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The Development of Fan-Type Ultra-High-Frequency Radio Markers as a
Traffic-Control and Let-Down Aad

\ SUMMARY

The development of “Fan”-type ultra-high-
frequency radio markers by the Bureau of Air
Commerce for use along the airways as an
aid to navigation and for utilization in traffic
control started in the fall of 1936 with the
mstallation of an experimental transmtter and
antenna at the site of the Washington radie
range station A second experimental installa-
tion was made at the site of the Bowie, Md,
Iight beacon 1n October of the same year This
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Figure 1 —Relative patterns at 5,000 feet altitude of
Z- and fan-type markers

beacon 1s located on the northeast leg of the
Washington radio range and at a distance of
17 miles from the range station and the Wash-
ington airport, mdicated on the awrway chart
as Site 57-B  (See fig 1) Fhght tests were
conducted over these markers and the charac-
teristics of the patterns were observed and re-

corded On the basis of the results obtamined,
a contract has been let for the purchase of a
quantity of these markers for installation at
various points throughout the country The
marker equipments being purchased will have
dual transmitters capable of automatically
transferring to stand-by position 10 case of fail-
ure of the regular transmifter, and a special
type of antenna and counterpoise designed to
reduce the detuning effects of changing weather
conditions such as rain, ice, and snow

INTRODUCTION

With the advent of scheduled airhine opera-
tion, particularly with the adoption of the
present traffic control system * by the Buresu of
Air Commerce, there came the need for a posi-
trve means of accurately checking the posmition
ot nircraft when flying by instrument along
the mirways The first and the most obvious
method of determining position adopted by the
airlines was that of locatmg the mtersections
of radio range beams A particular example
ot this 18 encountered 1n flights between Pitts-
hutgh and Washington, 1  which pilots
caleulate their expected time of arrival at
Washington from the time at which they pass
the point where the south leg of the Harrisburg
radio range mtersects their course The south
leg of this range intersects the course in the
vicinuty of Sugar Loaf Mountain  Similar -
tersections exist bhetween other radio range
courses throughout the country, and are plotted
on the aeronautical charts, providing many
“check points” or “fixes” for pilota flying by
ingtrument

In some locations where adequate check
points were not available through mtersections
of range courses, the Bureau has established
facilitzes 1ndirectly providing this service 1In
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some cases these facilities consist of lower
power radio range stations? located along the
course of the main range stations. These me-
dium power range stations are uged to fill in
between the courses of the large terminal
ranges which may become too weak or too wide
because of distance, or where conditions exist
which make accurate flying especially essential.
However, their signals provide a means of
checking position as well. In locations where
the additional range signals are not requirved,
low-powered long-wave transmitters have been
installed to produce a nondirectional marker
signal. These were termed “Class A Mark-
ers” 2 (now Class M), and are receivable on the
same equipment used to receive the main radio
range signals. Numerous experiments were
conducted to determine optimum modulation
frequency, power, and keying intervals for
these markers, and their use as a warning of
obstructions was thoroughly investigated.* - All
such markers operate on the same frequency as
the range station on whose course they are
located. Their signals are received by the pilot
as an interference on the range signal without
need for returning his range receiver. Pro-
vision is also made at these marker stations for
radio telephonic transmission to aircraft on a
common frequency of 278 ke., the latter reply-
ing on high frequency.

As air-line traffic increased, many disadvan-
tages became evident in the use of long waves
for marking purposes. Generally where range
course intersections are used, the accuracy of
the fix is not very great due to the progres-
sive widening of courses with distance. - Furth-
ermore, constant retuning to the frequency of
the intersecting range is necessary unless dupli-
cate range receivers are available. Low-power,
low-frequency marker stations provide only ¢
general check on position since their distance
of receivability is inherently difficult to con-
trol and maintain.* Night effect and differ-
ences in antenna efficiency and in readjustment
of the ship receiver volume control as deter-
mined by the signal strength of the main range
station, which the marker beacon supplements,
all affect the distance over which the marker

is heard. The use of ultra-high frequency to
provide a suitable stable elliptical or fan-shaped
pattern was considered, and the development
conducted along this line is described in this
report.

