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THE DEVELOPMENT OF 

AN IMPROVEll ULTRA-HIGH FREQUENCYRADIO FAN MARKER 

m 

P. D. McKeel, J. M. Lee, and H. I. M&z, 

An antenna system, similar to the four-element array des- 

crlbed 1~1 Safety and Planning Illvislon Report No. 5, except operating 

above a wve mesh counterpoise, was installed and tested at the Bowie, 

m-2 light beacon. Improvements UI the method of conduct- energy 

from the transIlntter to the antenna were incorporated ti this Installa- 

tion. The system ms fomd to produce patterns equivalent to thoss 

measured for the former antenna and to be relatively free of variations 

caused by snow, sleet, or growth of vegetation. 

INTRODUCTION 

The basic development of the fan type marker, tiich began in 

1936, was described In Report No. 5 of the Safety and Planning Division.* 

In this report, experimental data were presented in which It lids shown 

that a field pattern of suitable extent and shape could be prw3xsd b-y 

the use of four l/2 mvelength antenna elements in line exoited in phase 

and spaced l/4 wavelength above level earth. The experimental results 

are in general agreement mth the theoretical pattern produced by an 

array oftbistype. The calculated radiation pattern fortbe four-element 

array and the sjmpler t-lement array are shown XI figure 1. Revlous 

SFieport No. 5, The development of a fan type ultra-high frequency 
rad1.o marker", January - 1938. 
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tests indicated that the power required for the desired pattern via6 

between 100 and 150 watts. There remained, however, tests to be con- 

ducted on the use of a xire mesh counterpoise which would act as a re- 

flector for the antenna system and protect the rabated pattern shape 

from changes that night be expected as the result of the growth of vege- 

tatun and accumulation of snow. In addltlon to the antenna system, 

It was also necessary to develop and test means for conduct- energy 

from the transmitter to the antenna system tith protectlon from these 

saw elements and mth auimum loss. This report descrlbes tb.e tests 

conducted on the improved antenna system located at Borne, Md., and 

ilJxst,rates mth recordugs and c-s the satisfactory results obtained. 

APPAFXJTJS 

A complete four-element antenna system was constructed using 

7/8 inch (O.D.) rigid copper tubing supported by 6-mch standoff in- 

sulators at the top of @ x 6" wood posts. The herght of the antenna 

elements above ground maa made 3/l, wavelength in order to allow con- 

venient construction of the counterpoise at a dutance of l/4 wavelength 

below the antenna. The height of the comterpoise above ground 1s de- 

termined by locsl oondltlons (growth of vegetation, snoxfall, and natural 

slope of terra&, which for this locality demanded an elevation of ap- 

pro-tely 6 feet or l/2 wavelength. All insulators supporting the 

antenna system mere placed at points of rmnirmrm voltage. The antenna 

posts were roofed away from the side contalnlng the antenna msulators, 

to rmnirmze sleet form&Ion on that side of the post. 

Two simple methods are available for exciting the antennae In 

phase. One is shown in Fig. 2 (A), intiioh the several antennas are 
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fed in pabe. This necessitatea a more ocmplieated tranemdsei~ line 

structure then the final design shown in Fig. 2 (B), which takes the 

equivalent form of two antemas, each 3/2 wavelengths long, fed h?w a 

a3nglelPae. The middle l/2 wwelength sectlon of each of the 3/2 umw- 

length sntermas is folded, to prewnt radiation from the Out-Bf-pha0e 

section, gidng the effect of four l/2 ~wlen&h sntennas In b, fed 

in phase. The direction of the instantaneous currenta ia indicated ky 

the arrows in Fig. 2. Photograph, Fig. 3, shorra the afiangelnent Df the 

he at the ante-. 

Counterpoise 

The meohsnxal construction of the covnterpoise is sheun in 

the drawing Fig. 4, and III the photographs, Figs. 5, 6, and 7. 1t.U 

orientation and positum with respect to the beacon light tolrer la 

given in Big. 8. The structure is made entirely of wood, the c3omTter- 

poise slppartlng poRts being 4" I 41, the anteMs SuppDrting pu6tfs 

6" x 6*, a& all other -k 2s x 4". Th624'6lrereplaQ6dU6 

edge to aae accumulation of snou er sleet dd the connterpwl~, ani 

to provid4 rrdnhum brag betrresn WpportFng pmrt6. The entire stnrcttw 

is comradrith aJmx3* meah ofmglber U galvaniZedwire BCTeei?. 

