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INVESTIGKTIOW OF FEED PGINE IMPEDANCE
OF THF THEEL ELEMENT DARASI TC AVT&NVA Aﬁixfgf"‘

. I; HTRODU Tzawa

It 15 a well known wact GQaL tbe paraaltlb type of

vclmse sgaeed antenﬂa afray Wlll prov;de mere d7r66t10ﬂ31

5-’ga1ﬁ,pef unit spacevthan any,otﬂer type of anteﬂna, ;Due

to th@’large‘number’of variables in 1 the dGV1ee ﬂawever
its aevelooment has been slow. and nany of 1ts es %enLLaT-'

characterlstlcs are as YGb unkﬂOWﬂq' IL has beer only abovt

',One year sin ce the flf L ?actory mathema ical analvsi

‘Qf the 31mp1er two element array waa @ublﬁsh@da' 1 No matben

mablcal aﬂalysia has as yet been Dubllshcd 1or Lhe Lhree

-elemeﬂt type Oi a faya

Due ta the complex1ny of the mutual 1mpeéences GY1S%~ _

 'ing betwecﬂ ﬁhe elements of uhe three e?ement pava51t1c

i

_‘arrsy a tharough analysis woula be exceedingly dlfficulﬁ,;

Up to th@ pwesenﬁ tlme a small amount Gf exoerimenLal daﬁa_

oy

have been taken on thS type of anteﬂna buﬁ the }1 ﬂCGiOﬂlﬂQ

- of uh@ mutua? impedances 1s ill SGmewhat 1n>a0ubt§ par=
'~”tlcula;1y for element spacings which are not multiples of

"T,O O; xaveTenﬁthe.

Iﬂ hLS Oflwlnal werk on the two element ﬁrraj Brown =

1 Ronald Klng9 “The Pleld of a DlpOlL w1ﬁh s iuned

-,‘fParsslte at Constant Powers ”Proceedlnys of the Regea
:V(Ju yg 19% ) B :



'vfaun&”that'+hé makiﬂam forward gain Por the two olement
array mbcurrod at a SD&Cng @f O 10 wavelenvth Ier che

'Dafasit ie element when uged 23 a dlrector and aL O 15 wavea

JE. n@th when uoed as 8 vcfleotora;

Actempts have been made to eAteﬂd uhese TGQUIES to the o

"afraye us;n¢ mofe than two elements bj clnv all “e«

allectofﬁ O 15 wavelength aﬂd 311 dlrectors 0 10 wavmlen@th

in"he bel ' that these spa01n¢S wovld ngc mahlmum galn,

fuuch wan nmt the case. It soon beCdme eVLdent +hat-mrac1ngs
r@tbcr thﬁn taﬂse ‘ga Ve hlgher Galn,' Much conluslon °t111
»QYists on the sub3°c+ of eleme“t ;paCan Tor arrav“ usznc

'mcre Lhan cwo elements,

%1nce it 1s. very AiffL fita'even %h@ﬁ&h.remé€e1? poésiw;#7

__bTeg t@ analyze tne nar151tlc &rray ma‘thematlcallyﬁ the @nly

'f[other appr@ach is to measure experlmontally the ?haracterlsm

ties of the array under all DQSSlble comb1nat1©ns 01

spacwngs, The twc characterlstlcﬂ of ‘most interest are. the

5_”Leed p@Lﬂt 1mpedance and the. gain of the aﬁtenﬁaar

iI; LXPEPIMEN”AL AWALY%IS»

It wag declded Lhat a reasoaaole appraach t@ an experlaﬁ_’  

'mental analysls of the three e1eﬂent pqra51tlc avray wauld

be to vary the Smaclng sf tne dmrector ama feileQLOT 1n o

 sma11 1ﬂcrements and at each spac1ng adgust the eTemenc

- the I.R, Eag (Janaarya 1937)

2 G. R, Brown, “DirectLOﬁal.Antennasﬁﬂ Prﬂceadlngs of



A -

’1@ﬂétﬂw ;Of m@X1mum icrward galn as 1n610a+eo bj gweatest

fwelc S"“enﬂtLu. Once ‘hls adjust ent‘wa ‘eatabllsnedg the

- Teed QOLPt %mpemamce apd gain were. meagufeanufThe'”bWative REE

o

é&ilr aauremenz Was de bw flﬂst fem0v1ng tbe psrasvt%c

h

@1ement end measur¢nv bhe £1 eld screngta of the éip@leg»*f

fTﬁ@ipbué? l¢eJ to the 1¢me W&S noted and es*&blishco as.

the l;efefeﬂce bhroughovb Lhe succeedl g neasurements,‘ Tl

’paraqltic elem@ nts wer le ‘ placed and adgusfeu fof

mazimmm*larwarﬁ;fiela screngca,'AAtkthe_samewylme;bne;béamf'
was matched to the trensmission line, keeping the power

‘“?77:1:toﬁthebiin@‘atVtheaestablished'referenﬁe'value;

’Tue galn of the beam relatlve tn the dloaleg'lﬁ decjbel

wag csleulated accordlng to: chﬂ felaﬁlOﬂa.‘

ma@O log BEb
ERT gm 7

"G ‘ Relatlve gain in dec1sels of beam over &1oole°,
Eb 2 Field 5tren3Lh of beam,
Ed'ﬁ' ¢elé strengta 01 LlDOle.

: Tue apparatus Was set up on the gravnds 01 uhe cclleﬁe volf.

eours mhe beam heL hﬁ Na 5 Iemt above bh@ grouna surfmee'

and the fl@ld stienrth Q1p01e wa.sg supgorted on a be?cphone

?Vﬁﬁle at a hetsht of 30 feetéy

' Lhe dlstance betwe@m.the beam and th dvpale Uas a0m

0r931mqtely TOO Iﬂet. .lhe compoment arvangemeni was as

’shown bel@w,
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A, The Antenna. FEach element of the antenna was made up

1

of a center section thirty inches long of 3

5 Ineh 0,D. a=-
Juminum tubing. Into each end was telescoped a ten inch
length of 3/8 inch 0,D. aluminum tubing, Thus, the

overall length could be varied from thirty inches to ap=-
proximately fifty inches. The driven element was cut in
the center and mounted on a piece of polystyrene so that

it could be driven from a 200 ohm line., The two parasitic




elements were mounted in the same plane horizontally and
parallel to the driven element, cne on each side in such
a manner that they could be moved toward and away from the
driven element, The support for the elements was a three
foot length of 3/4% inch diameter maple dowel rod.

B, Matchinz Stub. Probably the most versatile device for
radio frequency impedance matching is the shorted stub.
This device was chosen since it is capable of matching a
transmission line to a wide variety of impedances of a

resistive or complex nature. A surge impedance of 200 ohms

i

was chosen for the stub and associated line used in this
problem since that value gives a convenient spacing of half

inch cenductors. The design is as follows:



:qvarter wavelpng th

'C@ Qu3rter Wave Traavformgra

3 ﬁ@ tﬁu &UO Otﬂ tx b ng line w@S-np

?vtfﬁhgfﬁfmﬁf was

"Di m@tcr tuminw ave 11@b1
he@nLr@d surge Wm?edﬂrﬂo

Zo = 120 Cosh =1 g
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.9 Cosh 1.67
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Length of quarter wave

4 ineh 0.D,

=
' 200 ohms,

wmﬁw;g"

paclﬂg eent@r to- cuﬂterj‘

i

n
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o

Hag

mghkb

-T-m tr ssi

?f@r a buzge ¢mp@dance Gf “OO @thu

Ghbly gr

7,'1mpedaﬂces smailer than )OO Qh@sn<

52 ohu 00_

: fthe aﬁteﬂﬂag‘“DMB meth@d ﬂivmatcnlng

,seleetéd‘férithis

and'provldea,w1

ﬁiml cab$e to earyy power ?rgm thnvt

,egsery

1?’13?%
- 1 6? feeta

1ine rnd gtub were bmsh con%cfucted

Thm.llne l@n th Uas mﬂde

;ter iiaq ope h&lf wavelength 1n‘orﬁﬂr t@ match

-Ah@ tuh vb‘ made ane

th an adjustable ah@rting f

61ﬂn@ it Waﬁ convenlemc to nse

he 5¢ @hn ceaxlal cablﬂf'
“h@ QLth@r wave

task, Tha d331gn 15 as’
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-??Required surge 1mpedanne of quarb@f wave o
'_transxormerg; ‘ S

*ﬂflmpedaﬂﬁ@.cf line @@nneesed t@ @ne end of
;.t;ansf@rmar@i :

= Impedance of ling c@nﬁeeﬁéd7t§&@the$géﬂﬁf@ff
;;tranchﬁmerq - L RS S

52x 200 ”'f"" |
102 ohm@ r qulred Ziv'j

120 Cosh “l g
B

'w58 incnes L@T tublng nn handayg’

120

1316 C@oh 685
| 1 16 X (1¢384>

-_.66 1nche sgaclng center to cenﬁefu .

