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Tests of the Fuirst Manufactured Fan Marker

SUMMARY

The fiist commercially manntactured fan-
type marker was mstalled m February 1938
m the viconity of New Biunswick, N J  at
lrght beacon site No 73, 20 miles out on the
southwest leg ot the Newark 1adio tange  {See
fhg 1) The equipment mstalled consiste ot
a counterpose, direclive antenna array, and
two crystal-controlled transmitter< One trans-
mitter sers es as an automatic standby unit and 1s
started m case of tube or equipment failure
of the other This mnstallation 18 the first of
22 on Butean conlract No Ce-2815  Adjust-
ments and fhght tests weie made 1 the period
Letween Februaiy 14 and March 12, 1938  The
marker was commissioned on Mareh 2, 1938,
for contmuous operation

INLRODUCTION

The deseloprucnt of fan tvpe ultia Ingl-ite-
quenicy mathers for use as fizes and let-down
aids m anways Gaflic control has been covered
m tworepoitst The development of these mark-
ers was accomplished at Waslungton, D C,
and Bowie, Md , 1n 1936 and 1937

The first mstallation of commmercially made
tan marker equipment was made at New
Biunswick for two reacons Tirst, the ste
wag near the manufacturer’s plant (New
York) and was easily accessible It 1s about
200 feet fiom U 8 Route No 1, and 15 only
a few thousand feet fiom the intersection of
Routes Nog 1 and 25 Thus the work at this
site could be efficiently bandled Second, a
large amount of scheduled airlme traffic,
Armv, Navy, and itinerant flights pass this

1Report No —Development of Fan Type Ultria Thigh Fre
quency Radio Markers as o Traffic Contiol and Tet Down Aid
Tepoit ™o 12—Development ol an Impioved Tutia Iligh
T equency an Marker

(1)

aite darly  Therefore, the marker could be ob-
served conveniently and studied at once by the
majority of those concerned with the marker
mstallation program

APPARATUS

The equipment mstalled at New Brunswick
consists of the marker antenna and counter-
porse, the transmission line, and the trans-
mitter house contaming two (ransmitters
This equipment 15 clearly shown in iigures 2 to 8,
inelusive These pliotographs show the relative
posttion of the equipinent with respect to the 90-
oot beacon ight tower Diawings 9 to 11 mclu-
arve give 1hie exacl dimensions of the equipment
mstalled and the posbon with respect to the
tower 'The two transmitters a1e of identical
comstruchion, and when propetly adjusted ue
ewli capable of producng o 100-wall 7H-magcy -
cle carrier with 100 percent moedulation at 3000
¢ yoles  Both wint- wid permatently connected
to the hansmission line, and by means of an
automatic momtormg and switching device
power 15 1emoved from the regular channel
and the standby equipment 18 caused to oper-
ate The transmitter details are shown 1n
lignres 12, 13 and 14

NS-31 a tfabric-covered Fairchild mono-
plane, used m some of the flights during ear-
lier fan marker development at Washington,
was available for fhight checking of the new
marker installation The aircratt recerving
antenna arrengement 18 shown n figure 15 A
Burean type RUD marker receiver and a Bu-
1eau experimental crystal-controlled super-
heterodyne 1eceiver were avallable for the
flights  Nerther of these receivers conforms
entirely with the specifications for the type of
1ecenner which evenfually will be made stand-
ard for marker reception on transport ancraft
The RUD receiver, figure 16, 18 of the detector-
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amplifier type and has been described in the strong ceniral portion of the marker signal
Air Commerce Bulletin * Its circwit diagram  pattern 1s encountered These faulis, how-
18 given 1n figure 17 The radio-frequency eier, do not affect the rehabhty of the re-
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Figure 1—Map showing position of the New Brunswick fan marker mstallation

selectivity of the teceiver 13 mherently poor  ceiver or the minimum signal which will Light
The circurts overload tremendously when the the marker indicator lamp. they merely affect
—— the relation between the true maxmmum signal
24Cone of Sllenee Markers Identify Fxact Locations of C}tl‘eﬂgth and that indicated on the Iecordmgs

Range Stations,’ A C B Vol 8 Vo 8, page 169, February r

15, 1937 taken durmng flights The use of this receiver



to determine size and shape of fan marker The RUD receiver was used throughout the
patterns, therefore, was considered satisfac- New Brunswick tests. The recordings of re-
tory. The superheterodyne receiver, having ceiver output made during these tests are con-

Figure 2.—Ligh! beacon lower, transini{ter building, and anteuna.

