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TESTS OF THE FIRST MANUFACTURED FAN MARKER

By

W. E, Jackson, P. D. McKeel, and H. I. Metz

SUMMARY

The first commercially-mznufactured fan type marker was in-
stalled in February, 1938, in the vicimty of New Brunswick, N. J., at
light beacon site No. 73, 20 miles ocut on the southwest leg of the
Newark radio range (See Fig. 1). The equipment installed consists of a
counterpoise, directive antenna array, and two crystal-controlled trans-
mitters. One transmitter serves as an automatic standby unit and is
gstarted 1n case of tube or equpment failure of the other. This instal-
lation 18 the first of 22 on Bureau contract No. Ce-2615. Adjustments
and flight tests were made in the period between February 14 and March
12, 1938. The marker was commissioned on March 2, 1938, for continuous

operation,

INTRODUCTION

The development of fan type ultra-high frequency markers for
use ag fixes and let—down aids in airways traffic control was covered in
two reports recently released by the Safety and Plannming Divasion.#* The
develorment of these markers was accomplished at Washington, D. Ce. and
Bowie, Md., 1n 1936 and 1937.
#Report No. 5 — Development of Fan Type Ultra-High Frequency Radio

Markers as a Traffic Control and Let-Down Aid.

Report No. l4— Development of an Improved Ultra-High Frequency Fan
Marker.
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The first installation of commercially-made fan marker equip-
ment was made at New Brunswick for two reasons. First, the site was near
the manufacturer's plant (New York) and was easily accessible. It 1s
about 200 feet from U, S. Route No. 1, and is only a few thousand feet
from the intersection of Routes Nos. 1 and 25. Thus the work at this
gite could be efficiently handled., Second, a large amount of scheduled
airline traffic, Army, Navy, and itinerant flights pass this site daily.
Therefore, the marker could be observed convenlently and studied at once

by the majority of those concermed with the marker installation program.

APPARATUS

The equrpment installed at New Brunswick consists of the mark-
er antenna and counterpoise, the transmssion line, and the transmtter
house containing two transmtters. This egquipment 1s clearly shown 1n
the photographs, Figs. 2 to 8, inclusive., These photographs show the
relative position of the equipment with respect to the 90-foot beacon
light tower. Drawmings 9 to 1l inclusive give the exact dimensions of
the equapment installed and the position wath respect to the tower. The
two transmitters are of identacal comstruction, and when properly adjust-
ed are each capable of producing a 100-watt 75-megacycle carrier with
100 per cent modulation at 3000 cycles. Both umits are permanently con-
nected to the transmssion line, and by means of an auntomatic monitoring
and switching device, power 15 removed from the regular channel and the
standby equipment i1s caused to operate. The tranamtter detaxls are
shown 1n photographs, Figs. 12, 13, and 1l4.

N5-31, a fabric-covered Fairchild monoplane, used in some of

the flights during earlier fan marker development at Washington, was
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available for flight checking of the new marker ipstallation, The alrcraft
recelving antenna arrangement 1s shown in Fig, 15, A Bureau type RUD mark-
er receiver and a Bureau experimental crystal—controlled superheterodyne
receiver were available for the flights. Neather of these receivers con-
form entirely wath the specafilcations for the typs of receiver which even-
tually will be made standard for marker reception on transport aireraft.
The RUD receiver, Fig. 16, 1s of the detector-amplifier type amd has been
described in the Air Commerce Bulletin.% Its cireuit diagram 13 gaven in
Fig. 17. The radio frequency selectivity of the receiver 1s inherently
poor. The circwits overload tremendeously when the strong central portion
of the marker signal pattern 18 encountered. These faults, however, do not
affect the reliability of the receiver or the minimum signal which will
light the marker indicator lamp; they merely affect the relation between
the true maxamum 8ignal strength and that indicated on the recordings taken
during flaights. The use of this receiver to determine size and shape of
fan marker patterns, therefore, was considered satisfactory. The super-
heterodyne receiver, having been constructed wmath the same audio and output
circuit as the RUD receiver, possesses the same general overloading fea-
tures.