APPARATUS

The first use of ultra-high frequencies for
marker service by the Bureau was in 1935 when
several of the major air terminal range stations
were equipped with transmitter and antenna
capable of producing an inverted vertical cone
of signal ® to afford the pilot a positive warn-
ing of his arrival over the range station and

7

Figure 2.—Original Ultra-high-frequeney marker
transmitter.

to supplement the use of the cone of silence®
which otherwise provides the only such indica-
tion. ~One of these transmitters was converted
in the fall of 1936 for use in the development
of a fan-type marker which would give an ellip-
tical instead of circular pattern for use along
the airways to provide aircraft with an accurate
“fix” where required. - The original transmitter,
shown in figure 2, was modified to contain a
pair of Eimac 150-T tubes connected as a simple
push-pull 75-megacycle oscillator with long line
frequency control. A schematic diagram is
given in figure 8. The filaments were heated
with 60-cycle power, and the plates were con-
nected to a 890-cycle motor-generator through
a step-up transformer as shown in the diagram.



The output of the transmitter was coupled
through a two-conductor transmission line to
an antenna array consisting of four half-wave
doublets in line end to end and spaced a quarter-
wave above ground. A temporary installation
was made at the site of the Washington Airway
Radio Range Station, Hunters Point, Va., and
later moved to the site of the Bowie, Md., light
beacon. The installation at Bowie is shown in
figure 4. The motor-generator used to supply
the 890-cycle plate power was located in a small
7" by 7’ frame building placed inside the base
of the beacon light tower. In February 1937,
a new motor-generator was installed to produce
3000-cycle plate power. Three thousand cycles
was selected to provide a marker tone distinctive
in contrast to the 1020-cycle tone of the range
and one that could be filtered easily from
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Figure 3.—THL 75-Mc. marker transmitter.

Figure 4.—Original fan marker installation at Bowie, Md.



unwanted ultra-ligh-frequency signals  An
agreement was 1eached by the Radio Technical
Committee for Aeronautics in May 1936, estab-
hishing 3000 cycles as the desired marker modu-
lation frequency” In April 1937, the Bureau
completed and installed a crystal-controlled
transmitter at the Bowie marker The originel
antenna system was retained and the transmis-
sion lime was extended to the new transmitter
n the building in the beacon tower base  Con-
tinuous operation has been maintained singe
October 1936
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The e<sentials of the recerier used m con-
nection wath the flight testing of the marker
were descrbed mn Vol 8, No 8, February 1837
1ssue of the Air Commerce Bulletm® A view
of this receiver 1s shown in figure 5 It con-
sists of o grid leak detector and audio amphi-
fier with an output band pass filter, a diode
rectifier and a sensitive d ¢ relay ‘The re-
celving antenna, as shown in figure 6, consists
of a single wire antenna supported longitudi-

Figure 5 —Type RUD marker receiver

nally beneath the belly of the ship A 6-volt to
200-volt dynamotor 15 used with the receiver

Both aural and wvisual indications are pro-
vided for the pilot mm the ship A 12-volt
white lamp 15 provided on the mstrument
panel to be controlled by the d ¢ relay The
awrel output of the receiver 13 connected
through a switch to the plane’s regular hend-
phone jack circutt so that the marker signal
wlone cen be heard or it can be superiumposed
on the range signal if desired

In the recordings of figures 8 10, and 11,
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the center portion 1z somewhat flattened he-
cause of receiver overloading Actually the
center lobe 15 much stronger than the side lobes
and not equal to the side lobes as shown 1n the
recordings

Thres different airplanes have been used in
tests of fun markers, these were (1) NS-62 a
4-place, fabric, lugh-wing Stmson monoplane
(2) NS-31, a 2-place, fabric, high-wing Fair-
child monoplane, (3} N8-1, a twin-motor, low-



wing, all-metal Lockheed Electra transport
Belly antennas were used on all three of these
ships
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Figure 6 —Marker receiving antenna—NS-31

TESTS

The tests with the initial set-up at the site
of the Washington Radio Range Station mdi-
cated that a switable elliptical field pattern
could be obtamed with a transmtting antenna
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four-element array, according to both theory
and observation, produces three lobes of radia-
tion (fiz 8) whereas only one lobe 18 observed
for the two-element array However, 1t was
observed that the three lobes are very closely
spaced and 1n passing from one to another the
period during which the marker imdicator
lamp 18 out 15 relatively small Furthermore,
the two outer lobes are present only in the zone
directly above the transmitting antenna The
recording (fiz 8) made on a flight directly over
the station shows the lobes very defimitely
whereas a smmalar and parallel fhight (fig 9)