The center of tb &em is plaued l/2 wanlength (78.74 inches) alww 

ground. Due to the slope of the groutdj this diatsnce from counter- 

poise to ground varies fiwzu 4to 8 feet. Copper ground straps one *It 

wide by0.02l1 in&esthickuere add&to cormeatthe comrterpoiaa careen 

to ground at all pate (161, sbulatblg a utetal counterpoise fraemtuk. 

Tramaadsaldn l* 

'fhe tne+&e transmiselon 1Ine is made of I./2 inoh out&% 

titer hsrd cv tubmg, spaced cm inch on centers, end enela.%d in 
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a Jrn x 3" copper duct. The duct pmndes a shield for the lme, and 

SUmmates the dffects of changing weather conditmna and vegetation on 

the charactenstics of the lme. The lines are supported ,y,mm&.rically 

m the copper duct by standoff insulators, mounted m 3-inch square 

bakelite baaea, at x&n-vale of approxmatelp 6 feet. The tranmdssirm 

tie duct is comeoted to the tmmmdtter frame and to the counterpoise 

end is grounded svery8feetthroughout its length. The closure for 

the counterpoise end of the lti is roofed to ~jmise the colleotion 

of mm ardl iae. The details are sheen in Figs. 3 and 4. 

lhnsldtter 

The tranmuLt,ter us@ in these tests was the ame one that nap 

used for the concluding teats of the former antenna array and mentioned 

m Report No. 5. A block dia& Df this transndtter is given in F'ig. 

9. The tranmitter is a type 'lIZI, crystal controlled, 100 mtt unitf 

operating at 75 megacycles. The crystal is of the lmtemperature cb 

efficienttypa, operating Fn a ory&a~dynatrm oinxit. !Pha fourth 

barn& (18.75 megacycles) deriwd directly From the 57 cry&al cir- 

cuitiathendonbledagainin anRl-23 tube, and is ampljfiedbya sec- 

ond If,&23, nbLuh delivers sufficient pear at 37.5 megacycles to excite 

the smxeeding stage. FollowIngthe 37.5megaoycl.e exoiter stage, a 

typs 304-B tube doubles the frequency to 75 megacycles, after nMch it 

is smpufied in a second type 304-B tube to driW two type 304-B tnW 

mpush-pullaaapmeram@f%er. EQh efficiencytank circuits,con- 

dieting of T.~~l~-ptln coilp tmed mith Kpie-plateA oondensers, result 

in a power amplifier plate efficiency of the order of 60 per cent when 

delivering 100 Pratt3 Qf pmeT at 75 wgaCJTleI3. 
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~voltage direotmnwlt forpl+epmris suppliea~ 

t~~~wtqvagarrsotifiers, Thepo*ermpplytothetransadMeris 

ml YQ1tll, 60 ogcle, 6lngle phaee. 

A singletranmdtterwa0as~id intthis experimwtal. instaU~- 

Ian. 1ts operatlonmaa studiedto obtain int8mation fromuhioh spci- 

flcationff fnr the fixal units 0oIiJ.dba aritten. SirIWkhs Of Wa- 

tiuwnsaoperatlmhave shownthat, althowhmketubes ar?neoessarJrizI 

rc~contraUedt~sndtter,~fdldes~anddual~~o 

tranusdttersdllprovidoths necessaryre~bi~tyforlmattsnded~ 

t&E* 

The meamrem0ut of c mTent at titXT+high fF0qUenCieB iS a 

difflcdtpmblam, andtbisis eapciallytrue of the cmvntis a tmk 

duotmrswhasan arhesna, da-0 high patential.8 may be encomrtered. 

