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The Development of an Improved Ultra-High-Frequency Radio Fan Matker 

SUMMARY 

An antenna qstem, smL~r to the four- 
element array described 111 Safety and Planmng 
Dmsmn Report Ii-o 6, except operatmg above 
a mre-mesh counterpoise, was mstalled and 
tested at the Born,, &Id, hght beacon Ilo- 
prorements 11, the method of condnctmg energy 
from the trmsmtter to the antenna mere mcor- 
porated m tlm mstallatlon The sqstem nns 
found to produce patlerns equnalrnt to those 
mcasnred for the former antenna and to be 
lclatmel~ free of valahons caused by snow, 
sleet, or gronth of regetatlon 
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Fwre I-Calculated field patterns for two- and four elements arrays 
‘A wavelength above perfect ground, exc,ted I,, phase 

Honzontal $5 wavelength elements, 
Sohd Ime-m hne n,th antenna Dash Ime-at 

right angles to antenna 

(1) 
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by an array of this type The calculated mc11- 
‘lt1on pntte111s for the four-element array and 
the slmplcl two-element allay are sho~rn in 
figure 1 Prexlor,s tests mdlcnted tllat tbc 
powr reqwed for the dared patteln ras 
between 100 and 150 watts There remnmed, 
honever, tests to be conducted on the use of a 
w~re-mwJ~ connterpolse which would act as R 
reflector for the antenna system and protect the 
radmted pattern shape from changes tJlat 
nnght be expected as the result of the growth of 
\egetatlon and nccumulatlon of snow In nd- 
dltmn to the antenna sjstem, It WE also neces- 
sary to develop and test means for conductmg 
energy from the transm&.x to the antenna 
system nlth protection from these same elements 
and nlth mmnnum loss Tins report describes 
the tests conducted on the nnprored antenna 
$3 stem located at Bon+ Md , and illustrates 
nItI recordmgs and curves the sntx,factory 
results obtsmed 

APPARATUS 

-i complete fou-element antennn system TTns 
constructed usmg 7js-mcb (0 D ) rlgd copper 
tubmg supported bq 6.1ncJr stand-off msulators 
at the top of 6” x 6” wood posts The he@ 
of the antenna elements above glound was made 
~~ \I nvelength 11, order to allow conx emcnt con- 
structlon of the camterpolso at a distance of 
I/& \~avelength below the anteuna The height 
of the counterpolse above ground 1s determmed 
by local condltlons (gi-o-&h of vegetation, snox- 
fall, and natural slope of terram), mluch for 
thu locnhty demanded an elcvatlon of approxl- 
mately 6 feet or 1/2 wsrwlengtb All Illsnlatols 
supporl1ng the antenna sjstem Mere pl‘lced at 
pomtc; of nununum voltage The antenna posts 
\+ere roofed aaay from Ihe side contammg tbc 
antenna Ilmlatols. to nllnlmlze sleet formhon 
on that side of the post 

Tno snnple methods are arnllable for exclt- 
mg the antennas 1x1 phase One IS &own m 
Fig 2 (A) m whwh tJle serelal antennas alo 
fed III pans Thl3 necessitates a more comph- 
cxted tmnsmwlon-lme structure than the final 
design shonn m Fig 2 (B), nhlch takes the 
equvalent form of two a11tennas, each y’ Tin1 e- 
lengths long, fed from a smgle hne lhe rod- 

die 1/ waar&mgth section of each of the 3/L 
navelength antennas 1s folded to prerent radl- 
atIon from the out-of-phase scctlon, gwmg the 
effect of four $5 wavelength antennas m hoe, 
fed m phase The dnectlon of the mstantnne- 
ous currents IS lndlcated by the illrows m Fig 2 
Photograph, Fig 3, shorrs the arrangement of 
tile lmo at the antenna 

The mechamcal construction of the counter- 
porn IS shown m the dranmg, Fig 4, and m the 
photoglaphs l?lgs 5, 6, and 7 Its ormntatlon 
and posltlon with respect to the beacon-h& 