 Length = 246

e
1%

= 1.67 fest



D, Line Balance Inverter. It was desirable to ground the

outer conductor of the coaxial cable in order to minimize
the effects of line radiation on the results. This meant

that some sort of line balance inverter was necessary in




: @fdéf n@ transfer the coaxwal Cdble fron a bnlanceﬁ t@ an -
‘umbalanced eondlﬁlon so that the outer shleld eauld be
mrnumﬁeda The dGV1ce selected is the so cailed ”Baégeka” 7

. tywe detunlnb alemveav mhe 1enwth was made an@ qaarner
]:WaveTeﬂgth as‘éaiculated proviaasTygv The dismeter of ﬁae'  
 uubing 1eeve is not c i ical. IE shoul@ be about h tlmes
‘ﬁhe ceﬂcer co n@uct@“ dlamebeﬁd

Standlnﬁ Wave thlo Brldge° The-standiﬁg'ﬁavé ratio

brwdve chosen was the "Mlcro Mat ch“ manufac uved by M. Ca
Jemes ulectronic& C@mpanj of B‘7,%61~C@nﬂeet1@&t@ The'

5peclflgatlons of the model M 4 252 as glveﬂ.ay the manuw

:aeburer ar'aas fOTIOWS‘

';; Wrequeacy Range { !;4 "’V‘x,_f'3‘to 162 mega: cycles

Transmission Line Imweaamce RIS 52 ohmg
.. Wattmeter Scales SR RRRRREPRN ¢ S T 10 1@0 and: 1000
~ Range of Power ?eaSUfement L 1/10 t- 1@00 watts
Pover Range for SWR Meas uremenc 2 to 1000 watts:
Reflectlion Coefficient © . Less than & dba' :
Power Logs in Instrument  Less than 3/10 dﬂa
'*Cannectows SR o ~5_Am9hon01 82-24-

‘-;Fs T?aﬂsmwtuewa The source of pomef iov tLe experAmean
Qerf@rmea was the +rwn mltc@r,ﬁerulon of & 3urplu@'ormy
:1T8ﬂ1@'$@t'SCh§225< This transmltber uses CTYthlﬁ in tae g
| acycle wanﬁe 8ﬁa has power outpuﬁ in the V101nltj of 144 ~ 
'meﬁacjclesﬁ Tae maXLmum oubpa39 W1Lh the 350 volt powe? |
: p My uaedg i Sll”htTy aver 5 wattua, ﬁ variab7e v&lta@e ,
electfonla regulated p@wef supply wa@ u e"in'Ofder fhat the”
,‘fpowe, put to the 11ne c@uld be kept conatant wiﬁh dﬂfferen+

7:@0nd1310ns of TOadxng and tunlngﬁ
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G, Fleld Strength Meter., The field strength meter used

congsisted of a dipole antenna with 75 ohm line connecting

the dipole to an r.f, voltmeter.,

*

A curve of voltage against rectified current reading was
experimentally determined and it was found that the recti-

fier was reasonably linear over the small range of current



uged (bOO micvauamng) as'shcwn ih»Graph'l@ ;

I:EI. MEASUREMENT mcmﬁ’m

he ardcr of aagugtﬂeﬂts Ior ‘each fead g taken was

2.
- for lowest st anding Wave ?aLl@ as 'shGWﬂ on
- MieroMateh. : : : ’

7

'85

. 9 v

? Set rexlectev and dﬂrGCuar spacings ta any vulue

desireds Adjust refleetor L@ approximately 5%
“greater length - chaﬁ waveTenrthﬂ ~Adjust direetor
L@ apvraﬂlmatelv 5@ bhOTb@T tmdn WBvolemgth

Adgust sfub p051tlon and 1ength 31multaneausly

w Ad3ust director and reflecter 1enﬁtns for maximum

field. strenwth as Qhown on bh@ LLeld stf@nvul

metewg

"Readguwt matehlnw stub far lower gtaﬂéan WaV@

5’3 hl@a

;'Rverse Mﬂ@?@Mgtch aﬂd seb power anut 1mto
'rtransmﬁﬁslen 1lne to the referen0a value.

&dguac Micr@Match for lull scale ?eadgnga

~Revefse M¢cvoﬂahch dﬂi rewd utandlnﬂ wave Waflou
:Wecold fimld otrengch meber femﬁLﬂga

‘Record distanee from antenna to p@lﬂb wneve stub
}conneets onto 1:mee '

10, Eecefd stub lanvth,

IV YFTHOD OF CALCULATIOWO

he galﬁ of the nara31tlc array @ver a fefer@nce

'”dlpolc is

ca1culanod frmm the ratwa of t%e twa lier

g stweagth5$s descrlbed prev;ou%ly.,.u”

Thﬁ i@Gd Pﬁlﬂf meedance of the array may be determlneé  "

7'fff0m he 1eng ch Oi matchlng stub and the nolnt o? eanﬁeetlon-

whﬁuh g1ves uriit y staﬂding wave ratlau'



12,

'vPrgbabLy tae most olppie nebhod @f calculatlng th&

-71nteaﬂa 1mpedanee LTOR cne gtub d*meu51ons and palﬂt af

f@aﬂme@tz@n.lr to use a f@@udﬂ 1 % nsji551op lﬁme 01"010
—l»ﬂ

,;d¢aeram or-a p@l&? t“angmﬂs 1Gﬂ llﬂ@ dlagram or ”Sm hrGhar e

,‘Both are cdpabie Of qu1te goed acﬁuﬂaey for 71ﬂe bﬁfml”

 BdﬁT0ﬂS Whlbh wf@ reabonably neaf Lh@ value of uhe iine surge o

 xmpedamce§,‘Ln'tne reseac ease the termlnaulonu are};n=some |
"'cascs le»s than 10% of the 1ir e surge 1ﬁp, ncé?lﬁThig:re3ﬁ1t3’7
‘ 1@.$0me 1naecura01 S'in de‘caleulationsa :The5swiutiéhs on
;vtae polar dlao a9 id the 1autef caee? fall at a ﬁ@vnt thre-
 thore ig cvawding of lines and hhe aecaracy ig pooT.- If an

:'atuewpﬁ Lo use the vac%anvu1ar form of ehgr& 13 nade f@f the

,‘}

'?a+ﬁer‘c WS¢ g the aqswews ¢a71 off the erdﬂnary cnaft and
‘;iﬁ ecesqarj to coq ruetravlarger one. = The racgangala?1 
ch&yt g;Ves-readlngs/whi¢h tehd ﬁcfmagnify*iﬂacddra01953'
‘Siﬂéeﬁéaiutioﬁs‘6nlthi§.dﬁaﬁfam déﬁéﬁd upon SQEtraétﬁn@ %w0~
‘1arﬂe numbers of exoerlmental accuracy in crder'LG obtaln a-
dif ference very near zeroﬂ._An e?rOf of a 1ew n@rcent in

'é ﬁher @f bbe Targe nnmbers results in badly distarted |

f.values fOf the antenna &moedanﬁes

Iﬁ was dec¢ded that Lhe reccangulaf chaft wa besﬁ

 sﬁited to the problem at hand se an enTarged ver51on of the
‘chﬂrt? abouu three feet by ;our feeu9 wag canstructed and
‘used f@r all ealeulatlomao N 7 L o