The RUD receiver was used throughout the New Brunswick tests.
The recordings of receiver output made during these tesis are consequently
lnaccurate with respect to signal amplitude on flights near the station
where overloading occurs, except on certain flights during which the re-
ceiver was intentionally rendered less sensitive in order to avoid thas

overloading. The graphic recording equipment consisted of a standard

#'Cone aof Silence Markers Identify Exact Locatioms of Range Stations",
A.C,B. Vol. 8, No. B, page 169, February 15, 1937.
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Esterline Angus (0-5 ma) instrument equipped mith a rectox rectifier and
a single tube input amplifier. The receiver output was connected to a

pair of headphones and the recording amplifier.

TRANSMITTER TESTS
Ground tests conducted prior tc and econcwrrently with the in-
stallation of the equipment at New Brunswick covered the following pointss
1. Investigation of the momaitor control action.
2. Tests on balancing and phasing the antenna system.
3. Tests on operation of the mercury vapor rectifier tubes at
high and low ambient temperatures.

The investigation of the momitor circult was conducted at the
manufacturer's plant 1n which data were taken on the watts output of the
transmitter for normal operating conditions and for the critical comdi-
tiongs at which the automatic monitor transfer circuit should function.
For a grven setting of the momtor current, the point at which the trans-
fer operation takes place was observed for both a reduction of modulation
and a reduction of carrier. These values were observed for line poten-
tlals above and below the narmal 110-volt value and a curve plotted in
Fig. 18. Similar data were taken for other conditions of the monltor cur-
rent, resulting in a series of curves from which it was passible to de—
termine the most desirable setting of the monitord curremt. This wvalue was
foud to be 3.5 ma., and curves of Fig. 18 are based thereon. At this
setting and with normal conditions exdsting in the transmitter, the equip-
ment will not transfer to the standby transmititer untll the supply volt-

age has dropped to a value of about 96 volts. A reduction of 20 per cent

from normal modulation or 50 per cent in the carrier power will cause
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operation of the automatic transfer feature for this monitor adjustment.

From the carrier output cwrves of Fig. 18, one might be led to
belleve that since the carrier ocutput of the transmitter could be réduced
from 100 watte to 50 watts before operation of the automatic transfer
feature takes place, a serlous reductlion in fleld pattern might oeccur
Just prior to opsration of the tranafer, This, however, is not exactly
true, beceuse in taking the curves of carrier output versus tranafer op-
eration, the modulator ocutput was held constant. This means that as the
carrier is reduced below 1ts normal 100 watt value the percentage of
modulation 18 continuously inereasing. The operation of the transfer de-
vice depends upon the rectified audio comp¢nent of the output signal
which is identical to the operation of the receivers used aboard airoraft
1n recelving signals from this marker statiomn. The eperation of the mon-
itor depends, therefore, upen medulated power output of the transmitier
and it may be observed that a redustion of about 20 per cent in this pow-
er will cause operation of the transfer rather than the 50 per cerit as
indicated by the carrier curves of Fig. 18.

An investigation was condusted at the New Brumswick installs-
tion to determine optimum antenna current balance amd transmission line
termination., After adjustments were complested the following antemms cur-

rents were obtained and comsidered satisfactory:

Antenna No. 1 2 3 4 Ratic ¥Min, to Max.
Current 68 84 84, 68 81

The antenna elements are mumbered starting wath the one farthest from

the transmitter. After adjustment of line termination, a line current

having subdtantially uniferm distribution (ratio 11l) was obtained, As
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the transmitters are i1dentacal in construction and are connected to the
antenna by lines which are of equal length, identical operation was ob-
tained from both transmitters. The final arrangement of the antemnme is
illustrated in the photographs of Figm. 4 and 55 the dimensiona and
placement are shown in Figs., 9 and 10,

