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Abstract:

This thesis was undertaken to Investigate the influence upon gain and horizontal directional
characteristics Caused by various reflectors when used in Conjunction with the commercial Yagi
antenna. An effort has been made to present the information in such a manner as to aid the reader in
determining whether the addition of a reflector may be Justifiable for a particular situation. Although
maximum gain and a narrow beam are the desired characteristics that are sought, Objectional effects
aye also noted* A brief discussion of the fundamental theory of the Yagi antenna is given in the first
part of the. following material. Information on commercial construction of this antenna is pre-seated
along with a comparison of its advantages and disadvantages* The major portion of the experimental
work was performed utilizing the “corner reflector". Various spacings and angles were used to obtain
desired characteristics, and data was re*-corded for use in plotting directional patterns’. Though the
optimum setting for gain does not necessarily produce the narrower beam, it is possible to choose that
setting which the situation warrants® Other reflectors are considered and a comparison is made with
the corner reflector.

Since it is not a-wise practice to begin experimentation before giving some thought as to what the final
result should be, a section entitled "theoretical analysis" is included to assist in the approach of other
problems of a similar nature that may be encountered. A mathematical solution of the Corner reflector
and Tagl antenna Is presented, however because of, its complexity, computations are not actually made.
Another problem which has been modified but is similar to this has been solved by an indirect method.
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ABSTRACT

This thesgis was uwideriaken to lnvestigate ‘the influence
vpon gain and howizontal dipestional characteristics caused
by various reflectors when used ila gobjunction with the =
commercial Yagi aptenna. 4n ¢ffort has beon made to present
the jnformation in such A manney as %o aid the yeader in de-
termining vwhejher the addition of 4 peflector may be Justi-
fiable fofr a particular gipuativn. Although maximum gain
and & parrow beam are thé desired sharacieristies that are

sought, objectional effecis are also notead.

A brisf discussion of the fundamenial théory of the Yagi
sntennsa is given in the. firsk pazt eof the ollowing matsrial,
Informatinn on commersial sonstruction of this antenna iz prée
sented aloag with & comparisofi of ils advanloges asnd dige
advaniages. - o : ’ :

The major portion of the experimenisl work was performed
utilizing the vdorner peflecétopr®. Various spagings and angles
wers used %o obtain desired chavacteristics, and data was re-
gorded for use in pletting dirvectional patternsg, Though the
opsimum setting for gain doss not necessarily produce the
narrower beam, it 1s possible Ho choose that sdibving which the

situation warranis.. Ovher refléctors are @énsi@eﬁadlaﬁ& a

ecomparison is made with the ‘corhey refleoctor.

Sipee it is pot a-wise practice ¢ begln experimentation
vefore giving some phought as $9 what the final result should
be, & section gnfitled "fheoretical aenalysis” is ineludsd to
assist in the approach of othex problems of a similey gature
that magy be sheountered. 4 msthematical sodution of the
corner reflechor and Yagl antenna is presentad, howsver hee
caunsgs of  ite gomplexity, domputations are not adiuelly mades
Another problem which hes been modified but is similar %o
this hag besn solved by en indiresd methed. . - .~ -
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INTRODUCTION

w1fhin,the past few years, thi anﬁenna arrays have h&*
come inﬁreas&ngly impmrtan%a- Since. tnig aqtenna 4s 1mey§anw
sive dnd has ralat1v~ly hlvh gaia and good diremﬁianal ghérs
aa%aristiasg it plays & vewy imporbant rolé ;n Lﬁlévisiﬁﬂ T
eeption in cemota saetiens of the LOUNYTY . vnti1 mzher
carrier systems, sueh a8 relay ox ¢able, dominate the aountry;
ﬁhe Yagi ar"ay widl umdeahtedly remain in Wida &ﬁa“@u_

Eeﬁaﬁﬁﬁ af the prasanﬁ imp@ruaﬂee of bhir anﬁaﬁﬂ&i the
authoy falﬁ %ha% an inveafagatlam ax ﬁha ﬁagi 10r &h@ p&fv |
pose of lmpzavmﬁg its galn was hmgh&w j&%ﬁi&l&h&ﬁé ¥ qumaxn
refieeta% wag ahsaan fbr-tae ma Jo pafﬁ:an Ql %his ‘work dda
ﬁ@ its simplicity of aan&ﬁruamiaa and gain advahﬁagaq whan
usaa Wlth a dipole an%ennaq By mnﬁua%ive raason%ngg i& WaH
presuned thad with the pighy aﬁaustmanmsg ah impwcv%ment in,
| gazn woulﬁ be aequired over ﬁne original Yagl, and yet ﬁhe
modified antanna‘wamld rotain iﬁﬁ primary-a@vanﬁagas - ﬁamé;y
'a good fialé\pa%ﬁérg{wﬁim@ii@iﬁy o design and aanﬁt?ﬁﬁﬁi@ﬁﬁ'
and 1cw costo |

Al%neugh\the Yagi anpaung is a0t & reaenﬁ invemtiaag the
ma@hamatiﬁa; Gomyuﬁatiang of gain bas@mu‘axﬁramaly involved.
Mahy'auﬁhérs ﬁampare-expeyimeﬁﬁaily Qﬁ%aineﬁ'mesu%tag but tend
0 shy away fram‘tne~mathemat*®al &alﬁ%i@ﬂsn Consaquently
litar&tura on this aspaet af the ?agi is quzte limi%aée '

During the following aiﬁﬁusﬁl@m the tast aﬁﬂ&ﬂﬂa may be




peferred to as“the‘sonrea-af'%ﬁé rediation fialdo This
éassential as&umnﬁi@n may he made begsnse %aa Impar%&nﬁ @h&r&
asteristics, whigh axa ?ield pﬂﬁ%arn, gain, and impadanﬁag
are the sams if %ha aﬁﬁanaa is used for rsqeivinw oF ﬁmansa
mi“ﬁ‘ﬁiﬁgo . |
. o a;imiﬂaﬁe a detailed aigeugaian of the funéamenﬁal
theory of radiati@n it is assumed %ﬁaﬁ zhe rea@er'pessesaaﬁ
a bagic. Rnawlaﬁge of wave p?&pagw*iaﬁax Agtepied. abbreviw |
ations and symbols in Eleatraaal Enginearimg axe used in

thia taxtn
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YAGI ARRAY

In microwave work, the most fundamental antenna is the
ﬁalféwave dipole. It is a.ebmman antenpna and has a very
simple form which may be meéen in Fig. 1{a). The dipole is
mads up of two quarter wave antennas plaged end-to-=ehnd and
fed in the middle in such & marner that the current simulates
a simupoidal distributions Although the current does noh ‘
ﬁaeessérily egnform exactly to fasts; this is an aésenti&l
agsumption made by theorists. WNevertheless this error in
'galaulgtigns is not af significance and therefore may‘bé
neglested. ‘

