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SWY 

The Z marker was developed to meet the need for a positive 

positxon indicator for &craft operating under instrument flying con- 

ditions wbxh would othemiee have to depend entirely upon the ncone 

of silence" as an indlcatmn 6f passage directly over a range station. 

The marker consists of a low power transmitter and dmectlve antenna 

array, operatmg on a frequency of 75 megacycles, which proJects II 

vertxal beam tlwough atuch almxaft will pass when flying over the 

range station. A special smgle frequency receiwr, without tumng 

controls, provides both aural and visual mdicatlon. 

UltraGugh frequency 2 markers were first installed expert- 

mentally at several ra&o range statmm in 1934 and 1935. In 1936 

and 1937, Important improvements were made in antenna systema and 

transmitter frequency stability. In Apnl, 1938, at Allentown, Pa., 

the first co mmerc~al.ly-manufacturedZ markerwas installedandcaa- 

missIoned for regular servsce operation. Based on the results of the 

expe-ntal installatums, these final markers have a s~llfled an- 

tenna aptem, and a dual automatio transmitter, designed to glw con- 

tlnnoaa anattended service. Bfter conducting testa, several aFrlines 

prepared specificationa and purchased an initial order of reoeivors 

suitable for utillz~ these markers In routine scheduled flighte. 

f2.y 
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INTRODUCPWN L 

There exists dFrectly above every radio range statIon (Fig. 1) 

a mall zone hown as the ncoue of silence* in whhlch no signal ie present. 

Thie zone was not considered of consequence in the early development of 

the radio range system, but it soon proved to be a valuable aid tv airmen 

navrgating entirely by mstruments, as it gave a definite nfixm from 

which to atart their let4oq or approach to the airport. Dead reckoa- 

jng is not sufficiently accurate for this purpose. 

Although the acone of silence "ie a fortunate by-productofthe 

radio range system, It is, after all, a negative indication so far as the 

aircraft receiver is concerned. A result similartothatproducedbythe 

noone of silence" may occur due to a faulty reoeiver, a drop Fn the air- 

craft battery voltage, a momentary failure of the transmitter, or by 8 

"fade' caused by cancellation of a direct ray by an indir&t ray wfleo- 

ted from mountains. Furthermore, it has been found that at low sltitlldea 

the ncone of silence", as used in an approach to an airport,, is so saall 

in area, that it is difficult to locate. At high altitudes the noone of 

silence@ widens to such an extent that as a position check it becomes even 

less reuable. It has been considered desirable for many years to sup 

plement the acone of silences nith a poaitiw signsl. 

In 1934, installatione of experimantal nco33 of silenceR askers, 

later designated as VZx markers, nwe made at the follorring radio r&e 

stations: 

Washington, D. C. 
Newark, N. J. 
Chicago, Ill. 
Kaueae City, Ito. 

Pittsburgh, Pa. 
Oakland, cw. 
Salt Lake City, Utah 
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The eqm?ment ccmo=rted of a smple rairo osclllatvr wing only two tubes 

operatvlg from the range station ll0 volt L-C. poser supply. The fre- 

quencywas 93 megacycles aud the mdclatlon 60 cycles. The anteuua sys- 

tem aonsisted of two u?ln type arrays (Fig. 2) elevated above ground and 

arranged at right angles to each other. Origmally parasitic reflectors 

l/4 savelength below the antenna system were used. The transmission line 

length to the tam arrays differed by 90 electrical degrees, so that recep- 

tion m en airplane wocld be relatively equal, regardless of dlrectlon of 

approach.* The antenna used on the axplane to receive these marker slg- 

nals is shmu m Fig. 3. 

Iu couuectlon mth the development of the Amy Air Corps in- 

strument lauding system at Wright Held, ligation markers operatmg on 75 

megacyclea were used. In thxa development, specml emphasm was placed on 

the slmpliclty of the ~urcraft marker receiver and marker transmitter. An 

output of appro-tely 20 watts nas used in the marker transvdtter, 90 

that (I shple, relatively insensltlve and non-selective s3ngle tube recelv- 

er could be used on the airplane. A vies of this receiver is shown in 

fig. 4. The only Yacmm tube, a datector, in located inside the stream- 

lined hous=, which forms the central support of the doublet antenna. 

The indicator consisted of a small lamp mannted in an lnstnmemt caas aud 

covered normally by an electricaUy-oparated shutter or vane. 

SisrpUcity of the receivWg equipment for commercial transport 

and itinerant aircraft use was also oonaidered of extreme importance; 

however, it was believed that a more sensitive and selective receiver was 

%Cone of Silence Marker - Pendera Electrical Engmeering Handbook, III 
Edltmn See. 16-L&2. 
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essentv.1, m order to provide a more reliable indioatlon, and to permit 

the development of a afen type" markern whxh would not require an un- 

reasonable output power. A power up to about 100 watts was considered to 

be econoaucally ,Qeasible for fan markers. It u-as also concluded that all 

markers should be operated on a smgle common frequency m order to permit 

the use of a smgle marker reoelwr. As a result, Z markers, fan markers, 

and instrument landing user and outer markers were all deslgned to oper- 

ate on 75 megacycles. 

In 1936, the Bureau continued work on the Z type marker. The 

results accomplished maybe swmnarxed as follows: 

1. The frequency sas changed from 93 megacycles to 75 megac@es. 

2. The antenna system was slmplifled end Improved. 

3. Correct transmitter power and receiver sensitivity, to allorr use 

of both fen and 2 markers on a s?ngle fixed alrcraft receiver, 

were deterrmned. 

4. A receiver suitable for both fan and Z markers was protided. 

In carrydg out this wrk, a nsw and simplified transmatting 

antenna system aas devised, and a counterpoise and radio transtission Yne 

was developed that would permit stable operation of the antenna under all 

weather conditions, includmg snow and sleet, which ordmarily make close 

supervision neceseary. A suitable crystal-controlled transmitter m8 de- 

signed to work mth the new antenna and, as a conclusion to the project, 

specifications were prepared from which a quantity of dual equipments were 

purchased for installation throughout the country. A suitable receiver 

was developed and used in all flight tests described in this report. 

+%Safety and Planning Mvislon Report No. 5 
ultra High Frequency Markers." 

-The Dewlopmsnt of Fan 'I&e 
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APPARATUS 

The various types of antenna systems tried out m the course of 

the development are shown 1~1 the attached drasings. Fig. 5a shows the 

original H type array which operated on 93 megacycles. This type of an- 

tenna was also tested on 75 megacycles Rthout parasitic reflectors, both 

at 3/4 and l/4wavelength above ground. Fig. 5b shows a smplified an- 

tenna designed to combine the electrical centers of the north-south and 

east-west radiators in an attempt to elirmnate lobes that eneted Fn space 

when using earher types of phy~loally spaced antennas. A eimplifiaatum 

of thie last antenna is shown in Fig. 512. Thus ia the type that was fi- 

nally adopted. 

Exposed copper tube transmission lvles were used UI the original 

teats. These consisted of two half-inch seaLLess tubes, spaced 3-l/4 

inches apart, and supported 10 to l-4 inches above ground on Isolantite in- 

sulators. The uwilators were placed at points of zero voltage, ae shown 

in Fig. 5d, no attempt bevlg naade to terrmnate correctly the transmission 

line. 

The final array is a8 shown In Fig. 5e. The antenna is of the 

- type as in Fig. 5d, but is erected1/4 wavelength above a coarse 

(3" x 3m) msh screen, and is connected to the remote transmitter through 

a shielded I.TLU~ that 1s correctlyterrmnated. The counterpoise provldes 

an effective level reflector for'the antenna, yet allows snow to fall 

through and vegetation to grow beneath, avoiding the change of pattern 

which these elements would othemiss produce. The transmission line is 

a pair of half-inch seamless copper water pipes, spaoed 1 inch apart and 

supported centrally in a 3r x 3" copper shield. A croae section 1s shown 
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The measurable features of the varxous antennas on which ex- 

periments eere conducted arer Frequency, antenna currents, line currents, 

and fxld pattern shape and dimensions. Frequenoy stability of a high 

order nas not essential for the original marker plans. Accurately call- 

brated navemeters, type AC-105, were used to set the frequency of the 

transrmtter. These wavcmeters were slrmlar to General Radx Company typs 

4.l9-A, but were modlfled and accurately calibrated at the National Bureau 

of Standards. The circut is shown 111 Big. 6. When crystal-controlled 

trsnsnntters were adapted to this marker service, the accuracy of these 

waremeters nas obviously lnadequate, and accuracy of frequency was depend- 

ent upon the accuracy of the fundamental crystal frequency. 