II 
- - 

I I 1 I f I 
L 

JI 
r1r 21 

Figure Z-Two methods of exatmg four III-lme 
antennas m phase 

loner 1s gmen 111 Fig 8 The structure 1s made 
entirely of wood, the counterpoise supportmg 
posts bang 4” x 4”, the antenna snpportlng 
posts 6” x 6”, and all other framework 2” x 4” 
The 2 x 4’s were placed on edge lo mmmnze 
nccumulatloll of snow or sleet on t11e counter- 
pow, and to pro\& muumum sng between 
supportmg posts The entne stlucture 1s COT- 
em1 wth a 3” x 3” mesh of number 13 gal- 
1 nnued wne screen The center of the system 
1s pldwcl 1/A navelength (7871 Inches) nbore 
ground Due to the slope of the pound, this 
distance flom countelpolse to glound >anes 
from 4 to 8 feet Copper glound str&ps one Inch 



Figure 3.--Showing method adopted for exciting the antenna system, Bowie, Md. 
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Figure 5.-Side view of Bowie, Md., fan marker antenna and counterpoise. 

Figure 6.-Bowie, Md., fan marker antenna taken from beacon tower. 
249816 --41--z 



wide lo!- 0.020 inch thick were added to C’OII- 
nect the ~oullicrl)oise screen to ground al 211 
posts (1G) ) sinn~lating a metal counterl)oicc) 
,framen-or];. 

Figure ‘I.-Bowie marker installation, Bowie, Md. 

PLOT IOO’X 100’ 

Transmission line. 

The two-wire transmission lilac is made of l/2- 
inch outside diameter llar(l copper tubing, 
spaced one inch on cc11lt CL+! and enclosed in 
:I 3” x 3” copper duct. Tllc tlact provides a 
shield for the line, and climinatrs tile effects of 
cllanging weather conditions and vegetation on 
111~: characteristics of the line. The lines are 
511pported symmetrically in the copper duct by 
standoff insulators, mounted on 3-inch square 
bakelite bases, at intervals of approximately 6 
feet. The transmission line duct is connected to 
the transmitter frame and to the counterpoise 
and is grounded every 8 feet throughout its 
length. The closure for the counterpoise end 
of tile line is roofed to minimize the collection 
of snow ancl ice. The details are shown in Figs. 
3 and 4. 

Transmitter. 

The transmitter used in these tests was the 
same one that was used for tile concluding tests 
of the former antenna array and mentioned in 
Report No. 5. A block diagram of this trans- 
mitter is given in Fig. 9. The transmitter is 
:a type TXI, crystal-controlled, loo-watt unit, 

+------ 87’ I 
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Figure 8.-Ground plan lay-out of experimental marker at Bowie, Md. 
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operstmg at ‘iii megra~Jcles The crystal 1s of to modulate the trmsm~tter This tone ~b kejccl 
the lam temp”‘atule Loefficlcnt type, operntmg \I 1th the Lhl <Kten~tlc ldenllficatloll sIgnal, 
111 a cnstnl dynatron cllLut The tourth bar- n Ill& 16 a successloll of d‘&es 
rnou~c (18 75 megncvcles) dem ed dmctly from High >&age dmct current for plate po\cer 

1 the 5i crystal cmult 1s then donbled agam m ml 1~ su~~pl~l b) two nmcuy vspo, rectifiers 
RK-23 tube, and 1s amphfied by a second RK-23, The pov ~1 supply to the transmtter 1s 110 volts, 
vlnch d&mm sufficmnt ponrr at 37 i mrga~y- 60 cycle, smglc phase 
cles to excite the succeedmg stage Folloamg A smgle transmitter 1% as Lwd 111 t1us oxptm- 
the 37 5.megncycle excltel stage, a t>po 30&B mental mstallatlon Its ope~arw, was stud& 
tube donbl~s the frequency to 75 megacpclc~, to obtam mformnhon from n 1~~~1~ specdmtlons 
after nhlch It ~sampllfied m d second type 30&n for the final umts could be vntten SJX months 
tube to drwe two type 30&B tubes m push-pull of contmuous operation have dlo\m that, nl- 
as a pmcor ampbfier High efficmcj tank cm- though MOIC tubes are necessnrq m d. clgstal 