The resistance of this anﬁenha is approximately seventy-
‘ﬁhree ohms ahﬁ should be used in copjunciion with é seventy-
three ohm transmission line for the most efficient results.
It is possible to majoh the impedance of this anténna with a
line that contains a diffasﬁem .ifmpe*danee by ubilizing shorted
stubes though this procedurse may begome quite invalv&dq;'

When greater figld directivity and highér‘gainnax@ re=
quired than san be obiained from a sipgle antannagfantenna
arrays are often used. An aﬁtenna‘array ;$ a systenm of
simi;ar anﬁennaé oriaented in sueh a manher that thé eminating
alae&ramagnstia waves tend to add or can¢el one another in

yarious divectionss Consider a.tweaelam$at~array9 aagh

1. 7. D. Ryder, "Neumworks, Lines and Fields", Prantice-Hall,
Inc., New York, 1950, p-26%, ‘




FIG. 1

(@ Top view of dipole antenna, () end view of the field
intensity patterns of two dipoles separated by a distance
much greater than a wavelength, and (c) end view of the
field intensity pattern of two dipoles fed iIn phase and
spaced a distance of one-half wavelength apart.



e
elemént beihg & half-waye dipele, in ﬁhigh both antenpas when
suffi¢lently separated pradueg aﬁ onpidirectional iaﬁahﬁity
pattern as shown in the end view of F;gf 1(b)? fhep they are
fed in phase and placed a distance effanefhaif wavelength
apart, theip vonbined radiation patsern agauires the form of

a Tiguve eight &g is evident in Figs 1{s). If fhe field fas

tensity at a point "PY were messured when @ = 90°%; fhe dne
dieation would be zero as the fislds tend o Gaﬂ@él ﬁmé, |
agother. But as § -approashes. 0%, the tryamsmitted waves
epproach the seme phasing and hence a maximum intensity-
ocenrs. . u

In the above section the array olements exe both ariven,
that is, they are supplied with pewer by means of a fransmise
sion line, Directional arrays can also.be cansﬁrué%ﬁ@fwﬁﬁh
the aid of elements in which currents are induced by the.
fields of a driven elements Such eléments have 5o Lrensmiss
gion 1ine gonnection %o vhe transmitvter and ave usually re-

forred to as "parasitic eélements™,

A Jepanese named Vagi reasoned fhat if parasitic slements

coulé'be*made either to push against or -to pull @a'taajpaﬁtern

‘of a driven antenna, a push$pnll~arrgagament-with-greaﬁaﬁ-gain

and bevter beam qualities ghould be possible. He devised the
Y&gi‘axray which nopgists of a deiven antenna with a parasitip

‘vefldetor and cne of more parasitic direstors. Such au ane

tenpa is repregénted in Fig. 2,
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Connection

>"b)

FIG. 2

(@ Top view and (b) end view a seven element Yagl
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| A Yagl avvay is the highest gain antenna of gomparabively
simp;e foprm and consiruchion. Qha disadvantage of %hié;aﬁ%
ﬁ@hﬂé‘i$~tha% it has a velatively narrow baﬂdwiaﬁh'asfaﬁmw
pared to othey conventional télevision antennas syeh as the
fanned oy sonisal anvenna. Still gain is guite Zood on ad-
Jagent ahammal#g- Bandwidth ¢an be Lucgpeased by alﬁamingutha
ﬁimﬁﬁﬁi@ﬂ$; howaver mot with@%ﬁ %aaxiﬁ&ging-gaiﬁa Sﬁvémal
Tagi arxays'may be stagked ope gbaﬁa $h@ aﬁnap.mﬁ-a single
mast and out anﬂ*ari@aﬁa§4f@xfap@¢@fig~@hanm@lsw With sugh
an arreansensnd gain remaing nughaﬁgaﬂ;aﬁdaﬁﬂaffxﬁqﬁﬁmﬁy;xﬁé
sponge is unaffected for diffﬁxsnﬁthaﬂnals@ O iha‘Q§ﬁ6¥
hand if higher zain is desired, the Yegl may b@‘Q@anmianﬁiy
#lacked broadeide. . It has a goed fyonteto-bagk matiq fﬁr re-
jeetion of gosghannel inﬁﬁxfe;enga; and gan aaé&ly &nﬂlaﬁﬁ
Piciently eliminate raflae?iqns which cause ghost $mases‘on
the $elevision seresn, IR |

Withoeut hesitange iﬁ~ma§ be said taay‘ﬁpa aﬂvamtageg of

. this antenpa greatly ocutweigh the disdadventagds.
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CONSTRUGTION OF TEST YAGT

Theye are a number of az&‘:@a‘sagemen*as that can he used in
the design of a Yagi for good redépyion qualitics, Aéffaﬁfas
pﬁaﬁﬁiegl‘usarﬁs gohsorued, éagh situatioh presents a differs
Enﬁ‘prbbiémo ia Pact theys are 86 many veriables iufluereing
resulys that definite answers are obstured: Heisght aboye
ground, angle of signal drrival, spage dmvﬁributiaﬂ pa?ﬁerng
and proximity of other objects are aﬁly a few of ths asondi-
tions vhat effect the #eﬁepﬁiana Fig. & vpienents some of the

gpacings and dimensions that are ﬁbmmﬁﬂl¥ $$$@éi

The léngih
of vhe drivenielement is usually taken ag (1-0+05)f. This
leagil ig uged because tne'afféﬁﬁivé lengﬁkﬁgﬁ,a/aipcie g
tenna appears to be lavser then it agtuelly iﬁag"ﬁxﬁmﬂfigp 3
it is seen that bandwidth is secrificed for gain of Ti0G=TETEE .
If & wider bandwidth is desirved, the divesturs dan be made
progréssively. smaller or $péaea Taythelr aparté

