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TESTS OF THE FIRST MAMRACTUWD FANMARKEFI 

BY 

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

The fust commercully-manufactured fan type marker was 111- 

stalled m February, 1938, UJ the vlcunty of New Brunsmck, N. J., at 

light beacop site No. 73, 20 rmles out on the southwest leg of the 

Newark radio range (See Fig. 1). The equpment mstalled consists of a 

counterpoise, dxectlve antenna array, and txu crystal<ontrolled trans- 

mitters. One transrmtter serves as an automatic standby unit and 1s 

started 111 case of tube or eq\npment failure of the other. This mstal- 

latlon 1s the fxst of 22 on Bureau contract No. Cc-2615. Adwvtments 

and flight tests were made y1 the period between February 14 and March 

12, 1938. The marker was comrmssvmed on March 2, 1938, for continuous 

operation. 

ININTRODUCTION 

The developent of fan type ultra-high frequency markers for 

use as fixes and letdown aids XI ax-ways traffic control was covered m 

two reports recently released by the Safety and Planning Divlsum.* The 

development of these markers was accomplished at Washu@on, D. C, and 

Bone, Md., m 1936 and 1937. 

#Report No. 5 - Development of Fan Type Ultra-B3gh Frequency Fla&o 
Markers as a Traffx Control and Let-Down Aid. 

Report No. 14- Development of an Improved Ultra-High Frequency Fan 
Marker. 
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The first mstallatlon of commercially-made fan marker equp- 

ment was made at New Brunswick for two reasons. First, the site was near 

the manufacturerIs 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 mtersectlon of Routes Nos. 1 and 25. Thus the work at this 

site could be effiolently handled. Second, a large amount of scheduled 

airline traffic, Army, Navy, and itinerant flights pass ths site dally. 

Therefore, the marker could be observed conveniently and studled at once 

by the maJor1t.y of those concerned with the marker lnstallatlon program. 

APPARAWS 

The equpment Installed at Nevf Brunsmxk consists of the mark- 

er antenna and counterpoise, the transrmsslon lme, and the transrmtter 

house contalnlng two transrmtters. This equipment 1s clearly shown 111 

the photographs, Figs. 2 to 8, mcluslve. These photographs show the 

relative posltlon of the equpment vxth respect to the 90-foot beacon 

light tower. Dramngs 9 to 11 u-~clus~ve g~.ve the exact dlmenslons of 

the equpment. Installed and the posltlon mth respect to the tower. The 

two transrmtters are of ldentlcal construction, and when properly adJust- 

ed are each capable of producing a loo-watt 75-megacycle carrier mth 

100 per cent modulation at 3000 cycles. Both unts are permanently con- 

nected to the transrmssux lme, and by means of an automatx momtorlng 

and svmtchlng device , power IS removed from the regular channel and the 

standby equipment 1s caused to operate. The transrmtter details are 

shown UI photographs, Figs. 12, 13, and l&4. 

NS-31, a fabrx-covered Falrchlld monoplane, used m some of 

the flights dwlng earlier fan marker development at Washington, was 

l;rY?8 
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avaIlable for flight checkmg of the new marker mstallatlon. The aircraft 

recelvlng antenna arrangement IS shown In Fig. 15. A Bureau type RUD mark- 

er receiver and a Bureau experimental crystalxontrolled superheterodyne 

receiver were available for the flights. Neither of these receivers con- 

form entirely mth the speclficatlons for the typa of receiver whhlch even- 

tually ~~11 be made standard for marker reception on transport au-craft. 

The RUD receiver, fig. 16, 1s of the detector-smplifler type srd has been 

described in the Air Commerce Bulletin.* Its clrr+it diagram 1s mven in 

Fig. 17. The radio frequency selectivity of the receiver 1s inherently 

poor. The cucults overload tremendously when the strong central portum 

of the marker sIgna pattern 1s encountered. Theae faults, however, do not 

affect the rellablllty of the recelwr or the rmnimum signal whhlch will 

light the marker indicator lamp; they merely affect the relation between 

the true mazumum signal strength and that indicated on the recordings taken 

during flights. The we of thu receiver to determine size and shape of 

fan marker patterns, therefore, was consldered satisfactory. The ,super- 

heterodyne receiver, having been constructed mth the sane au&o and output 

clrcut as the RUE receiver, possesses the same general overloahng fea- 

tures. 