 The erTamatwan of ,thmifectangular iﬁ?é@éﬁ¢e cﬁéfthigi

’ s ?oilowsa~



Jh"".“" . P Tt ¥

&
of Zp Ivem the 56ufmtry.ﬂ¢ th stub matching sysien r@quired'

R ;en th 31 elﬁsed ‘“uu'ipt@ ul@ trical

by tlc sane mpthadﬁ-

o the stub adm; HNEE . mh« '"11 be phic ere
aleng the ipft,ﬁld"ﬂf'*hb diageam since the stub
ig gonsidered to he a pure suscepbance with no

v

e ““ba.@ea

4o
_ZPLS aaln* “Gdfﬁwx. &
1 iz the inverse of the stub susge

th@ cive cle %’;S a
yalwe of ¥
"}ffLOlGﬂﬁ

rahed 1@&@? 5C on ?@Lﬂ ‘
Vn@ angle m Wh®f ®f.uh§ half -

’PﬁLVLGL;f7
X O@ ated




T;Z%;'

‘.airgle @&s@iﬁg th?ough hhﬁﬁ point is na@‘d;__:
ﬁﬂ&ﬁ angle 1s ubtracted the. alectrical
ﬁ”ﬂr@ @ﬁ&&ﬁ thm dig%&ne& L?@M losd to

ﬁ<gtﬂﬁg

.-ﬁ?@'u msiy" :

“1@ 1rtafs@at¢aﬁ point
avice of the loade .

tha correat 5 ey

. @mn@t%nb by may
m& bﬂf} transnige

iz l@pfhi} t}gﬁ &
hat pe ’

.m0t i ﬁ& fer@ng@ wmgla%

is the ”pef'ﬂnit‘Yg“ ad
w. this value, of eours
”eue mined in‘ﬂmwn @V»f

1 % [ j$1¢ ) "ﬁ@b Ezf
Cmoving 31&nb'ﬁha ﬁif@i@ & di banes @qﬁa&‘ua the

‘éishame@ from ztub to 1@&'::ﬁh@;aaf 91 lﬁaﬁ. ﬁﬁibm
- tance wey be found. Travel aleng ¢ Pele
counter clockwise nsy ba thaxgh:wx.u
ne toward the load, Trevel %
C el divection mey be %heu‘u;f¢~v'~
;uﬂ?“?& %ﬂn g@m@?m&@wt ’

V. ng % CAI cmmm“

A @amﬁla ealcul&a¢@n For 1 h@ case of the aig@le aiamp
maﬁ as w@Bl@wge .

»11¢@,32g2§‘imm es = Distance from antenns to
: . o pQTQb uhar% sta& ﬁ@ﬁﬁ@ﬁ&ﬁg

’KgfﬁLXQ@§ iﬁﬁhe$ & lomg“h -f st& m:

C& 1hé F@ﬁaﬁyQTGS
Zg 5 200 % jo

1 ﬁ%”f@ﬁ& of Ll

& 1L d roes o fr@m wraﬂh

"3325“'1@ﬂ$th of 12 1n,elec ricai aeﬂ?eeag7ﬂl

%ﬁ-ké ? é@frees oy iram gvajﬁ 2
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3

Qraw a 11PC nhro&gh pOLnu P1.and bhﬁ pﬂlﬂuvﬁ

g

v the chartgvthls 11ne crosseQ the B» 1 11m@‘a ;pgint,ﬁg; :Thg
' ,hall clrclé paasﬂm” thfough PE is n@ted t@ibgﬁlﬁ7‘dégﬁées;:~

'“:Thls angle s . The valuc of Q minus. Bll.ié i¥?:@egréeS5
;ﬁiﬁ %3 deﬂreegﬁ*'Tﬁ is noted that the compleb: :éireig,
‘;paSSlﬂg thraugh Pg is marked 82pﬁ This elrcle 1@ traﬁeleﬁw
‘vceuﬂtew GlGLKWlSQ to t%a poﬂns wh@re it crassea the 4 dewree»»7
"iine3 palnt P3o. Point 93 is the unit antenna wdmlttqncea
_;Tnls Value 18 r@aﬁ 28 2,45 mlnus jﬂJSQ Wmls is the same as

the admztﬁanhe 24+7/ 8mm3¢ The 1mpedamﬂe of the 8H&5nﬂa 13

200" | A | o
2’§7/8 12 or 8140.13 or 80 W ) ohms. ~The ealcu?aulans

for the. beam Jmpudance meauuremeﬁts may be osrried oun |

'sim° 331V'exe93u tnat VaTues of Zogreater than lO w111 b@

@f¢ th& charto | Zr:‘ | ,
| VI, DISCUSSION CF ERROR DUE TO LINEATTENHATI’@N’; ’

o The measurement;for antenﬂafimﬁeéamce in ths pragect 15
,deﬁéﬁdéﬁ£ ﬁp©njveryvaecufaﬁe ster Lnatlen af standing wave .
'?atim;» éhefeafﬁe% desiﬁﬂaﬁed 33:5WR)@ The dlve@tiena?
"coupler or Mncrohateh used for QWR m@aburement ob aiﬂs its
}valves Ior QW? frcm the rafio of incldeﬂt DOW@f to refTected 

powers Avy amauﬂt @f ettpnuatlon pres nt setween Lne Mlcram

‘v”-;MSECh aﬂd 1@&& or antenna 1n this c&se'w1ll 5htw ap as an

’QWR feading WBLCh is lower than the achual SWR aﬁ the 10&6, ,ﬁ

'1 ’The ason fOf thls 15 that the ref?ectbd p@wef is reduceé

,Ogﬁcé'X* @ on



@

due L@ the 11ne attenuati@na The mﬁfmal aﬁ enuatlan ef a
,11n ris eh}fessed as a cerbaia number 0? db loss p@r wavew'
e g th at a certala fwequency as shown in,grapﬂ L Por RCSU

f-Go axi 1 cabte at l%é megacye"fesa Thi s, figure refefs to a

unidirectﬂ 7 1'trave31nvfwaveg Iﬂ aﬁheﬂ wqus t refers tof”

the dttenua ien of the 1ine per uﬂib lenﬂth whem che 11ne
} 1enth is 1ﬂFlmlte or else uerm1uatmd 1n ¢us c%aracterlstlc'
7Lmne§ance9 nﬁd no. gtandlng waves ex¢st on the 11ne@f 

‘ The pwesenee of ?efleCLlOﬂg as shown by the eXJSrence

of'stﬂndinavwavesg'lnere ses bne percenbaﬂe of L@tal power

Js

dis éipatéd n uh@ line end cheveby qu?eases the o?fic¢eﬂcy

f the ilne ag shown in granh 5 for RGSU Q@aflal table at

' lhé mewacycles,; lhe reasonlng IOP this 13'as follow

| Tho presence of andlng wavea 1ndlcateﬂ Peflectlan.
VThi% means that the ~e 1s both an 1nc1dent‘wave~eamponent

: ,amd’a reflectedfane companémt‘on thevlineg,'ﬁﬁeVStaﬁﬁihgf'

VWavéviﬁ'the r@suitaﬁ%,éfiﬁhe,twa tr&ﬁelih? WAVES , The

:pewer actuallf dellvered 30 the laad 10 equal t@ the
dlffefenﬁe between Bh@ energy c@ntainpd in the 1nc1&ent

"wave and . Lhe energy camtalned in the ref flected Vave. I?