The antenna current reqmred for final Z marker servxe was 

found to be relatively low. The actual current naz never measured, be- 

cause relatlre values only were requared, and it is rather difficult to 

measure the actual cwrent. !I'hese relative values were obtained by clip- 

ping a low-reading (We&on O-120 Model 425) R&F. milliammeter to the 

oenters of the sntenns rods. It was found that the reading of the instru- 

ment could be increased about five tvoes by series tunmg. The arrange- 

ment employed is shown ~rl fig. 7. 

Rough ground checks of the radiated signal were made mth an 

elevated rotatable pxk-up antertoa as shown in Fig. 8. 

Relative line currents along the transmission line were 

measured on a tuned R.F. nnlllsmmeter, mounted on a carriage, as shown in 

WE. 9. A section of tie shield, remote frbm the antenna, was opened 

at the top to allow use of tbas pick-up device. 

Relative patterns Of the vertically radiated beam were obtained 

by flights in Bureau airplsnes. The recelnng eqapment consisted of a 

hq 



-7- 

longitudmalmre below the belly of the ship, a short lead-q and a re- 

ce1Yer. The receiver used 1s shown 1~1 Fig. 10~ its schematic diagram In 

Fig. 11. General chmaotermtxs of this receiver were published in the 

Ab Commerce Bulletin of February, 1937. The receiving antenaa in early 

tests consisted of a l/2 wavelength tire mth the lead-in tapped slightly 

off center. Final tests were made mth a doublet, using a concentric 

transmission lme, as shown UI Fig. 12. Fig. l3 illustrates an inproved 

arrangement of the same type enterma. A discussion of output indicators 

developed for use with these reoelvers is contained in Safety end planrung 

Divieion Report No. 5. 

TESTS 

When tests were made to determine the characteristics of a 

given tranamitt~ antenna system, flights were generally made at odd 

altitudes, starting at loo0 feet, and in eight direotions of approach 

toward the statlon. Tote eas measured from the instant the marker light 

on the airoraft came on until it extinguished. The duratiw of light 

for flights in opposite direations was averaged end the pattern dimension 

ma8 taken to be the distance traversed during the mean lighted period. 

In doing thfs, partial compensation was made for the effect of wd. 

On most flights, graphic records of receiver output were nade 

directly on en Ester&m-Angus recording tiliamaeter which had been 

ewpped exth an axpllfier and rectifier for this purpose. Rth this re- 

cording devxe, It was possible to detect end study irregularities in the 

pattern that were neither evident in visual checlang mth the Indicator 

lamp nor an listening to varlatxms ln the aural output of the receiver. 

12 2lg 
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In all flights made when usmg the H type of anteMa array 

shown m Fig. 5a, dead spots or lobes were observed. It ms believed 

that these were the result of the physIca displaoemnt of the two north- 

south and east-west antenna elements at the transmitting station. It ap- 

peared desirable to combine the elements so that they would 0oCW'J a COE- 

man center, md yet produce the effective, n0n-directional plar~aatfon of 

the Signal. 

In order to obtain quadrature currents, the array shown ti 

Fig. 5b mas set up. The four radlatlng elements (north, east, south, and 

west) were each made appro-tely l/2 wavelength, actually 73.25 mches, 

whxh is equivalent tot 

.93x+ 

The value of .93 was found to be approtitely correct for ma&aum cur- 

rent m the four doublets. 

The north and south doublets mre connected to the transmis- 

slon line through a length of line that was shorter thsn that connecting 

the east and west elements. The correct difference in the lengths of 

these two lines was determined experimentally. After ad:ustm?nt of this 

array, the follcwng antenna currents were observed: 

North 
South 2 
East 
West $ 

It eas found that varlatlon of antenna currents resulted from slight dis- 

placement of the down-leads from the antenna elements. Actually, the 

reasonably good current balance indicated above was obtakied by slightly 

shlftlng the dounlead positions. While the mechsnioal amxngement of the 

antenna system did not appear entirely atable or desirable, flight checks 

/22/g 
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were made which shoxed the relative pattern dimensions db plotl-ed 1~! Fig. 

U+. Two of the amplitude recordings zaie during these flights are included 

m the same figure. It will be seen frox the recordings that the results 

obtained from thx antenna system were qute satisfactory. The only ob- 

Jectionable feature was the awkward meci-anical arrangement of the dormleads. 

A new arrangement of the antenna system, shown in Fins. 50 and 

15, was set up snd adJusted. It eas found possjble to support the antenna 

and down&ad system rigidly, and to perform all tuning adjustments on the 

system, by variation of the strap- on the dowdlcads and the position of 

the transrmsslon 1~1e along the doxiieads. The fonaer adJUStmnt directly 

affects the balance of currents in the adJ2Cent antenna rods, while the 

positlon of the fransrmssion line along the downleads determnes the rela- 

tive phasw of currents. The actual operation of perfo-g this adJust- 

ment is outlined later III the test and mstalld~on procedure. The adJust- 

ment is relatively sinple, in that the links on the downleads are moved 

until the currents, as measurrd in adJacent antennas, are equal; then the 

transmission lu?e position is varied until the current XI an elevated 

pick-up antenna is constant, regardless of its orientation. 

Many flight checks were made of this fml antenna system. The 

general results obtained are as indicated m figs. 16 and 17. The graph- 

IC records made on one group of fllghts are sheen m Fig. 18. It will be 

observed from these curves that the signal is relatively unafona, and 

contams no observable lobes that might cause erratx operation of the 

marker signal lamp in the airplane. Three experimental installations 

(Chicago, Kansas City, and Newark) of this type of mxker were made m 

,November and December, 1936, and comparable results were obtained in each 

case. All use 3OOScycl.e motor alternators for plate supply. F&Lability 

of the transmitters has been demonstrated by satisfactory operation Qf 

b2,p 
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were made whxh showed the relative pattern dmens~ns as plotted 1~ Fig. 

I& Two of the amplitude recordmgs nale aurmg these flights are included 

m the same figure. It ml1 be seen frm the recordmgs that the results 

obtamed from tbs antema system wew qmte satisfactory. The only ob- 

jectionable featllre was the awkward me&anxzl urar,gement of the domleada. 

A new arrangenent of the ar;tenna system, shomn m figs. 5c and 

15, ms set up and adJusted. It maa found possrble to support the antenna 

and downlead systen nadly, and to perrom all tmmg adjustments on the 

system, by vaxatlon of the strzpa on the domleada and the position of 

the tranamssioo line along the downleads. The former a.dJuatment directly 

affects the balance of currents n the adjacent antenna rods, while the 

posItlou of the tranamss~on lme along the downleads determnes the rela- 

tlve phasing of em-rents. The a&is1 operation of perfornung thm adjut- 

ment is outlined later m the test and matallation procedure. The adjust- 

ment 18 relatively smple, - ,n that the lmks on the downleads are moved 

until the currents, as measumd m adJa.cent antennas, are rqual; then the 

transmission lme posItIon 1s varied mt.11 the current 111 an elevated 

pxk-up antenna is constant, regardless of Its orlentatlon. 

