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IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS
| EASTERN DIVISION -

" THE FINNEY CCMPANY, a partnership, )
e S : )
Plaintiff, )
| T y
V. - ) Civil Action Nos.
| - - | By 65 C 220
© JFD ELECTRONICS CORPORATION, a Y Cand
corporation, and THE UNIVERSITY OF ) 65 C 671
ILLINOLS FOUNDATION, a nonwproflt ) (Cons.)
cOrporatlon, ) o
~ Defendants. )
 AFFIDAVIT
STATE OF OHTO )
) 88

COUNTY OF CUYAHOGA ).
| LEWIS H. FINNEBURGH, JR., being duly sworn, deposes and
says that;f.- |

1. QHe is pfesident-of‘Thé'FiﬁneY-COmﬁaan Bedford, Ohio,

-and was the founding partner of ité predecessor of the same name, .
& partnership founded in 1950, both companies having at all times

" been primarily engaged in the manufacture of radio and television

antennas;
2. He developed and patented the antenmnas constituting

the sole products of The Finney'Company at-its inception in 1950,

and developed or participated in the developmént of most of itsra'

. antenna products siﬁcé that time;




1__3.'For“aboﬁt lO'years'pfior to 1950 exceﬁt for a ﬁeriod_
E of about-rour years du:lng World Wal II he was Chlef 1:‘rmsﬂaer of
3;Wara Products Corporatloﬁ,_a manuxacturef of antennh .'“ﬁd foc the
Ward Products Dly;31on of Gabriel Corporation-after achIS;tlon of
the!former'by the 1atter.ébout 1949 ; o
4. During aboﬁt four years of ﬁhegperLod of World War II

he was the Chief Wlechonlcs Englneer of Wlnters & Crampt01 wnlch
"durlng that pé;lod was heavily engaged in the manufacture for the

'war effort’of antennas, oscillatqrs, frequency mﬁltipligrs,.radio
"‘frequenéy.péwer amplifiers; and variable'air qépécitors; |
." 5,. Afée;_completing hislacadgmig>traihing'about'1936;__: )

and up to the time he entered the employ of Ward Products Corporation

about 1939; he_was'épgéged ih_electrbnié aﬁd el¢ctrica1 devélopmeﬁt
aﬁd-xeséaréh for Ciérk=Controller Company; a méﬁufacturer~of_ f 
"electronlc and eléctrlcal control equlpment o |

.6; Hls academlc tralnlng was both in the.flelas of

_ mechanical eﬁgineering and electrical engineering;.and'he received

bachelors degrees in both and a masters degree in electrical
_ _engineéringfffom'Massachusetts Institute“of“TeChnology; and

7. For over tnlrty yeafs, his work has been enhlrely

in - the field of electrlcal and electr011c equ1pmen* sales and

development engineering-and.manuLacturing, with the great~nu¢K of |

that work for at least twenty-three of those years being in the
' field of radio and television antennas. Fifteen patents on antennas

have been granted in his name as a sole or a joint inventor. -




The“following facts believed by him to Be of interest and;
@ossibly; heleul‘fo thé'COurt in.connection with the aboﬁeeentitled
suit are known to him.as a result éf his-training.and experience in
the'eleétrical andlelectrqnics industry aﬁd,}particularly,‘in the
radio and television antenna inéugtfy:
3. F;r many ‘years, an&_particularly since the a&ﬁent.of_”
COmmercial.;eleviéion,'muéh ﬁevélopmantﬂwork has been'done:in an
'efforf-to pfovide radio.fréquency antennas forua variety of.radio ;".
_'and telev181on purﬁoses that are capable.or Operatlng effectlvely
ovér more]tnan a llmlted range of frequenc1es. .Such.antennas have
.been commdnly referred to as "broad band-antennasm” the term being
f.looéely‘ﬁsed'aﬁd CQmmoﬁly applied whereitﬁé band of fréquenéies‘to
be coﬁeréd by a Siﬁglé-antenna invdlvéd_maxiﬁum to:minimum5frequencie$
':raﬁiOS.up'tb about-two;to-SQe.
 9;_Partiéu1ar1ynsince the advent of c6mmeré{a1UteleVision,
a great. deal of.wdfk'has alsgrbeen done to providebéntennas that
would be éffective'6ver eéch'of‘two br more-méderaﬁe!ffequencyf‘
'raﬁges(which-arese?aréted in the frequency.sﬁeétrtmby intefmédiaté
_frequencies over whiéh.reception.is not desired;--An‘exaﬁple would- |
. be aﬁ antenna de51gned to operate over the low VHF tulev1 ;on band
(54 88 meoacycles -~ generally abbrev1ated mc) of Channels 2 to 6

and the hlgh VHF televlslon band (1/4 to 216 mc) of Channels 7 to

13.