Figure 3.—Antenna system.

been constructed with the same audio and out-  sequently inaccurate with respect to signal am-
put circuit as the RUD receiver, possesses the plitude on flights near the station where over-
same general overloading features. loading occurs, except on certain flights during



which the receiver was intentionally rendered
less sensitive in order to avoid this overloading.
The graphic recording equipment consisted of a
standard Esterline Angus (0-5 ma.) instrument
equipped with a rectox rectifier and a single
tube input amplifier. The receiver output was

connected to a pair of headphones and the
recording amplifier.

data were taken on the watts output of the
transmitter for normal operating conditions and
for the critical conditions at which the auto-
matic monitor transfer circuit should function.
For a given setting of the monitor current, the
point at which the transfer operation takes
place was observed for both a reduction of mod-
ulation and a reduction of carrier. These values

Figure 4 —Antenna system from fower.

TRANSMITTER TESTS

Ground tests conducted prior to and concur-
rently with the installation of the equipment at
New Brunswick covered the following points:

1. Investigation of the monitor control action.

2. Tests on balancing and phasing the an-
tenna system.

3. Tests on operation of the mercury vapor
rectifier tubes at high and low ambient
temperatures.

The investigation of the monitor circuit was

conducted at the manufacturer’s plant in which

were observed for line potentials above and be-
low the normal 110-volt value and a curve
plotted in figure 18. Similar data were taken
for other conditions of the monitor current,
resulting in a series of curves from which it was
possible to determine the most desirable setting
of the monitor current. This value was found
to be 3.5 ma., and curves of figure 18 are based
thereon. At this setting and with normal con-
ditions existing in the transmitter, the equip-
ment will not transfer to the standby trans-
mitter until the supply voltage has dropped to a



value of about 96 volts. A reduction of 20 per-
cent from normal modulation or 50 percent in
the carrier power will cause operation of the
feature for this monitor

R N B i — ~
autlomatic uransier
adjustment.

From the carrier output curves of ﬁornrp

18, one might be led to beheve that since the
carrier output of the transmitter could be re-

duced from 100 watts to 50 walts before opera-
tion of the automatic transfer feature takes
place, a serious reduction in ﬁeld p‘lttern night
US" nr1nr to ope

ration

oceuy .
This, howe\ er, is not- exactly true, because in
taking the curves of carrier output versus
transfer operation, the modulator output was
held constant. This means that as the carrier
is reduced below its normal 100-watt value the
pelcent(luo of moduldtlon 18 cmltmuously in-

any ot tha
Lr

.n“,-ﬂ PN
LIOT O l,llC alisSier uUV k/t:

e rectified audio component of

[a }

the output signal which is identical to the
operation of the receivers used aboard aircraft
in receiving signals from this marker station.
The operation of the monitor depends, there-
fore, upon modulated power output of the
h"mnmtterj it may be observed that a

reduction of about 20 percent in this power
will cause operation of the transfer rather than

and

the 50 percent as indicated by the carrier
curves of figure 18.
An investigation was conducted at the New

Brunswick installation to determine opti-
mum antenna current balance and transmission
line termination. After adjustments were

completed, the following antenna currents were
obtained and considered satisfactory:

Ratio min. to

4 max.

Antenna No.__

0.81




Figure 6.—Transmission line end details.