Themterlaayindlrrate aradlatimi aurrant in additbntitha da&r& 

olrmemt. If the nwbris plmed at a point ofl~potential.,tlm 5&i- 

cationu, l3caemr,m mffioientlyaccumte. Siin+e It is net commilent 

to -at the nl&c d3xeotl.y in the antanna, a sandtim m&er may be 

&iatted amma a section of the antamnr, asilZLWtr8ted in pig. 108, oz 
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conpled b the antema, am illutmted m Fig. IOR. The latter method 

IS, of oauree, much mare eenaitiw. The former method (Pig, lOA) La 

&era rugged a&d ~8 used format. of the readmgs presented 111 this re- 

port- 

It wa found that the position of the meter on the ante~-zui 

had an effect on its reading. If the grolmdterminal of the meters+as 

plaoed on the end of t&a ante-, a current lndicatlon resultedg tiTk+ 

if the V'mk~ tmndnal of the meter was placed at the end, a ~erw resdlng 

wag vbtainsd. It uaw evident from this that the position of the mbbnqn 

CmTant oould not be deten@ned accurstely. SlnOe the high pate&La1 

field waas no doubt reaponsibl.@ forthis diaurspancg, all antenna masure- 

mentsmre baaed on the points of WC-&. Fig. u ia a p1at crf 

the curremt readings taken on one of the antennas, curve (A) being taken 

frvm one side, and cxrw (5) taken from the uppoaite aide. This curw 

kedioatea the displacement of the c-u-rentmaxlmm, dependrngontheman- 

nsr 133 rhieh the mter was oonnected, The pint of current akaxudm wa8 

taken a8 the punt at tilch the ~termmld giw the same readbg fxm 

either side of the antema, kdicsted as %+ in kg= L,, 

Tho pobit of czzrrent lnaxlmmfurtha end antennasms found to 

?k 90 wntb&ers from the md, or 0.9 cf a quarter 8avelo&h, DW to 

tkm phy$cal, shape of the phasing sectmn~ (the foLdad I/‘2 mm&n&& 

sectivn), th3 current 7msbm on them could nat be debmined, B3 posi- 

tlm of the immmt m&.mim on the irmer antermae could be &Lft.ed bg 

cw thq length of the phaa3,ng section. The poaitian of the CY!xTi?ei-lt 

of the pbastw 
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SeotiOll. It ma felt that the antexma should aat as a folded nire 

antema, the length of the seotlona (aside from the 1/4xavelenpth 

eectiaq at the end) being fnll l/2 wavelength, This 'baa cheolo+ m 

sketching the wmplete antema ayatem into a e-kaight line and deter- 

min* the puaitioh of m cm-rent, I(eaeurementsthustakenbore 

out this amnuptmn, and the eleznentslrere made full l/2 wavelength, 

except the end antemas, which were made 0.95 x l/2 mapelength (l/4 
. 

wavelen@h plus 0.9 xl/4mvelengbh). Fig. %? is a drslring shoxbg 

the lengths of the varmua eleqezrbs and the position of cnrreut &- 

nnma. 

Line termY.nation 

Ifhen a tranmierion line is coupled to a load, the bpedance 

of which ia other than the characteristic bnpedance of the line, reflex- 

tiona occur and standing waw18 are produoed &long the line. !I'he imped- 

ance of the transmission line enclosed in a 3" x 3" copper duct ag wed 

u1 this installation ie appro-tely I25 ohma. Vhen thin liae is 

rxupled to the antenna at a high voltage point, or pcint of high iaped- 

awe, amisqtch occura and standlnguaves appear on tha Une. Thia 

will have several effects: (I) 1%~ of power due to the stand* m&w 

on the line, (2) mefficient transfer of poww to the antenna if the 

tranranission line is not tunedd, (3) unstable lb oonditlona M&h w 

damage tutme in the transmitter. The last itma I.8 the most aeriow in 

this instdl.ation . Alinelmichhaaastwding~~cmit~appear~ 

the sending end aa a regietance, induotiw reactance, or oapaaitlw 

reactance+ depending on the pdaition of the standing ua~v~ on the Line. 