';lO.' At least 31nce SlO”tlj aeter the advent of commer01ex
-_teleyiéion'ehd 1ongrprior to_l959;‘anteﬁnas-COmprising_one or.more
V-dipeles:have been ekteneiyely'used to.eover a plurality-OE:spaced
frequency_bends'such as the low VEF end high‘VHf ﬁelevision ban&s,
'For.such'pereosee, the V-dipeles.were dimensicned to be approki_
_ metely e helf'waveleﬁgth Llong fromftip:to tip;.measured along the
 a£ms of the V-shaped dipoles, forie frequeney-neer the'middle of
the low.VHFefrequeﬁcf range‘ When SO»dimenSionea the same V= shap
_ dleoles were epprox1mately 3/2 wavelengths long at a freduency neay
'e the middle of the hzgh VHF xrequency range En the low VHF fveqheﬂcy
_range such V dlpcles operated approx1mately the same as 31mp1e ‘
4 .stra1ght dlpoles, 's0 as to effectively recelve over thet range,
',although Wlth-dlmlnlshlng effectxveness_above and below'the fre-
quency for: Whlch the dlpoles were approx1mately one~ha1f wavelength
:ilogg, Such Operatlon was commonly termed ”operatlon in the one-half é
l_waveleneth mode . " In the high VdF_frequency range the same V-
dipoles, by V1rtue of thelr V-shaped conflguratlons, opeiated
.effectlvely over that range with dlmlnlshlnc effectlveness above
and below ‘the frequency at which the. V dlpoles were approx1mately
3/2 wavelengths long. Such operatlon in the hlgh VHF range was
commonly termed ?Qperatlon in the 3/2 wavelengths moae;:‘ Such
V-dipoiee.were well known to operate similarfy.ovef‘Sﬁill higher
frequency tenges.et_whicﬁ the V-dipoles were approxiiatelf 5/2, 7/2,
9/2, etc..wave;enéths:long, and such;eperation at.higher frequeﬁcies

was commonly'termed operation in the 5[2'waveiengths mode, 7/2




.wavelengfhs mbdé,fg/Z waveleﬁgthS-moée,” eéc;
li.‘ FQf Véfidus coﬁmﬁnicétion_p#fposes énd other

spécialized rédiO'ffequency:opéfations; it beééme-impoftant to

._provide anteﬁnas whoée'opefation weuld_bé esseniially uniform'over
very.broaa frequency bands 1nvolv1ng freq1ency ratios far.in exéess 
of two - to—one._ ;ne prlnc1pal characterlstiés of an antemna having
unifd:m f85ponsé over_any given frequency réﬁge were uniform
”raéiatiop_pattefné” and,unifo£m ”impedaﬁ¢e” 6r_“input impedanceﬂ
_over that range;- Antenﬁas héving such ﬁnifdtm_cha;&ctéristics
were.generally referred to ‘as belﬂg ”frequenéy 1ndepenaent OQGZ‘
that range, and the problem of de31gn1ng frequency 11denendenL
‘antennas 1ncreased in dlfflculty and complex1ty as the frequeﬁcy
range to be covered for Various purposes-increased.

12{ -Frequency iudepéndent-dperatioﬁ of_anﬁennas:is 
: eépe¢ially importaﬁt.wheré-th¢ radib“freqﬁencies‘being used‘ﬁay_-
'_.fall an&wheré‘Within,:ér vary over, a bfoad'fangé_or band.qf

 frequen¢ies.and'uniformAresponsé overiéﬁch range or band is re-
._quired by.the:particular anfenna-épplicatioﬁ.* ?requency indépéﬁdentﬁ
antennas fiﬁd pragﬁical aéplication;*for exémple, iﬁ;speciaiized.' :
' military‘oPéfatioﬁs termed:“electrOnic countermeasures”,abbreviated
“ECM” as well as in many other operat fons invélving'ﬁhe trénsmission:

and receptlon of w1de?y varylna freauene1es.