Many flight checks ware made of thu f-1 antenna system. !l%e 

general results obtamed are as mbcated m Flga. 16 and 17. The graph- 

ic records made on one group of flights are ahm m Fig. 18. It will be 

obaemd from these curves that the algnal is relatively dorm, and 

contams no observable lobes that might cause erratic operation of the 

marker 3xgm.l lamp 111 the au-plane. Three rxperumntal lnstallatmns 

(Chxago, Kansas City, and Newark) of thm type of mrker were made III 

November snd December, 1936, and comparable results were abtamed in each 

case. All use 30OGcycle motor alternators for plate supply. ReUablUty 

of the tranamttera haa been demonstrated by satisfactory operatmn of 

U2,p 



theae stations for appmximtnlg 16 moclyh~~ z?le evcrage tnbe 1Ffe ti 

the trmmittera is about 5000 &~a. 

All tsste %hus far &db0d relate to an antenna m 

placed abow .smo*& earth. The last metiifmad 8nt0llria system ma els- 

r&cdl/4 wawler@h (lmtre) abow gmmd andboramtedtothet~ 

titter tlrongh abed, 32 feet of open rire transmission line. The tzmm- 

titter consisted of a simple 75-megacycl.e oecillatm as uhom in Fig* 19 

(Schematia diagram m Fig, 20). A relay rack type of oryst.al-contrOlled 

transmitter, type 'I%, aas designed and built far fxrthel tests on them 

markera. A vierofthistrensndtter is ehemin Fig. P,anditsw 

in Fig. 22. It has a~ available output of approxlmately25 nnttS,aad 

deriwa its modtitingfrequencyfrma self-ooMtiined3000-0yEle~ 

tube oaulud.or. The orlglnal oaeillatatran~tt0r tInPig. l9,WklOh 

msmounted m a ti aluudmmbox, *ssmplacedbytherelayrackt~ 

cryetal-controlledtran~tter~ountedina7(=7r frambuilding '1% 

was immediately found that ~egolarltiee eldated in tM pattern In 

Rights made aoross the station parallel to t@ d%reetion (norbhwest) Qf 

the trmsmission line feed- the antema sy&e& The Lrregularitiss 

didnotappear In fllghtsperpendloulartothis direction. Thw~serlCa 

of the tallrelayrack,mbiohmeaeured apptitely1/2wawle&hfn 

height, TAS euspected as a oontributory cause of these k-regulaFi%iesr 

When the equipment. originallymnm%ed onthemlayrack-w ditidedipto 

tm groups andmmnted on a&-en rack havinghalf ths original height, 

as shorn in Fig. 21, itwaa frrtmd that the frregolarities disappeared. 

&apbm records mde before and after the chadge in the relay rack are 

shminFLg. 23. Itnau obvionathat the antenna& be remDved fram 

tall metallic nbjeots a sufficient dietame 80 that these reflections 

/*a/g 



XmlJd not oc[NT. Itaas concluded that as long as the metallic eqtipment 

within about 50 feet of the antenna did not project abow the level of 

the antenna aystem,nodlfficultywotUbe experlent+ed tireflestions. 

It shoti be noted here that in subsequent teste of the Z marker, in whioh 

the arhenna sgatem lra~ placed 6n the radio rwlge plot, In the p*ty 

of flw l2Sfoot steel radio tangetowers, no effect of conaequem could 

be observed from reflections. In this aaae, tha marker antemra maa cen- 

trally located mith respeat to three of the toners, the distance to the 

towers measurjng about I35 feet. 

In orderthatth equi~nmildnotbe affectedby snow& 

wgebatlon grolth aro-md the antenna system, tav pbssible arrangements 

were considered and investigated. FFrst,asmJ.lfranmhansewaabuilt 

over the antmma ayatam in ordfztbattha antemawould be protected. 

The strsctwe is ahown in photographs, Figs. ;?t and 25. plights over 

the system, after construction of the shelter, indicated that the pattern 

ma substantial&the sama aethatwbentbe antenua naa expesed. Since 

tbia mrk was done ia 1937, it has not been paesible to blme?ve the pm- 

sible change bf pattern with the aecwinilation af snw srwnd and on top 

of the bullding, because mowfall has been negligible since its aen- 

atructlo& The set-up Is being retalned for fkrther observations. 

A second method of avoid= these adverse conditions ma8 to 

elevate the antenna system and erect a suitable large+uesh screen 

counterpoise &oh mold protide a uniform reflecting surface through 

rhioh maw would readily fall. A set-up of this covnterpoiaewaamade 

and ie shorn Fn the photograph, Fig. 26. The detalls of the counterpoiee 

syatea me ahom in Fig. 50. In uddng the counterpoise installation, it 

/rq 
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nmi!d not vcaur. Itwaa concluded that as long as the metallic eqtiment 

dthln about 50 feet of the antenna did not projeot abow the level of 

the antenna sywtera, no difficvltynvvld be experienoed from refleotions. 

It shuti be noted here that in a&sequent te&ta of the 2 marker, in whioh 

the antenna system was placed on the radio range plot, ln the p+mlty 

of fliw Lz-foot steelradio l%ngetowers, no 0ffeoYt Of cl%meqpenW oollld 

be obeanad from reflectiond. In this *aim, the marker antenna ma cen- 

trally located dth respeot to three of the towers, the di&nce tv the 

towers measurmg about l35 feet. 

In order that the eqw& WTMM~Q~ be affeoted by snowand 

vegetation @oath around the antenna syatetn, tav mesible arrangensnt# 

wre considered and inwetigated. l%rst,a smallfra~~honsemasbuilt 

oPerthe antenna syxtemin orderthatthe antenvawouldbe protected. 

The strvcture ia ahom ti photographa, Pi@. g and 25. Flight6 over 

the eyste%n, after construction of the shelter, irtaicated that the pattern 

ma8 substantially the sanm aa that when t&e anti uaa exposed. Sinoe 

this rork nas done ux 1937, it has not been pbeeible tv f~bservw the pv& 

sibb change bf pattern tith the accvmulatioa of w~lr around and on top 

of the ixriXbg, because moefdl hasbeen negl&lble since ita uon- 

struction. The set-up Is be- retained for further observations. 

A second method of avoid- these adverse condition8 nag to 

elevate the antenna system and erect a -table large%esh screen 

counterpoise whioh uvuld provide a tmiform reflecting surface through 

*hioh anQx would readily fall. A set-up of this oovnterpoiee wa~ made 

end ie shomn In the photogrsph, Fig. 26. The details of the counterpoiee 

sywten are &own in Fig. 50. v making the counterpoise bstd.l8tion, it 

II a,, 
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was canaldered desx-able to mvesilgate oporatmn of the array at a con- 

slderable &stance from the tranenutter, in order that m ultmate XI- 

atallatmn of these markers, the transmtter colJd be placed 1x1 the range 

statxm with the antenna sufficiently removed from the building and oenter 

tower of the range system to avoid pattern dlstortlon. Accordingly, the 

counterpoise system shown in Pig. 26 was placed approtitely 70 feet from 

the tranemtter and was connected by means of a two-conductor shielded 

transmssion Ime, spaced approximately one foot above the ground. !l'he 

he construction details are shown m Fig. 5f. 

The same methods of adjuatmg the counterpoise antenna system 

were adopted as 111 the formsr antenna system. The addItIonal operation 

of correctly terrmna ting the transrmaalon line at the antenna WaB per- 

formed UI order that standing waws would not be present = the Lne. De- 

talla of the methods and results conoerning this terrmnatlon are given 

later under antenna adjustment. Flight tests of the counterpoise ant- 

system gave results almilar to those of the former .a?ray. 