Faﬁ the main tesy anﬁeﬁnavuse@ in the experimentation, a
.sevamaglamaﬁthagi wés_éans%éaate&‘wiﬁh'ﬁha dimensions shown
in Pig. B(a) Pirst being useds Thi$.an%é#ﬁa a1d not eive the
deéiréd gaih so Phe eub and try mathod a§ finding the sorregd
lengths of the dlvectors was perfarmadg- Bach divettor was
shortensd and then another fegt made, Sugh a progess Was oon-
$inpad urt114a high gain waa obtaineds The miﬁiﬁ%ﬁ%é“ﬁ?%e-af

1. Noll ahd Mandl, "TV-ahd B Antenne &uiﬂe" S The MesMillas
Go., New York, 1951 p=~858. |

2, B. G. Joydah, “Bleatxamsgﬂatme Wavas snd Rediatibg
Systens", Prantiqeéﬁall Inegb ﬂéW‘Ybrk l9@@ pwﬁﬁae




_13.

45
horter

FIG. 3

Tvd Icel arrangements for eotmerclcl use with the fol-
lowing qualities: (@ high fair., narrow bandwidth, (b) lass
gain than above but greater bandwidth, (¢) less gain rut

greeter bandwidth. (Longer an,d shorter refer to the length
of elerent with respect to the driver-element)
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the antenna models made it impdssible for ageurate measure-
ments ta be taken. Aftey séveral attempis a test apienna was
Vconstru¢ted that gave a gain‘of 9 db, Althousgh thig was not
thﬁ maximum gain expected, it Was the begt guy of all the
trialg, The field intensivy af this antenna is eom@ared to
the nalf+waye dipale in Migo 4¢

Durxng the ewnsbruaﬁion of %h@ tesﬁ Vagis it was notieeé
that the aireeﬁ@rs of tha arrays wore necessarily euf shorter
than the 1ength of he. driven&@lamaﬁt minig 4% gime this
Doeured. for all medels, an. aﬁ%emp& was. mads to ﬁetarmine the
reasanc Thmugh mueh rssearah was dome, 1o literature aenlﬂ
bé famnd yhat gave ah axplanaﬁimnq Iﬁ,is'baliavad”thaﬁ th$
end‘fzinga‘effeﬁﬁ was ihareased because of ﬁha»cémparaﬁively
small'mo&elslan@ higﬁfﬁrQQuahﬁy“@ﬁﬁﬁﬁ,thgg-aamaiﬂ% the ef-
factive length of tné‘amém@nms o aﬁ?@aﬁ larger than their
theéretiaal #aluea - ,

A geeond test Yagl :Ti*‘xa‘g\ buils that é’@ns&ﬁt&d af a refleg-
ﬁmr; dixéetor; and drivan&elementa The spaging of the di%
rector -was 0.18 wavelengths jnstend of - the - preceding 0.10, but .
the reflector spacing rema:;x@c} _mc%shaaged,- Naturally rt should
b@'@X@Qqhaa:thaﬁ,gaiﬂ,aﬁ,%hié'laﬁtax‘amﬁanna Wou;a bﬁnk&sg
than that of the preaeainéuone assuming thaﬁ'béﬁhwazg gut.
fairly 6lose to their maximum sffieiencya Figa‘ (&} shows the
field pgttarnnof ﬁhis,agﬁegaawg A gomparison may be maés Wiﬁh
the referense dipole of Fig. éiajs.and also with the ﬁaveny




Comparison of the field intensity pette
element test Vagi.



(@ Field
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Voltage

Distribution
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Transmission
Lina
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Voltage
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a) FIG. 5 {©

intensity pattern of the three-element test Yagll and (b) a folded



iaf'.l:'?‘a:,
element Yagi of Fig. 4(%).

It is the uswal practice to use a folded dipsle for the
._drivanuelemsnﬁ pather thah tha plain dipoles 4 Tolded dipole
mmnsists of an equal lengthed element paralleled with the
dipalea Thig antenna may'be sean in Figo %{p)s Field pat=
tern and gain ramain the game but the impedance 13 lmareased
o 300 ohms. This permifs an aasier uateh o be wmade 4o
transmission lines of high 1mpaaanwa, and when parasm%iﬁ

1emen$a are adaeag the resulﬁiﬂg jmpedancs, alﬁhaugh de-
-cxeased, remaing mush greaﬁar tham wh@n a plain &iﬁ@la is u$@de
Simiiarly it ano%her-elamenﬁ w&ra parallal@é Wiﬁh the: falﬁﬁﬁ
dipele, gain and pantern would remain un@hangaﬁ and thé im=
pedance would be ingreased to approximaﬁely 660 ohnss, Singe
the eenﬁer of the paralleled glement is ab zere velﬁega %hé
mounﬂ;ag af this an%anna is e@mparatively simpleo;
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EXPERIMENTAL QGMPQNEMTS
Experimental Hompokents needea in any raﬁiatian work are
tha %ransmittsr, the réceiver, and ¢he antenns, Thig diss
eassian will be subdlvi&ed inta ﬁh@ fellowing phree ﬁeyies#
Bx Tmanamzt%er

be ~ Reseiveyr
4, Antehnag anﬁ,ﬁafla@tora

Izansmitter

| A klystxén-ogailiétaw Waﬁ uged as the ﬁfaﬁsm&kﬁéré‘ 81&9&
it was ineluéa& in the equipmsnt of the Wlacnr;éal mng;naer- |
ing Depariment, _i'_s?» was guiﬁe.‘e‘a,sgi;y gvbﬁainad_a tfmawb%q;j |
this was ﬁhé mosh imp@w%anﬁ,fg§ﬁqr in detaﬁmiming,ﬁhé ﬁ&n% m&
transmﬁtter to be empleyed. | | o

erquan@y of this kKlysiron was very sﬁable at agaeﬁ &Go
Such a high frequenty was a definise advantage baéaﬁﬁe thﬁ
antenna models x@quirea WOTE mihiaﬁﬁré-in'sizeq‘ whén in
oparation im could ba assurad ﬁhaﬁ A% waulﬁ ¢auga no inm&r» |
ference with fraquaﬂeies of aommexaial aommunieaazcnsg amd
move important, bthe. tunéa antenna W@uld bs ralati?ely free
from ouiside iaterferenceo

Power output of the klystron rémaxned quite stabla a&d
was strong enough to be detegted ab greg% éistaneas‘wit& a
mieroammeter. To obtain & good raﬁi&tiaﬁ pattern aﬁd,ﬁe@é@x@
tain thay the raﬁiaﬁlon has anly‘the tww ﬁransv&%se aampanents
of a plain wave~Iront, namaly By, and Hﬁn @he reﬁeiver musn ba




glgp
a distanga of seve:al wavelengths away from tha transmittera

The eomplete %ransmitﬁer and assqaiaﬁad poOweT aquipmen%
were mounged on a table that was highly mobile. This was an
asséntial donditién since a1l of fhe Wafk was ‘aceémplished -
auﬁaiﬁe %o elininate rafleeﬁmcas that woulﬁ be prﬂ@u@ed within
a a*osed Fooy ' T .