'-.1-

13; The type of,f%equency indepénden“ a; ernas to hich
the.thréé patents.in suit réiaté_involves cértaiﬁly progressivély
varying dimeﬁéional xelatioﬁships that 1 endcr the antenna cyclicai
r.”periqdiﬁ” in'pe:formance as the_frequency of opération;is
varied‘progressiVelyfovér the bands.of:freQuencies for which the
antennés_afe deSigﬁéd. _The-cycleé or ?ériods.fepeat éécdr&ing to
a éimﬁle éro?ortional reiationship that is célled.ﬂlogafithﬁic?
in mathematicél férminoiogy;. Thus, such aﬁtennésrare called
”1ogérithmiéally‘periodic'antennés” or, using an.ébbreviatéd_te;m,
"“1dg periodic antéﬁﬁas.é Isbell U S. patent No. 3,210,767, and
 “.Mayys et al. patent No. Re. 25 740 1nvolved in the aboveuentltled
suit are dlrected to log periodic antennas Whlch are essentlally

unldlrectlonal i

1.e;5 When used as ﬁransm;ttlng antennas; tney
'transﬁit energy aé a”narrow, unidirectioﬁal-bEam:of:radiation with:':
T_only'reiétivélyllittle radiation Eeing emiﬁtéd in.othef.directioﬁsgl
iof,_convérse1y57when ﬁéed as receiéiﬁg_aﬁténnasb they recéive 
' radiation'efficiehtiy froﬁ ESSEntially‘oﬁly.one directionQWhile
being relatively'inéffective in receiving radiatioﬁ from o%hér
directions. |

14, Thé above-mentioned Iébell pétént make§ use of a
lSéries ofléimplé, straight di?oles‘log 11,:12;jeﬁ¢;_df progressiveiy'
diminishing lengths.Ll,'Lé, L, etc;,_with diéqleé"spacingsithat
similarly diminish in the séme direction.. The dipole lengtﬁs-aﬁd

spacings are related by a.constant scale factor or multiplier stated




in both patents_te'be “iees than 1“, 'Thﬁs tnellenw h of each’ _' _?f
; successive'smailer.dipole.is equai.to:the length of the adjaeent |
-"1arcer one multlleed by the dule.l fraction constitutin e ﬁhe
rcommon Scele_factorg and-each Succeseive_smaller space between
dipolee is eQual to the.edjaceht larger.sPecemultipliGd byithe
ISame dECiﬁal fraction. | |

.15; The above-menfioneé ﬁeyes et al. feissue.patent is.
directee to eﬁtennas'differing.frem the antennes of the Isbell
- patent oniy by substituting V-dipolesnéor theﬂsimﬁle, straight
dipdleé'ef the antennas of the Isbell éetent for.the purpose of
:'renderlng the antenna eLfe0t1ve over hlgher Lfequency fanges than _“
the oqe~halx ‘wavelengths mode, such as. the 3/2 waveleﬂauhs mode,
5/2‘wave1engths mode. 7/2 wavelengths mode, 9/2 wavelengtns mode
"'etc.e Whenever V-dipoles were used prior to 1959 as descr;bed in
'~paragraph 10 above herein' thefincluded angle between the dlverging |
arms or elements of each V-dlpole was cueuomarlly detefmxned by |
the partlcular mode of opefatlon d031red accordlng to data that
‘had long. been avallable in standard handbookq for radlo englnee;s f 
:one of these handbooks belng ”Qadlo Engineers Handbook" by |
-Frederlck Emmons Terman, 1943 (stiaulatlon PX—C;, pp° 806 807 andui?
the graph referred to thereln and -appearing at p 788) |