FZCEIVERSENSITITI!TYADJUSTMKNT 

Correct receiver sensitivltyww considered to be very impor- 

tant y1 the proper operatlon of the marker system. The greatest uncer- 

talnty in the operation of the system xas the possible? marker reoeiwr 

response to signals other than those of the marker transmitter. The 

pilot would then reoelve inaccurate or rmsleadlng information concerning 

hla positldn. The receiver orrgxnally developed for this marker aervxe 

did not possess extreme selectlvlty inasmuch as It 1~3s consldereddeair- 

able that the receiver be light, simple, and certa-Ln to respond to 

/32/~ 
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signale of the marker transrmtters, v&ich m theti early formwere mot 

crystal controlled. Most of the receiver discr mmatlon against undesrr- 

ad signals was obtamed through the use of a modulation frequency of 3000 

cyolea, a freqoenoy considerably removed from that of other alassea of 

serwlae, together nith the insertion of a good 3OOO-cycle electrical fil- 

ter in the output of the receiver. The remaFnder of the seleotivlty ms 

obtained by means of a tuned radio frequency -put circuit. With this 

amount of audio and radio selectivity, the receiver sensitivity could be 

reduced considerably below that which would cause any flashing of the 

dndieator lamp when flying directly over powerful yltra-higb frequency 

telegraph transmitting at&ions and over the 6%negacycle teletypevr~ter 

beam s&ale of the Bureau statlon at Sliver Hill, Md. When the sensi- 

tivity hsd thus been reduoed, it was found to measure appmz&aately l@O 

microvolts on the Ferris Type 1SD signal generator. This aensitivlty was 

then assumed to be the correct safe value, snd the marker traasndtter 

power adjusted to give the desired size of marker pattern sith such a re- 

ceiwr . 

In addition to the aeneitlvity investigatxm as outlined in 

the forego~, it was necessary to arrive at a sensitivity that wwld 

accommodate operation of the receim on fan marker signale of the type 

deserlbed in Safety and Planning Division Report No. 5, and a sensitivity 

that would not require too great a power at the fan marker station to pro- 

vide the desired patterna. The value of L@J microvolts, aa indicated, 

appeared to be satisfactory in all respects. 
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signals of the marker transmitters, &ich III their early formwere nut 

crystal controlled. Host of the receiver discrminatmn agamst undeslr- 

ed signals was obtamed through the use of a modulatron frequency of 3000 

cycles, a frequency considerably removed from that of other olasses of 

serviae, together with the insertion of a good 3OOO-cycle eleotrioal fil- 

ter in the output of the receiver. The remainder of the seleotivity ma 

obtamed by means of a tuned radio frequency input circuit. With this 

amount of audio and radm selectivity, the recelwr sensitxvlty could be 

reduced considerably below that which would cause any flashing af the 

indicator lamp when fl& directly over powerful @tra-high frequenCy 

telegraph transmitting stations ard over the 65-megacycle teletypewriter 

beam signals of the Bureau station at Silver Hill, Md. When the sensi- 

tivity had thus been redwed, it ma6 found to measure approsjxately llpo 

microvolts on the Ferri6 rSpe 18B signal generator. !This sensitivity ma8 

then assumed to be the correct safe value, and the marker transmitter 

power adjusted to give ths desmd size of marker pattern mth such a re- 

ceiver . 

In addition to the sensitivity mvest~gatmn as ontlmed in 

the foregoing, it; *s necessary to arrive at a sensitivity that would 

aoconm&Iate operation of the reoelvsr on faa marker signal# of the type 
9 

described in Safety and Planuu~n Dlvuion Report No. 5, and a sensitivity 

that would not require too great a power at the fan marker station to pro- 

tide the desired patterns. The value of L@O miorovalts, aa mdioated, 

appeared to he satisfaatdry in all reapsots. 
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MARKER Porn ADJusTMgNT 

In adjust- the output of the marker transmtter to provide 

the requred pattern size III accordance vvlth the receiver sensiiivity 

outlined above, it was observed that an antenna current of approtitely 

10 milliamperes ws rewed. lWs corresponded to a plate powx input 

of approximately 7 watts at the transrmtter, t3e plate supply to the 

power amplifier tube being 3000 cycles a.c., zero d.c. No d.-c. voltage 

was used on the p- Rmplifier stage in order that the percentam Of 

modulation on the trananitter signal would remain constant. FM speci- 

fxation for thu type of transudttxxg equipment, however, uas made to 

include a d.-c. plate voltage in order ta avoid possible future diffi- 

culty from modulation harmonics, part~cular4 after installation of ap- 

FrOaCh markers whxh will operate wxth .!@- and uoo-Cycle modtitlon. 

The antenna current referred to in the foregoing,-6 meah 

by clIppmp the antenna mter dxectly on the antenna rods at their center. 

This m&hod does not &loate the true current III the antenna, but is a 

relative value which is satisfactory for the adJustment of the marker pat- 

tern. In order actuallyto reada current valuethislowrlththa lnstm- 

ments available, it ~a8 necessary to series tune the meter with an 

arrangement as shown in Fig. 7, and aa described under A9IUTU5. 

ADJUST OF TFJE AImmA spsm 

Considerable experience has been gained aa a result of tha 

adjustment of the four expermen talZ marker installatlona at Wash-, 

B-k, Chicago, and Kansas City, and the adjustment of the first corn-- 

loer!zally~de 2 marker lnstallatlon at Allentcvn, Pa. As a result of 

this experience, precise procedure has been developed fen the adjnatment 

of this trpe of antenna as described herewith. 

I2 up 
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Adjustment of currest balance 

Fig. Z7 illustrates the factora evolved, and the adJustm.ent.s 

available for this type of antenna array: It will be noted in Pig. 27a 

that there am four entennasr north, east, south, and west, lrfLth their 

respective domileada. The north and east. antennas are connected by means 

of a shortingbm. The south and east antennas are also connected by a 

shorting bar. The antenbae are each l/Z wwe in length and tha d-ads 

a-e each 1/4pnrve long. In Fig. 27b, the north and east arraya have been 

dram 111 a atralght line with their respective downleads to Illustrate 

the fact: that the total cverall length is approately 3 half-wavelength& 

Th.e firet adjustient uvulved is the making of this diaension erectly 3 

electrical half-wavelen&ha for the nmth-eae-t section and the south-west 

aect1ans. 

It WTLB found by experiment that the correct length of the 

enterma rods for operation Fn this may is approximately 73.25 inches. 

This dimension is measured from the end at the rod to the center Une of 

the d-ad. Dlmensicm X, aa indicated in PLge. 27~1 and 27b, is meaeured 

wrtlcCU.yfromthe oenterllpe of the antemuaalongthsdownleadtot~ 

center line of the shortingbar. With the tranmdesion line pooxtion (Y) 

remaining fM, ths pwition of the shorting bars (dimension X) is sarIed 

until epproxbnate equsl currents are obtmned in the four antenna meter%, 

1, 2, 3, ard 4. It mill be observed frcw Fig. 2'7% that when a correct 

dknslon X Is obtained, the antenna meters 1 and 2till read equal value3 

of current* in the north and sast antennas respectively. The saw Con- 

dition hold? for the meters 3 and 4 on the couth and nwt antsMa& 

r*Single wtie '~ransmisemn Lines', Proc. I&.X., Vol. 17, No. 10, 
October, 1929. 
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although the absolute values of currents in the north-east array and the 

south-west array may be different. If the currents 111 the four antennas 

are plotted vnth respect to dlmsnalon X, curvee resembling those of Figs. 

2da and 29a till be obtamed. The correct position for the aborting bar 

1s that at mhlch the respective current c-s cross. In Fig. 28a, the 

dmnmon is 35.5 aches, and in Fig. 29a, it is 37-7/8 Inches. 

In measurmg the antenna currents, a meter, as illustrated 111 

Fig. 7, 1s used and It 1s clipped on the antenna rod apprc-tely equal 

distance from the two ends of the rod. It 1s believed that the correct 

positlon for this type of meter 1s that which gives equal current readings 

when attached to either side of the antenna rod. miLy a fm tests are 

required to dete-e this positlon. The exact position is not of very 

great importance, however, so long as the posltlon of the meter is the 

same on the respective antennas. The readings of the antenna current 

meters are changed by a person standing zn the Vicmty of the antenna and 

it ia, therefore, necessary that the operator step back clear of the an- 

tenna eyetern for each readmng. It has been found convenient and satisfac- 

tory to observe the adjacent antenna readInga, for example, north and east 

from one posltlon of the operator, and the readings for south and vest 

antenna from a diagonally opposite positIon. 