Assums, for example, that the Lne appears at the se&ing end as a 

uapacitive reaatance. The effeot on the power amplifier kmk cI~cuI* 

II&j-6 
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will be that of adding a condenser aerom it. If the Line condition 

should change a8 a remlt of a change in the load,the ralua ofth3 

capacitive reactance at the sending end of the tranmLssion line aill 

chenge, the power amplifier circUit mll bsccme detuned, and the tubs8 

mill be damaged due to emessivs plate current. The detuning effect8 

axe more serious than the changes in transmitter lead=, sines tim 

effeative capaolty changes generally represent an appreciable proper- 

tiun of the capacity necessary to tw the poner amplifier tank circuita 

at thsse frequenciss. SiudJa? effects are obtained *en the Ilnc ap- 

pears as an mdwtive reactance. The tranmitter may be correct- nd- 

jnated for any one Une condition, but sine the line conditions may 

-as a result of rain or anowonthe anterm+the tranamikter rill 

reqxd.re corrempomiling readjustment. These effects are partioularly un- 

de&able in the case of an unattended trtiamltter. 

If the standing mm ia removed from the line by proper ter- 

mination at tlm antewm, a mere stable conditfon MU result and normal 

changes due to weather niy ham little effect, and the tranmitter mill 

redn properly tuned and loaded. 

Several methods present themselves for establishing the proper 

termzlnati& betmenthe line andthe loads 

(11 A quarter mawlength section of the proper impedeme mag be 

used am a tramforker, the ratio bemg dependent on the im- 

pedanae of the line and lead, and the characteristio imped- 

ance of the matoh3ng section. 

(2) The line spacing my be tapered at the point where it cdnects 

to the load bymaklng the feeder se&man (line between the 

ll+b 
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end of the enclosed section and the antenna) UI the shape of 

a Q. 

(3) The we of a reactance in the form of a shorted section of 

parallel line, connected to the feeders at the propeer point. 

Method (1) could not be used mthis case because the enclosed 

line ended several lnchea above the counterpoise, makLng it inconvenient 

ta we a full l/l, lRavelengLh seotlon between the line and the antenna. 

Method (2) was used with moderate sueaess~ however, the finalmatcbjng 

mm accompUshed by use of method (3). 

In attemptjng to match the antenna to the line by means of a 

V-&aped feeder section (method 2), the ratios of i&,&I& on the line 

wem obsemd for mricma separations at the top of the feeder& The 

he current was measured by means of a mter and loop of aFre coupled 

to both lines and maintalned at a constant spac3ng from the linee. These 

obaemtions were repeated for several lengths of inner antenna rods. 

These data are shown in Fig. l3A. For the several lengths of Irmer an- 

tenna, the znu%aualine current rat.10 obtainable was obsemd and plot- 

ted ~II Fig. l3B. This indicated that the best ratio would be obtained 

tith en inner antenna length of 180 centimeters. In order to keep the 

Inner ante- length as near l/2 xv=welen&h as poesible, a compromLse 

ma struck at 194 centmeters, which gave a line current ratlo of 1.07. 

Changi.ng the -er antenna lengths effectively changed the feeding point 

and therefore changed the -dance looking i&o the antenna. 

Aflex termination, the cwenta in the sewral antenS@lAere 

cheoked. It ms found that all four antennae had dxfferent currents 

(line 1 of Table I). this ms considered undesirable, and an effort BaS 

m to detemne the cause. 
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Factors tifectiw antenna current 

By means of a potential md.xatmg device, as shown m fig. 

lOC, the positlon of the stand-Lng eaves on each side of the tnu-wre 

line could be detemned. In this mdxator, the tuned circuit L C M 

18 coupled to the Une through a small capacity Co, which is the capao- 

ity between the wire (I) ard the u&al cap (Y). If the circuit is tuned 

to be capacitive, then there will be little danger of the line (X) and 

the CSipaCity Co actmg to resonate the cucult. The entire unit is en- 

closed in a shield and is provided w.th an insulated handle. 

It 1m8 found that the positions of the voltage nodes along the 

two tires of the line were not exactly opposite, being displaced about 

3 centimeters. This was found to be the sane distance as the differewe 

in the length of the lines due to the uwmer of turning the corner at (A) 

of fig. 14. The oornerxas turned m the original arrangement aa Ln (A) 

of Fig. l.4, vduch made a difference 111 the length of the two lines. 