16f_ Referrlng'partlcularly to page 807 pf'the Termaﬁ'-f
" handbook cited in the preceding paragraph, the ﬁode ef‘epereﬁion

of a V-dipole on highef modes: than the haif wavelength mode is




described so as to explain the need'for_sglectiﬁg the proper V-

- angle according.tﬁ*ﬁﬁe higher'mode 6f dﬁerafiéﬁ désiréd. Heow to

' cdlculate the V—ancle for a partlculér ‘mode 5;.opeLat101 is dlu— 

'closea with reference to Flg. 19 of the hanabook appearing at p. 788
s:-1n LHe fofm of é graph of anOLes r@laulve to. the lengths of the
dlpole arms 1n terms of wavelcnﬂths th;ch 1e1gths degerm+ﬁe Wi 1ch
of the'hlgher modes of operation is o be used}. _ro;low1ng the
instruétions solgiven‘by Térﬁan and using the gﬁaph in Fig.*l9 as
'_dlrected one would arrive at an 1ncluded angle betwecn thé.arms‘

of a V- dlpole of approx1mately 120° for 3/2 wavelen&ths mode
-operatlon and approx1mately 70° foL_9/2 wavelengths mode opcrétlon
As explalned in footno;e 2 on p. 807; other practlcaL con51aeratlons l
1_:requ1re same.reduction of tne 1ﬁcluded angle in practlce._so.that[“
the calculated values of 120° and 70°, above would be reduced and
,‘closely approx1mate the correspondlng flgures of 114°_ana 62 -oiven”i
-.in the Mayes et al. reissue patent col, 3, 11nas 24 z7 Tth, as'f
early, as 1943, any éompetent antenna englneer con51der1no the use of |
a V=-dipole for operatlon above the-halx,wave mode Wouldlhave, .
t understodd that the iné;uded angié'%etwéen.the”armé'bf #hé Vfdipo1e:
| would be detérmined7by theudesired'highef'mdde of 6peratién”and -
wouid.raﬁge‘froﬁ an angle of close to 114D for 3/2 wavelengths mode
operatibh to an angle close to 625 for 9/2 wave 1engths_mode oyerathﬁ
17. The radiation ﬁatterns_cL antennas‘Of the type-tq

which.thé éboﬁéFmeﬁtioﬁed.Isbell and Mayes ét al. patents are

direéted.arélesseﬁtially "unidireétiOnalvito the left ("forward




direction™) ds viewed in.?ig;'i of boéh of those patents, typi551 L-
 lfadiétion§att¢rns fbr,the‘aﬁténﬁés_of'thezlsbell patent, for
'féxample, beiﬁg‘éhown in Fig. 3;and'Fig;'4 thereof. The scéié of

those*pattérﬁs shown ip Fig. 3 and Fig. & of the Isbeil patent.
_.islsugh that only the radiation‘in.aigenerally'forward divectioﬁ

$ -

is shown. To some degree, ome or more much smaller radiation lobes

in another direction or in several other directions would appear -

in Fig. 3 and Fig. &4 if drawn to'a'largér scale or, for exampie,

if drawn ‘on a variabié_scéle\commbnly called'a'“légarithmic-scale.?.
.,This_is'ihdicated'by the reference at Cbi.'2,.lines:49w50j057the
~ Isbell Paténﬁ by‘fhe reference to a_”frpnt-tb;ﬁack'ratib"'of
‘ ”17&5;”.wﬁich is an éxpressi§n uéed to indicafe_the relative-;n-
”ténsityqf.fadiationwiﬁthe'forward_difection compér¢d'téﬁﬁhgfbégk#f'f
.ward'directidn.i | | | |

Furtheriaffiant saith not.

~Lewis H. Finneburgh, Jr.

SubSCfibed'énd'SWOrn'to before me ‘this = 'day of

 April, 1967.

T Notary Pub1i¢;=w




IN' THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS
EASTERN DIVISION

- (Cons.)
‘corporatlon, N

I

o ... Defendants.

TQE FINWEY COMDANY a parCHElShlp,_ )
| )
Plalntlff Y
3 |
v, ) Civil Action Nos.
| A ) 65 C 220 -
JFD ELECTRONICS CORPORATION, a ) and
corporation, and THE UNIVERSITY OF ) 65 C 671
TLLINOIS FOUNDATION a non- proflt Y
)
)

_ L o AFFIDAVIT

'_STATEZO?‘OHID' Yy A
. ) . 88y

- COUNTY OF CUYAHOGA[_)F L
LEWIS H.. FINNEBURGH JR., belng duly sworn deposes aﬂd |
says that- ' |
'l,. He is pre31dent of The Finney Company; Bedford Ohio,
and was . the founding. partner of its predecessor of the same name,'
a eertnerehlp founded 1n_1950, both eompan1es-hav1ng at.all tlmes”'
been primaeily:engaged iﬁ.the_manufactu#eof rédioandtelevieion;
antennes; o E | | B |

| 2. He developed and patented the antennas constltutlﬁg. ;

the sole products of The Flnﬁey Company at 1ts 1nchLlon in 1950
~and developed ox part1c1pated in the aevelopment-of'most of its

antenna products since that time:




‘3. Fer about 10 years prior-to 1950, except fer a-perio&.
'of'aEOut'four.yeare during World Warlll,.ﬁe_%as_Chief Engineer of
- Ward Preducts Cerporetion, a manufacturer of'antenﬁee, an&rfor_the
.Ward Prodﬁcts bivisien of.Gabriel Corporation.after acquisition of
the formerAby the‘latcer'aboct 1949,
C ‘ : . P y G
4. During about four yeers‘of-the period of World War II,
'._he'ﬁas the Chief Electroﬁics Engineer'of WinterS'& Cramptoe which
: durlng that perlod was heavily engaged in the manufacture for the
war erfort of antennas 0501llators frequency multlpllers radlo
frequency pcwer‘ampllzlers, and varlable alr capacltors,‘

-r5ﬂ After_completing ‘his academic training about 1936;

- and ep eo the time he entered the'employ-ef WardAProducts‘Corporation
aﬁouc 1939, he was engagedriﬁ electroeic'andrelectrical developmente
aﬁd.research.fdr'Clark Controller Compeny,'a.ﬁenufacturer_of_
' lectronlc and electrical control.equ1pment. |

6. His ecademlc tralnlng was both in the flelds.of
'_mechanlcal englﬁeerlng and electrlcal englneerlng, and he recelved
bachelors degrees in ‘both and a masters degree in electrlcal
quineerlng_fromTMaseachusetts Institute of Technology; and

_l."For'over thirty years,:hie_WOrk has been entirely'l
Ain‘the field‘df-electricel and electrenlc equlpment sales=aﬁd
..develOpment engineering and manufacturihg, with tﬁe great‘bulk ef
tﬁat work for ag least twenty—three of those years being in the -
field of radid aﬁ&“television antehnae;_ Flfteen'patents on antennas

have been granted in his name as a sole or a joint inventor.




‘The following facts believed by him to be of'intergstnand,
posSibly,.heipfui to the Cburt iﬁ connection with ﬁhe above~entitled
. suit are known to.him:as a result of his tréining and_eﬁpéfience in;:
thé-electricalVénd eléctroﬁics in&ustry aﬁd, particulérly,'in the
 radioc and teieVisibn_antenna induStfy:
8.- FQr‘many vears, and particﬁlarly since_the advent of

commercial television, much development work has been done in an

‘effort to providé-raaio frequency anteﬁgas for a variety of radio

_ an& teleﬁisioﬁ purposés'tﬁat are_cééabie:of'bpefatiﬁg effectiﬁeiy _
. over more ;Ean a limitéerange.bf frequénciés.- Suéh antennas:ﬁave7
béen cbmmdﬁiyfreférred tb'és'fbroad'Eand'anﬁennas,” the term being:'
:q'l§ééé1y'used aﬁd commﬁﬁly applied Whéré.fhé band.of-ffeQQeﬁcieslto_
be §overed by a Single_aﬁtenna'involVed:maxiﬁﬁm'to ﬁinimum ffequencies
ratios up tQ éboﬁ£.two;fo;oné._ | |

| l9.. Particuiarly;siﬁce_the.adVent ofﬁcommefcial telévision?
a great.dea1 0f Wka‘has also been doné to.provide éntennas that .
woﬁld.be'éfféctive:oﬁer eééh of twojérrmoré moderate‘f¥equency

raﬁgeé which are separated in the frequency spectrum\b&.infermediate-”
fredﬁeneies ovéf_which.réception is not désired.- An, ékamplé would_.
be aﬁ_antenﬁa‘designed to operate over the'low:VHF_telévision band
(5488 megacycles -—'generally abbreviated mg)'of'Chaﬁ#elslz to 6
énd'the high VH? télevision band.(l74 to'21§’m¢) of Chénnels 7 fo

13.