DIRECTION OF
FLIGHT

Figure 8 —Recording of flight over fan marker—Alt1-
tude 3,000 feet
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Figure 7 —Relative patterns for two types of transmitting antenna arrays.

array consisting of four half-wave elements
arranged 1n hine end to end, spaced one-quarter
wavelength above ground and excited 1n phase
A aimpler antenne, consisting of only two half-
wave elements, was tried and a comparison of
patterns obtained 1s shown in figure 7 The
desired pattern for fan markers 1s one having
greatest length and mimimum width, or thick-
ness The ratio of length to width for the
four-element array 1s 11 to 3 compared with
about 8 to 3 for the two-element array The

made 2 8 miles to the right of the station shows
no lobes It was believed that, regardless of
1ts greater size and lobes, the use of the four-
element array was justified All subsequent

DIRECTION OF
FLIGHT

A

Figure 9 —Recording of flights over fan marker 2.8
miles eant of station—Altitade 3,000 feei-
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tests, therefole, were conducted with a four-
element array

When the mstallatton was mode at Bowie
Md akeymmg device arranged to send the letter
M (two dashes — ) 1n continuons succession,
was connected to the transmitter  This was
done primarils to male this fan marker eamly
distingmishable from (he unkeyed Z marker at
ihe Waslungton Range Station It was found
to accomplish 1ts putpose with remai kable con-
trast, and 1 addition 1t almost eliminated the
noticeables effect of lobes at altitudes of less than
about 3,000 feet (See ig 10) At lngher al-
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Figure 10 —Recordings of flights over fan marker,
keyed sipgnals

titudes, up to about 7,000 feet, the briet dead
spots betwneen lobes ure not considered objec-
tionable  (Sce fig 11) Aboie about 7,000 feet
the amplitude of the side lobes 15 below that
whicl wall operate the marker lamp so that only
the steady sigual of the mam lobe 15 obtamned
Regording these lobes 1 a useful sense. 1t has
been possible 1 flights to determime relative
Iaternl position and to check the accuracy of the
radio 1ange course because the “outs,” or dead
spots are found only over the station and not
on either side  Flights wete made up to 13,000
feet, and satisfactory results were ohtained

G

With1egard to the key ing of [he-e mailers, 1t
was considered poseible to 1ender additional sid
ro navigation and facilitale tiaffic control by
Lesmg each of the several makers associated
with a grien range station with a different
rrouping of dashes  Simce there are four
courses to be marked for cach 1adwo 1ange sta-
tion, the four fan mairker~ can be keyed aceo d-
Ingly m ene two, three, and four dash groups
Having a prescribed standard manner of ar-
tangimg these fan markers, it would then be
possible to Imow positively on which leg of the
range the ship 1s flying

The airplane i which fhight testing was
started was observed to have greater receiving
senat1vity from one side than from the other
This effect was observed on flights at consid-
erable distances to the right or left side of the
marker transmitter and at the lower altitudes
where the received waie approaches at a small
angle to the wings This wa~ a {abiie covered
iour place Stincon (NS-02)  The wings and
Innding geat were not Lelicved to be causig
difficulty, masmuch as bolly <1des me symmet-
1cal  The unshielded lead-in from the antenna
was riplaced by one with a metullic shield after
which approximately  ~yuunetiical recerving
chatncteristics wete obtammed  Later a fine-
mesh screen was Installed on the belly of the
ship and grounded to 1t, and although a shght
unbalance remamed, 1t was considered of no
setlous consequence It 1s helieved that the
position of the recerver and other paris in the
ship contmbute most to the dissymmetry

NS-31, a fabric-covered iwo-place Fairehild
airplane was equipped with a marker recerver
and used for a large numbe of fhght checks
Some dissymmet1y was noted 1 the receiving
cemsifivity of this ship m addition, a pro-
nounded flutter m the maiker tone and light was
observed This was found to be cansed by vib1a-
tron of control cables and other paits mside the
ship adjacent to the belly antenna
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Figure 11 —Recording of fhght over fan marker—Altitude 6,000 feet