The RUD receiver was used throughout. the New Brunmck tests. 

The recordings of receiver output made durrng these tests are consequently 

inaccurate mth respect to signal amplitude on flights near the statlon 

where overloading occurs, except on certain flights during which the re- 

celver was IntentIonally rendered leas sensltlve In order to avoid ths 

overloadmg. The graphic recording equpment consisted of a standard 

*Wane of Silence Markers Identify Exact. Locations of Range Statlonst', 
A.C.B. Vol. 8, No. 8, page 169, February 15, 1937. 
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Esterline Angus (O-5 ma) instrument equipped wth a rectox rectifier and 

a single tube Input ampltiier. The receiver output was connected to a 

pair of headphones and the record- amplifier. 

TRANSMITTER TESTS 

Ground tests conducted prior to and concurrently tith the in- 

atallation of the equipment at NW Brunarnck covered the fol.lowuIg points: 

1. Investlgatlon of the ntomtor control action. 

2. Tests on balancing and phasing the antenna @snt. 

3. Tests on operation of the mercury vapor rscttiflsr tubes at 

high and low amblent temperatures. 

The lnvestlgatlon of the mollltor circuit w.8 conducted at the 

manufacturer's plant in which data were taken on the watts outpUt of the 

transmitter for normal operating conditiona and for the crltical condi- 

tlons at mhlch the automatic monitor transfer circuit should fun&ion. 

For a aven setting of the momtor current, the point at tiich the trans 

fer operatlon takes place was obserwd for both a reduction of modulatlbn 

and a reduction of carrier. These values were observed for line @en- 

tiale above and below the nmplall.lO-volt vale and a culve plotted in 

Wg. 18. Similar data were taken for other ednditlons of the monitor CUT- 

rent, resulting in a series of curves from tich it mrs possible to de- 

termine the most desirable setting of the monitodcurrent. Thu vallle was 

foI& to be 3.5 ma., and curves of Fig. 18 are based thereon. At this 

setting and with normal condItiona erdstlng ITI the transmU.ter, the equip 

ment wiil not transfer to the standby transmitter mtil 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 lrill cause 

lwq6 



-5- 

operation of the automatic transfer feature for this monitor adjustment. 

From the carrier output curves of Fig. 18, one might, be led to 

belLeve that sinae the carrier output of the transmitter could be reduced 

from 100 watts to 50 watts before operation of the automatfc transfer 

feature takes place, a serious redu&ion in field pattern might occur 

just prior to operation of the transfer. This,houerer, is not exaotly 

true, beoawe in t&dug the curve8 of carrier output verew tramfer op 

eraticm, the modulator output uas held constant. This means that ao the 

carrier is reduced belou lta normal100 wmtt value the percentage of 

mcdulatum 18 continuously mcreasing. The operation of the transfer de- 

vice depends upon the rectified audio component of the output signal 

tich is identical to the operataon of the receivers wed aboard alroraft 

m recelvlng signala from this marker statlon. The operation of the mon- 

itor depends, therefore, upon modulated power output of the transmitter 

and it may be observed that a reduction of about 20 per cent in thiu pow- 

er will cawe operation of the transfer rather than the 50 per cent ar 

indicated by the carrier curves of Fig. 18. 

Anixrveatlgationuascondusted at the lBerBnmssick dnste.Us- 

tlon to deterrmne optimum antenna current balance end transmission Line 

terminatirnr. Biter adjwtments were completed the follw3ng antenus our- 

renta were obtained and considered aatisfactoryr 

Antenna No. 1 LLLL Ratio Min. to Mea 

Current 68 sq 8.4 68 .a 

The antenna elements are numbered starting mth the one farthest frum 

the transmitter. After adjustment of line terudnation, a line cUrrent 

ha- sub$tantially unifonu distribution (ratio 111) uas obtained. As 

l~Y78 
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the transrmtters are identical 1~1 construction and are connected to the 

antenna by lines which are of equal length, identical operation waa ob- 

tained from both transmitters. Tne final arrangement of the antenna is 

illustrated In the photographs of Figs. 4 and 51 the dimsnaions and 

plaoment are shown in Flgo. 9 and 10. 