A variation of the positlou of the dounleads has considerable 

effect upon the relative currents zn the four antennas. It is important 

that the downleads be accurately spaced, parallel to each other, end pe- 

pendxxlsr to the plane of the antenna system. 

The adjustment of nhasmg 

The phasing adjustment 1s accomplished by variation of the 
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poSitiOn Of the trensmisslon line tap on the domilead system. The effect 

of phasw is observed by means of a rotatable pick-up antenna as illus- 

trated in Fig. 8 end by actual flight check of the pattern after cm- 

pletion of anterme adjustments, The phasing of cm-rents in the antenua 

system directly affects the strength of signal that is received by the 

pick-up ante- in the quadrants defined by the respective antenna rods. 

For exampla, in Fig. 27a this would be in southeest-northeast end 

northme&-southeast directions. The correct adjustment of phasing 

(dimension Y, Fig. 27) can be obtained by cbservlng the relative pick-up 

currents ID these two dyectlona. If dlmenalon Y is varied while ob- 

ser'mng currents %n the pick-up antenna for these two dlrectlona, a cl~pw 

can be plotted aa shown in 28b and 29b. The correot dvnension Y 1s that 

where the 'cm c-a orost~, 33.6 hches for Fig. 28b and 33-3/8 inches 

for fig. 29b. IIhen the correct phasing posltlon has been determined, rela- 

tive pick-up in all directions can be observed and plotted as illustrated 

in Fig. 30. It ail1 be observed in Fig. 3Ob, that while the phasing is 

co-& as indicated by the equalltyef currents in the northeast-southeeat 

and northwest-southeast directions, the north-south current i.6 Somewhat 

greater than the east-west current. This is probably caused by the aught 

rebalance in the actual antenna currents as shown by the arrows ~TI Fig. 

30. 11 difference of the magnitude lndleated in Fig. 30, hosewr, IS in- 

~igdficaut in the actual use of the marker. 

e Terminati 

me third adjustment III connection with the antenna system ia 

the proper termination of the transmission Une 80 as to remove refl.eo- 

tiam end standingeaves fromthe tie. This ia acccmplished through the 

use of match- stubs as indicated XI Fig. 2%. 

/z z/q 
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The position of the matctig stubs V? from. the point where the 

trammIssion line 1s connected to the domGeads and the length "La of the 

matching stubs are both critical. The proaedure m deterrmng the con-sot 

c?amensiomZ andL 111wlves flrstthe measurement of standingwaves onthe 

line at a point on the lum remote from the antenna system. A section of' 

the tranmsslon line shz4.d appro-tely 80 inches long must be removed 

toallowthis operatlm, A sutable meter to measure the line currents 

is shown in Fig. 9. As this meter is moved along the lme, currents are 

observed which If plotted mail resemble the curve of Fig. 3l.a. !&is mp- 

resents the condition eldstvlg with no matching atuba applied to the tar- 

xrdnd end of the line. The ratio of xlIzdmm to xuinimm Currenti ep 

proxxMtely 10rl. Aa the correct adjustment fex- the matching stubs ia 

apprcached, the-wenta obserwd along the line rsseqble those shm im 

fig. 31b. The desLrable termination is that which glws a etraightlinq 

or equd aument for allreadinga alongthe l..Ins~, Act-the best ter- 

mu&ion that haq been obtained is that giving a ratio of msxI.wm to min- 

irmn 1.05x1. 

In adjust- the matching stubs, the first proceti 1s to 

assum a givenlengthLand,tille holdingtbislength oox&ant,tQ vary 

the position 2 along the line,.obse~ for each position the ratio Op 

i¶!admm to rmnuamn current on the 135e. A typiael aIn-+ Qf the resulta 

of this procedure 1s plotted in cnrv M. 1, Fig. 32~1. The be& pwsitiog, 

it will be observed, is for a dksion of Z equal tQ U-l/b inches. 

The next proaedurs is to secure the dimenmon Z at tills best palwe* U-1/4 

inohea, and vary length L over a considerable range obserm, for amh 

dimension of L, the line current ratio. Fm the series af adjustmmt=a of 

L, a curve resembling zhat of No. 1, Fig. 32b, rill ba obtained. 

/rca/q 



Additi~nalvaluea of c&aensionZ mwtthenbetakgn, and for 

each ralw the line ratio far several lengtha of "Ln mwt be cbsemed. 

Fromthie hformation,a group of CTu-mS aauilar to ms1,2* and 3 

ofMg.X& canbs plotted. Fromawms1,2,andj,acwv8s~ 

to cuPv0 2nfFig,$?a cmb0 p1ctted,tbia curw3IqTesentingthe~ 

mum or beat. lbm mtio for each of the cumva 1, 2, and 3 of Fig. 3%. 

It is a- fm3q cmrYe 2 of Fig. 328 that tb optimaa dkuenclioll 2 is 

appdmdely ll-l/2 inches for the antenna on tich these mamrements 

were made. Itnillalsobe observed frcmtha ourma of Fig.%bth& 

theoptaptimaad&6mlcnforlengthLmUlbe appro2353tely23-~/4incbfm. 

Iqmsklngthe adjwtmmta dsscribfd intbe ffkegoingpraae 

dme, itraw netsd that there ma 6(11 reaction between tha vari~nr ad- 

jwtwnts, lhfm on8 F3d$wtment lmE made, otbr djn6hent5 had to ba 

~c~~toinsrm,thatthey~resC~correot. Bpartionlwe~le 

-bfthis occurred 4th~ diwnsiona I andY, inn&h oomiderabb cbawe 

4iintemw qarentbalanca remiltedfrcaa change in dimensionY,s$en 

thsdlnwslrrnY~~changed~anygraatertent,aPterfindingandaet 

t~dimweionXatanop+Ama~ue. 

It also baa been notadthatin 5aklng adjwtwnts fss l3.m 

tJzrdnation, it ia eesmtial that th0 terminating etubs be Lnqprkd 

da-hg initial adjua~t.0 by the inbulators that al-0 to b0 wad srter 

the flml ad.lW. 'Jul~~esthia iB done,tbBcapaOityufthe end 

craps and elmapE of the matohing 8Mi suppert- insalatcrs (80s Mg. 371, 

addd to t&0 matchbg stubrr~xlll eerlbpel.yUp&tbematchi~ofthe 

u-r 
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Tests cm first commercially-made umtallation. Allebmn. Pa- 

The first commercial install&-ion made for the Bureau at 

Allentown, Pa., as shorm 1~1 the photograph, FYg. 33, illustrates the 

final form of this development. The details of construction are shown 

in Pigs. 34 to 39, inolusrve. The transmitter is shown 111 the photo- 

graphs, Wge. L,.b! to 51, mclus~ve. Notes hare been added to each il- 

lustratlon to make it self-explanatory. Figs. 37 and 38 illustrate 

the parta of the antenna system on which the adjustments of current 

balance, phas- and line terauna tian are aCCo&iShed. 

Careful adjustment of the downleads (see hgb @k to bring 

them exactly parallel and perpendicular to the plane of the antenna 

system, 18 essential. The use of the elected piak-up antenna illw- 

trated UI Fig. /,l reqtiea the uae vf a transit or aurveyor'8 hand 

level for obaem the ourrent in the piak-up antenna instrument. 

Observation of this current through a hand lerel from the outer edges 

of the counterpoise sy~&emwas found to be convenient ezml satisfactory. 

LFRS current ratios were measured by mezna of a pick-up 

devloe shown in Fig. 9 and photograph, pig. !+2, It' was observed that 

considerable ticcuracy of line current readtigs resulted when the 

s&s of the trenemission llns shield mre allowed to change poaitlon 

with respeat. to the loop of the pxk-up device. In c-At& opn a 

long sectlon of the transmission lme, such aa LB necessary for these 

measurements, it is obvious that side malls of the sMeld m n& - 

man in their normal straight line. It uas neoeasary to we spat* 

blocka, ae illustrated in fig. fJ, to maMain the correct Bide er,ll 

spacing necessary for reliable readings. Several blocks, with m&y 

/22/p 
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spaced slots cut in them, mre used along the opening of the line, as 

shown ~II Fig.44. 