The antenna elements are numbered starting
with the one farthest from the transmitter.
After adjustment of line termination, a line
current having substantially uniform distribu-
tion (ratio 1: 1) was oblained.
nmitters are identical

As the trans-
i“ ('()]l.\'t]'ll('[i()ll illl(l are
connected to the antenna by Hnes which are of
equal length, identical operation was obtained
from both transmitters. The final arrange-
ment of the antenna is illustrated in figures 4
and 5: the dimensions and placement are shown
in figures 9 and 10,

It was found in the New Brunswick installa-
tion that when the ambient temperature was
below about 20° F., the normally idle standby
transmitter would not start correctly. The
ventilating fans wused in these transmitters
caused excessive circulation of cold air around
the mercury vapor rectifier tubes, maintaining
the tube at a temperature too low for correct
operation. Heaters were installed between two
pairs of rectifier tubes, and were connected to
the power mains through a 60° thermostat.
A thermostat was also added to the ventilat-
ing fan motor circuit to prevent ils operation
when the temperature dropped below about 70°
F. Thus the mercury vapor rectifier tubes
were maintained between about 50° and 70°
F. for moderate changes in ambient tempera-
tures. An investigation was made in coopera-
tion with the manufacturer which resulted in
the design of an enclosure for the rectifier tubes
and the installation of suitable (hermostatically
controlled heaters within the enclosure. (Sels

fig. 19.) Tt was then possible to maintain the
tubes within the required temperature limits for
operation in ambient temperatures as low as
minus 40° F.  Suflicient openings were provided
in the enclosure to allow the ventilating fan to
cireulate air around the rectifier tubes to pre-
vent their heating in summer weather beyond
the limits prescribed by their manufacturer.
The position of the installed enclosure is shown
in figure 14.

During the development and manufacture of
the transmitting equipment there was consider-
able discussion concerning the method of keying
that should be used. Two methods were con-
sidered: that of keying the complete output
(carrier and modulation), and that of keying
only the modulation. It was at first considered
advisable and desirable to key the complete
output and eliminate all radiation during pe-
riods when the key is open. This would inciden-
fally increase the life of the transmitting tubes.

transmitter

TZB fan marker
installation.

Figure 7.—Typical
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Figure 8.—View of the two transmitters, showing transmission line connection methods.
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Figure 9—Relative placement of antenna and counterpoise with regard to beacon light tower.



Tone modulation on the other hand was believed
to be much easier to accomplish, and the power
supply surges iherent in catrler keying wonld
be avoided Fuithermoie the 1ecevers which
will eventually be uced with the mailker <ysten
will contain a hmited AVC action and 1t was
believed they would therefore operate better
when on constant carrier

The maimn transmitter at New Brunswick was
arranged for modulation keymg and the standhy

tude of the chick was of negligible value TUsing
carrier keying, however, the headphone signal
appeated to contain a short dot after the break
of each dash 'Tlis may lave heen the resull
of a sudden rise of receiver sensitivity as the
transmitter carrier was cut off after each dash

On the basis of these obseivations 1t was
desired that all fan-marker equipment should
be tone-keyed The standby transmitter con-
nections at the New Brunswick station have

A 105 L 10.5 A 10.5 A
=85 —— 100 —=te—-— 108 5 —}— 91 5 —~jo—so— 51 5——108.5 —-1-——1-—100——|——85——-[
| I 3 — r’(_ —= —_— 4
100 100 39 /_,_ 100 120
6
| % _/
146
NN Vo

TRANS.IISSION LINE l.

DIMENSIONS IN CENTI)ETERS

"A" DENOTES POINTS OF MAX CURRENT

Figure 10 —Dimensions of antenna details

transmitter was connected for carrier, or com-
plete keying In flights made with the RUD
type 1ecerver desciibed 1n this report, both
types of keying appeaired to be satisfactory
Only a shght mcrease m keying elicks was ob-
served 1n the carrler type of keymg Tests
were made later 1 cooperation with the Bell
Telephone Laboratories using a marker recerver
built 1n accordance with aithines specifications
which contains a limited AVC action and from
these 1t was apparent that the use of keyed
carrier was entirelv unsatisfactory A shght
chek was heard i the headphones on the break
of each dash for tone keying bnt the ampli-

been restored to their original positions for
tone keying

FLIGHT TESTS

Prior to departure trom Bolling Field
Washington, D C, for the New Brunswick
tests, o Ferris signal genelator with a small
radiating antenna was placed a few feet from
the marker antenna on NS-31, and the fre-
quency was adjusted until maximum recponse
was obtammed in the ouiput of the crystal-
controlled superheterodyne receiver 1n the
airplane  Assuming this frequency to be cor-
rect (later found fo be correct i New Biuns-



wick flights), the RUD receiver was connected
in place of the superheterodyne and its tuning
control adjusted for maximum output.