It mu found In the New Brunswiok inotallatlon that when the 

ambient temprature 11.w beluw about 20 degrees F., the nom14 idle 

standby transmitter would not start correctly. The ventilating fsne 

used 111 these transmitters caused excessive cuculation of cold air a- 

round the mercury vapor rectifier tubes, malntainlng the tube at a tem- 

perature too low for correct operation. Heaters were Ylstalled betwsen 

two pairs of rectifier tubes, and were oonneoted to ths power mains 

through a 6O-degree thermostat. A thermostat mas also added to the v-en- 

tllating fan motor circuit to prevent its operation when the temperature 

dropped below about 70 degrees F. Thus the mercury vapor rectifier 

tubes were maintamed between about 50 and 70 degreea F. for moderate 

changes in ambient temperatures. An lnwstigatlon maa made in coopera- 

tion with the manufacturer which resulted in the design of an enclosure 

for the rectifier tubes and the installation of suitable thermostatically- 

controlled heaters mthin the enclosure (See Fig. 19). It was then pos- 

sible to maintain the tubes mthln the required temperature llrmts for 

operation in amblent temperatures as low as rmnus 40 degrees F. Suffi- 

cient openxngs were provided in the enclosure to allow the ventllatlng 

fan to circulate air around the rectifier tubes to prevent their heating 

in summer weather beyond the llrmts prescribed by their manufacturer. 

!l’hs position of the installed enclosure is shown in Fig. 14. 

fZY9B 
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timg the development and manufacture of the trsnsmittlng 

equpment there was conslderable dz.cussvm concerning the methcd of 

key_ng that should be used. Two methods were consxdered: that of key- 

ing the complete output (earner and modulation), and that of keying 

only the modulatuzn. It was at first consldered advisable and desirable 

to key the complete output and ellrmnate all radiation during perxds 

when the key 1s open. This would incidentally uxcrease the life of the 

transrmtting tubes. Tone modulation on the other hand was believed to 

be much easier to accompluh, and the power supply surges Inherent in 

carrier keying would be avoided. Furthermore, the receivers tilch will 

l eventually be used mth the marker system will contain a llrmted AVC 

actlon and It was believed they would therefore operate better when on 

constant carrier. 

The main transrmtter at New Brunswxk ma arranged for modu- 

latlon kern and the standby tranwtter was connected for carrier, or 

complete, keymg. In fl&ts made xvxth the RUD trpe receiver described 

~II this report, both typea of keying appeared to be satiefactory. Only 

a slight mcrease m keying clicks was observed 1~1 the carrier type of 

keymg. Tests were made later m cooperation mth the Bell Telephone 

Laboratorlea using a marker receiver built in accordance vnth airlinea' 

specIficatIona which contains a limited AVC actlon, and from these it 

was apparent that the use of keyed carrier ma8 entirely unsatisfactory. 

A sllzht clxk was heard ln the headphones on the break of each dash 

for tone keymg, but the amplitude of the click was of negligible value. 

UsFng carrier keflng, however, the headphone aiflnal appeared to contain 

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

IzYqs 
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and recording equipment having remained unchanged in the lnterlm. fig. 

20 1s a copy of the recordmgs, shw only the peak deflectlons of the 
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After the completmn of the New Brunswxk tests, an3 while sn- 

route from Newark to Washmgton, the relative patterns of the New Brms- 

tick and Bome markers mre agam recorded. On this occasion the 

receiver sensltinty was reduced by detmlng m order to avoId overload- 

=x. Copies of the recordings are reproduced 111 fig. 21. The slight 

disslrmlarlty U-I the shape of these two recordings can be attributed to 

the difference m altitude between ths tno fhghts and deference 111 the 

power output of the two transmitters. The recording of the New Bruns- 

lmck marker shows deflnlte receiver overloadIng not present XI the Botie 

recordmg. 