Changmg the construction of the corner to that of (B) of Fig. I.4 car- 

rected the line lengths and the potential nodes then came opposite each 

other. This also resulted ~II a better ratlo of antenna currenta, all 

tixated in lyle 2 of Table I. 

It was reasoned that eny capacity coupling from the panrer ~uli 

pUfier tank clrcmt to the line nail cause m-phase currents to flow in 

the twu lFne8. The current caused bytha induatipe coupling between the 

power amplifier tank and line acts between the mires, and is out4f-phass 

on the two conductors. The reaction between the iP-phase and out-of- 

phase current in the line tends to displace the nodal pOint8, and causes 

an unbalance between the antenna am-rents. By ground- the volta@ 
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nmial. point of the coupling ceil, H&8 in-phase line cvrent can be 

reduced. However, locating the exact ndal point is net nry conven- 

ient. A simpler methed of remwing the in-phase currents is to con- 

nect a split atater eendsnser acres8 the line and ground its rotor. 

Ths rotor will be at mu& petential with respect to the out-of-phase 

currents and mill act a8 a oapacitive load acro8s the line, the tm 

capacities be* in series. Grounding the rotor nil1 have no effect 

on tha out-of-phase cmrents, but the in-phase currents mill then be 

shunted te ground through the two sections of the condenser in paral- 

lel. Since the effectiwness of thia path is dependent on the ratio of 

the -dances of the line beyond the point and that of the condensers, 

thm inpmdance to ground can be reduced by connecting the uddpo& of 

the condenser8 to groti tkqough a coil of such inductance to tune to 

reronance with the split stator condenser. Hhen properly adjusted, 

this m-phase trap circuit has a tendency to provlde a better balance 

between the antenna currents as shonn in line 3 of Table I. 

A calculation of the radiation resi8tanee of the antennas 

indientes that the resistance of the outer antennas should be lesa than 

that of the inner by 23 psr aent, the co~espcuding current, therefore, 

being greater. Measurements ~dicate a lower cwrent ia the outeran- 

teanar. This is no doubt due to the phasing sections and the method of 

feeding the antennas, su~ee only the effect of the mtual couplmng be- 

tween the antennae was taken into account in thE calevJM,ions. 

In en effort to inprom the ratio of the currents betmen the 

antennas, an interestw phenomenon was noted in conneotion tnth the 

phase 8eCtlOn8. Iteas foundthatchangingtbe phaslly section@ 80 

that they mere vertical above the antems *ored the ratio byabd 
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10 per Cent (line 4 of Table I); making the phaekg seatfona hrrrizontal 

nas 99 move& of about 5 per cent (line 5 of Table I). Hhetitbs 

phaeing sections mre horiaontzkl, the lndloated oarrank aeAdnnana* at 

the ornter of the irmer ant-. This~r cansidnwd asthe n-1 con- 

&ti~uinesiws alodngthc phasing SeotiOne to a vertiqalpo8itioq either 

&ova erbelsrthe sna,mowd the Moated mentmapproxl- 

mutely ten centimeters elther side of the tier antirma oenter. This 

indicatedthatpossiblya ~wrentwsbew induCQdinthe phasing BBC- 

tiona in such a direct&m as to addtotha ianer antenna current end 

uubtmct from the outer. Heithertran8poaingwr reV8rsinp the feederb 

had aq appreciable sffeot. A folded l/2 wwlength sectlon in the 

shape &f an S lra~ substitutid fqr the phasing seQtion8. Tides seation 

hadthe~effeet~taldngUponlpa~eraavs,apdthec~ 

maximum on the W antenna noved to the outer end, ar l/4 navelenpb8. 

Iw eqAanatioLl ooad be giren for thiu reuult. 