'= ;the veilectlon eoefflclenﬁ is hlghg there is a con31deramle

amounc af energy Tl@wﬁng b@th waygg yet anly a eompawatlvely
 fsma71 amounﬁ a; power is- diswlpated at the laaéa, Thl iaf'
- ereaseg the raﬁlo of powef dlSS*pated in- ﬁhe ane and |

"*feduces the @veraTI llne ezficlenCJo



The effects of Lline loss were very notlcable in this

2,

‘,' @r0b1ema1'In!the initial tests the line was both open and

short eiﬁculted at Lhe aﬂtenna onag En n@ c@ge'waulm ﬁbe- ‘

istandlng wava ratia flse taua valuc higner than ZDQ ir
tle OUtpUb teranals of uh@ }wcreMatch ware cpen or bhOT

'01rcu1fed the standing vavevraL1@*w0u¢d rvse~za a ver'

vﬂl”h valuea~ This shows definite?y Lhah uhc seotlan of llﬂe

-~ bety Jeen uhe MicreMatch dnd the antcnna ha sufficient

btcmuaLiOﬁ to h@ld the snanoing wave ratic to a meximum

value of 10Q



138

VIT. TEST DATA AWD CGRAPHS



b

B g sy A Y i A
¥ MEnTEL - an ﬁ

L
Al . . .
ey
press

h oo
eDes

e

T s ”5";".
2 L
b

o T
galsulsa

«5"‘1‘

Phagse
From Ch

 163

roy g0n, B .

Difference -

t-Antenns Yo
<

rie
EN
o
B
4

%3
s

i
3

o
L
s
5
3

LETi
&
1

Ay
Uni
A

=3 10#J12 15.6/50

-3 101-318 | 15 6/59

5 shs 0.3
' -—6 lf"olg“’.'j% R @01@
‘46  g9§¥J§j:‘ 9911@1

"9 33“‘6 5.8/54 |

‘tenma God

Ant
yer

1

2
ole &b

Dip

e




¥
L
- ~i»« . Py ¥ N
ap ne oo
S
lonvred

reflector -
acing

o

engths
&)
o
i
¥

Bives
b

A
i
X

i
Wavele

aglths - o

en

B

&
St

i

eld

L

[y 25

i
ug0
500
Ty
500
s
ngo
w0

LLCT O AN

L

Experimental

g3
MEDLD

v
T e

‘of
ficse

P
£

Ine
nse bo

ttatyes
Dl ata
I T

s AL D=

Length
:(‘2

™

X

167

169
175
173

S

Degrees

73

anﬁ»ﬁalﬂulat@ﬁ pata

B
1

SN

el

T
-d

16.0
16.0
16.0
16.0

16.0

16.0
16:0
183

Stubh=-Degrees

167
267
167
165

Tere
2le

. ‘s

nee

Unit Antenna Tn

E &,
D1t
Ang

0 18.0450
135438
13.5¢39

 ha2piEal

' $;2§3§;1

Y.2pi8.1
.

9.2/63

18.8/k2

9.2/63 - 2
’9;24§31 

7.3/

le db :: <‘”2‘

a o
ipel

i
[R5

CAntenn
Crer

L3R
. L]
N

b

4 7.2



‘Experimental and Galeulated Data

O
Yo

b
b

LW

O
S
O
&
1
L
L

roes
s

&

i
29

n of

£,

i

B TOr
v

o
® *%‘t

g

5
3“ Sy

t Antenna Y o

i

s tance

rb=Dég
¥

!:L b P DC} 9’

&

D E

L
8
11
anet
i e
b
rics

nit A

O Admitbance
¥
kg

&
a
5
&
k¥
g

v
R
D
3
L
8
D
=
L
(‘1
P
Pﬂ
By
o
4
j¥;
Adwmitbance

U

G@g

t

]
Py
<
£
3%
[
£O
€
s
N3
nd
[ )
[ 22
o
®
22
pot
L%
o
frub
15 Y
L]
O
R
o.d
t
fut
H
-‘qi
"*u
Cim
¥
1
[
—.’\i
L]
%)
et
fend
=
(52
e )
n\‘

167 6.8 167 018410 18.0/0 . 11.1 6.5

() N
0,08 0.18 450 2,14 37.5 3.7 w
O 169 16.8 167 -2 13.5¢J9 16.3/3% 12,3 7.3

7
0,08 le hoo .34 | _3& : :
008 Bk 50 235 ar 57170 1608 16T -3 L0witt 1500 - 153 ToH
y ‘ 5.5 3.7 171 16,8 167 -h T4)8.51L.1/sL 181 T.h
7 17h 16.8 167 -7 3.6436.9 7.7/62  26.0 T.h
o 7% 22.3 163 <11 2.bejhz L0 MLT 7.4

0.08 0.10 500 2.38  3B.5
| °

| : "’3, oa Oa 06 5@@ ) ?-38 3(;'




S ap eTodId deap
o . uTen Buu€Luy

oL TUBE

- ovuspedu vTUSLUY

SOy Juﬁ 8% L TORY

po

z:r ﬁﬂd a 37U

S a_a fu@ﬂ%a«

ool S

%M.__,nﬁm@pg 4IUn

eTHuy

,.@,.@ﬁw,ﬂﬁm{ﬂ%ﬁﬁ, .

. (ae,mmﬂ,m @M@eﬁ
mm aTduy mm_ﬁ&m

5 @0%&@@5@.5 o

S ar)

Jo 15 ..ﬂ.wmm__w

. seeadog~gnay
o) eOEBLRTd

SOULUT -GN
o Jo yaBuag
SOUOUL =GN D
03 eduels Ta
L, eramy
g @mm@aaw

22.2 7.4

ﬁéfa*f% :

-5 '5;$+37a&

0 171 17% 166

Ggge*fﬁao 2,38

0,09

1

3

v-_/ 2 ? ° ;‘!’

.2

4

Se3rd7.% 9

-5

7.8 166

171 3

0

L]

. 0/5%

&
S

2,10

O
2
g

%

0.09 0.1k

.z'zvg_

12.86.1

7

167 17.8 166

o0

© E!t'

37

- heo

0.12

0,09

2,00

0.09 0,10

38,0

‘f169:’37;% 1§5;'
h.0 170 17.8 166 -b

Q

1

e

2.33

Ago

0.09 0.08

2N

2.38

09 0:06 500

e



@ﬁ @4@ N1>5iTa
mob ﬂgroaga

@asmﬁqa

o7 veogﬁmpeq@4‘

st

v,.%M‘cmrmgdd @Hmb

-y

@H&Q&

@oﬂuﬁwﬁﬂem.

5T

, H\H‘?‘. R ﬁcn}ﬁ*
_&.oﬂ4m<_oadfn

e@@k&@ﬂg g@m.

Jo L@w;bq

_pﬂ_v,H__‘:mmﬁ&wwﬂeﬂﬁMm

0% SOUBLE T

| e . ‘ .EOWLO.Q..W....,QJ..M.( |

mmogHa@ 13.g
T

05 ouBLs a

a3 Am—
B H

oduT UL ﬁﬁ,, |

:@,xa*_e,aa7

lggﬁfjﬁeg, 15’?!11511@?8:6;?:

=1

?'o{:) 166 'b

5 ‘g 15? ‘ | l

ug0

3.6 1

7
"

ia;,c;

Q.16

17:0 166

69

38,0

5

2,

-

0,10

et

3

e

sy f ”%

418,013,

e “E}

.
o]
o

e

90 2.

14

: ‘ G'e‘

.Qgiﬁ

,,;5

170 166

E 0

500 2,

fg,
0,10

3
:
o

0,10 0,

190 2,33

=6

172

221

Zelo

g

Q;m“

;5,7;%v
3)3% T-if“ _v

17€7 52

¥
o &P

:?3 

R

9.0

9:3

¢

=11

.8 a7k

i
v

0.10

170 163

<

%
I

0.06 800 2,38



Roflector

B
S

T

Waveles

trent
&

i

i4)

Ay

3
T

~t
b
.

] o
%ok

B
&

D

teld
Hero~an

mmperimental. nnﬁ uaﬁg?l

sharice Lo

133
otn

ub-Inches
th of

t
o

# & w Leng
L) . . - gl
L0 SR TN - S =

F
EY .

B0

.
5,0

b.o
1.0

he

Stub-1Ine
Distance Lo

Sﬁa&eﬁegraes_ o

172 17.8 166
1?§"175$: 166
174 17.8 166

- W 1550055
,;v;3-  5+Jh-0
‘45:' 5.3437. "
6 WBHT.2

-8 3.0815.4

-8 3.0¢15.4 6

f15f3+53;5'
0 16.2440

16.8/0_ 1

15.7/13

1; ?LZZ.
9 o&.&'

621.6,;

.2/61 3

mitude .

g
o

Ly

-

terng

298

An
ig

L

A% B 25 |

* .