With the receiver thus adjusted, a recording
was made of the Bowie, Md., fan marker while
en route to New Brunswick. In passing over
the New Brunswick marker, a similar record-
ing was made, the receiving and recording
equipment having remained unchanged in the
interim. Figure 20 is a copy of the recordings,
showing only the peak deflections of the re-
cording pen. The irregularities in the middle
sections are evidently the result of overloading.

1 1/2"
1
— 1 r T
POWER PANEL TRANSNISSION LINE
220
be——— 40 1/2" —-I |- 24 1/z"<|
TYPE T2 TRANSMITTERS

Figure 11.—Floor plan showing position of the two
transmitters.

The difference in irregularities and amplitudes
between the two can be accounted for by the
differences in keying (Bowie, double dash (M) ;
New Brunswick, continuous dashes?®) as this
has a noticeable effect due to the inertia and
friction of the recorder pen.

After the completion of the New Brunswick
tests, and while en route from Newark to Wash-
ington, the relative patterns of the New Bruns-
wick and Bowie markers were again recorded.
On this occasion the receiver sensitivity was
reduced by detuning in order to avoid over-
loading. Copies of the recordings are repro-
duced in figure 21. The slight dissimilarity in
the shape of these two recordings can be at-
tributed to the difference in altitude between
the two flights and difference in the power out-
put of the two transmitters. The recording of
the New Brunswick marker shows definite re-
ceiver overloading not present in the DBowie
recording.

A number of flights were made at New

3 Later changed to corvect keying, 3 dashes,

. TYPE TZB TRANSMITTER
FRONT VIEW

TFigure 12.—Front view, type TZB transmitter.
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Figure 13.—Left side view of type TZB transmitter,
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Figure 14—Right side view of TZB transmitter.



NS-3}

uod
MARKER \‘
"Z'FLEX RUBBER INS. SHIELDED

n.concen'rmc TRANSMISSION LINE
4

15.—Receiving antenna used
NS-31.

B
L

on airplane

P —— T

Figure

Brunswick. particularly at 2,000- and 7,000-foot
altitudes. Flights were also made at other
altitudes between 500 and 7,000 feet, in order to

assure a complete exploration of the pat(e,rn.
The first flights were made with the recetver

tuned, in order to provide data for plotting the
aren over which the marker indicator would
light. Final flights were made with the re-
ceiver detuned. to reduce sensitivity, so that a
more accurate knowledge of the amplitudes,
and positions of the three radiated lobes could

—

W]

be obtained. Recordings were made on all
flights, but not all of them have been used in
this report.

From some of the u-(mu‘ﬂg’:i made with the
desensitized receiver, it was possible to deter-
mine the relative value of the three lobes found
to exist in the pattern directly over the station.
To do this, the receiver and recorder were re-
turned to the laboratory and were calibrated

against a Ferris signal generator, Model No.
1R ¢, avaton artnit oo adiniated o
)ULJ, Lllc a‘_’,t‘u(u tLL\}L \’lll,l’llb lll"lllz‘_’Q d lJ 1L LU

give the same recording amplitudes that were
obtained in flight. The ratio of the main lobe
to either side lobe was approximately 7 to 1
microvolts, approaching closely the correct 15
percent ratio obtained by mathematical analy-
sis of the type of (ransmitting antenna arvay

e
[Xtsiel® N

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 transmitting an-
tenna is located. The center of the antenna
array was placed only 39 feet from the center

Figure 16.—Type RUD receiver used in the flight tests.
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of the tower base, 1n order that the entire - between 500 and 5,000 feet, and with the receiver
stallalion would be within the hmits of property  senswtivity reduced The patterns of figure 224
already under lease for the beacon-light site  were made 1n southwest flights, and others m
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Figure 17 —Dizgram of the type RUD receiver L2 o043l H
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Figure 18 —Curve of transmitting conditions relative to operation of the automatic momior change-over device