Tm dlfferent sp%xhgE fC% the phasing sections mwe tried, 

en8 5.4 centimeters, the other 12 centimatere. The close spaoing gem 

* alightly better ratio of antenna emrent& 

Sinw it uould net be gracticbd to lean the phasfncI seotiona 

mrtioal abomthe antennr,due tc thepwsibls L&erierenCsfrmathe 

mrppart3ng strwture, it nas decided to make theB vertioal ani belCwd# 

shcrm in Fig. 4. The indicated antenna current maxbmne naa displaaod 

tan centineterrtowardthe feedam as shosn Fn Fig. 12. The final India- 

uated antsma current nxinmas arm ehom in link 6 of Tabb 1. 
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Final IIne te-ation 

A shorted section of lme wa8 used for terranation. mhs cummm 

of Fig. 15A were obtained by plotting the lme ma-rent rat14 agamst the 

length of the shorted seotloa for several pasltious cf ths matchmg aeo- 

Con. From ths mdndmm of these curves is plotted Fig. 15B, usmg the 

position as the variable.. From there tm c-m, it is semu that the 

mntching motion should bs 92 esutmsters low and placed 30.5 centmstsra 

from the sntenua. Firrl cheek ou the line #am a cwrcnt ratm of l/l 

PI closely as could be measured. 

After completion ad adjustment sf the antema system, flL&t 

teste were conducted m Bureau airplane M-31, a h&e TIIJR~ fabric msm- 

plane. The recelvlng anteluu was a half-mm hwleontal dsublet stretched 

along the belly of the ship. A shielded eoaxlal lme cemscted the an- 

tcuna to the receiver. The mstallat~on 1s show III Fig. 16. The re- 

celver used naa the type RUIJ, developed by the Bureau, end ia shown in 

Fig. 17. Graphic records wsre made of the rectti~ed awl10 output of ths 

receiver, wing au F&erliue-Angus type AH recording milliamster. This 

airplans snd receiving equipment mere used on mauy of the premous tests 

during the development of the fan and 7, type markers. The receiver sensi- 

tivity is adjusted so that the relay mill close and the mdrcator lamp 

mll light when the slgual input to the receiver 1s equivalent to I.300 

mxrovclts (modulated 30 per cent mth 3000 cycles) from a Ferris IAims- 

volter. Flights were made at altitudes between 3000 and 11,000 feet, and 

for vBrleua pesitions to either side of the true "on coursers over the sta- 

tmn. From recordings and obserwtlons taken dur u these flights, it wad 
/IL,6 
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possible to d&em&e the relative shape of the fxld pattern at various 

altitudes. 

Plan views of the pattern, based on arerage turn of marker slg- 

nal operation, are shown in Fig. 18. 'Fne relative thicknesn of the pat- 

tern obtained from flights du-ectly over the station aleng the true "on 

cornsen is shown ir Fig. 19. Thor pattern is alse based en arerage time 

of signal qerat~m. In sttiymg c-p 18 and 19, it mill be observed 

that far the 3000 foot altitude, the pattern dirensloms are approxi- 

mutely I.2 nlea mde ard 2.5 mlea thick. The relatlre patterns obtatied 

for the earlier antenna are reproduced m fig. 20 fer comparison. 

*on the recordmgn of receiver out& 'c&en durmg flights 

over thir statlen, it 1s possible te determm thm relative position of 

the tm tier lebss etistmt m either side of tha mam lobe of the trans- 

mitted Pattern. tis wan dmne and the results are shonn XXI Eps. 21 and 

22. Fig. P represents flights made ix P nerthea6t duectioa directly 

over the statlo=, for altitudes between 3OOe and ll,OOO feet. The u-?egu- 

larities l f the reaordmgs ham been omtted in draxmg the outlines of 

both Figs. 2l and 22, ts smplifythe mterpretatim of the position of 

the tm -or lobes. L the central pm-Mm of the recordmgs, masider- 

able irregulm-it~ warn noted because of the l nrlmding of the reociver 

from the strem~ mimals wf *he mqs lobe. 'Phase irreguluitims did nut 

affect thm determjxrtioa of actual pattern dinnslons or the pmitiqn of 

the respectim lobor. Fig. 22 shorn the relatiw recordmga and lobes 

mer the station fer flights made in the direction opposite to that of 

Fig. 21. It all be observed that both flgumr are fauly symztruW. 

mth respect to the statlen, although there 1s a noticeable leaning of 

tke pattern far the northeast fhghts of Fig. 21. 'F~M is less evldent 
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in the opposite flighta Of Rig. 22. Such dlsplaaement can be aocomted 

for partially by the direction&l chara&ePietias of the receiving a+ 

terms 011 the airplane. The reoeivlng aharaoterietic of the airplane 

antenna is k7mm to pcdnt sughtly toRnrd the mar of the sk$ ratker 

than directly dommard. 