S 151 I

L e
J
o .
B - ST X §

Antenns

SR+ 1 N 1]
I

Gain
pole db.

i

B

X
4

ey I

L0 ]
=~

{301 .
7.0
7.2

7.4

% “ 6.5 K




@oc@@o@r

ap .o%ogwm go?u
Qﬂﬁa .

SN
g g«!&?ﬁl

Rx mﬂmm$ﬁ4 a7

awﬁﬁ;uwCﬂc

OA . mwﬁgmw#@nmﬁ«@.ﬂw ,

FX BUBSYTY 1TU.

e 7duy
DOUBED LT «rm

.@hﬁﬂﬁ.ﬁ@h@

: f&,@ﬂwgﬂ‘@mmnm,

aamraoms@guz

bl

Jo gmwqu

;Q@QQM®lsﬂmum
.09 SvUBAST(U

m@ﬂﬁﬂ%:ﬂ%@w;
Jo Lpﬁ o

m..ﬁ,mw ...@E. o .ﬁ .

ﬂpﬁc®hnc‘ﬁa T

L aS@WCQﬁQiL:.

Ly

.v\d\.
?yr.rw L

%opvaa

@Mi_x_goQow %mm

.1%;&  6.2.

- 2(‘}}

P

7,

7.1

&
Lo

2,

1

)

0,12

o vz
L

i
5

19

¥
L.

4

« 1

[

{

e

;i%;6'5

e Hegin Ty

2 font
,gm

12.546.8 14,

"2

166

[l
X

e

T4y

*.-./! 3

P

Koo

-y

J’
3

16

17.8




4

B

&

t2l end Caloulated Dat

L

By BUUEOALY

@tﬁ@u uFey

:x

o m@gwmomm © BUUSLUY,

_wow,, @uQJJQﬂﬁmq.
daz ﬁﬁdawcq gqﬁm

,,am‘
SR

Ak

oSy

BOUOISIITE

QABUD WO

¢ etduy esBUg

memﬁumctaﬁyz

.?xv

ST wwtmsw:

o oqmuaHPA

;u_mmmwwob

W%ﬁ@a@&oﬂa

;.ﬁ.qgmmm&p@ mM04a_

waﬁpaccﬂobﬁ?

..(.di.c Syegl J_ ’

Jﬁaauwﬁamm

TOAT dean

@@dﬁmpdﬂﬁﬂ.
Ly Qﬁmwfw paﬂmv

-7-% ‘

{

i

4.0 165

g
i

oTIBY -

2

o
,A}Q»

w

3
-®
y

I’

%1%,

oy
-

A

A5

-3

ko]

. ey

NP

1.6+

g
-

166

17.8
17.8 166

o
o«

I

4%@  17;
Lo 176 17.8

¥

0 17

¥
£

3

=S

2,00 38.5
394 °

U200

o

&

%

%
»

e

i @éz



&y

s ha

’%
L3

.!'}‘

E

’fssﬁ

]

5

sule

o al

[

erimental and

¥
[

Ny '}

’ E;A\.\

UMD
WAL AD

12.8

3

=S MRE 1 )
e

i

@7 goUEIATUDPY.  px

e

9% Buuefuy 4TUR - M

atl .h_...me
- ) ey

"y

8k, ewwEsqIuRY - g

g wuuequy 4TuL L

e
]

13-

i

My

1
155

. %W W W W

08 e B o

T I o ] ,ﬁ.‘p.m. L g
S O o0 0 0 v e ¢
geyour~qudg o . o o o 09
i -k Fe el it -] g A
CJo gSuey & O A & oA & 2
, . B : T Ve S T S FA N

F

. ‘.
B Ll - o S - 53
[ SN T A

o

7

Z0
E o

5
91
5
.05

b
wa
=
- ‘t
%
N
3
Ao

o aeQO |

C W30
h2o
hoo

1
1
010
0.08
-9{@6

2
Yy
7

\

(e

et

0,14
0.1
CO.1h
. .
3,1
0.1k
Da1l
0.1k

SO DOTIY

Pt M N

1.9 39.5 4.0



S w@oﬂ ummﬁ

2%

‘pxperimental and Caleulated Data

v,y.w,N.mﬁm0$aQ&wﬁ_

@@ Jﬂiﬁﬁﬂ ﬁ@pa

9.::1@
RES
5

“m»., S0UBAA THPY

wg ar@pd@ +H

meﬁﬂgp:mé

-

aF BUURIUY 4TUR

oT3uy

- eTBuy eseug

mmmpMQQIQﬂ

Jo S@&Q}Q:

- gesaded~qnig
o2g mmﬂ@@ﬂﬂﬂ

' segour-angg
L Jo u3SueT

SOYOUT=GNLE

@fmaamo
ngﬂ@@gm @ﬁowﬁ

mﬂpur@,mmbmﬁ

dutoedy

M AQGPQEJQ
Butoudg

ERET “xa@@n@ﬁ%@m

u hﬁgpﬁa,

oy
{2 -

e

A

3@65433‘

gg,gv

o]
@ CIez

"?‘.

rod

‘@;15

pite XY

0d

3
‘w0

™4

10

<.

ard
7

8.8

e .
£ "j O i
§96+35

1
@

0

5.0

£
LR

heo

15 0.16

-
g
o,

Qe

]

.j{

-2

5
."‘I‘ .

Wy

19,8

8

10,1

é'

%

165

.

v

16

iu..

5e 0

4
EN

g
~

>

7
-5
-5




Experimental and Caloulated pata

aﬁ@@,mﬂﬁ&ﬂﬂ AOAY
B ) MM\M.HH@@ﬁ J,...Mn*w. ’

- uen

@dﬁa%ﬂbmﬁu
&oﬁﬁ%@@gw 3§ﬁ®pﬁz“

_ 0% G OWEL] THDY

wvmﬂq@wmﬁ T8N

L Ox 0 gbuelaTHRY
. «L.M,s, ,WNMMM@M.M\% mwnwﬁ\ﬁb

@ H,mﬁw

QOURASIITT

o ?ﬁwsb WO

m @ﬂmmd @mwﬁm

;Ump?m&agﬁ; m .
S ¥ ygHueT

geoafeq-anyg
0% SDUBLETTC

SOURUT ~qTa Y
. Jo uadueT

 HRTOUT =qNnag

o Im o omgew.
e G eFeqTon

i ) = .v,,, : Aﬁu_ﬂm‘ma!@ﬂﬁuﬁwﬂw .
S a8 Suods PTeTd

syafueTonsy

Fupoedg
,v&@Mom&Hm_

asb Qmw@ ABE
o mﬂﬂqmﬂ
| d0308TIev

,,',;1

a.

2o

0.16 0.20°

%%%

o

S~ o
95457

-5

'26?

172 1

32

100

0.18
@,16 0.16"

0.16

vgfﬁiiz 

9.1/%8

.'5&243%

5o 2438
'v fl"‘q $+ xj?»"" S

5
-6

2,05

ggta._goS“

167

h

A
J

1

v'.'q B

.

264 =10

g

'3???.v5?5 H

5.0 5.3/]

e

«84J

1

7.6

34'4; G s 1‘?}%

G

o B

2.00

0

0.16

1

hoo

0.08

D

0T

71

368 -1h 104340 B3

Cays gy

e




trength

s B
IS

= f )

&L
O -2

¥

2N

. zg";

£

-
%,

Pa
>

7

o
Ll

S

R -
B

2 15.6 166 <6 5.