NS-1, a low wing all-metal twin motor Lock-
heed Electra was also equipped for marker tests
and various recerving antennastried Two belly
antennas were originally mstalled on this ship
directly between the wheels and 24 mnches from
the belly of the ship The two were parallel
and spaced 15 inches apart One was used fora
low-frequency range beacon recerver, the other
for the ultrn-high-frequency marker receiver
Flights were made using two different antenno
lengths and with several spacings between an-
tenoe and the belly of the ship It appeared
that a spacing of 24 mches from the belly was
superior to anything less, both for fan and Z
marker reception The length of €95 1nches
was found to give shghtly better performance
than a length of 73 mnches A 78-inch antenne
with an insalator at 1ts middle and the shield
and conductor of a low 1mpedance concentric
transmission line lead-n connected respectively
to the forward and after sections (see fig 6)
was found superior to a contmuous half-wave
antennu  The presence of the parnllel beacon
antenna did not appear to cause dufficulty with
operation of the marker antenna

An extensive study of recelvers was conducted
during the marker development The detecto
and amplifier crcunt as used m tecerver, igure 5,
was developecd because of 1s Light weight, sim-
plicity, and compactness In the bheginning,
when the transmitters were not crystal-con-
trolled, 1t was necessary to have a broadly tuned
radio-frequency circmit  Selectivity was ob-
tamned mostly through the uce of a 3000-cycle
audio output filter The cirewits were arranged
so us to give mimmum change of sensitivity
with variation of the 12-volt supply voltuge A
relay was finally chosen to operate the mgnal
lamp on the instrument panel of the ship, after
a number of other possible ways of providing
visual 1indication were investigated

The use of a type-885 tube was tried 1n place
of arelay This tube becomes very conductive
when 1ts grid voltage 1s made slightly positive
A Neon-type mdicator tube was used waith the
885 tube Whale correct operation was obtained
with this combmation, 1t was found that
lighting of the mdicator was more affected by

extraneous interference and the sensitivity was
not constant for variations of amhient tem-
peratures, and receiver plate voltages Also
the filament current of the 885 tube 15 very
hgh, causmg the marker recewver to exert a
considerable load on the nirplane battery

The Neon indicator was onee considered de-
suable because of 1ts color and shape, but was
abandoned for the following reasons (1) Its
ability to hght mstantaneously makes 1t a poor
discriminator of noise, {(2) the standard lamps
available require considerable space for mount-
g, (3) they requre a high voltage for opera-
tton and when used with blind Ianding the
Iighting of the Neon light from the receiver
plate voltage causes a transient i the ghide-
path eircuit, (4) a rise 1n receiver plate voltage
may cause the lamp to retamn a partial glow 1f
1t 19 used with a type-885 tube The use of the
Neon tube with a relay was discarded for
1ensons (1), (2), ond (3) above

A “mugic eye” type of tube wus 1nvestigated,
but the colo {green) was not desirable and the
1llummation 1nadequate High plate voltage
wag Tequired for this tube 1 addition to fila-
ment power

The advantages presented for the 12-volt
type stundard indicator lamp were

4 It can be mounted between 1nstiuments
on nstrument panel

b There 13 momentary delay 1n 1ts hghting
that makes 1t less subject to highting by extran-
eous mfluences

¢ It 1s standard and readily obtainable

d It requres no special voltages

It was for these rensons that the use of thas
type of lamp was adopted for all subsequent
Tecelvers made by the Bureau for experimental
marker service

The Bureau developed and tested a crystal-
controlled superheterodyne recerver suitable for
marker reception  This receiver was somewhat
larger and heavier and many times more com-
pheated electrically than the original type em-
ploymg simple detector, but 1its development
was necessitated by the fact that the assignment
of radio-frequency channels within half a mega-
cyele of the marker frequency was predicted



To obtain discrimination ngainst these adjacent
asgignments, 1t 1s obvicusly necessary to resort
to a more selective receiver. The entire system
of receivers and transmitters must be completely
standardized and stabilized with regard to fre-
quency and to do this, the use of crystal control
hag been adopted. The crystal-controlled re-
ceiver wag not flight checked, but sufficient data
were gecured in the laboratory to permit writing
a specification from which a quantity of
receivers will be purchased.