 10. At least sinee ehOrtlj.after-theIadvent-of cemmercial
‘ television and 1oﬁgeprio; fo 1959;'antennae com?rising'one 0? more
'V—dipeles'heve Been extensively used.tOCOver a'plureliﬁylof‘spaced
‘frequency bands euchuas the low VHF and higheVHF teleﬁision baeds;_;'
ForISuch_pufpoees;.thelVfdipoles were diﬁensionEd.to.be approxi;'.
metely a helf'Waveléngth-long from~tip'to tip;.measured along the

_armsxof-the V-shaped dipoles, for a frequency near the‘middle'of :

the 19WIVHF frequene§.rangef When so-dimeneioned,.the-same Vnshepe&.
dipoiee ﬁefe'approximately 3/2 wavelengthskleng at e freéuencjhnear |
'-tﬁeAmiddle df*fhefhigh'VHF freqﬁeecy renge.l In the low VHF frequency
range,.such V- dlpoles operated approx1metely the ‘same as 51mp1e |
*1‘éEraight dlpoler so0 as to effectlvely.recelve over that raﬁge
although W1th dlmlnlshlng effectlveness above: and belew the fre-
quency for which the dlpoles were approx1mately one~half waveleﬁeth
.long._‘Such‘operathn was commonly termed ™ operatlon in the one-half ‘
N waveleﬁgtﬁ mode.” " In the high VHF frequencj‘range, the same V-
dipoleé by v1rtﬁe of thelr V- shaped connguratlons, operated
effectlvely over that range with d1m1n1sh1ng effectiveness above

: and below the frequency at whlch the V dlpoles WELé applox1me£ely

3/2 wavelengths 1ong .Sueh operation in. the hlgh VHF range was‘:
commonly'termed “operation iﬁ the-3/2 wavelengths:mode,”'lSuch'
V~-dipoles were.WeIl known to operate gimilarly over siiil'highér'
frequency ranges;et which the.védipoles wefe approkimately 5/2;:7/2,
9/2, etc. aneleﬁgths long, and such operation et higher freqﬁeﬁeiee.

was commonly termed operatlon in the 5/2 waveleun sths mode, 7/2




ﬁaﬁéleng;hé mq&é, 9/2”ﬁavelengths mode ;"' été;
_ll;‘;For.various communicatibn_?ﬁrp05es éné other
spécialize& radio frequency operétions, it béﬁame'importagt to
provide antennaé_whose opera£i§n wou1d be eséentiaily ﬁniform-dver_'
very broad frequency bands iﬁvdlving frequency.rafios far.in excess
éf twd-to-oﬁe;':Thé principal characteristics of an antenna'HaVing_i 
unifbrm.r83ponse oVefJany given frequency range'were.uniférm_
::”rédiéﬁion pattefns“.énd.pniform ”impedancé”lpr ”inpUt imbe&anCe”
“j;oﬁer that range;r Antennés having such’unifﬁrm cﬁa?aétefistics

- were generally referred to as being ''frequency independent" over

-  thét range; aﬂd_tbé problem of deéigning‘fréqﬁéncy indépendent_
aﬁténnés inc?eased.iﬁ difficultj and complexity és thé frequenc§
range to-be é@vered for.vafious pﬁrpoées-incréased; o

12, .FfeQuencﬁ indépéndentlgperation of éﬁtennas_is
especiaiiy importan;“whererthe radio frequehqies béing used may:

. fall anywhere within, or vary over, a brocad range or band of

' frequencies and uﬁiform responseVOver sﬁch_range-or_baﬁd is ra-
qﬁiﬁéd‘by tﬁe particular antenna éppliéatioﬁ.  Frequencywinée§endeﬁt:§
antennas find practiéal application,—for exémplé, iﬁ_speciaiizé&
military opérations termed Veléctrcnicéountermeasures”,abbréviaﬁed

"ECM", ds well as iﬁ'many other_d?ératidns‘invblving thé-t?éHSmissiQp-

and reception of widely varying frequencies.