The vertical patterns shown m figuies 224 and  northeast flights These patterns show the rela-
22b were made from recordings taken durmng tive position of the tower and radiated lobes,
fights directly over the station at altitudes from which effects of the proxumity of the tower
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can be observed It appears that there 15 only
a shght shadowmg effect caused by the tower
It will be noted m figure 22a that the small
mino1 lobe appears on the side where shadowing

HIEATER AN AND IIEATER UBE EMNCLOSURE
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shight leaning of the receiving antenna pattern
behuind a true vertical line drawn between air-
plane and earth There 1s, however, a definite
effect of the tower on the minor lobe and a

ATR

i ;OUT 1ET

' I INTALF

Figure 19 —Heatng device and endosure used te mammtain correct temperature on the mercury vapor

rectifier tubes

T30CADLE

-y 1
IRECTION
"RUE A TLTTVDE = fet ECEIVER OJnR1OAD £0E—yb IE DIz

LIGT CF

LIGAT of
DOTIE B3 ALTITUDE 5000', AIR SPEED 100 X P H , Time of light 100 seo
/ k
OoN
FROBABLE TRUB - DIRECTT
AMPLITUDE P —

y

LIGHT &F : LIGHT ON
‘V’ LOBE 1

MAIN RADIATICH STATIOH

NEW ERUNSWICK,N 07 ALTITUDE 300Q', AIR SFEED 100 M P H , Time of light 110 See

Figure 20 —Graphic records of two fan marker signals, Bowie and New Brunswick, with normal receiver

sens1tivity

by the tower might be expected TIn figure
22b this same lobe appears larger and almost
equal to the other minor lobe The reason for
this difference can be explained by a possible

man lobe

shight leaning effect caused by the tower on the
Neither of these 1s of any con-
sequence to the performance of the system
The recordimgs from which the patterns of
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figure 22 were obtamned were copied and are
reproduced 1 figure 23 Figure 23 shows defi-
nitely the effect of overloading of the recerser on
the 1ecordaing The top recording (5,000 ft
altrtude) appears to contain three lobes, whereas

noted from the recordings included 1n figure 24
for fhight courses northwest 1 5 mmles and north-
west 2 males from the station that there 1s no
evidence of irregularities which might be cansed
by the beacon-light tower The minor lobes,

DIRECTION COF FLIGHT

NO OVERLCADING

HNIXOR
IFINOR LOSE LOBE

IMATDIBIE

OVERLOADING

REC.

MINCR MINOR

LOBE

BONIE, Md
AUTITUDE 4000, ICVEL FPLIGFT
TIME OF LIGWT, 21 SECONDS

0t

MEW BRUNSWICK, W J
AITITUDE 3600', CLIMBING
TIME OF LIGHT, 21 SECCHNDS

Figure 2?1 —Graphic records of two fan marker signals, Bowie and New Brunswick, with reduced receiver
sensiiivity
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Figure 22 —Patterns showing the relative effect of the adjacent 90-foot beacon hight tower

there 15 but one  The side (mnor) lobes have
diverged and dimimished to an almost uapei-
ceptible value

In figure 24 (he relative pattern of 3,000 feet
altitude 1s plotted to show the presence of reflec-
tions and shadows, and for the study of the rela-
tive position of the minor lobes It waill be

present in the central portion, are not observed
in the flights on these courses

From the record data taken at the 7,000-foot
altitude, the approximate pattern at this alti-
tude was plotted in figure 25 The relative
position of the two minor lobes at this altitude
15 shown 1n this fipure Two of the record-
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mgs taken during flights at this altitude are
ieproduced m figute 26 Tt will be observed
that directly over the station the two minor
lobes are sery cvident, whereas i the flight
made 6 miles on the southeast side of the sta-
tion the pattern 1s clear and free of the minor
lobes