) 165
165 4 ,

15.6.155

7

15.6 166 =5 5.5437.
0

R

5

2 aed

o 3

L
)

5’ 6-36‘5
o
0.@"?{& ‘Co

166 4 7.0-37
8y

6347146
7.8/<50

0 9.9/=k5

hofo 1

B 11.4/35
o

» ﬂ°/-£\5mg .’

v

. {'!.e 9‘&% _




- :§£§®?&@@§£&1 amé7@a1@alatéé Data

g

o
73

Stub-Inches
i3
b Inne
s}
moedance

snna Ypo

Ens
it Anben
CAdmittance .

ol
ki
3088

iy

I

D ference |
Over Dipol

Voltage Fo
atio ' SEy

Distance

Antenna

Stub-I
Stub=Degrees

" Distance to
Admittance

=
b
EN
o

-
no

3
L]
e
62
[
»
e
<
&
B
a3
oo
EWTIR.
o Sond
-
0
na
d
[ ]

172 16,0 166 6 10.0-7.¢ .
| 7 162 1T U -5 55475 S.BL)LM o5 7.3
9;1§ -9;1¥.,§§Q _2.1@'.35;$z.3.3 16%: i&_? 167 -3 1%.0+J§.ﬂ » G’G1::”12,5 ‘
Dt sl agh SRR S
0,18 0.10 450 214 38,0 3.3 169 1h7 167 2 12.0-17.0 13.9/=30 1k 6.5
0.15 0.05 480 2.29 385 3.2 171 1h3 167 b 7.0-09.0 1.M/=52 17.5 7.1
0.18 0.06 M0 2.29 38.5 3.7 171 16.5 164 j'? _s.1-35 6.8/=53 29.1 7.1

at

[

L]

pod

g8

L

»

;»»i

i

LT3
)

&5

A%

s

Sl

o5

ot

o

» .
AR
Cab o s

RN .~ - o

N0 R AN < S




‘Txperimental and Casloulated Data

o
o

arh
&

ches
&
ntenna Yy

egrees .
ot

GE:
1
Lt

&
t

k4

o

2N

owamps
J"'l.
OF

CShubeTx
gnitude -

8 ©

it Antenns Y
- =

hede Angle

o
nELe

mit

ni
d

Stube=h
EE
.
k3
T
Uit
&ln

Dist

¢
Antenna Impedance

Distance

Ve
i
T
A

T4
F
\F
fok
&
L]
(&)
furb
R
2%}
OO

° o
ot
o]
[ 3
53
O
5
P . \Q N
pod
W
Lok
nd
£ g
8 .
fon: £
< fd
. AR
o ¥
o
~ o
L. L 4
SR N
bt e
e N
o
Koo

s

Iy
(= N
L ] k

&
e
o
G
)
feet
O‘L
g
&
o
[t
N
foud
A

a_%? 0 1u,>£w¢w 20,0 5.6

A
.
R
3
AR
(23]
. -
&
]
o
RN
-

@
ford
NER N
Cr oy
- *
o g
0 A
g F
Q@
. H E‘d "
LT BRI LN
=d 529
L B SN P & A 1

e

pR3
. g
RN

SO
L5
pod
<
N
[
A\
Nk
b5
@

&
»
r-ﬁ
£
3
<
05
i
Yl
L)
r‘\ﬁ i .
- Ve e e e
S A
& (853
° 8 e
o A
* o
e R |

039 0.06 k30 2.05 365 3.7 172 16.5167 -5 5.0417.0 u&z 2.0 6.2

166 15.6 166 ' m 14.963@ | 1&.54»3,, 13.8 5.8
169 16.0 167 =2 13.0+j9.0 5 8/3%  12.7 6.2
7 171 16.5167 - 6. ;+j§  11.6/56 17.2 6.2




Ny
&

PR
S LEL

&
e}

el
.
:

mgths
Shiren
enmn
SATIE
Tuped
3
ey
& ¢

,
s
Y
AT

tude

2
L

i
v
Lennsa.

e

T " S oo .
el bop

&

0.20 0.20 80 1.6 345 6.2 154 7.0 156 - 2 49—407#95&1%4 ll1 .
4.6-J0 B.6/0. M3.5 7.6
6.2¢10.3 6.2/2.8 32.3 6.8
3 7«%;2@ 774;_3226076 -

5 7.5¢03.3 8.2/2h oM 7.5
S.oeih5 7.0/82 28.6 7.6
6.04510 1171153 171 6.0




&4

]
i
\J n
N (0}
= iy 1
£ i
o 1
/ Y
. —
: j s 1=
< Tt
fl IR
L 14
= -
..y.;. 1
AR . -
ek N
3 0
& §
= =]
T
Sy
=
gl
L4
5
)
%]
=) i ¥
| i p
L
= 1 1
\ i
A T
= }
= =
=y ¥
=
>
= N
N
|
3 A I} Y,
! A Ay BE=RE=in (&




35

% .
I
] |
an o
5 i =
/ SeERER ) r
T (1f4 A* B Z
-1
4 N T
-4 1
L : [= 1L
N ) Y
- > L
¢ .J. 1 >
1 1 f i i
ﬁJ \ L8
fLo y i b a.!
i u A
Iy 1 J
= 4
A i
ain
%
|
L ;
- (
& i
& | 44
5 %
S A
=1 ? .
ﬁ {
d,
e
L L
I
L HEY
.
N




36

n 16
:
i) g
+ 5 } M
. ; 11
y K =
14 =
3
b
o -
J U
)
= awm:
; = ;
() 3
1
=
2 K ; g
E v ;-
E T (€ J i I
11 K 5 Y ™
n
) 5 I .ﬁm
7 1
g Y o
“ 1]
o A
1]
5 /:
)
e -
3 —
= iy i
s T
= i
i
s
N =
B | 5
(Em
i
)
=
%3
=y T ]
o !
Mg ]
- 9
(@ N
N\ A
) 3
D H
]
1 asHi
? N kbl e G




37

e

B

\ Bal\ I
auh}
=] < = 1 o
1IN/ %
ik T
’
— = { i
A n
<!
] 7 t
== |
L
1 gt
I [CEL
]
= . L
&) / g
b
Q
Tr.
2 Jr
= I
L
g Vs
= A
m..n o/ (

.

[} T4

a\E

rand

Bt

;]
3l

2L

6

[(@ Y




X5

14

K

S

Y all|

REgwE

il

ol

.

5

=

L et T LT

VT

A

H rol

el

T
T

&
I

Vos)
.

VA

il i

Shmm,




)
&)

SNuE

e
[

=
T

&

-

7
iy

SuR

1
T
L;E ~ OS2 (i

4

h Y

Y AR

9
B
T

EN

if

i

LT}

13

LT




I

L

-
i
s,

LN

S

L sy b
=

]
e R s

e

i
H

[l

=

.

1}

(WFar2:

i)

Y,
T

17




TR
. J.
{
/ 7 M
T
/: ¢ t
7, v g 5
> . %
i L
I
\ i =
(
) y 4 1hd v
i _ P
7 [
= \ T U=  §
o i i
= T ) ]
i j i | 5
5 ] MR ) I <
" ! 1 ﬂ Ao
~ PT i ] j
# \! g 1 3 )
I ¥ By D
Az —~
N ()48
L)
N
T ) i
i
i K
I A
]
i 1.
!
» !
W {
= ] f .f
I i
o
f 1 i
H, m T
i N
e y W E
i (1
i
1 1
!
5 W
=1 W
Bk T
{ X
= z35 8
S ! ~
B 1
|
T
T
i
1
i
i
i
i
i
i
Il
i
i
}
" )
]
”
] 1
!
W q
| o— T p
! = N SR
T
I
1
!
I
!
I




{ ?
2
7 | 3 ]
- e
H y
= ) {
) (i 3
] 8
{l W 1
= o %
£ )
LM} A 1 ¥ t W-
LA
i . ] ju1
\i 1
! =
)
; el ywi
N - im
v
r
1
o e o
-]
y 1
n L= |
Lyl y Al y —\W AR
Hm o
<0
|
=y
A v
y
) ' .
- )
i
-
” v
H.._ _
et 1]
]
Eay 1 i~ -
S e
]
5 ..
1 h 4 ”
g
I~ 1%
=
- N
D
p
)
) { h D
€
5
}
Y o~
G K = DR _ O]
s | ﬁ. L




T

=
Il

AT

e

i3

RAgA

(YR

P

St

NE




i i 7 TT T ,
I T T ! T
7 T ] T | u
} -
L] £
T
o |
y,
e
o’
; v
\
i ¥
f
l i
- | 5
5 _ ) o
7 | &
Tty ’ <
n i
{ed i L
3 \J
th d
3 Fa mm”
] ] (i At =
Na- 4
s
. il >
= I
: y
" |
L :
A
1
- +
it g
1 .
1y 4
/ A
A
y A \
Loy oM
Y A N
” }
n
WL
fi
; e
Hak]
Ly 3
Y
L]
. 8
G \d”
v, b h au. N
T I
i ; g
Y ) T
™ MO =) =FHAF