It should be noted that some dtifictity was experienced in 

obtaining a gocd balance of antenna currents, and a good ratio of liuc 

currents, mith the tranermttmg equipment as originally delivered for 

x&allation at Allentom. It was necessary to rearrange the leada be- 

tween the output couplmg co11 of the transmitter and the traumiss~m 

line term&ale so that these leads were short, straight, end of equal 

length. The origiml arrangement of leads is illustrated in hg. 47a, 

and the modified arrangementiuplg. 47b. To obtain equal termination 

Pm both channels of the transmitter, it maa neceesa.ty also to add au 

extra length of rlre on the standby tranmLtt+rbetmen ita e&put relay 

temkels and the partition bushing, as iudieated in Fig. 47%. This 

addition cbmpens~tas for the length of line repreeemted by the buew 

length. The monitor unit could not be omueoted directly to the tram- 

mission Use thrcmgh condensers, an originally provided, Without dia- 

turbingthe aondltiona of current on the transmission line. It sas net- 

ewaryto Lndustiwly couple this mit, a6 ehcmn In Fig. 47b. After 

making the mdi&.tious as indicated, it maas obsemed that the autenna 

and 15ne ourrent oonditions were approximately equal for both regular 

and standby equipments. The advantage of oouplhg the monitor to the 

trandaeion line, as arlginally prcmded, im t?& it is operative Fvr 

both regular and standby channels. Although its primary function ie to 

atartthc standbyahanneluponfailure oftberegular, itsas considered 

valuable aa a means of deterwlning relative ontput and nodulation for 

bath channele. 118 attempt saa -de to induatl~ly aouple the monitbr 

l.?+? 
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simltmeoualy to both power amplifier tank circuits, but it wao die- 

covered that, while identical monitor operatiou could be obtained from 

bothchaunels,uudetible cross ooup&rgemlstedthatmightcause cou- 

fusion to operating personnel. Ihmlderlngthls, it ma finallyde- 

tided to couple only to the regular ohanne on the present equi-t, 

and to provide an inductively coupled B.F. meter on the trsnsmiaaim 

line, on the top of the transmitter, to indicate relative output and 

modulatmn fur both channels. 

It 1s believed that Ff absolutely ideal termination were 

possible for the transmission Lne, some of the differences obser& 

in the operation of the tue channels (regular end standby) would not be 

present. FIo-wever, since this ideal ia not generally obtained, the ouly 

way in which identical operation can be expected from both channels is 

through strict adherence to mechanical d electrical symmetry between 

hanuels up to the trsnemission line terminals, 

The final results of the adjustments for current balauce 

phasing and linetermlnationforthls installation are illustrated 

clearly in Figs. 29, 30, and 31. A flight check of the marker to de- 

termine the pattern of the transmitted signal was made in Bureau air- 

plane EL31, with its receiving antenna errenged as shown in Fig. 32, 

aud tith the RlTD type receiver shown in figs. 10 and 11. From ths data 

obtained on these flights, the average curves of Figs. 45 end 46 were 

obtained. Fig. 45 illuatratee the approximate verticel pattern extend- 

ing to an altitude of 9000 feet, and useful slightly beyond this, For 

the finally adjusted transmitter power and the accepted receiver sensi- 

tivlty. On this carve, a dotted line has been plotted to illustrate 

/a21y 
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the approxdmate relative limits of audibility for the marker signals. 

The inner solid curve, representing the actual marker pattern, is the 

pattern determined by the operatmu of the marker light on the airplane 

mstrwent panel. The marker signal is audible before and after opera- 

tion of the marker light. 

The curve of Fig. 46 was plotted from data taken in all 

duectlons over the station at au altitude of 3000 feet. It illus- 

trates that the phasing of the antenna currents is apprommately ccy- 

rect, smoe the signal received LB appromtely equal in all direc- 

tions . The pattern is slightly larger in the rmrtheast-southwest 

direction, probably because of direction of mind during the flights, 

The mind wan in the approz&mte direction mdicated by the arrow ou 

the figure (from northwest). Flights in the mrtheast-southmsk dl- 

rection would naturally be made with considerable crab angle, result- 

ing m a true ground speed much less than that for flights in other 

dlrectiona over the Btatim. Ccmsequextly, this vonld account for the 

tiereased time of sigrkl for thid direction. Patterns of the emri- 

mental markers ha-, in general, been elongated slightly m a direc- 

tion perpendicular to the wind directmzt. A true airspeed of 100 

mile8 per hour was maintained for all flights. 

Final transmitter de&u 

The arrangement of the transmitter developed for this aerv- 

ice is shmu in Figs. @ to 51, molusive. A block diagram of the 

traussdtter circuits is given in Fig. 5L$ Ths uoauual output rating 

18 5 uatta. 'he ado frequencymodulating voltage is derived froma 

stable 3CXlO-cycle vacuum tube oscillator\ 

h/p 
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Ituillbe observed PromF?wgs. 13 and 49thatthe transmitter 

consists of tmc identiaal tits constructed vertically in a cm frame. 

Controls end indicating instruments are provided for the trnins and ad- 

justment of each channel, regUar and standby. An elaNed Wae mete?? 10, 

prodded for the filament circuit of eaoh chsmel, oo that a t&al nuaber 

of hours of operation canberecorded. 

The mmltwnuitpmvided~ththia equl~entis shorn in the 

upper righthand section of Big. 49. This unit iunotiono to distonneat 

tha regular channel Fn event of its failure to delimr the required oub- 

put, and starts up the standby channel, connesting it to the trsnm%ssion 

lhe in place of the regular channel, In addition, the monltvr tit with 

its twc meters (rectified carrier current and rectiFled audio cvr!'enk) 

provides a means for setting the percentage mcdtition at appmixlmately 

10'3%. Curves of the audig and aarrier ourrents ham been plotted in Fig. 

52 against relative percentage modulation. The monitm transfer ~%tein 

operates when the modulation has been reduced td about 45 per cent, dr 

tien the cm-rim drops suffirxkntlyto reduoe t&e reaeived reottiied atio 

cm-rent more than about 30 per cent. 

Controls are provided, as shown in Fig. 51, to perm%t either 

manual or automatio operation of either channel of the tr~smitte% It 

is possible through the operation of these con~ol snitches for either 

channel to deliver pomr to the antenna systemwMla repairs, adjostmsmts, 

or tuning ohangeq are being made on the other channel. 

Flemte nmxLtW4g. 

Fhvision for remote monitoring 0fZmarker eq7Ai~twa* not 

inclw Fntb final transmitter design although am expermts-eere 

/IHp 
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oonducted during the development Fermi. Remote monitoring mas considered 

unnecessary for tm particular reasons: 

1. The range station is visited daily by operating personnel and any 

irregularities of the 2 marker operation can be observed. 

2. There is a reliable standby equi~ut aad automat&s transfer ds 

tics t4 6peiet.e 3.n case of-failure of ths regular equl~nt.. 

During dewloment, small diode detector-amplifier units were 

coupled to the transmitter out@ cWxlte to prwld6 an andlo monitoring 

dgndl. This signal ww then cormeoted through relays to the braadcast- 

oontrol Line which uonnecte the range station to the remote control quar- 

ten. An 8.-c. micro-tar nae used at ths distant qnart.8t-a to operate 

from this dtorbg signal. !l'he relays were used to diaoonQeet the sig- 

naJ.fmmthe line dw broadcasting. 

A development projeot has been set, up to study conditions and 

methods for monitoring all types of markers. Considering the faot that 

good signale oan be heard cn a sensitive receiver at the Silver Xl11 (Ui.) 

experimental etation of the Bureau f’rcaa both the Bonie fan marker, 16 

miles distant, and the UaehingLon 2 marker, about 3 miles distant, it iS 

possible that s~llpe methcd of remote monitoring, aith the use of a receiver 

and dIrectire receiving ant-,mayeventnallybe provided at the ten- 

trallylocated qurters or anport. 