It was found in the New Brunswick installation that when the
amblent temperature was below about 20 degrees F., the normally idle
gtandby transmitter would not start correctly, The ventllating fans
used 1n these transmtters caused excessiwve circulation of cold air a-
round the mercury vapor rectifier tubes, maintaining the tube at a tem~
perature too low for correct operation, Heaters were installed between
two palrs of rectlfier tubes, and were connected to the power malns
through a 60-degree thermostat, A thermostat was 2lso added to the ven-
t1lating fan motor circuit to prevent 1ts operation when the temperature
dropped below about 70 degrees F. Thus the mercury vapor rectifier
tubes were maintained between about 50 and 70 degrees F. for moderats
changes in ambient temperatures. An investigation wes made 1n coopera-
tion with the manufacturer which resulted in the design of an enclosure
for the rectifier tubes and the installstlion of suitable thermostaticelly-
controlled heaters within the enclosure (See Fig. 19). It was then pos-
g1ble to maintain the tubes within the required temperature limits for
operation 1n ambient temperatures as low as minus 40 degrees F. Suffa-
cient openings were provided 1n the enclosure to allow the ventilating
fan to circulate air arourd the reetifier tubes to prevent their heating
in summer weather beyond the limts prescribed by their manufacturer.
The poaition of the installed enclosure is shown i1n Fig. l4.
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During the development and mamufacture of the transmitting
equipment there was considerable discussion concerming the method of
keying that should be used. Two methods were considered: that of key-
ing the complete output (carrier and modulation), and that of keying
only the modulation, It waa at first considered advisable and desirable
to key the complete output and eliminate all radiation during pericds
when the key 18 open. This would incidentally increase the life of the
transmtting tubes. Tone modulation on the other hand was believed to
be much easier to accomplish, and the power supply surges inherent 1n
carrier kKeying would be avoided. Furthermore, the receivers which wlll
eventually be used with the marker system'willlcontaln a limited AVC
action and 1t was believed they would therefore operate better when on
constant carrier.

The main transmitter at New Brumswick waa arranged for modu-
lation keying and the standby transmtter was connected for carrier, or
complete, keying. In flights made wath the RUD type receiver described
in this report, both typesa of keying appeared to be satisfactory. Only
a glight increase in keying clicks was observed in the carrier type of
keyang. Tests were made later i1n cooperation wath the Bell Telephome
Laboratories using a marker receiver built in accordance with airlines!
specifications which contains a limited AVC action, and from these it
wag apparent that the use of keyed carrier was entirely umsatisfactory.
A slicht elick was heard in the headphones on the break of each dash
for tone keying, but the amplitude of the click was of negligible value.
Using carrier keying, however, the headphone signal appeared to contain

a short dot after the break of each dash, This may have been the result

lasq g

and recording equipment having remained unchanged in the interim. Fig.

20 18 a copy of the recordings, showing only the peak deflections of the
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After the completion of the New Brunswick tests, and while en-
route from Newark to Washington, the relative patternms of the New Brums-
wick and Howie markers were again recorded., On this occasion the
recerver sensitivity was reduced by detuming i1n order to avoid overload-
1ng. Copies of the recordings are reproduced in Fig. 21. The slight
dissimilarity in the shape of these two recordings can be attributed to
the difference i1n altitude between the two flights and difference in the
power output of the two transmitters. The recording of the New Brunas-
wick marker shows definite receiver overloading not present in the Bowie
recording.

A number of flaights were made at New Brumswick, particularly
at 2000~ and 7000-foot altitudes. Flights were also made at other alti-
tudes hetween 500 and 7000 feet, in order to assure a complete explora-
tion of the pattern. The first flights were made wath the receiver
tuned, in order to provade data for plotting the area over which the
marker indicator would 1light. Final flights were made with the recelwver
detuned, to reduce sensitivity, so that a more accurate knowledgs of the
amplitudes and positions of the three radiated lobes could be obtained.
Recordings were made on all flights, bubt not all of them have been used
in this report.

From some of the recordings made with the de-sensitized re-
ceiver, it was possible to determine the relative value of the three
lobes found to exast in the pattern directly over the station. To do
this, the receiver and recorder were returned to the laboratory and were
calibrated against a Ferris signal generator, Model No. 18B, the gener-

ator output being adjusted to give the same recording amplitudes that

were obtained in flight. The ratio of the main lobe to eirther side lobe
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was approximately 7 to 1 microvolts, approaching closely the correct
15 per cent ratio obtained by mathematical analysis of the type of trama-
mtting antenna array used.