Figs 6 is & photograph of he transmithing npigs The B0
inch parabeiie dish ab' the right was ased with the bransmite
ting antenna 40 narrow the baam width sad- 1mereaga tha 'glgnal
inﬁensfty in the- farward diraetfmﬁe Al EPTOW in&ieau@$ the
klystrod tube. Oh the bs%tem shelf of the vable are %wm
powey -supplies aeﬁme@taa;in.aswiészwith s sutput of lg&ﬁﬁ
voltse - I

Reme ivar

% was impogsible 16 laeate a field strangth gger e s
sporsive e sudh a high fwaqusaaym;eamsaq&énﬂly\%ﬁ'wa§~me@§$w
sary %¢ Qevige sote métha@ of @etéxminiggfrematﬁve f@ae@%iaﬂ
stwﬁﬂgﬁho A Very szmple reaaiver wWes designeé whigh 1&@1@&5&

'a.mimroammeﬁewa a garmaﬂium ﬁieuea maﬁﬁhing sﬁ&bal aa@ e

axial aablaa The migroammeter wWas a\éwﬁ m@ter wzth & ranma

of @ o S&é micToanperes. A-;ﬂ&l g@rmanium=@i3@a masiusad~as
a detegyor for the elxauita e ?&ry&&&S'wéza a@#ea Wiﬁk'ﬁhﬁ
‘adﬁusﬁahle shmrtaa:s%um$» l) ﬁa maﬁeh tha im@aaaﬂma Qf %h@

i, Refeﬁs 1e3 footmo%e l, paga W




FIG. 6
TRANSMITTING UNIT
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test antenna with the adjoining oilrouitry, and 2) to complete
a d-o path for the meter when i1t was not completed by the
antenna being used (i.e. the dipole). Fig. 7 is a photograph
of the receiver, although the complete apparatus is not shown.
The bottom is mounted on a stand that may be rotated around
its vertical axis. A pointer located at the base of the
shaft indicates the number of degrees of revolution.

Current in this system will not iIncrease linearly with a
linear increase in applied signal strength. In Fig. 20 of the
appendix is a graph of voltage versus current for a typical
germanium diode. Though the graph approaches a straight line,
it actually continues to curve, therefore calibration of the
system was necessary. This was easily accomplished by com-
paring an experimentally obtained curve with a curve of known
values. When a half-wave dipole is rotated on its vertical

axis in a horizontally polarized wave-front as in Fig. 8, the

Horizontally
Polarized 7/
Wave-front /

Top view of dipole



intercepted signal will obey. the squationt

k cos { g%9$ rl

is= .
plp

(1)

where I is the field inménsity; k¥ iz a conatunt ddpending
on the system; and "y* is the angle af‘r@ﬁatidn@“

This test was performed and the rasulping gurve tompared
with the calculatéd curve as in Flig. IQ‘éf the appeadizs ALl
data oblained exparimmntally wWas amrrected making use of th@
calihratian charto '

Aaﬁennas and Refleatars

Tww'Yagi arrays, & sevensglement (Fig. 9a) and a threes
elemanﬁ (Figq Qa)ﬂ Wore us@&n, The reflectors uead waips the
aarnaf reflsctor (Fig. 9b), the flat surface refledtor (Fig.
Qa),-ané the grid reflestor (Fige 94). 'Sinag the transmijted
frequency was s¢ high, the actual sizé of th@:gmtaméaémgggls
being invaxgely,@r@p@rti@né; $6 frequency wera_vé#y.small{'
To determine the lehgth of an anbenna nesded for use with a
spegif3¢‘fraqﬁsn¢yb'it mugt be 5% shorter than a halfswave.
Comparison of actual size is maﬁé'wﬁ%g the anténna and o=

fleeter models in Flg. 9 by usa‘affaisig.inﬁh=xulaq

1. L. A, ﬁare WEleme nts of Eleetremagneﬁie Wavas“ Pitman
Publishing Cuzpoxaﬁion, New York and- Lanﬂana lﬁégﬁ pmlgén




FIG. 9
TEST ANTENNAS AND REFLECTORS
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THEGRE'I‘IGAL ANALYSIS:

The purpose of $his sedhion is to anplyse the prablam
and try %6 detérmine whether oz hot the desived resulis awa |
possible. Otherwise much time could be wasteds,

- Let us‘flrst=examine the funétzoa‘qf $he eamﬁanénfs'éf'
the Yagﬁ arrdy. ~Wien the wAve=front s%rikés”%hé firé%7diraé«
ter, a eurrant I is induded in this sloment -due to both the
ﬁxanﬁversa Wave eampanantso This currens will in turn sat
up - a-magn&tlﬁ fiald areuaﬂ the slement ahd resrediate a
segond signal whi¢h may o may not be in phass with. thé
@riginal signala, Asﬁumiﬂg %ha elémenm i$ eut te the apw
athew, the.rasnlnanﬁ signal will be greater ﬁhan egther af |
its twe component. signals. Travelling 4o the -sécond elément
thé &esultgnzgwawe.Will induce a current ;3 ia thét’élémentg
and a seeond ?ﬁéraéiated signal is‘areaﬁedo Thus the signal
%haﬁ %aaahes ﬁhe thivd element g eamﬁesed af che afiginﬁl
wave, the remraﬁiated signal from the first slememt and ﬁh@
re-radisted sigaal from the segond elemanto- This praﬁass GO
tinuas unti& the drzvenwelemenﬁ ta redehed. at mhieh.point
most of the sighal will be abisorbed. faamever, a papi will
pagé‘ﬁhis alement and strike the gefleéter ¢lemsnt. Bedause
the latter has an infuctive m‘aatanéa; ite phase will lag the
phagse of ﬁhe'@nengﬁg‘signal;anﬁqn@naa“if the spasing ig
cdrreﬁtg‘ﬁhs.ye=xadiaﬁ§d'$ig§al from the reflestor clemont
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will be in phase at the driven-element with the sighal from
the diredtorss If this be the case, maximum geld will oceur,
To achisve this eanditicn; ad justmens of the lengths and
_ spacings of the péraﬁi%iﬁ alemenﬁs mush be quité axachs.