F,gure g--Block dmgram of 75.megacycle trmsmrtter-Type TX1 

The modulator cons&s of tno t\ pe 838 tubes 
m class B, excited bq two type 2h3 tubes. and It 
delmers ample power to modulate fully the 
porrer ampbfier h vacuum tube oscdlator 
opmtmg at 3000 cycles furmshes the tone used 
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,Qure 10 --Current and potentml ,ndmtmg devrces 

former method (Fig iOA) IL, more lugged and 
\?a used for most of the readmgs presented m 
t1m report 

The pomt of current ma~,mum foI the end 
antennas nas found to be 90 centnneters from 
the end, or 0 9 of a quartor mvelengtb Due to 
the ph~sml shape of the phasmg sectmns (the 
folded ?/z wa\elength se&on), the cullent max. 
mnun on them could not be detcrmmed The 
posltlon of the current m~xm~um on the mner 
antennas could be shlfted by changmg the length 
of the phasmg se&on The posItIon of the 
elm-ent maxnnum on the end antenna \ras not 
affected by the length of the pbawg section 
It nas felt that the mtenna shonld act as a 
folded wme antenna, the length of the sections 
(aslda from the I/& wnvclengtl~ cectloll at the 
end) bang full I/! wavelength This was 
checked by sti-etchulg the complete antenna 
system mto B stmght lme and determmng the 
posltlon of maximum cnrrcnt Me‘Lsurements 
thns taken bore out thlc: assumption and tha 
elemmtc: n C?IP made full l/j wavele11gtl1 except 
the end antennas, \\h& mere made 0 95 x % 
vwelength (I/ wavelength plus 0 9 x I/& nave- 
length) Fig 12 IS a drammg shonmg the 
lengths of the ranons elements and the posItIon 
of current lnnxlm,lmS 

It n as fonnd that the pos’tlon of the meter 
on the antama hnd an effect on its readmg If 

When a transmlsslon lme IS coupled to a 

the ground termmsl of the meter nils placed 
lo<Ld the mpedante of nhlch 1s other than the 

on the end of t1w nntenna ‘1 CurrPrlt 1nd1c‘mon 
charactenstlc mpednnce of the lme, reflectmns 

~w~lted wlule If the ‘hot” tennal of the 
occur and stnndmg \\a\eb &IX produced along 
the lme The mpedance of the transmmslon 

meter was placed at the end, a zero readmg nas 
obtamed 11 >, as emdent from this that the 

lme encloqed m a 3” Y 3” copper duct as used 

pos’tlon of the mmnnum curlent could not be 
m this mstallatlon 1s apploxmately 125 ohms 
When this lmc 1s coupled to the antenna at a 
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high voltage pant or point of high Impedance, chanhx, the power amphfior cnrult ~11 beconx 
a mu-match occurs and standnlg waves appenr detuncd, and the tube7 nlll b-e damaged due to 
01, the lr~e This ~~111 have sex CI al effects (1) exces~re plate current The detunlng effects 
loss of powa due to the standnlg WBV~ on the are mole SWIOUS than the changes m transnutta 
lme, (2) inefficient transfel of pane1 to the loxhng since the effectwe cnpac’ty changes gen- 
mterma If the transnusslon hne IS not tuned, erally ~rpresent an appx+aable proportion of 
(3) unstable hne cond~tlons I\ hlch nmy damago the capacity necessar) to tune the power amph- 
tubes ,n the transnutter The last Itern 1s the fier Llnlr c1rcu1ls at these frequen~los Slmllar 
most ser lOUS In this lrlstalldtl”n A he which effects are obtztmed nhen the hne appears as sn 
has a standing wale on It nmy appear at the lnductwz rcnctance The transmitter ma>- be 

