= was deme and the results are shown im Figs. 21 and
22, Fige 21 represemts flights made im 2 nertheast directiom directly
over the statiem, for altitudes between 300€ and 11,00C feet, The irregu-
larities of the reeordings have been omitted in drawimg the outlines of
both Figs., 21 and 22, te simplify the interpretatlen of the pesitiem of
the twe miner lobes. Tm the central pertien ef the recordings, cemsider—
able irregularity was neted becauss of the everleading of the reeceiver
from the stremg signals ef the majer lobe, These lrregularities did not
affect the determimatiom of actual pattern dimensions or the pesition of
the respective lobes. Fig. 22 shows the relative recordings and lobes
over the statiem fer flights made in the direction cpposite to that of
Fig. 21. It wall ke observed that both figures are fairly symmctrical
with respect to the station, although there 1% a noticeable leaning of

the pattern fer the mortheast flights of Fig. 21, This is less evident

Hbgé
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in the opposite flights of Fig. 22, Sush displacement can be accounted
for partially by the directional charactsristies of the recsiving am-
tenna om the airplane. The recelving characteristic of the alrplane
antenna is known to point =slightly toward the roar of the ship rather
thap directly dowmward.

According to Figs, 21 and 22, it 1= belleved that the effect
of the miner lobe in lighting the indicator lamp on the airplape is lost
at some altitude above 11,000 fest. Since the amplitude of the mimer
lobes is only 15 per cent ¢f that of the major lobe, 1t can be sssumed
that the major lobe extends above amy altitude at which flights of oom-
mercial airoraft; are contemplated.

CONCLUSIONS
In view of the resulis obtaimed, it 1s conoluded that:

1. The vertiocal field patterm cbtained is esasntially the same aa
that obtaimed from cslculatioms assuming a perfect reflector. The sixty
foot high, steel beacen light tower at this site dess net netlcésbly
affect the field pattern.

2, The use of a counterpoise oemsigting of 3% x 3% irem wirs mesh
is a satisfactory stable substitute for ithe actual ground, and the dimen-
slona of 20' x 40 are sufficlient for the fow<elememt array a¥ used for
this service.

3, The counterpoise may be eomecoted to ground st the several wood
supporting posts, indioating that a metal pupporting framework could be
used for this servise.

4 Crystal comtrolled transmitters are practical st thase frequemcies,

//‘7&
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and when uged in duplicate with automatic change—over, are capable of
providing a reliabls contimwous service for mmattended fan marker in-
stallationa,
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TABLE I
ANTENNA RATIO
r
1 2 3 4 I owest/ Ip1 ghest
1. 80 104 108 93 oTh
24 [ 76 | 92 | 95 |78 792
3. 84 106 106 85 792
beo 96 | 106 | 106 | 99 .90
Se 93 109 109 93 .85
6. 115 | 142 | 140 (115 .82

//é,yé



2e

Je

4.

5e

b3

- 18 -

REFERENCES
Report No, 5, Department of Commerce, Bureau of Air Commerce,
Safety and Planning Divasion, M™Report on the Development of
Fan Type Ultra-High Frequency Radic Markers ag a Traffic Com-
trol and Let Down Ald", by H. I. Metz.
"Development of Diretctive Transmitting Antennasg®, by P. S,
Carter, C. W. Hangell, and N. E. Lindenblad, Proc. I.R.E.,
October, 1931.
"The Conduction of High Frequency Oscillatory Energy®; by
H. 0. Roosenstein, Proc. I.R.E., October, 1931.
PRadiation Resistance of Complex Antennas®, by Keikitaire
Tanj, International Seientific Radio Uniocn, General Assembly,
Copenhagen, Denmark, 1921.
"Transmission Lines for Short Wave Radio Systems", by E. J.

Sterba and C. B. Feldman, Proc. I.R.E., July, 1932.



- 19 -

FIGURE INDEX
No.
l. Curve — Calculated field patterns for two- and four-element arrays.

Horizontal 1/2 wavelength elements, 1/4 wavelength above
perfect ground, excited in phase,

Solad 1line — in line with antenna.

Pash line — at right anglea %o antenna,

2. Drawing -— Two methods of exclting four in-line antenpas in phase.

3. FPhoto — Showing method adopted for exelting the antenna system,
Bome, Md,

4a Drawing — Antennea and cownterpoise details.

5. Photo — Side view of Bowme, Md., fan marker anterms and comter-
poise.
6. Photo — Bowie, Md., fan marker antemna teker from beacon tower.

7. FPhoto — Bowie marker installation, Bowle, Md.

8. Drawing — Ground plan layout of experimentsl marker at Bowle, Md,
9. Drawing — Block dlagram of 75 megacycle transmitter — Type TXI.
10. Drawing — Current and potential indicating devices,

1. Curve — Plot of meter readings along an antemna element,
showing the apparent displacement of the current maximmm
by the position of the ground terminal of the meter.

12, Drawing — Antemnna dimensions,
showing the length of the various elements and the positien
of the current mazlmms.

13, Curve — ILine termination by means of a V-shaped feeder section.
A — Ling current ratio ploited against separation at top
of the V¥V for various antenna lengths.
B — Best line current ratio pletted against antemna

length,

l4e Drawing — Methods of comstructing 90 degree bend in tranemission
line.
A — Line lengths unequal,
B — Line lengths equal.

15, Curve — Line termination by means of a shorted section of line.
A — Iaine current ratio plotted against length of shorted
section for various boeitions. Position 1s distance from
the antenna to the matehing ssction.

B — Best line current ratlio plotted against positionm.
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Drawing —

Photo —
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Marker receliving antenna on NS-31.
Ultra-hgh frequency marker receiver, typs RUD.

Patterns showing the approximate area over which marker
gignal operates.

Thickness pattern up te 11,000 feet,

Fan type marker patterns,
based on earlier data without comterpolise system.

Copies of graphic records of northeast flights,
showing presence and position of lobes,

Copies of graphic records of southwest flights,
showing pregence and position of lebeas,






FIG 2A

FIG 2B

FIG, 2. TWO METHODS OF EXCITING FOUR IN-LINE ANTENNAS IN PHASE.
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FIQ. 10, OURRENT AND POTENTIAL INDICATING DEVICES,
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FIG. 14, METHODS OF CONSTRUCTING 90 DZGREE BEND IN TRANSMISSION LINE.
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FIG, "1 ULTRA EIGH FREQUENCY MARKER RECEIVER
TYFE RUD
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