T4 inareas@ $he gaip without ahangiﬂg the dimensian$ ax
uﬂmber of eampanents of a given avxays the fisld ﬁntanaity
mus% be increased at the receiverQ -8lngs we have no control
over the bransmitted signal we muat try to eaﬂvergg» the
approaching wave-froat ¢ a poing, If the‘ﬁiggaiS-arriV& in
phase ab-this pgiatg'ﬁhan,tha ingensity will be g?gaﬁar'thah
originally. | \ |

I3 is known @hat a simple method @f‘ﬁoavargiag a waye-
frenﬁ is by refleagians from flatb, condugting surfaces. Ass
' suming Mo losses ahd thachgraQ@:phaszng, a single flamagug&
face can be us@ﬂAﬁQ'i&éreésé the intensity at a point by e
fagtor of $wo. If two suth surfages are uged ana-carrsqtly
rositioned, the intensivy will be insreased by three. The
reader should be veminded thay when a wave strikas & sugfaqes
the reflected wave is 180@ put éf phase with ﬁha ineidaﬁt
waye. This must be ﬁaken inta ‘agcount when s@tﬁaﬁg ap the .
reflectors. ‘ _ A .

When a Yagi is ugﬁdlas”;hg pntenna, phalpﬁahleéﬂig not as
simple as it previously appearad. I mﬁsﬁ be realiZéd that if
the ?eflecting surfacé is ;airly.large eembaraﬁ ts tne spacing
of the elemﬁnts in the array,- the reflecbed wave. Will strik&
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'nha parasitie elements 315@9 ﬁaﬁ%iﬂg & reaction with thamg
.This aeeon&agy feaﬁtleﬁ may. have an adverse effaaﬁ o the

original a@tlcn of the Yagi. From this it is raasenad that
wzth ﬂhe righﬁ spaeings an@ n&mbag‘ef elemant39 g k;gh ‘gain
will e@eurq Whethar or na% this situaﬁiaa will bs presenﬁ

when a eﬁmmaraially ﬁoﬁstxuated Yagl is used.must be deteg»

mvnea expamimantallye If net, the trial ghl erroy ma%haé

mﬂsﬁ be used to de%ermime the emrreen diMﬁmsﬁéﬁg of . %he
ariginal antenns. |

A corner reflector consists of twe flat, e@ﬂdnatxng SUT=
faces with an agbenna plaged in the biﬁ%@ﬁ&qn_gf ﬁna aagle
f@%ma@'hyfthe intersestion of %heﬁa"guﬁfaﬁ65p"‘Tg%ﬁfgaﬁl

flester was choseh because é»;f‘ ite sinmplieity ot gs.@%é:jz.sjﬁmm ion

end gain advantages whes vsed with Whe dipoles  Ax ehd view
vopresentation of the cornéy verlevtor mounted ¢a & Yail

| arvey is gived inm Fig. 10{8). "S% yoferss to the distshed of

the ﬁ?ivéﬁéalemsni'fgam the vértex of the angle, ﬁbﬁ i$ the
angle of intersection of the two surfaces. A
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Corner
Reflector
v Removed

Images

®)

FIG. 10

(@) Yagl array with corner reflector , and (b) corner re-
flector replaced with the images of the actual array.
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TEST PROCEDURE

ALl of the experimental work was perfoimed 6u fhe easy
side of Ryan Laboratory. Havipg a relatively narrow beam
wi@ﬁh;, the paysbolic dish gould be aimed se ;’ﬁliari; its padis .
a%inngwﬁul@ be in eny diéaﬁticn qhaaegm,-Thé;@r&aamiﬁ#ing
antéhna was ériag&eﬁ iﬂ,guehla.magmﬁr thaﬁ.QEJEﬁﬁS"whiéh L=
taﬁcept&d iﬁﬁ path wﬁ@@ wall out of raage; phepefors if any
undesirable refleetions eobured in the dirsetion of the re-
aeivax; they conld bve negleeted. Horizental velarigasion
was nsadp _ . |

The &eceivaw was piaﬁed anpwmximaﬁely ote hundyed fesl
fr@m ﬁha transmmttem in the path of radiation so that he. obe
Jects were,;a the immediate Vieinity. This distents is nearly
eéﬁim&l&&x to 500 watelengths at the Lrequendy of 5;&0$~ﬁﬁa~
Ag meptioned be:fﬁ:ra; thig distente was used to ihsure ﬁhza«fh e
wave}fmm' sontained qﬁly the transveyse gompanents. Aleo
even though greuﬁ@ reflectiong cduld noy be eliminabed, their
reasction st the receiver wowld not bause as greal am arrer due
%o the angle of approach. Because the human body similates a
gooa‘rafléﬁtqr“f@@ shory waves, &% was pe¢eggary Yo remaln
relaﬁivély'fay away'freﬁwthq #e%@iving‘antanna in such a pos
siti@g,%ﬁaﬁ the refleetiohs would not interfers with the waves
fraﬁﬁa A pair of field glasses were required 1o wead the
iﬂ@iéaﬁing(me@ege



mailto:tero@pt.ed

“B0s.