The most important feature of the tests at New Brunswick was
the determination of the effect of the 90-foot steel beacon light tower
adjacent to which the marker transmtting antenna is located. The cen-
ter of the antemma array was placed only 39 feet from the center of the
tower base, 1n order that the entire installation would be within the
limits of property already under lease for the beacon light slte, The
vertical patterns shown i1n Figs. 22a and 22b were made from recordings
taken during flights directly over the station at altitules of between
500 and 5000 feet, and with the receiver sensitivity reduced. The pat-—
terns of Fig. 22a were made in southwest flights, and others in north-
eagt flights. These patterns show the relative pesition of the tower
and radiated lobes, from which effects of the proximity of the tower can
be observed., It appears that there 1s only a slight shadowing effect
caused by the tower, It will be noted in Fig. 222 that the small minor
lobe appears on the side where shadowing by the tower might be expected.
In Fig. 22b this same lobe appears larger and almost equal to the ether
minor lobe, The reason for this difference can be explained by a pos-
sible slight leaning of the receivang antenna pattern behind a true ver-
tical line drawn between airplane and earth. There 1s, however, a defi-
mte effect of the tower on the minor lobe and a slight leaming effect
caused by the tower on the main lobe. Neither of these are of any con-
sequence to the performance of the system. The recordings from which
the patterns of Fig. 22 were obtained were copred and are reproduced 1in

Fig., 23. Fig. 23 shows definitely the effect of overleoading of the
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receiver on the recording. The top recording (5000 ft. altitude) appears
to contain three lobes, whereas there 1s but one. The side (mnor) lobes
have diverged and dimimished to an almost imperceptible valus.

In Fig. 24, the relative pattern at 3000 feet altaitude 18 plot-
ted to show the presence of reflections and shadows, and for the study of
the relative position of the minor lobes. It waill be noted from the re-
cordings included 1n Fig, 24 for flight courses northwest 1.5 miles and
northwest 2 miles from the station that there 1s no evidence of irregu—
larities which might be caused by the beacon light tower, The minor
lobes, present in the central portion, are not observed in the flights on
these courses.

From the record data taken at the 7000-foot altitudle, the ap-
proxamate pattern at this altitude was plotted in Fig. 25. The relative
position of the two minor lobes at this altitude 1s shown 1n this figure.
Two of the recordings taken during flights at thls altitude are repro-
duced in Fig, 26. It will be observed that directly over the statlon, the
two minor lobes are very evident, whereas in the flight made é miles on
the southeast side of the station, the pattern is clear and free of the
minor lobes.

From the composite data obtained on all flights made at the New
Brunswick marker, the pattern dimensions in twe vertical planes were
plotted in Fig. 27, In this figure, curve 27a represents, for veriocus
altitudes, the distance in mles to either side of the station wmithin
whaich the signal is strong enough to operate the indicator light. It
represents the number of mles which a ship may be off course and yet Te-
ceive the marker signals. The curve, Fiz. 27b, represents pattern

"thickness" for various altitudes. The "miles through® dimension for
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each altitude 15 based on total operating time of indicator light, includ-
ing operation caused by the two minor lobes. At some altitude the effeet
of the side lobes wall be zero and the time of laghting on such flaghts
directly over the station will depend only upon the extent of the major
lobe. It 13 expected that the effeet of the minor lobes will be insuffi-
cient to operate the indicator light at some altitude above 10,000 feet
for normal receiver sensitivaty. At this altitude, the thickness of the
pattern wall be somewhat decreased, This effect can be observed in exam-
ining the small dotted pattern shown in Fig. 27b. The dotted pattern was
made with the receiver sensitivaty reduced by detuming. Under these con-
ditions the effect of the minor lobes was lost between altitudes of 3000

and 4000 feet.

RESULTS

The operation of the marker at New Brunswick adjacent to the
90-foot beacon light tower seems entirely satisfactory as far as could be
determined from the flights made. A pattern measuring approximately 18
miles on the major axas and 4 mles thick was cbtained at an altitude of
7000 feet which appears to be adequate and satisfactory for itinerant and
scheduled transport use. Omn the basis of the patterns obtained, the pow-
er output and antenna system are considered to be satisfactory. It is
believed that the ceiling or height of the pattern is well over 20,000
feet; however, flights have not yet been made on this type of marker at
altitudes above 13,000 feet, due to lack of aircraft equipped for flight
at higher altitudes.

Some difference of opinion may develop concerning the wmadth-to-

thickness ratio provided by this type of marker, and the ability of the
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pilot to determine accurately his pasition wath a pattern 4 miles thick
at 7000 feet. In the teats conducted by the Bureau with this type of
marker, and with the Z marker, 1t appears desirable to take the time at
which the marker indicator light first comes on, or the first complete
group of flashes, as the indication of position over the station, rather
than %o use an average time of duration of light. The time at which the
indlcator light first flashes is slightly before the ship 1s over the
gstation and the position varies only slightly with altitude, with normal
changes i1n receiver sensitivity, and with transmitter power output. At
any given altitude, the first complete flash group is a rather definite
indication of the ship's entrance in the field pattern of the tranemit-

ter, and the position can be rechecked with reasonable accuracy.