Figure 11 -Plot of meter readmgs along an antenna element, showmg the apparent displacement 
at the current ma~m~urn by the posltmn of the ground termmal of the meter 

ien&ng end as a. ~esalance, lnductlxe leactnnce, 
or Lal>x’t,ve reactance, dependnlg 011 the pow 
tlon of the standing wake on the hne Assume, 
for exunple thal the hnz appears at the sending 
end ab a apacltn e ,e.rctance The effer t on the 
power amphfirr tank cucut ~11 be that of 
adding d condenser across It If the lune cow 
&tlon should change a~ a result of a change in 
the load, the value of the cnpnc~tlre reactance at 
the sending end of the transmls>lon hne ~11 

coucctlp adjusted fol any one hne coriht~on, 
but ante the hne conrlZlon~ nlay varj as a rault 
of ranl or bIl”\Y “11 the antenna, the trawm1tter 
will I equwe corresponding rrnd@nlerlt These 
&acts are psrtxnlarly nndeslrable ,n tho ca-e 
of an unattended transnntter 

If the standnlg xave 13 removed flom the hno 
bg proper tclnunatlon at the antenna a more 
slablo condltlon ~111 realt And normal changef. 
due to neather ~11 have httle effect, and the 
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trnnsmltter ndl remam properlq tuned and he and the antenna Method (2) \+a$ used 
loaded \I Ah modelate SUCWSS, howaer, the final match- 

Seleral methods present themselves for estab- 
llshmg the proper termmatmn between the lme 

~ng vas accomphshed by use of method (3) 

and the load 
In attemptmg to match the antenna to the 

lme by means of n V-shaped feeder se&Ion 
(1) A quarter xwelength se&on of the (method 2), the ratios of I,,,, I,,, on the lme 

proper rnpedance may be used as a trans- were observed for vai-lous eeparstlons at the top 
former, the ratlo bang dependent on the of the feeders The lme culrent was measured 
rnpedance of the lme and load, and the by means of a meter and loop of ure coupled 
characterlstlc nnpedance of the matchmg to both lmes and msmtamed at a constant spac- 
section mg from the hnes These observatmns were 

F,gure 12-Antenna dmensmns. shomng the length of the varmus elements and the pos,t,on of 
the current inaxLnl”m8 

(2) The hne spncmg may be tapered at the 
pomt where It connects to the load by mak- 
mg the feeda sectmn (lme between the 
end of the enclosed se&on and the antenna) 
m the shape of a V 

(3) The use of d reactance m the form of a 
shorted s&Ion of parallel lme, connected 
to the feeders at the proper pomt 

Method (1) could not be used m this case 
because the enclosed lme ended several Inches 
above the counterpoise, makmg It mconvenmnt 
to use B full % mavelength section between the 

repeated for saw al lengths of mner antenna 
lads These data are shown m Fig 13A For 
the se\ era1 lengths of mner antenna, the mmm- 
mum lme current ratlo obtamable n-as pbserred 
and plotted m Fig 13B This mdwated thdt 
the best latlo would be obtamed rvlth an mne, 
antenna length of 180 centnneters In order to 
keep the mner antrnna length as near y2 wave- 
length as possible, a compronuse rras stluck at 
194 centuneter-, nhlch gave a lme current ratlo 
of 107 Changmg the mner antenna lengths 
effectwaly changed the feedmg pomt and there- 
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fore changed the mpedante lookmg mlo the 
nntenns 

After terlnlnatlon, the cu1re11ts 111 the se,eral 
antennas were checked It was found that all 
four antenna- had dlffaent currents (hne 1 of 
Table I) This nas consldcled undesmable, 
and an eflor t was made to detelmme the cause 

Factors affeetmg antenna current 

By means of a potent&l mchcatmg devlcc, as 
shoun m Rg IOC, the posltmn of the standmg 

It was found that the posltmns of the voltage 
nodes along the ta o ~~olres of the hne were not 
exactly oppo&e, bang dmplaced about 3 centl- 
meters Thu was found to be the sane &stance 
AS the &ffelence m the length of the hnes due 
to the mamer of turnmg the conned at (A) of 
Fig 14 The corner nas turned 1n the orlpmdl 
arrangement as m (A) of Fig 14, nluch made 
a Mference m the length of the t-0 hnes 
Changmg the con&u&Ion of the corner to that 