. F im‘b, the dipale. was %smd and recordings m‘” mlatwa
fi@ld iﬁteﬂ$lﬁy made as - iﬁ waa rotated haﬁizvmﬁelly %nrmngh
an angle of 5607 in 10° irerementg. The. savamw$1ﬁmeﬁ% E@gi
was,tgen tosyed in a191milaxomannama Following thiﬁg uhe
eorner raflegtor was abliaghed 4o the model aﬂd-yagimug,ya@uﬁg
of St and upt were useds {See Fig: 10s) - After sach separate
Gest was 'persi‘@ma@; 1t Was yeghegked st leagt twice, and also |
& voferense sheck was pecoided so they & compapison coukd be
maéayvrme ghow the &iﬁa@vaﬁﬁagea ﬁﬁ“uaﬂng~ﬁha‘aﬁm@ivaiﬁ$ ¢ﬁ
gt for different values of “9”5 ﬁwé‘aeﬁﬁ of readings. weye
vaken ab sa@h.anglé@ 1) a-ﬁ&n§tant'&iataﬂée of 0:28 wave-
lengﬁhﬁ% and 2) o verigble distange correspending o ek
gain obbatnables \AQ@IQ'imﬁﬁﬁmﬁﬁﬁﬁ-ﬁf zo? were Yaked with the
awmﬂaw'w@flﬁaxmxg the first being 180°% op o Play spfhges -

Realizing ﬁhﬁ%,if:Wﬁﬁ highly dmprobeble that & m@@&a@ _
wahicad solution of galn would be obbtained fqﬁ.ﬁnafﬁbbﬁa‘%ast;
a ghree~glement Yegi axﬁeywmaé cofsbructeds A small wefleg-
ting surface was positiobed aira¢%1y ahove the dviven-element
and oriented so that meximum signel was received with all
refleations shriking onky this clemsnts Caln was determiped
and. a fial& pattorn regorded. Thig anténns was.ﬁhéﬁfaa@@.wiﬁh

a 907 aavner reflastors |

Although Tisld patteras were qmﬁ @lmtseda the lawge flag
ghee} and the grid were uﬁﬁd with bm%h arrays to dehermine
their waaetions¢




=Bl=
Data :sf‘ivam all the tesy ruﬁs were a%resmgea w ith theiy
6orrespaadingg cheobk and tHen mm@maﬁ izssiag the ea}.th’ﬁim

. ehazrt ‘before graphs m*fﬂe pi@‘iz%ug
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MATHEMATIGAL ANALYSIS |
VWhenever it is required %o analyse an antenna thai is
placed near a £lat conducting sumfaael the same résults will
be. abtained it the reflegtor is removed and replased with a
auitably located image aﬁﬁenmaol For the cage using & gevens
glement Yagi in a 90° gorner refleaha$¢ there will appear
three images. Thus the solution of such a problem would ens
gounjeyr a 28 element array peéiﬁianad similar to the five-
elameat array as showx, in Fig, 16(b),,: ‘ |
A multi«element array may be -axpressed iﬁ tha follawing
mamner‘z ' - |
CEX| Mw“’ welthe e oot ()

where the symbols Qssignate the ‘following: ° w
By ® total field intendity et e given poing

=
ki

o - Tield inﬁensiﬁy due Ho dxxveawglemamﬁ

k. & ratie of the n alemam$ gurrant %0 the
gurrent in %he arivaﬂ#elemeﬂﬁ -

3Mdy 008 6,

A

: distéance of 4hé abR slemens Prom the xew
forencs &Lamanﬁ op dvivensglement . ¢ -

s S
-
28

o
/2.3

. - 8 = angle of déalinatian Trom hoyizontel of £he . .
"7 point in question

A
»

s phase angle vetwesn the current af she nth
elemena -and ﬁha rsfawenee ‘alement . .

i; Bs Ga Jafﬂan, "El&ﬁﬁf&magnetle Waves and Radiaiing Sys%ems"
Prentiee~Hall, Incs, New York, 1950, pw409°
Bo Bame as above exgept p-388.
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The values of 6, and 4, ¢an be rhysidally measuyed: When two
ar more ant$nﬁa$ are vused in an array, the driviagspolat ime
pedanae apnd hence the sarraﬂﬁ ib. dn antense dopénds upan the
salf»im@adaaaa of that sptenns apnd in addition upoh yhe‘muﬁual
impadanca batween that aﬂtemna and esch of the rsat¢ ‘There=
foze to detemmine k, andoc & pat &f‘aimmlﬁﬁﬁﬁgu$<ﬁ%ﬂ&tiénﬂ
mist be uged. ' |

<
°

Vi BBy ¢ Bglyg 00 0 e e Lagy

@
.n‘.

Vgg j;lzlg’*’ 1132‘22 W 4 e g Vlﬂzﬁn '

I | . [ ('S’
e " e 8 &8 e e Te L

Yo% TaPya t TpBap 4 0 0 4 Lolpg

where
¥, 5 yoltege adross uerminals of ihe nb¥ antepns
T, T ourrent in the o™ anyehna
zﬁng ‘golf=inpadanes of the abR anw@ﬂﬂaw {Determined

75 from impedan@e eharts)
B, Zgﬁ? m&ﬁﬁal impedaﬂee betwaam ﬁne mﬁh and the- 2fd

sntennas (Also determined from charis)
Velues derived from fhe above sew af_eguaﬁians are swbstituted
ingo equation (8}'ﬁé=fiﬁﬂgﬁhétgﬁél field intensity: . From the
solution of ﬁatai intensiﬁy; ﬁhe.g@in{may be found as.

B4 ' >
6= b - e
% - ‘

For the cage Whara a aauals 259 the salution i a very ted%eug
one. ana wigh "z a eemyl@x mumba iﬁ begomes oo involyed %o




S ,ﬁ@&@
Justily solving. :

Data was also obkained usinmg a thiwe-clement Yagl with
al*x 2 gv flat yeflestor plaved dirvectly above the driven~
slement and orisuted so thabt the réflesiions ware,@n;y afe
- feoting this slement. To g@lvé for the gaiﬁ; 8 s%ﬁgéf mesh
voliage eyuations must first be set up as follows '

E -%Zm * ?‘;g%a *»;ﬁz‘%‘ o - 1B)

o °
woe

By * Tplgp * Ig%ss,
Solving Tox ﬁﬁafanxraa% @atiwﬁ“byﬂsimulﬁanaamg'éqnaﬁiahﬁ

Iz . ZsiZey = Zmlas
I Fanfps Zaazm -

(8}
ii;fg v BgyPn Zmﬁaa
Ty 7 Boalgy — Zaazag

Fyom mitvels and self«impsdancs gharts the @myaéaaﬁ@s-iavalvaé
are faumﬂ b e , ,

Zpp 2 64 (o6

Ty B 64 L=60

= ": 0
Zﬂ?ﬁ 2 B8 259{5-
1@@ (5@

Substituiing the keaown walues iu equatios (2] we Find




'%55*
G = [l + 1.056 /261° + Qel77 1222659] B %mﬁ'ﬁ[wiiﬂa'