CONCLUSICNS
On the basis of the many tests conducted on the experimental
markers and particularly the tests conducted on the commercial model at
New Brunswick, 1t 1s concluded that:

l. A gatisfactory pattern, in both size and shape, i1s produced by
the equipment being purchased on the exasting contract. This presumes
the use of an antenna on the aireraft having a pattern similar to that
used i1n the Bureau tests, and waith a receiver sensitivity apprommately
equal to that of the RUD receiver (1400 microvolts — measured by direct
comnection to Ferris 18B signal generator) used in the test flights.

2, The operation 18 not impaired appreciably when the tranamitting

antenna 1s placed adjacent to steel beacon light towers or other simlar

metallic objects provided these are in line with the antenna and not to

elther side,
{2498
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3. The use of tone keying 1s satisfactory on this type of marker
for either the type of receiver used in the Bureau tests or for the
type made in accordance with present airiine specifications which pro-
vide for a limited AVC action.

4. The keyang of the transmtter in variocus groups of dashes 1is
& reasonable and simple way to identify the several markers associated
with a given range station.

5. The coperation of the monitor unit which controls the auto-
matic transfer from the regular transmtter to the standby in the event
of failure of the regular untt 18 satisfactory and reliable,

6. The operation of the transmitter, including the automatic
transfer and starting of the standby umit will be satisfactory in lterm-
peratures between the limits of minus 40 and plus 60 degrees C.

7. Operaticn at locations where there 15 considerable fluetuation
in line voltage can be rendered more stable through the use of reliable

automatic line wvoltage regulatora.
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l. Map showing relative position of the New Brunswick fan marker in-
stallation,

2. Photograph — Light beacon tower, transmitter building, and antenna.

3. Photograph — Close-up view of antenna system.

4s Photograph — Close—up view of antenna system from above.

5. Photograph — GClose-up view of antenna system showing supporting
methods,

6. Photograph — TClose-up view of transmission line and details.

7. Photograph — View of typical TZE fan marker transmitter installation.

8. Photograph — View of the two transmitters, showing transmission
line comnection methods.

9. Drawing showing relalive placement of antemma and counterpoise with
regard to beaccon light tower.

10. Drawing givaing exact dimensions of antenna details.

11, Drawing showing position of the two transmitters.

12, Front view, type TZB transmitter.

13, Left side view of type TZB transmtter.

14. Right side view of TZ3 transmitter.

15, Drawing showing the receiving antenna used on airplane NS-31.

16. Photograph — type RUD receiver used in the flight tests.

17. Diagram of the type RUD receiver,

18, Curve of transmitting conditions relative to operation of the auto-

matic monitor change-over device.
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22,

23.

e

25,
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27.
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Sketeh of heating device and enclosure used to maintain correct
temperature on the mercury vapor ractifier tubes.

Craphiec records of two fan marker signals, Bowlie and New Bruns-—
wick, with normal receiver sensitivaty.

Graphic records of two fan marker signalas, Bowie and New Brunswick,
with reduced receiver sensitivaty.

Patterns showing the relatiwve effect of the adjacent 90-foot beacon
light tower.

Graphlc records made with reduced receiver sensltivity and used in
plotting Figs. 22a and 22b.

Pattern and graphic records of signals at 3000 feet altitude show-
ing negligible effect of beacon light tower.

Pattern at 7000 feet altatude showaing the approximate position of
the miner lohes.

Graphic records taken directly over station and at 6 miles southeast
of station at 7000 feet altitude,

Pattern dinensions 1n a vertical plane showing thicknesa and width

of pattern.
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FIG.1G. ULTRA HIGH FREQUENCY MARXER RECEIVER
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RECEIVER OVERLOQAD ZONE
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FIG. 23a MIIES THROUGH PATTERN
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FIG. 23b MIIES THROUGH PATTERN

FIG. 2%. GRAPHIC RECORDS I:ADE WITH REDUCZD RECEIVER SENSITIVITY
AND USED II PLOTTING FIGS. 22a AND 22b
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