From the composite data obtamed on all
flights made at the New Brunswick marker,
the pattern dimensions i two vertical planes
were plotted m figure 27 In this figure, curve
27a represents for various altitudes the dis-
tance 1n miles to either mde of the station
within which the sigmal 1s strong enough to
operate the mdicator hight It 1epresenis the
number of miles which a ship may be off
course and yet receive the marker signals
The cwmve, figure 27h, repiesents pattetn
“lInckness” for various altitudes The ‘males

through’ dimension for each altitude is based
on total operating time of mdieator hight, 1n-
cluding operation caused by the two mmor
lobes At some altitude the effect of the side
lobes will be zero and the time of highting on
such flights directly over the station will de-
pend only upon the extent of the major lobe
It 15 expected that the effect of the minor lobes
will be msufficient to operate the indicator
hght at some altitude above 10,000 feet for
noimal recerver sensiivity At ilus altitude,
the thickness of the pattern will be somewhat
decreaged  This effect can be observed 1n ex-
aminng the small dotted patlern shown in
fiswie 27h  The dotted paltern was made
with the receiver semsitivity reducsd by de-
tuning  Under these conditions the eflect of
the minor lobes was lost between altitudes of
3,000 and 4,000 feet

RESULTS

Ihe operation ol the matker at New DBruns-
v adjacent (o the 90-toot beacon hight tower
secms entirely satisfactory as far as could be
determnned from the thghts made A pattern
measung  approximalely 18 miles on the
major axis and 4 nnles thick was obtammed at
w altitude of 7000 teet, winci appears 1o b
adequate aid salisfactory tor imerant and
scheduled {vsport use  On the ba<s of the
patleins obtamed the power outpul and an-
tenna system are considered to be satisfactory
It 13 believed that the cealing or height of the
pattern 15 well over 20000 feet, lowever,
flights have not yet been made on tlus type of
matker at altitudes above 13,000 feet, due to
lack of awrcraft equipped for fhight at higher
altatudes

Some difference of opimion may deielop con-
cerning the width-to-thickness ratio provided
by this type of marker, and the ability of the
pilot to determme aceurately his pomition with
a pattern 4 miles thick at 7,000 feet In the
tests conducted by the Bmean with this tipe
of marker, and with the Z marker, 1t appears
desirable to take the time at which the marker
mdicator light first comes on, or the first
complete group of flashes, as the indication of
position over the statiom; rather than to use
an average time of duration of hight The
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time at which the mdicator light first flashes
1s shightly before the ship 1s over the station,
and the position varies only shightly with alti-
tude, with noimal changes 1n 1ecelver sen-ativ-
1ty, and with {transmriter power output At any
grven altitude, the hidd complele flash group 13
a rather defimte mdication of the ship’ en-
trance m the held patican of the tiansmiltel,
and the position can be 1echecked with 1eason-

able accuracy
CONCLUSIONS

On the basis of the many tests conducted on
the experunental markers and particulaily the
tests conducted on the commelcial model at
New Brunswick, 15 concluded thal—

1 A sahsfactory pattern, m both size and
shape, 15 produced by the equipment being pur-
chased on the existing contract This presumes
the use of an antenna on the aircraft having a
paltern stnlax to that nsed m the Burean tests,
and with a recener sensilivily appiroxumately
cqual to that of the RUD recerver (1400 micio-
volts—measuted by direct connection to Ferris
18B signal generator) used in the test fhghts

2 The operation 15 not mmpaired appreciably
when the transmitting antenna 1s placed adja-

19

O

cent to steel beacon light towers or other similar
metallic objects provided these are 1n Iine with
the antenna and not to either side

8 The use of tone keying 1s satistaclory on
this type of maiker for either the type of 1e-
cervel used in the Burean teats on for the type
made m aceordance with present anlime spect-
hcations which provide for a hmied AVC
action

4 The keying of the transmtter m various
groups of dashes 18 a 1easonable and simple
way to 1dentify the several markers associated
with a given range station

5 The operation of the monttor unit which
cont1ols the automatic transfer from the regu-
lat t1ansmitter to the standby i the event of
fathuie of the 1egular umt 1s satisfactory and
reliable

6 The operation of the transmitter, includ-
g the antomatic transfer and starting ot the
standby wmt, will be satisfactory m tempera-
(wres between the limits of mnus 40 and plns
60° C

T Operation at locations wheie there 1s con-
sider able fluctuation i lme voltage can be ren-
dered moie stable through the use of reliable
automatic hine voltage regulators