The gain of tﬁe throp-elemeny Yagi ie 1,55 over the Aipols,
The angls has no significant meaning unléss it i$ éesired 112
increase the instengity. It would then be pesessary 4o insure
thaﬁ $he added field imtemsiﬁy'was in phass with the oviginsl.
Baaauae the reflectimn from the above mentioned reflechor
‘raaéts only wiﬁh %he @mnvan»elemﬂﬂ$ and is ad;usﬁad fer mags
imtim raa@imgg wa may assume ﬁhat the reflae%ad wava is. 1n
phase with the principle WEYE- When it vaa@has the Yagi.
Therefora the 1nﬁensiuy at ‘the drivamﬂelamant will be inw
troased by unity, oF tha tctal im&ansiﬁy with thia rafleﬁtem
Will be 2, 550 ' '

.1
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BXPERIMENT AL RBSULTS”

singe it is easier ﬁm ammpare ex@erimental r@aﬁi@s of ans

tennay by uge of field imﬁang@ty patterus, the daﬁa ebtaim@&-
was plotted on polay obordinate’paper. Gain 1s mamaaed By
gonpressing the fisld intensivy. patt@rn ingo a amaller ares.
Tharslfore & high gain Waulé vopults if the field pattern wore
ﬁomﬂanﬁratad into one ray, h@wevarfif there i3 mqra than a
single ray emisating from the an%annag the galn ey ot be ag
graat 88 an%iﬁipaﬁédq Although it weuld be dasirabla ﬁe-ae@
terming all. exisﬁmg maiatmg reays, the e@ginaarmg Pagile
itles did noy ‘permif sueh axpemimeatatiano

Figs. 11° thyough 16 yepresenmt the fiela,intensiﬁies of
the B@venaalgman% Yegl with the go;ngr raflegtors Fopr gach
ahgle of the ﬁ@rgﬁr-meflécﬁer; twa reaé;ggs { a~ﬁéﬁstan% dise
tancs and a varisble distance) were edordsd, Gain ingrease ~
over the arig;nal Yagi is given in each easeo' Also the disa
tanﬁa of the driVSaqelem@nt of %he Yagi frﬁm.the Vértex af the
reflector is given in wavelangﬁhs represeaﬁé& by ”S" The
angls of the refleetar ig "p¥, Fige 17 is & graph af gain
yersus angle for the above results. This will;g;vﬁ,ag ?YQ?wi
all @@mparisono‘* o '

Fig., 18 ig tha resulﬁ of using ﬁhe corner rafleet@r wiﬁh
an angle of 9P and also ﬁha flat aﬁrfa@e ref;aatar (1" K.E“)
15 gonjunetion with the fHhres»element Yagls '

T T




FIG. 11
% = 180°
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FIG. 16

Three-element Yagi array with (e€) corner reflector, and (b) I'" X 2" flat
surface reflector.
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BISCUSSION O0F RESULTS

The seyen-elément Yagil hag ap inorease in gaim?&ﬁ:%;g |
over the peferense dipole. A comparison of $he two. fisld
pattorns is mad@ﬂimﬁﬁaganép"Al%hvugh:ﬁﬁa Yagi hag g slight
amotnt of haak.;aﬁe; the Tromtepo-back yatic is great engugh
thaﬁ'i% may,be reglecheds Beam width qf’ﬁhiglanteﬂna i 48°
ap §§Mﬁ&ﬁed'Wi%hv$@9'§f ﬁh&’diﬁﬁlag Wheti the three-elemint

- Yegl was 4dsted, it was found 4o have & gain of 189 greater

than the aipole, Sines the veason for s smiller gain df this
anbenne than the praﬁe&ﬁﬂg aevamﬁalememt aray is a%vimuﬁg

rmm,gﬁyganatign 1§ not deensd wopthwhiles I% is pean i Pige 5
in which the Pield pattewn of the thrseseleuent Yagl is ploys
‘ed that the beam width of ihis antenna is B89, houever a

pathér large bagk 1lobe is presenﬁq Thig canaitiaﬁ im‘¢érﬁaia
¢ases will Gangal, ke adVaﬁtageﬁ 6f hish gain and parrow
beem, and 3h@refaxa~may‘ba-@&ﬂs}ﬁﬁraa mngaﬁisfaﬁte@y.at wiﬁééb
Begauge 1% is, éséumﬁé that the readey is ¢apable of
s%uéy*ng_%he praphs snd ﬁﬁtaﬁminiﬁg whieh situabion is the
best for any spéeigi@ aase s detailed d;$aussi¢n of ‘each
angle and diSuanga tised with phe éagnax;reflaﬁtor will Ye
emi%%ad; hﬁW$Ver~euﬁs%aﬁ&ina“péiﬁ%s’wili beo. considsred, Une
legs otheégwise gtated, the fall@wwng diseusgton will’ refere ‘

' £6 the seveﬁ«elaman% Yﬁgia

The graatest increase of gali - u@ilzzing the 9@9 @ewnar

peflantor pnd seyvénselemens Yagl wes 1s38 over the ﬁﬁi§$ﬂ%%
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array, 8 %Qﬁal gain,over %he dipmls of éa Baam widmh at %hiﬁ
setiing is 40°, Althcugh this is a falﬂly &ireﬁti?@ beama 1%

fis noy the bast that was a&quixedﬂ When 8 & Qazﬁ mavelangtha
was used at tnia augla %h$ main frmmﬁ leba was dis#@r%eéo

(Sae Figq l&)
Figq 15 gompares ﬁhe two setﬁings nsed ob 609 When
Qﬁﬁ@ wavalangth33 th@ beam angla was d@axaaﬁaé.%e 3593 and
ﬁhaugh maximum gain Waa hot p$aduﬁaag su@h 8 ﬁarx@w b@am Widﬁh
may ba nore advanﬁagaeus in areas wh&gh contain annai&erable'