CONCLUSIONX 

> Aa a result of this dewlopment, It haa been concluded that: 

1. The antenna system of the final design described in this report, 

ani sham iu Figs. 5c and 33, 1s satisfactory for regular marker setice. 

m/g 
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2. The average antenna current of 65 milliamperes in the four anten- 

na rods, as measured by the lnst-nt illustrated In Fig. 7, is satxtfac- 

tory far the present pattern dimensions. These currents may FXQ' 25 per 

cent from one another without causing an appreciable change III pattern 

shape. 

3. The antenna system can be operated 111 the vicinity of radio range 

towers, provided these towers are not over 125 feet tall, and are placed 

at least I.25 feet from the marker antenna. Objects wIthIn a radius of 

about 50 feet of the antenna should not project more than about 6' abwfe 

the plane of the antenna system. 

4. The use of an elevated antenna, pnth a counterpoIse as shoftn in 

hgs. 5e and 33, is satisfactory and necessary. The oounterpoise may be 

eupported on a grounded structural steel framework. 

5. The use of a two-conductor sbieldsd transrmssion l$ne, as illus- 

trated in Figs, 5f end 34# is satisfactory and is very converuent for this 

syatem. 

6. The termination of this line, wing the matching stubs, as shown 

in Fig. 37, is satlsfaotory. 

7. The dual transmitter of the type shown iri figs. 4.8 to 51is satls- 

factory for this servxe. The rated output of 5 xatts is adequate. 

8. The use of crystal control for the transmitter is satisfactory 

and desirable. 

9. The use of a monitoring device for the purpose of automatically 

changing from regular to standby transmitter in the event of faxlure of 

equipment is satlsfacfory as provided wxth the cozmerc~ally-made eqtig 

ments nom being purchased. 

/22/y 
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l.0. The USE of the typ Rm) receiver, illustrated in Figs. 10 end 

ll,ie satisfactory for the cheoking of mrker patterns, but a selective 

arptal-coutrolled euperhetercdybe receiver of the t~eYLm%oed in 

Bureau specFfioatlon BA-304 will be required for Interference-free recep- 

tion of marker signals under eermxe conditiona. D 

Il. The type ofrecelvLng antermaillustratedin Figs. I2 andl.3 is 

eatiefactory for up on airweft. 

12, The use of a emll incandescent type Lamp as en indioator is 

oonwnient and satisfactory. 
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FIGURE INDEX 

No. 

1. Curve of radio range cone of silence. 

2. fiotograph of or@m.al H type marker tranmdtter arraY. 

3. Photograph of origmal airplane antenna for marker service. 

4. Photograph of original Army marker reaeiver. 

5. Schmatlc bagram of arrangements investigated. 

6. Diagram of type AC-105 frequency meter. 

7. Sketch of lnstrmient for meaaur3ng marker anterma currente. 

8. Sketch of elevated rotatable pick-up antenna for phaam adjustments. 

9. Sketch of instrument used to msasure line current ratio. 

10. Photograph of tspe RUD marker receiver. 

11. Diagram of type RUD marker receiver. 

12. Sketch of marker receiving antenna on NS-31. 

l.3. Photograph of improved marker receiw antenna. 

L!+. Relative. pattern and graphic record of experimental marker sxgual. 

15. Photograph of f-1 antenna structure. 

16. Relative pattern at 3000 feet altitude from experlmentalmarker. 

17. FLelative vertxal pattern of experImenta marker. 

18. Graphx records taken on experimental marker signals. 

19. Photograph of orlana type THL marker transmitter. 

20. Magram of origLna1 type THL marker transmitter. 

21. Photograph of experimental crystal-controlled Z marker transmitter. 

22. Schematic diagram of experimental crystal-controlled Z marker trans- 

mitter. 

23. Graphic record8 showing effect of metallic relay rack Fn victity of 

tranamttjng antenna. 
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No. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 
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Photograph of ezqerimzntal shelter of transmtting antenna. 

Photograph of shelter showing rmovable se&Ion. 

Photograph of expermntal coimterpoise s@en. 

Schematx dlagrm 0," transrmttlng antenna ahomng factors Lnvolved 

u1 .adJustment. 

Curve of currents obsemed In adjusting Chicago Z marker, 

Novenbsr, 1936. 

Curw of currents observed m adJustlng Allentown 2 marker, 

April, 1938. 

Relative patterns obtained on Chlcago and Allentown Z markers, 

using rotatable pick-up antenna. 

Curves of transrmsslon line current readmgs. 

Cm-ves used I.II terrmnatlon of trsntisslon line. 

Photograph of complete transrmttlng antenna at Allentown, Pa. 

Photograph showing orlguml arrangement of tranmussion lum 

insulators at Allentown. 

Photograph shmjng bridge arrangement over transmission line. 

Photograph shomng substructure of transmittmng antenna system at 

Allentom. 

Photograph shwng arrangement of matching so&Ion. 

Photograph shomng the connections and adJustments on the antenna 

dmnleada . 

Photograph shwng method of securw antenna rods. 

Photograph shomng downleed section of antennas. 

Photograph showing method of observing pick-up antenna current. 

Photograph sh-g meter used m line current measurements. 
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No. 

43. 

44. 

45. 

4b. 

47. 

48. 

49. 

50. 

51. 

52. 

53. Block diagram of type 'E?A tranamltter circuit. 

Photograph shomng spaemng block used t0 secure constant spacmg 

of duct side wall. 

Photograph shcmng complete aeeemblyuf spaa- blocks. 

Relative vertical pattern obtained by flight check of Allentown 

marker. 

Eelatlve pattern cross section St 3000 feet altitude for Allentom 

marker. 

magram sboKLng ?lrmqmmt of tranmitter output circuit. 

Photograph showing fm&l type TZA marker transmitter. 

Photograph shming rear view of type TZA marker transmitter. 

E[hotograph ah& Bid0 view of type TZA marker trsnsmit&er, 

Photograph she control smtohes of typs lZA transmitter. 

Cu.rv~a shomng momtor current readings for -?srlous percentages 

of modulation. 
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FIG. 4 PHOTOG!WT OF ORIGINAL AREdy MAI(KER RECEIVER 
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ImER O-120 MA. R.F. 

w0mBErl!mBIO~ ROD 
FOR BXEATIBQ PICXW AIfl'ENl?A 

GRowDmcomRPoIQL .w 

LUB 

2% 4" SUPPORT 

12' 

FIG. 8 EIEVATFiD ROTATABLE PICWP ANTFXk4 











FIG. 13 IMPROVED DESIGN ~JARKER RECEIVER BELLY ABTEXNA 

Rqld concentric line forms central support for doublet. 



DIRECTION OF 
- RECORDING 

FIG. 14b 

--- 
WEST TO EMT SOUTH TO NORTH 

FIG. 14a 

FIG. 14 RELATIVE PATTERN OF EXPERIMENTAL MARKER SIGNAL 
AND TWO OF THE GRAWIC RECORDS 



FIG. 15~1 VBW OF !l'J3E FINAL EXPEXIMEXl'lLL ANlXNNA STRUCTURE 
BEFORE BEING PLACED IN THE GROUND. 





ORIENTATION OF 

ANTENNA ARRAY 

3960 FEET 

FIG. 16 
Z M.4FtlER HORIZONTAL PATTERN 

AS OBTAIliED FROM TRANSMITTING ANTXNNA 
OF FIGS. 5c AND 5d 

3000' OBSERVATION WASHINGTON, D.O. 



j FEET i\l/i 
2000 1000 0 1000 2000 

EXTENT OF HARXER SIGXAL OFEMTIOFI 
3000 

FIG. 17 REUTIVFi VERTICAL PATTYEXN OF EKF?ZtIhBNTAL X4FXER 
USING ANTENIU AS IN FIG. 5d 



DIRECTION OF RECQRDING 

A 9000 / . 