Fwm 13-Lute termnatmn by means of a V-shaped feeder sectwn A-Lme current ratm platted 
agamt separatmn at top of the V for YZX‘IOUB antenna lengths B-Best 11ne current ratlo plotted 
agamst antenna length 

wares on each ride of the two-mxe hne could be 
determmod In tlus Indicator the tuned cnunt 
LCM IS coupled to the lme through a small 
capacity C,, wh~h IS the capacity between the 
wire (X) and the metal cap (Y) If Ihe arcua 
is tuned to be capacltwe, than there will be 
httle danger of thr hne (X) and the capacity C. 
actmg to resonatP the c1rcmt The entire umt 
IS enclosed m a shield and 1s prorlded mlth an 
msulated handle 

of (B) of Fig 14 corrected the hne lengths and 
the potential nodes then came opposite each 
other Tins also resulted m a better rabo of 
antenna currents as mdxdted m hne 2 of 
Table I 

It was reasoned t,hnt any capaaty couplmg 
flom the power amphfier tank crcut to the lme 
w-u11 cause u-phase alrents to flow m the two 
hnes The current caused by the inductwe 
couphng between the power amphlier tank and 
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he acts brh-een the mires, and 1s out-of-phase pomt and that of the condensers, the nnpedance 
on the t,,-o conductors The reactIon betneen to g~und can be reduced bj connectmg the nnd- 
the 11, phase and out-of-phase current in the pomt oi the condensers to glonnd through a 
lme tends to d@xc the nodal pomts, and cod of swh mductance to tune to resonance -71th 
causes an unbnlance between the antenw the spht stator condrnser When properly ad- 
cnrrents 131 glourrdmg the voltage nodal ]rrstPd t111s 1n-phase trap c11cu1t has * tenc1e11cj 

pomt of the couphng co11 this n-phase lmr to plovlde n betta balance bet\\ecn the antennn 
culrent can be reduced Ho\vever, locatmg currents as shox n m lme 3 of Table I 
the exact nodal pomt IS not very convement A 
snnpler method of remormg the m-phase cur- TABLE I 

F,gure 14-Methods of constructmg 90’ bend m 
tra”smlsslon hne 

A-Low lengths unequal 
%Lme lengths equal 

rents 1s to connect B spht stator condenser across 
the lmo and ground Its rotor The rotor ~111 be 
at ground pot&ml nlth respect to the ont-of- 
phase currents and -111 aa as a capacltno load 
BCIOSS the lme, the t\lo capaxtles bang m serms 
Groundmg the rotor ~111 have no effect on the 
out-of-phase curents but the u-phase currents 
~111 then be shunted to glound through the two 
sectlons of the condenser m ps~allel Smce the 
effectiveness of this path 1s dependent on the 
,at,o of the nnpedances of the hne beyond the 

h calculation of the rsdlatlon levlstance of 
the anteunds nldlcates that the res&mce of the 
outer antennas should be less than that of the 
mner by 23 percent, the corlespondmg current, 
thaeforel. bang grenter Jleasu~ements mdl- 
cnte h lolror currrnt 111 the outer antennas This 
IS 110 doubt due to the phasmg sectlons and the 
method of feedmg the antennas, suxce only 
the effect of the mutual couplmg betneen 