1mterfareneeo An@ﬁher adVanﬁage saan hére is %nat no baek

labas are presapﬁo Using a, dzs@anaa of. s o 25 mavelaag%h$@

'the pattern wag grea@ly disterted. sttertiag.may e aaused
'by gaveral Qﬂndlﬁianﬁ gome ef them belng: 1) ﬁpnmsymeﬁriéal
'elemenﬁ leng%hsp 2) raflaa%ax noﬁ pér?aatly alig ad, wi%h ﬁhﬁ

amﬁenﬂai ﬁ) raan%imm& eanse& by the refiectef upam paxasiﬁiﬂ
éleménts ﬁf the anﬁanna, e%ﬁo It Was diffigult to obﬁain paxm
fea% seu%imgs at all times even though a fidely graduateﬁ rule
was uaa&c '

Whan an angle of 30 and the constant distance were us@d
a graat,decrease in gain was néted. Meximum gain for thig

“ péxgiaulaﬁ-aagle,waa‘only lwaa»greaﬁay\thaﬁ.ﬁhe Yagli as can be

seen in Fig. 16, No logical situation would éver require fhis
seﬁmupa

The ofher three aﬂgleﬁg 1aa° 15@ , and. 1.2@09 produced a
faiy amount of galn over ihe Yag19 thongh nothing spectacular
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wag hoted. In Fig. 17 a betber comparison may be made batwaan
angles and distancss of the corper reflecior.

. Since only a maximum inorease of L.58 in gain over the
EﬁvﬁﬁéalQMQﬂﬂ Yagl wes procured from the above tests, a three-
element Yagl of different dimensions was constructed.  When
this antenna was used with the 90° corner zfafﬁ,e@tér' (ﬁhi@
reflector angle was chosen besauss 1t produced greatasy gain
Pm‘e*ﬁri@uﬁly).‘gain -mereasea by a facter of 2. élo Boam width
of this antenna can be seen to be 842 in Fign 18{al. This
resuly is far Suparlﬁﬁ 6 %hak f@mmariy'ahﬁaanaao :

4 flay surfaae fan X 2%} was in@nﬁed aheve the %hmeeu :
dlement Yagi for & maximnm ga1n>inarease af 1059a; Alﬁﬁaugh
gain and field directivity were highlyﬁsatisfaat@ry;.%hiﬁ
gmall gurfage did nog aiiminaﬁe the‘habkilaﬁa'efkﬁh@ ?aaiq A
gomparison of Fig, l&(b)‘ﬁﬁagfigﬁ 5£a)-$hmws ihat'ﬁha'baék'
lobes are oﬂiy'slightlyfaffe@teda ~§hia:éxpéfimsﬁtal:gain
(28.61) compares very favorably. with the caleulated gain (Bogﬁ% .
& difference of 11% being amall Whran all pessibélitie@s far
exrors are aansiaeredo. R o

The large Flab reflac%or pradueeﬁ g@@d gainsa but not |
goniparable Yo the three-glement Yagi and the ﬁernﬁrxxaflaﬁﬁ@rQ
Diffioul¥ies may be ehoountered in the mguntiag of sugh & Téw
fle@tox; therefore data was not redorded becauss it}ﬁauld be
1mpra¢%iqal e useq The‘g%id refleatar, Figs g(a) aléa - Pro-
duced good gains, bnn usually $lightly lgss than the solid
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surfage reflactor.. A grid refléctor donld be used 4o graatly
reﬁu¢a wind resistance and still maintain a desiﬁsd sighal
gama _

Most .of the back lobes eould have been eliminsted by in- .
ereasing $he width of the reflector. This would uhddubiedly
introdude secondary lobeg in the férward raa.ia‘i‘;im_ paf*ﬁ.ﬁazj;"n; |
whish if not extremely largs would not; be 00 sbjé:@’aié;zia‘bl,ag
The perinissable inctrease of width Will neae&sarny be des |
gormined by the siwai;ian at hand. )
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SUMMARY 4ND CONGLUSIONS
Greatest inﬁﬁeasﬁ in gain ever tha a?zgiﬂal test antennas
was mb@ampad fyou the zhraewelamaat Yagl with the cozner ye-
fleetora Altheugh th%a dlé not pm@ﬁuaw thé gwea$e$® @aiﬂ ovey
ﬁh@ dipole, th@ melima%ion feaeived is that if &éguaﬁm&ﬂ%a |
are mads oa a muliecleneny Yagi§ a very greaﬁ gaim mmuwﬁ ba
aaquarad, Na%uraily it iz much easier o afdjust a few slew.
ments than seveial so the "law of diminishing returng" ppe-
vails,  The esporimentor must therefore mgke a compyoniss bé-
tweenﬂgainAQGsir@d; and tima and work involwed. Whether ok
not the time comsuming proBess of the cut and try mothod
would be justified depends on ﬁhewpawﬁiﬁular situation fop.
which the antenna is 30 be used. WUndoubtedly the question
arrises about yhe wind resistance of a solid flat surfape.
This may be slaviated by wiilizing e grid type sorner 2eflec-
bor whish will approximate the same rasulis as a solid pe-
fleé%é& if the elements ave plaged falrly close in ‘terms of
wavelengths,
Goncluslons dedused from thiz work may be ﬁummeﬁ‘uﬁlas
follows: |
1. A eorney reflestow may be ussd to imﬁrease the
gain of & Yagi, however to achieove maximum gein,
8. eammaraially dogigned Yagl mvs» ba xaaéjusta&e
Ro Thethew or nov the adaitiﬂm,of o reflestor is
- jugtified must be determined by fhe in*luenezng
Tactors of each separate situation,

8, A flay sheet will give £airly good géimg withouy
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readjustmonts being Asvessary, and 4o feduse
wing reslsbedee, a grid type surfade may be

Cougdds

4. Mathematies involved im solving & Yagi avray
problem becomes oo compligated o bé profite

able whea & -vorney weflector is used. Trial
and erxor mothod exqels, | S
I% is realized jha¥ ¥he Wwork codtained in ﬁhﬁ%'tﬁegiﬁ
has made only @ siighy indenystion on tho probiem of Peflegs
i@ag modifications of t@q‘yagi_anﬂén@abv‘ﬁawévex'iﬁ 1 hoped
that it will Gﬁléghﬁan”thﬁééfwﬁ@“ﬁa?‘bé i£@ui§iﬁiV§ aboup
his subjech and wish %@ldaﬂfﬁfther experimentation.
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