/\ 5!o! 
a 3ooo- 

FLIGBTS SOUTH TO NORTH FLIGHTS ilEST TO EAST 

FIG. 18 COPIES OF GIUPIIIC RECORD& 
MADE ON FLIGHT TESTS OF ARRAY SHOW-N IN FIG. 15 AND USED IN PRE- 
PARING THE PATTERN CURVES OF FIGS. 16 AND 17. WASHINGTON, D.C. 
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FIG. 21 
EXPFXIMENPAL CRYSTAL CONTROLLED 2 MARKER TRAi.SmTTEII TYPE TZA 

Oru$nally mounted =n a smgle relay rack but here shown m 
wooden racks to elmmate reflectmns of radiated *wave of 
adJacent antenna. M'onltor umt 1s shown m lower left. 

mPly 



I -)I 



RACK VFJLTICAL FiiGST SOUTXZAST TO NORmT 

RACK VERTICAL FLIGHT NORTHWEST TO SOUTHXAST 

RACK HORIZONTAL FLIGHT SOUTREAST TO NORTHWEST 

RACK HORIZONTAI FLIGHT NORTRWEST To SOUTHEAST 

TFIANSMITTER n APPROXIWiELY 
HOUSE - To SCALE 

RACK 

FIG. 23 COPIES OF GRAPKTClRECORDS 
SHOmG THE RELATIVE EFFECT OF THE PRESENCE OF THE ?ERTICAL 

RELAYRACK IN THE VICINI'PPOF THETWNSMITTING~~A 



PIG. 24 
VlXW OF THE EXPEXMENTAL SHELTER !M PROTECT 
THE TFiANSldITTINGANTF,NNA FROMTHE ELEMENTS.~ 

FIG. 25 
VIFX OF THE SHELTER SHOVYXNG REMOVABLE SECTION WIICH 

ALLOW5 THE COWPLETE HOUSE TO BE ~TffDRAl"iN 
ON ITS SKIDS DURIKG ADJUSTMENT OF THE ANTENNA 



FIG 26 VIElV OF THE EXPERIUEIPPAL COUNTE3PJISE S1'STElrI AS 
IIKPALLEJ AT l'~AS~IIHGTON RADIO RAN'Z STATION 



SOUTH NORTH 

FIG. 27a 

q b-X-7 n. 
EAST w 

l---y 
4 W 

2 1 Nmrii 
RmmINff BAR 

FIG. 27'b FIG. 27'b 
I I 

LINIC LINIC , , 

WFST WFST EAST EAST 

DOWNIEADS DOWNIEADS D-S D-S 
Is Is I I r r 

z z 
FIG. 270 4 4 c c -._ -._ 

--I: --I: 
. . --- --- 

LMATCHI!?G 8lmS LMATCHI!?G 8lmS 
TRAQ'8MI8SION LIJ!B TRA48MI8SION LIJ!B 

PIG. 27 SCREUTIC ARIIAmsBIImGF~TTINGmm 
BELTING THE FACTOFt IaVOLVQD INAWUSTB&BT 



3B.a 33.6 33.4 33.2 
DI~if6ION "Y" IWEE (BEE FIG. 27) 

FIG. 26a FIG. 26a 

68 36.6 SS 34.6 34 
D-WION "X" INCBES (SIB FIG. 27) 

FIG! 26 OURfWRS EWEWED DURIPGADJUSTIBMT CIFEXP&RIhWTILLZ IdMWR 
AT CHICAGO, ILL 
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DIMENSION "X" (SJZE FIG. 27) 

I 
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I 
1 
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FIG. 29b 

INCHES 32 32.5 33.5 
DIh@NSION % (SEE FIG.27) 

34 34.5 

FIG. 29 CURVES OF OWLRENTS OSSERV'ED IN 
P 

JUTSTING ALLEVl'G7v-N 2 MARIER 
Antenna and dmleads were 3 4 O.D. tubmg 

Trammss~on lme was l/2" O.D. tubing 



WEST 

CURRENT FOR CURVE 

FIG. 30 REL4TT'i'E PATTERNS OBTAINED ON CHICAGO AND ALIEWTCWN 2 MARKERS 
USING RO'i'AUBLG PICK-UP ANTENNA 

/12/y 



20 40 60 80 

POSITION OF Ivt3TER ALONG TRANSMISSION LINE 

I 
POSITION OF WI-ER ALONG TRANShlISSION LINE 

FIG. 31 CURVES OF TRANS!IISSION LINE CURBENT READINGS 



FIG. 3Zb 

:NCHEB 23.6 22 22.6 23 23.6 

LiWGTn @F IUTCHING STUB (I,) 

FIG. 32a 

UT10 VS POEITION Z. IENGTH L 
U8 ADJUSTED FOR OFTIMUMRATIO 
F[R EACH VALUE OF Z. TA.KEN FROM 

m!B&R 11 13 14 15 I 
POSITION (Z) OF MATCHING STUB 

FIG. 32 CURVE8 FOR TRANEMISBION LINE TERMItL4TION 





FIG. 34 ALLENTOWN "Z" MARKER INSTALLATION 

Shumng orlgmal arrangement of transmFssion 
line msu1ators. These are to be alternated 

in subsequent installations. 

FIG. 35 IILI.DPJWN "2" MARKER INSTALLkTION 

Shawmg the specml arrangement at the bottom of 
one antenna post to allow passage of the transmlsslon 1m.e. 
11219 



FIG. 36 ALLXNTC,WN '2" MARXER INSTALLATION 

Shmrmg the substructure drestly below the antenna system. 

FIG. 37 ALLENTOWN "Z" NARXER INSTALLATION 

Shmvmg the mtohmg stub arrazgcmnt for ternimt~on of the 
tranmnss~on lme directly below the counterpoise at the antepl 
112/f 



FIG 38 ALLENTOWN "Z" MARKER INSTALLATION 

Showmg the oomectlons and adJustnents on the 
bottom end of the antenna downleads. 

FIG. 39 ALLENTOWN "2" MkREXR INSTALLATION 

Photograph shomng method of seourmg antenna rods. 
/13/g 



FIG. 40 ALLENTOWN "Z" hV.FKER INSTALLATION 

Showing the eotenna and dmlsad arrangement and mdlcatmg 
the method of scouring the rotatable pmk-up dipole support 

to one of the antenna posts. 





PIQ. 42 ALIENTCWN "2" MARKER INSTALIAT~OII 

Arrangement of tuned meter and pick-up co11 for 
transmus~on line current rat10 measurem3nt.s. 

FIG 43 ALIENTWW "Z" MUKER INSTALLATION 

A olose-up mew of the spaoing block used to 
hold duct sidemll spacmg accurate during 

transn1ss1on 11ne measurements. 
/za,q 



FIG. 4.4 ALLEN!POWN "Z" MAXER INSTALUTION 

Shming the camplete assembly of slotted blooks to hold 
duct sidewall epaomg aoourate dtring lme ourrent measurements. 
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FIG. 46 RELATIVE WRTICAL PATTERN OF ALLEiVO,V'N 2 MILR~R 

II z/g OBTAINED BY FLIfX'I CHECK 
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APt'ROXI!UTE 
DIRECTION OF 

I 
I ,120oo 1000 PTA& ON 1000 

FIG. 46 RELATIVE PATTERN CROSS SECTION FOR ALIENTOWJ 2 M4RKER 

/rat, ALTITUDE 3000 FEET 



TRANS~IISSION LINe 

COTJ!'JING COIL- 
I 

I REGULAR STAND-BY 

TOPVB3 FRONT 
FIG. 4Tb 

FIG. 47 DIAGRAM SHOWING ARXAN@3MEX OF TRAkWdiTTER ULITPIJT CIRCUIT 
Top viewa of transmitter showing (A) origmal conimctlons and (E-I) 

madifieations to obtain symmetry in line lengths 





FIrJ. 49. FINAL Z !iAKEX TRANSEdITTER, REAR 'iCEi%' 
xith covers removed showing the eymmetric~ Emangement 
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PERCENTAGE OF MOI)UUT~~~ 

FIG. 52 TFWWJETTER MONITOR CURRENT READINGS 
FOR TIARI~~S PERCEI~~AGES OF WDXJUTION (TYPICAL) 