the antennas wns taken mto account m the 
LnlLulatlons 

In nn effolt to nnplove the ratm of the cur- 
rents between the antennas, an mterestmng phe- 
IIOIII~IIOII was noted n, connection with the 
phasmg sections It vas found thdt chnngmg 
the phasmg sectlons so that they were rert~al 
ubore the antenna\ unproved the ratlo by about 
10 pacent (lme 4 of Table I). makmg 
the phawg wctlons horlzontsl wcns an m- 
pro\ement of .rbout 5 percent (lme 5 of 
T<&lP I) Whe11 the phasmg se&ons we1e 
horuontal, the mdlcated current maxnnum 
ITAS at the center of the mner antenna 
This n,ls conslderrd ns the normal condl- 
tlon, smce mormg the phasmg se&Ions to 
a !&~a1 posltmn, ather above or belov the 
antenna, moved the mdlcated cunent maxunum 
qproxnnatel~ ten centlmetrls athe side of the 
mner antenna center Thl? mduxted that pos- 
slbl> d. CUI‘I ent 1% as bang Induced m the phasmg 
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secllons 111 such a dmctlon as to add to the ~m~ei- 
antenna anrent and subtract from the outer 
K&her trausposmg no1 rewrsmg the feeders 
had any appleaable effect A folded $5 WILTC- 
length section m the shape of an S v,x substl- 
tuted for the phasmg sections This rectlou 
had the same effect as takmg up only a quarter 
w&m, and the anlent maxnum on the mner 
antenna muved to the outer end,-“, I/! w\hre- 
length No explanahon could be goon for this 
result 

and belolv as shovn In Fig 4 The mdlcated 
antpnna current maxnnum was displaced ten 
centruetws towaid the feeders as shovn m 
Fig 12 The fmal Indicated antenna curlent 
maxrmuns are shovn m lme 6 of Table 1 

Fmsl lme ternnnatmn 

A shorted se&on of line was used for ter- 
mmatlon The curves of Fig 15A were ob- 
tanned by plottmg the lme-current ratlo agamst 
the length of the shorted s&Ion for sereral 

! 

F,gure 15-Lme termmatmn by means oi shorted sectmn oi hne A-Lme current ratw platted 
agamst length of shorted seetwn for varmus pos&ons Posrtmn IS dlstanee from the antenna to the 
matehmg seetmn B--Best hne current ratm plotted agamst posltmn 

Tn o different spacmgs for the phasmg sec- positions of the matchmg se&on From the 
tlons nere tried one 5 4 centnuetors, the “the1 mmumuns of these curves IS plotted Fig 15B, 
12 ceutmwlers The claw spacing gave a usmg the pos,t,on as the I arlable From these 
shghtlq brtter ratlo of antenna currents t\, o curves, It 1s seen that the matchmg se&on 

Smce It n-ould uot be practical to leaw the should be 92 centuneters long and placed 30 5 
phasmg sectlons 7 e, tx al abol-e the antenna, due centnurtels from the antenna Fmal chrLk on 
1” the postlble mterfelence from ihe supportmg the lllw b’.L\C n cur1e11t 1at10 l/l as clos& 
structule, 11 \\ as de&led lo make them \e,tlal BS could be merlbu, ed 



FLIGHT TESTS 

After completion and adjustment of the an- 
tenna system, flight tests were conducted in 
Bureau airplane NS31, a high wing fabric 
monoplane. The receiving antenna was a half- 
wave horizontal doublet stretched along t,he 
belly of the ship. A shielded coaxial line con- 
nected the antenna to the receiver. The instal- 
lation is shown in Fig. 16. The receiver used 

Figure 16.-Marker receiving antenna on NS31. 

was the type RUD, developed by the Bureau, 
and is shown in Fig. 17. Graphic records were 
made of the rectified audio output of the re- 
ceiver, using an Esterline-Angus type AW 
recording milliammeter. This airplane and 
receiving equipment were used on many of the 
previous tests during the development of the 
fan and Z type markers. The receiver sensi- 
tivity is adjusted so that the relay will close and 
the indicator lamp will light when the signal 
input to the receiver is equivalent to 1300 micro- 
I olts (modulated 30 percent with 3000 cycles) 
from a Ferris Microvoltrr. Flights were made 
at altitudes between 3,000 and 11,000 feet, and 
for various positions to either side of the true 
“on course” over the station. From recordings 
and observations taken during these fligllts, it 
was possible to determirlc the relative shape of 
the field patterns at various altitudes. 

Plan views of the pattern, based on average 
time of marker signal operation, arc shown in 
Fig. 18. The relative thickness of the pattern 
obtained from flights directly over the station 

Figure 17.-IJltra-high-frequency marker receiver, type RUD. 