A number of flights were made at New Brunmck, particularly 

at ZOOO- and 7000-foot altitudes. Flights were also made at other alto- 

tules between 500 an3 7000 feet, in order to assure a coqlete explora- 

tion of the pattern. The first flights were made mth the receiver 

tuned, in order to provxle data for plotting the area over which the 

marker indicator would light. Final flights l~ere made with the receiver 

detuned, to reduce sensititity, so that a more accurate knowledge of the 

amplitudes and posltlons of the three radiated lobes could be obtained. 

Recordings were made on all flights, but not all of them have been used 

in ths report. 

From some of the recordings made with the de-sensltleed re- 

celver, It was possible to determIne the relative value of the three 

lobes found to exist 111 the pattern directly over the statlon. TO do 

this, the receiver and recorder ware returned to the laboratory and were 

calibrated against a Ferris sqnal generator, Model No. 18B, the gener- 

ator output being adJusted to give the same record= amphtudes that 

ware obtained 111 flight. me ratlo of the mal~l lobe to either side lobe 

IY7B 
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was appronmately 7 to 1 rmcrovolts, approaching closely the correct 

15 per cent ratlo obtaued by mathematxal analysxi of the type of trans- 

mttlng antenna array used. 

The most -c&ant feature of the tests at New Brunssick was 

the deterrmnatlon of the effect of the 90-foot steel beacon light tower 

adJacent to wixch the marker transrmttlng antenna 18 located. The cen- 

ter of the antenna array was placed only 39 feet from the center of the 

tower base, 111 order that the entire lnstallatlon would be within the 

luuts of property already under lease for the beacon light site. The 

vertxal patterns shown in Figs. 22a and 22b were made from record- 

taken during flights directly over the station at altltties of between 

500 and 5000 feet, and Pnth the recexver sensltlvlty reduced. The pat- 

terns of Fig. 22~ were made III southwest flights, and others 111 north- 

east flights. These patterns show the relative posItion of the tower 

and radiated lobes, from which effects of the pro*@ of the tower can 

be observed. It appears that there 1s only a slight shad- effect 

caused by the tower. It will be noted ITL Fig. 228 that the small minor 

lobe appears on the side where shadowug by the tower rmght be expected. 

In Fig. 22b thu same lobe appears larger and almost equal to the other 

-or lobe. The reason for this difference can be explained by a pas- 

sable slight leaning of the recelvmg antema pattern behind a true ver- 

tlcal line drawn between a-lane and earth. There is, however, a defi- 

note effect of the tower on the -or lobe and a slight leznng 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 fromirbxh 

the patterns of Pig. 22 nere obtained were copled and are reproduced 1~. 

Pig. 23. fig. 23 shows deflnltely the effect of overloadng of the 

/I‘/Tf 
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receiver on the recordmg. Tke top recording (5000 ft. altitude) appears 

to contam three lobes, whereas there 1s but one. The side (unor) lobes 

have diverged and d-shed to an almost unperceptible value. 

In Fig. 24, the relative pattern at 3000 feet altitude 1s plot- 

ted to show the presence of reflections and shadows, and for the study of 

the relative posltlon of the nunor lobes. It l~lll be noted from the re- 

cordlngs included 111 Fig. 2.4 for flight courses northvest 1.5 rmles and 

northwest 2 rmles from the statlon that there 1s no evldenoe of u-regu- 

larltles which rmght be caused by the beacon light tower. The nunor 

lobes, present m the central portlon, are not observed m the flights on 

these courses. 

From the record data taken at the 7000-foot altitude, the ap- 

pro-te pattern at this altitude was plotted in Fig. 25. The relative 

posltlon of the two muor lobes at this altitude 1s shown III this figure. 

Two of the recordlnga taken duriTlg flights at this altitude are repro- 

duced in Fig. 26. It ml11 be obserwd that directly over the station, the 

two rmnor lobes are very evldent, tiereae in the flight made 6 tiles on 

the southeast side of the station, the pattern is clear and free of the 

minor lobes. 