The use of 3000-cycle tone modulation of
marker transmitters made it possible for both
marker and range signals to be heard simul-
tancously in the headphones without appreci-
able cross interference or confusion,

RESULTS

Although several refinemenis remain to be
tested, it is believed that sufficient knowledge
has been obtained to predict satisfactory
gervice operation of ultra-high-frequency fan-
type markers. The lmowledge gained can be
summarized as follows:

1. A vertical fan-shaped wall of signal with
an elliptical cross section, suitable for marking
on radio range courses and for the proper con-
trol of alrway traffic can be produced relinbly
by an array of four half-wave doublets in Ime,
spaced 14 wavelength above ground and excited
in phase.

2. The shape of the pattern in cross section
at 5,000 feet altitude is elliptical and has dimen-
stons in the horizontal plane approximately 12
by 3 miles. Larger patterns of proportionate
dimensions are obtainable through the use of
more transmitter power or greater receiver
sensitivity.

3. A transmitter power output between 100
and 150 watts will cover all ordinary fan
marker requirements.

4. Marker signals can be properly received in
aircraft through the use of a half-wave belly
antenna and a receiver having a sensitivity
of 1400 microvolts.*

5. The antenna system can be placed as close
as 100 feet to an airway beacon light or similar

*Meagured by direet connpectlon to a Ferria Microvolter,
type 183, 80 percent modulation.

metallic structure without causing serious dis-
tortion to the pattern. Less than 100 feet spac-
ing is being investigated at a new instaliation
at New Brunswicl, N. J.

6. These markers have not yet been installed
in mountainous terrain; however, mowledge at
hand would indicate that no difficulty would be
encountered if these markers were properly
located, that is, located away from deep ravines
and placed where the antenna is well within the
line of sight to an airplane within the area to
be served.

7. Proper spacing of these markers from the
range station for air traffic control purposes will
depend upon terrain and traffic operating
conditions, and will vary from about 10 to 40
miles.

8. The keying of the signal in dashes to iden-
tify the particular leg of the range and to
differentiate this marker from the Z marker is
highly desirable.

9. The cost for each complete fan-type marker
installation in quantities of 23 with an auto-
matic stand-by transmitter and shelter is
approximately $3,500.00.

CONCLUSIONS

It is concluded :

1. That if several, or all, of the Bureau patrol
and radio atreraft are equipped with cyystal-
controlled superheterodyne receivers and rouline
flight checks started throughout the country,
much information on the stability of these
marker systems under adverse weather condi-
tions can be determined.

2. That the use of a shelter over the trans-
mitting antenna system should be investigated
as an alternate to the screen counterpoise in
places where there is little or no snow. The
shelter would probably be a frame enclosure
measuring 6 feet high, 4 feet wide and 30 feet
long.

3. That routine flight checking of markers
should be continued throughout the winter to
obtain information on operation in all extremes
of weather including snow through and after
anow gtorms.



4. That means should be provided at each
fan marker gite to advise the pilot visually or
aurally whether or not the regular marker
transmitter has for any reason become inopera-
tive. A visual or aural method would permit
Burean patrol pilots to observe this also, saving
much time in ordering maintenance men to these
remote marker sites when failures occur.

5. That provisions for monitoring the cutput
gignal should be investigated.
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6. That tests should be continued to determine
whether or not these marker systems can be
placed less than 100 feet from light beacon
towers, preferably on the same 100-foot plot of
ground containing the light beacon.

7. That flight tests should be conducted at
higher altitudes to determine the utility of these
marlkers in substratosphere flying.

N\}l\l—RADIO RANGE ON COURSE

N \
NN\ 3000 FT. ALTITUDE
3000 FT.ALTITUDE

Q00T
ALTET
RKER
N, X(i/
NN

\\\

APPROXIMATE GROSS@AL PATTERNE AT 3 ALTITUDES

[N

H -
oinection | @
. OGFHT ! w RADIC RANGE
L w “ON GOURSE“ ZONE.
10,000 @
=
o4
wanked Pf° d
3 2z 0 1 2z 5 6 r 0 z r 3
MILES MILES LEFT MILES RIGHT
RELATIVE DISTANCE THRODUGH APPROXIMATE WIDTH OF PATTERN WITH RESPECT TO RADIO RANGE
CENTER.

Figure 12.—Patterns of fan marker hased on data taken at Bowie, Md.
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