Figure IR--Patterns showng the approxunata area aver which marker swnal operates 
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F,gure 19-Thrckness pattern UP to 11,000 feet 
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Flgure ZO-Fan-type marker patterns, based on earher data wthout counterpoise system 

along the true G‘oII course” Ib shonm 111 F1g 19 the outlmei: of both FIN 21 md 22 to smphfy 
This pattern IS also based on s\ersge tune of the mterpretatlon of the pwtmn of the two 
slgrd operabon In stuclymg curves 18 and 19, mlllOr lobes In the central patIon of the 
It ml1 be observed that for the 3,000-foot nltl- remdmgs, consldernble megul;lntj nas noted 
tude, the patten dmenslons are appmxmately because of the o~erloadung of the reca\er from 
12 mles mde and 2 5 rmles thick The relatn e the strong sqmls of the major lobe These 
patterns obtamed for the earher antenna are nxgularltm did not affect the determmat~ou 
leproduced m Fig 20 for comparison of actual pattern dmenslons or the posItIon of c, 

From the recordmg of lecelrer output taken the respectm lobes FIN 22 shon s the relatwe ’ 
durmg flights over this station, It 1s pomble to lecordmgs and lobes orer the statlon for fhghts 
determme the relatm posltlon of the tno mmor made m the clmectmr~ oppmte to that of Fig 21 
lobes emtmg on ather side of the man lobe It 1% 111 be obserred that both figures are far13 
of the tIansmtted pattern Thm was done and s>mmetrml mth respect to the statm, sl- 
the results ale ehovn m Figs 21 and 22 FIN though there 1s a notmable leanmg of the pat- 
21 represents fl@ts made m a northeast dnec- tern for the northeast fbghts of Fig 21 This 
tlon dmctly o! er the statlon, for alhtudes be- IS less emdent m the oppoylte flights of Fig 22 
tween 3 000 and 11,000 feet The mcgulnntles Such displacement can be accounted for pa&- 
of the wcoldmgs hare been omtted m draamg ally by the dmctlonnl charactemt~cs of the 
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Fwme 21 -Copm of graphic records of northeast fhghts, shawng presence and posltm of lobes 

rewvmg antenna. on the anplane The recav- 
mg charaeteustlc of the anplme antenna IS 
knonn to pomt ilIghtly toward the rcat of the 
slnp, latha than dmctly dommnd 

Accordmg to Flgq 21 and 22 It 1s belmod 
that the effect of the nunor lobe 11, hghtmg the 
mdlcator imp on the axrplme IS lost at some 
altitude abo\ e 11,000 feet Smce the amplitude 
of the mmor lobes 1$ only 15 lmccnt of that of 
the Mayo, lobe, It can be assumed thal the mayor 
lobe extends above my altltndc at nlncb flights 
ot commerc1<11 rulrraft UP conirlllplnted 

COACLUSIONS 

In ,EW of the lwdts &tamed, It 1~ concluded 
that- 

1 The \ ertlcal field pattern obtamed IS essen- 
tlally the same as that obtamed flom c&ula- 

tlons assummg a pafect Alectar The smty- 
foot lugh, steel beacon light to\\er nt this sltc 
does not notmably affect the field pattern 

2 The use of a counterpow comstmg of 
3” x 3” iron m,re mesh 1s n sdtnfxtory stab18 
sub&lute for the actual ground and the dmen- 
slam of 20’ x 40’ ale sufficmlt for the foot- 
t-1ement alray ns used for this Per~lce 

3 The counte~pom may be come&cd to 
glound at the sewral wood supportmg poits, 
lndlccLtlng that n metal suppor tmg framework 
could be used for this samce 

4 Crjstal Lontrolled transmtters are pmc- 
tld at these frequemes, and &en used III 
duphcate mth automatic chmge-over, are ca- 
pable of provldmg a r&able contmnous service 
for unattended fan marker mstallatmns 
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F,gure 22-Copxes of graphx records of southwest flights, shomng presence and pos,t,on of lobes 
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