From the composite data obtalned on all flights made at the New 

Brunswxk marker, the pattern dlmenslons 1n tmu vertzcal planes were 

plotted 111 Fig. 27n. In this flgue, curve 27a represents, for arums 

altitudes, the distance in rmles to either side of the statxm mthln 

which the signal 1s strong enough to operate the mdlcator light. It 

represents the number of rmles which a shop may be off course and yat re- 

celve the marker signals. The curve, F1g. 27b, represents pattern 

"thxlmess" for various altitudes. The Qules throughn dvnenslon for 

J2Y4f 
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each altitude 1s based on total operatmg ture of mdlcator light, includ- 

mg operation caused by the two mor lobes. At some altitude the effect 

of the side lobes ml1 be zero and the tune of lxghtmg on such flights 

directly over the station ml1 depend only upon the extent of the mayor 

lobe. It 1s expected that the effect of the mnor lobes ml1 be msuffl- 

clent to operate the mdlcator light at some altlttie above 10,000 feet 

for normal receiver sensltivlty. At thm altitude, the thickness of the 

pattern mTl be somewhat. decreased. Thm effect can be obsemed m exam- 

mmg the small dotted pattern shown m Fig. 27b. The dotted pattern maa 

made mth the receiver sens~t~vlty reduced by detunmg. Under these con- 

dltlons the effect of the -or lobes was lost between altitudes of 3000 

and 4000 feet. 

The operation of the marker at Nex Brunmck adJacent to the 

90-foot beacon light tower seems entirely satisfactory as far as could be 

dete-ed from the flights made. A pattern measurmg appro-tely 18 

rmles on the major axm and 4 mles thxk was obtaFned at sn altitude of 

7000 feet whxh appears to be adequate and satisfactory for itinerant and 

scheduled transport use. Cn the basis of the patterns obtamed, the pm- 

er output and antenna system are considered to be satisfactory. It 18 

belxved that the celling 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 azcraft equpped for flight 

at higher altltudes. 

Some difference of option may develop concernmg the mdth-to- 

thlcloless ratlo provided by this type of marker, and the ablllty of the 

l~Y9f 
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pilot to dete-e accurately his pasitlon mth a pattern 4 rmles thick 

at 7000 feet. In the tests conducted by the Bureau with this type of 

marker, and tith the Z marker, It appears desFrable to take the time at 

tich the marker indicator light first comes on, or the fust complete 

group of flashes, as the lndicatlon of position over the statIon, rather 

than to use an average tune of duration of light. The time at which the 

indicator light first flashes is slightly before the ship is over the 

station and the position varies only slightly with altitude, with normal 

changes ~TI receiver sensltltity, and mth transmitter -r output. At 

any given altitude, the flrst complete flash group is a rather definite 

mdicatlon of the shIpIs entrance in the field pattern of the transmit- 

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

CONCLUSIONS 

On the basis of the many tests conducted on the experimental 

markers and partvxlarly the tests conducted on the commercial mod+ at 

New Brun-ck, It 1s concluded that: 

1. A satufactory pattern, 111 both sze and shape, IS produced by 

the eqwpment being purchased on the enstvlg contract. Thzs presumes 

the use of an antenna on the aircraft having a pattern sirmlar to that 

used 1~ the Bureau tests, and mth a receiver sensitltity appronmately 

equal to that of the RUD receiver (1400 rmcrovolts - measured by direct 

connection to Ferris 18S signal generator) used 1~1 the test flights. 

2. The operation 1s not uapalred appreciably when the tranmttlng 

antenna is placed adjacent to steel beacon light towers or other slrmlar 

metamc objects provrded these are m 1-e mth the antenna and not to 

either side. 
I2478 



- 14 - 

3. The use of tone keying 1s satisfactory on this type of marker 

for either the type of receiver used m the Bureau tests or for the 

type made in accordance mth present aulme speclfxations which pro- 

vlde for a llrmted AVC a&Ion. 

4. The keymg of the transrmtter m vsrloua groups of dashes 1s 

a reasonable and simple way to identify the several markers associated 

mth a given range station. 

5. The operation of the monitor unit whxh controls the auto- 

matIc transfer from the regular transutter to the standby m the event 

of failure of the regular unit 1s satisfactory and reliable. 