45

il
\
1A
=
T =1
‘ s ,.mm
= - t
- e )
= : -
- o 4
= / aEE, 8 7 )
S Y
- ol
= - ) [
1 )
- k? [
|
L f
Er e}
- i- Tt
R 1) 0
ik P
= (G
£
= e s
P\
Q
i
= LI
i WL
Y il
H .
1}
N
AN




46

T
w..u. G
P
Lf f.ﬂ\_\ {
J~ AR (v ann
Lo [T
“1 (92 I L[
| J ¢ 1) N
T i i
L : \
§ t
} 8 N L \
ey .Jnrxl—...m
| Ot QD 4
X AR frl..A |
v §) ! [ TTf
T L/ X T _—.l .r. Lﬁm
Ty > i« J U
5 \ RS ! T ¢
; gl
c - i
= n .
q \d " ™ p N1
1 \ L IRe U ) ;
= - .j X " o 3 1 m,
1 . Z 1
Tl 1§ )
I y | NN
G ]
# / o
nh /A r;
&
[ )
T
_ a
o 17
B a
A
4G | gis)
N
L)
= A
N
N
¢ D
[ 8 )

iy




47

4

ey

AN

=)

3

e 'ﬁ."\\

18N

foi

i

e
N

D

g Sag!
Y -AADHAH

BN R

e

hd

‘i.--_\-’
SRR
Y

iy

L]




48

)

£

AU EI

= T
n i A
i R L,l{.
1 o1 =
Tk L
(it ;
I\ . LT :
" ? N Frau) 5
t X - P ls '\
Il T 7y ot
1 L L
it f Y e
i
-
1
n
L 2
= /
et ®
doet]
paiary T
pe

ie:

T

"

AR

Ctedvia:

ST

]

\

]

0




3] uw

=gt

SYRRRSN
IJSEE
)
1T
'y L
N S
T
My i)
3
N
= =N s
N llrm
I )
I ) (Y
L
o »
) < 5 o
S i
=) iy
| T 3
ST ay R
= < =
,v O\ LV
qlvll /
v &Jlll” -
I - G M
I e BB, .
r >
d LS <
! .IH# N O
! 3 ) G %
{ - e
1 o
d X
[
I
I
I
I
I
I
T
I
I A
W ey
T -
T b
T I g N
I ¥ il
|
w f
: < _
I T >
i q
I (W
1
T
]
Wl | :
T
] =
1 P
T
i &
“
1
|
] I
! =
I
I N
"
T
I
I
I
I
T
[
|
” 1es
w
I
S ] D )
1 'K g J
¥ ,_\ A} 1\—
I
I
T 7
T 7
I
b
i
!
T f
f i T
1 I I




‘e -
MADE tN U. 5. A,

1 ¢ LLlt J_ #
r A ™
|
)
,
]
4
]
] [mEY
! o8
- Tulvb
1}
}
s 9
>
-
it
J
,
"AN
[
w
T
]
>
Samma
{3
I~
&
ST
\7.
[ |
<
§
]
h [
(4]
1
! ! 4
Iy
w N
-
|
N\
=
h
1
h e
\
\
f (=} D 4 g S
1 3 O Q) ] 2
) 5
;
1
1) N
yi= e Sia% AN
i f
I 1
i !
T T
I !




|
I

s e S




A av s
MADE IN U. S, A,

LamiwyiiigTe

a_.,
F
\
9
y
A
\ -
\ ¥
%)
T3
L
) s
e
%5
R
N
¢
O
P
|
N
i
LV
T
i 1}
Y] T
\ t
f
I
<
)
.
b |
i
I
I
1
2
1 B, T
1 1
\
(A
S
-
|
1
1
=3} 1) 0
A
f-
& s QN




eAABLNYALET 4 TN wne A - -

MADE IN U, 5. A,

| RAPH
{ )
1 k|
r_ 5
ek
1
19
y
N/ =
\ P
|
B ) L=
\ ==
|
\
1
\ ,. s
| g
i |
. N Am_,
™ o
1] P
\
_f n
r,
h Y
LY
L] [ T
M, s
%X re
Y |
}
T
g
N T
\ +
I
]
|
Exaan
I
1
1
|
|
|
]
1
16 i N ]
xmu \a“ Au.\H‘ O ”Wa Oy man
, ]
]
W :
I o ! 1 T




© VIIZ, DISCUSSION OF RASTLTS

'Thé'im@ev%anea'@P the pnfasitim éffay‘iéliﬁcréaSiﬁg:{
ily dﬁe ‘o Wﬁﬁ wn&&spr@“i nge iﬂ televi Si@ﬂ receptlen

and tha ra 6 eXpansion of UHF and VHF arpllcthQnso '
iﬁvailsbleﬂ;lt@ratura‘eentﬂins‘m@ e th@m&tchl or emairlcal
derWVatlﬁﬂS ani only 1imi t@a EYP@flmeﬂtal datg for the
’“3éegign ama“@radle%10m>@z the three element parasltzc”arrayg
The ﬁu@d e@rt9iﬂly ex t, for wmore acéurate d@ﬁign inf@fma@
“tl@n,; 7 | " | |

;Hhiiéfit wgsfréaiiz@d that a complete &ﬁ&lySiS 1ead1ng
t@ a smiutloﬂ of. this p%oblem would not b@ p@551b19 3mmed1w

at@lyg‘it was bﬁlzevmﬁ Thwx a rrelzmﬁﬂamy 1nve5t1ga ion

.wguld initlate an effort leading to n uLtimate Swlut on of

' %hls ?r@hleme =
| | ?h@ %@0@@ @ifﬁhe:@r@blém-may be seen whan,tﬁe:ﬁﬁmbgr 
 smﬁ natuxm of the inte?wfelata& vafiahles”iﬁveiﬁéd are
G@ﬂwiéei%d | A | i v

For exampleg,the f@@é p@iﬂt imr@dance ow th@ thr@@'

rglement par sitWQ.err%v is & fumc+1®ﬁ of gix. dlatiﬂ@t

o

'j-vaW1ab1@sg 1¢ch'@f,whlch in tuW@ is iuncbﬁon of athef

'Wafiablgso‘ The 1@@@ p@int 1mp é IICS 15 6@p@ﬂd@ﬂt upon th@
 v$@11©v ngs | |
_a@O Th§aself;imﬁeﬂgﬁc@‘éL fh driven elam@nis

, éh@~é@if iﬁp@damcé'bf th@‘ ‘eflectors

TG;{'Tﬁé ﬁ@lf lmpeﬁaﬁC@?ef”thé.di?@étérg,

’fbﬁﬂ fﬁhe muuudl 1%986u@¢e between th éri%énf‘ »

el@meﬁt aﬂé the r@f1ectora}
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f@,‘iThe mutual 1mped“ﬂce betwaea Lhe driven;?J
) ;@l@me@t and Lha ﬂl?@CtOrw-. |
f®9 The m&ﬁual impedaﬁee between ﬁhe direét®§ E
éﬁa rm;lectoro | | o _
eh of th@se 15 depeﬁdant Gﬂ the le;vth and dlgmet@r  -