Aocordbqto pi@. 2l and 22, itisb@lAemdthatthe eifeut 

of the miwr lobe in lights the indioator lamp on the aIr&um is lost 

at mme altitude abme 11,000 feet. sines the .smpllth of the dner 

lolmcr le only lj per wnt of that of the major lobe, it o~ll be d 

that the major l&e extends abaw myaltltud~ atmh%ah fli#at#Ofao~- 

mercid 8lror8ft u-8 oont+ted. 
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and when used in duplicate tith automatic changeover, are capam of 

providing areU.abY~ contkuoua service for unattended fanmsrker in- 

6t8lJ.atim~. 
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TABLE I 

ANTENNA RATIO 

I 
3 4 

93 

I 78 85 
99 

1 
93 

15 

108 .74 

95 .792 

.792 

106 

109 

.70 

.85 

140 .82 

1. 

2. 

3. 

4. 

5. 

6. 

//67b 
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3. 

4. 
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FIGURE INIEX 

1. curve- Calculated f1el.d patterns for two- and four-element array. 
Horuontal l/2 wavelength elements, l/.&wavelength above 
perfect ground, excited 111 phase. 
Solld line - UI lue mth ant-. 
bash l-Lne - at right angles to antenna. 

2. Drawing - Two methods of exciting four in-l- ante-6 Fn phase. 

3. Photo - p-yg;thod adopted for exciting the antenna eysteza, 
, - 

4. D-raming - Antenna and counterpoise details. 

5. Photo - Side view of BoKle, Md., fan marker anteuua and colmter- 
poise. 

6. Photo - B&e, M., fan marker antenna taken from beacon tower. 

7. Photo - Boric narker matallation, Bowle, Md. 

8. Drawing-Gromdplanlayout of expertintalmarkerat Bowie, Md. 

9. Eramug - Block diagram of 75 megacycle transmitter - Type TXI. 

10. Drawng - Current and potential indicating dsvlcee. 

la. c-- Plotofmeterreadings along an antenna element, 
ah-g the apparent displacement of the current maxinmm 
by the posItion of the ground terrmnal of the meter. 

12. DranjRg- Antenna dmenslons, 
shmng the length of the various elements and the positian 
Of the CUrrent-. 

l.j. Curve- Lineterrmna tion by means of a V-&aped feeder seation. 
A - Lens current ratio plotted aga5nst separation at tOp 
of the V for various antenna lengths. 
9 -Be& lme current. ratio pldtted against antenna 
length. 

I& Draning -Methods of constructing 90 degree bend in transu&selon 
line. 
A- Line lengtha unequal. 
B -Line lengths equal. 

15. G-- Line termination by means of a shorted section of line. 
A - Line current ratio plotted agamst length of shorted 
sectlon for various $osltions. Position ia distance f?om 
the antenna to the matchln section. 
B - Beat line current rat o plotted against position. f 

j/b76 
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N&h 

16. 

17. 

18. 

1% 

20. 

21. 

22. 

Drawing - Merker recelting antenna on NS-31. 

Photo - Ultra-lugh frequency marker receiver, type FiULI. 

CurW- Pattema aho+ng the appro-te area over which marker 
signal aperates. 

cm- Thickness pattern up to 11,000 feet. 

curve- Fan type marker patterns, 
based on earlier data mthout counterpoise system. 

CurW- Copies of graphx recorda of notiheaat flights, 
sh&g presenoe and posItion of lobes. 

C-- Copses of graphic records of so&Mat flights, 
ahoning presence end poaltion of lobea. 
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FIG 2A 
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FIG 2B 

d 

FIG. 2. TWO M!DHODS OF EXCITING FOUR IN-LINE ANTKNNAS IN PHASE. 
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FIG. L!+. METHODS OF COMSTRUCTlNG 90 Jl.ZGRZE BEND IX TRANSMISSION LCNE. 
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