6. The operation of the transmtter, lncludlng the automatx 

transfer and starting of the standby unit, ml1 be satisfactory In terni- 

peratures between the llrmts of rmnus 40 and plus 60 degrees C. 

7. Operation at locatlons where there 1s considerable fluctuation 

m line voltage can be rendered more stable through the use of reliable 

automatic line voltage regulators. 
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No. 

1. Map shomng relative posltlon of the New Brunmck fan marker ~II- 

stallatlon. 

2. Photograph - Light beacon tower, transrmtter buldmg, and antenna. 

3. Photograph - Close-up VleJv of antenna system. 

4. Photograph - Close-up view of antenna system from above. 

5. Photograph - Close-up view of antenna system ah-g supportq 

methods. 

6. Photograph -Close-up view of transrmsslon line and details. 

7. Photograph - Vxw of typxal TZ3 fan marker trans&tter mstallation. 

8. Photograph - VEW of the two transrutters, showxng transrmsslon 

line connection methods. 

9. Drawing shmng relative placement of antenna and counterpoise mth 

regard to beacon light tower. 

10. Dramng glvmg exact dunenslons of antenna details. 

11. 
. 

Dravnng shag poslt;on of the two transrmtters. 

12. Front view, type TZ3 transrmtter. 

13. Left side ylew of type TZS transrmtter. 

14. Right side view of TZ3 transrmtter. 

15. Ikamng ah-g the recelnng antenna used on aIrplane NS-31. 

16. Photograph - type RWDrece~ver used In the flight tests. 

17. D1a5am of the type RUDrecelver. 

18. Curve of transrmttlng condltlons relative to operation of the auto- 

matx monitor change-over device. 
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19. 

20. 

22. 

22. 

23. 

24. 

25. 

26. 

27. 

Sketch of heatmg device and encloewe used to maintain correct 

temperature on the mercury vapor rectifier tubes. 

Graphic records of two fan m&ker signals, Bmie and New buns- 

m.ck, mth normal receiver sensitlvlty. 

Graphic records of two fan marker signals, Bcme and New Brunswxk, 

mth reduced receiver sensltivlty. 

Patterns shcmng the relative effect of the adjacent 90-foot beacon 

light tower. 

Graphic records made with reduced receiver sensitivity and used UI 

plotting Figs. 22~1 and 22b. 

Pattern and graphic records of signals at 3000 feet altitude show- 

mg negligible effect of beacon light tower. 

Pattern at 7000 feet altitude shomng the appromte position of 

the mnor lobes. 

Graphx records taken directly over station snd at 6 rmles southeast 

of station at 7000 feet altitude. 

Pattern dx,enslons 1~1 a vertrcal plane shcmng thicImess and mdth 

of pattern. 
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FIG. 1 FAN TYPE MARKER AT NEW DBUNSWICK, N.J. 
SHOWING ITS POSITION WITH RESPECT TO THE APSTAYS 







FIG. 4 FAN MAFXZR INSTALLATIOI:, NEW BRUXXUCK, 11. J. 

Vmvr of antenna and counterpmse taken from tnmr. 
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FIG. 5 FAN IIARKER INSTALLATI01!, NEW BRKSWICR. N. J. 

Shmrlng antema supportln:: details. 
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FIG. 6 FAN !ikR-Z'R INSTALLATION, NEW BRbXSIYICR, N. J. 
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LEF SIDE 

FIG. 13 TYW TZB MARKER TlQA%UTTER 
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FIG. 14 TYFE TZB W.RKER TRANSKITTER 
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RXCEIVZ CWERLOAD ZONE 

SW. 1.0 .5 .5 NE. 
FIG. 23a MIJXS THROUGH PATTERN 

I A 
5000 

I I 

ml. 1.0 .5 0 .5 NE. 
FIG. 23b MIIXS TBROUGH PATTERN 

FIG. 23. GRAPiiIC FZCORDS IXDE WITH REDUCZD RECEIVER SENSITIVITY 
AND USED II! PLOTTIXG FIGS. 22a AND 22b 