‘af the sevefal @lemepta and the p ace 1o 1ﬂtvd@s of tha v
Aelementso -lh@ﬁu VGT¢3b1ﬁs all c.mbiﬂ@ Lo @@GCfﬂiﬁe %h@.L@@ﬁ
‘n oin t mpedqnca$ therefere an,invesilgatlan of feeﬁ p@iﬁt

imﬂedanca'as afx@ ﬁ@d by ‘the varlatlon of relmﬁlve @lem@nﬁ

‘,:spac1 ng and. lenwah wa 8 lﬂgtltﬁted

Slnbe the ‘O?Wafi ga1n @f the dntanna 15 Qflme CONe=

B &1Qe?at10n9 the sntonna wa$ adgusted ‘for meximum f@fwaré

i> ga1n9 and all mmaSUTemDELS of 1mpe&ance we fermaaﬁvuﬁaer-chiﬂ“
",~aondrt3_ow ol o ' . |
he equ1pmaﬁt was lnqtalleﬂ on Lh@ ﬂr@uﬂds @f ghe7
'_callege ﬁa?f e@urse an@ 1mpeagnce.ma“gurem@nts we?a mad@ in
aee@~éanee wiﬁh the “%@ve c@ndiﬁﬁcﬂﬁg, In order to ebserva
%he effacts of eleﬂmnt speeing on gain 8mu 1mymdamcag daza “
'wefe @b@alm@@ eor “eplector spaci ing: 1ﬁcrememts of 0. Ol wsvew

| length and for dlrmctcf sp eing inerementﬁ @1 0. Cziwavelemvtho

‘The llm @f the smeclng var tl@nc wefa O 20 w vel@ﬂg h and
 ﬁQ 06 wave?enfthﬁ ﬂ&clng gfemtef thaﬂ 0 O wave 1 nﬁthkwere
' 1mD9ms1b1e ﬁa@ io the llmntaticns of the el entvgup@@rtlmg

‘&ﬁvuctmy&ﬁ¢ bpaelng less than O Oé Uavelength were llkewise
L not possible duﬁ ta the method GP Suﬁpﬁft whleh Qbstvuet@@

' the el@menta at clase spac¢n o



gt »hgtﬁagﬁﬁ oﬁ@arﬁ @ﬁ “«u*ffgfémi_éi?é@%@w
J@ﬂ?&l&@»@i‘f @laﬂﬁar 3@&@13 '@gﬁigvﬁ%&fﬁi
ioum V@l@; §$.$é%ﬁ%?‘@§ﬁ$t&ﬂ$ &ﬁd L be%w 'O'“nﬁ a5 @hmgl
Cin aii ﬁ&$é§ @£ﬁ§@t the very wide $3aﬁln} o ?Th@.@ﬁxvﬁfﬁﬁﬁf

?_ﬁh@wﬁ a ﬁlﬂimmﬂ lﬁ?&ﬁﬂﬂ@%

0,20 wav tb f@ISm@r@r S@aﬁiﬂ

¢

5%-a' i?@@ﬁl¢ %g@ﬁinﬂ“ﬁﬁ a@@uﬁiﬁﬁﬁﬁ'waﬁai@mgth ﬁt o, 19

waveleng ?h.r inwate? @ﬁ‘ iﬂg the wminimuw f.lﬁﬁ Elﬁ@ﬁ aﬁ
girestor spacin g af @ 08 5‘? ave ~ngth@ Aﬁ 2,38 w vclﬁn« b

‘: mﬂm*m?m.q nt yenx*mﬁes t@ mﬁve tu:‘

'@iﬁgﬁtﬁr=$?aeing} and @aaurv at 0. w12

'i@ngt% ?&flaetaf

5gamfﬂg@ ﬂ&t @gl? we!

ﬁimuﬁ has ﬂﬁ?@ﬂ over i- a&au% 1? %

A% 0,16 vaweﬁaprtz re fl@@h@? Eyy“°',

i fmpedanee has ;avaé ssml} farther t <§%%“

a@vt ﬁ,l%‘tav@iﬁﬁgﬁh divector @?@éiﬂg;’ The ebﬁv@

ff@fwﬁgingavaleﬁgfh refloct 0F Bpa seing x“$W“'th %Viha”wiﬁ-

‘has'mav@é tn @btat C;fé WQVQléﬁgih ﬁg?a&z@r sp 'gb

3 ﬁi&%

-leﬁjwévélaﬁgﬁh1@“@@@%@@ sya@ing@ F@w‘a‘ra;@seﬁaﬁ agualng
'n;@f]Qﬁl%fﬁavéiéﬁﬁth°@g@ il Qﬁmh&E 3i ﬂal? wa?ﬁl@ggth

éir@ﬁtﬁr“g@a&ingﬁ.'fh@ 1 st eufq@ ﬁhngln” thiﬁ‘tﬁ@ﬁﬁﬁﬁas‘ﬁha,'
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refl@ctmflﬁoacmng of 0, 13 wa velenﬂth'w1th m1n¢mum.value'
;@fffxea pelnt iﬂpedanae at O 1o wavelenwth |
| CA% spaclmgﬁ @f TGSS than O, lJ vavulevgth fer ﬁha}
 ;jr@z1nct@r the verlatlon is mer Wapi@ aﬂd S@@ms t@-r@p@at
}ijln the @yD@SLt@ dlrcetlon (E@wafd C1GSeT dirﬁﬁnnr gpa01ng)
lhe m@int ef 1®west impeéomce ﬂ@V@p i@ th@ left rather than
 }La the rlghb aﬂd fbvefﬁes at a reflec+or spacinf @f O, DG
7'wa*zr‘c’:el,_erztgchfaw It.th@n-t?avels_baak to the'r1ghﬁ again‘and
..at 0 16 wavelem th sgacln it eceurs at a'dfreetmr s?&eimg"
: gr«a Wcii thaﬂ 0. 20 wavalengtha The nlnllﬁm Valﬁe in’ Lhes%
' 1nstances 15 betwe@n 10 and 15 ohmsg‘ |
- The curves I@P gdiﬂ Lall into two ?eméfmlltypeﬁ.'VOna_
itype 15 essentlally a Shfalght 11ne Whilu th@ other type 15:
freﬁsonablv straight but has a wall ﬂ@flned dlp in it. The
;%‘bﬁrves with tne aharm dip eccur in caﬂauactlnm‘WLth Lhe
'*impedance curvas whjch have a S@eclng sucn thgt .qevarsalg
 .£ dii ‘tién of imaedanc@ mi J.mum occurs, The galm is -
1cwest at the @na01ng whlch gﬁvaa 1@h@$t Ieeu palnt 1m@ éanceg
The re&ultg, Whllu 1ne®nc1uvlveg sre llndlcuﬁlve Gf fhe
t geneva1 trends of’main<aﬂﬁ 1mpedance variations at dlffevert
alenen& spaﬂlngsu Due ta ch@ llmlteﬁ le@ & allabie thv'_.
'1mciemenms @f gpacing used were necegsa 1lj 1uf3@ﬂ Aﬁditliﬁallﬂ
fda #:1 ghould be L@cufed ab 1ntewmeéi3me e1ement spaclﬁgﬁ 1n »
1t or@ew to a@fe campletely de?i the behuvioﬁ of the tea@
efnt meﬁaaneeo Thls 1nvest gatlon ha faiﬁed many 1nu@rgst§

vlmg &v@stltns Ublch we?e im@9351%le io salvg 1n bh@ tlme
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‘alioted. Inz“$ igqtlon of the LQ110Win“ factors weml@ be

‘7

?r@fitablag ‘g-atﬂdy’of‘the“epmplete‘rﬂd Tat 1@m pat ern a%
 vé111h¢rizbﬁ£é1 and‘vertiééi angles under élffevert tunlnw
"cbﬁéiti@ms§‘£hé'mutﬁél.impe&ané~ bet ween pafagnﬁﬂca?iy
[Qegeii@dvelément. the effects of mouﬂtﬁnw the paraswtlc
eieﬁenis ip eiheﬁ hn' Z0 tol planev than that of ihe dr1veﬁ
Jeié@eaﬁi' A furthe 2 tuoy of the Parazet@rs,lnvestigated i
: this pr @'blem mum be of value. |

:'_It' is the auth@rs hope - that this pdper may cerve aa:
"é guide c,.1'143 1nge1§1ve.f@r those 1nterest@dv1n aﬁtemnag aﬂd |
that 1t may have o small place -m the ‘é@v@lapmenﬁéf‘ the
1 rﬂe concup te wh¢ch ultlmat@ly nay. 1eaa 1o a more complate
»understaﬁdlﬂw.m- tﬂ@-eharaCterlstics and m@ra rellab1%
 vpred1cii9n5 ef “@FIGTmEﬂCO @f the zhfeé]element“?afésiﬁi@‘

amtedna e“rmya '
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