13;' The;tjpé of_freqUany independené.agtenﬁas to which
fifhe th:ée patents.in suit relate invélﬁss'ce:tainly progressively
varying diﬁensionai rélationships tﬁat rénder the_anteﬁnas cyclical
r "periodic® iﬁ pefformanée as the.frEQHency of operation is
vaﬁied pfogreééiveiy'dvér the bands of fréquendies‘for whiéh.the .
antennas éré designed. The cycles or ?ériods”répeat accofdingfto
a_simple'§ro?ortiénal'reiatidnship that'is.céllé& ”1ogarithmicﬁ

in mathematical terminology. Thus, such antennas are cdlled

”100ar1thm1cally perlodlc antenﬂas or, uslng an abbrevia d term
“1og perlodlc antennas. -‘Isbell U. .S -pateht NO.IS 210 767, and

Mayes et al. patent No. Re, 25 740 lnvolved in the above- enuxtled
sult are diredted'to log periodic antennas whichﬁaré essentlally-
ﬁunidireéﬁional,”i.els when uséd as trénSmiﬁtihglantennas, they .
:tfaﬁémif energy as'a'narrow, uni&irecfional beam'OE'radiation with
"only relatlvely 11tt1e radiation belng emlLLed in other dlrectlons

. 0T, conversely, when used as rece1v1ng antennas,.thcy recelve

‘*'?radlatlon eff1c1ently from essentially only one dlrectlon WhllE-

.being'relativelylineffeCtive1n_;ece1v1ng radlatlon_from otﬁer‘
_diﬁeétions.: o |

. 14, Tne above—mentloned Isbell patent makes use.of a
“sefieS‘ofusimple;fStraight-dipoles 105‘11,.12, etc. of progressively
'dlmlnlshlng 1engths Ll’ Lz, L3, etc., with dlpOlCS spacLlcs'that |
'51m11ar1y dlmln18h in the same dlrect101 The dipole lewgths and

spaciﬁgs-are‘related by a constant scale factor or multiplier stated




in both patents to be ''less than 1". Thus, the length of each

successive smaller'dip01e is equal to the length-of the-adjacene

L

- larger. one-multlplled by the declmal fracLlon conSthutlnw the
Qeoomon scale factor, and ‘each succees-ve smaller space between
d1§01e§ is equal to the adjacent larger cpace mulelpi ied by the
 game dec1ma1 fractlon . | | |
i5. The above—mentloned Mayes et al lfeissoe‘peﬁent'is[
' dlrected to aﬁteﬁﬁas dllferlng from the antennas of tﬁe stell
'!pateot only by'substltutlog V-dipoles. for the'81mple, stralghtA
dipoleé’of the antenoas'of the Ieoellgpatent, for the-purpose‘of
.renderipgethe antenoa éffeCEiVe over:higher frequenoy‘rangee then
'fhe one—half'aneiengths_oode,JSuch as. the 3/2 ﬁavelengthe mOde,
5/2 wavelengths ﬁode;‘7/2'ﬁaveiengths mode5}9/2 wevelengthe mo&e;
'etc.l Whenever.v-dipoles wefe used prior to.1959 as:desoribed in.
paragraph 10. above herein,'the inoluded angle befween the:eivefciog'.
'1 arms or elements of each V-dlpole was customarlly determlned by :
the-particular mode of operation desmred accordlng;to data.that-
had. 1ong been evallable in standard handbooks :or radlo englneers
- one of these handbooks be;ng "?adlo Englneers Handbook” by
| Frederlck Emmons Termen, 1943 (SLlpulatlon PK-C), PD. 806 807 and -
the graph referred to thereln and appearlng at p 788)
16. Referrlng pert;culerly_to page 807 of the-Termeo

handbook'cite& in'the preceding peragraoh the'mode of operation

of a V- dlpole on hlgher modes than the hal; wavelength mode is




described so as tq-eXPlaiﬁ the need for selecting the pfépeere,
angle éccording_téltheuhigher'mode ofloﬁéra ion des; ed Héw to
_ caléulaté ﬁhe‘V;angle.for a.ﬁartieﬁlér modé.of operation is dis-
'”fclosed.witj reference to Fig. 19 of tne handbook, ap?ﬁaflﬂP at p 788
in“the form of a graph of angles relatlve to the lengths of thu |
dipole arms - iu terms of wavelenﬁtﬁs (whlch lenaths detELm*he whlch
~of: the hlghe? modes of éperatlon is to be used) FolloW1n§'the
1nstruct10ns 80° glven by Lernan and ublnﬁ the graph in F g 19 as

&Lrected -one would arrive at an included angle betw»en the arms

- of a V- dlpole of approxzmately 120° for 3/2 wavelengchs ‘mode

'operatlon and approx1mately 70° for 9/2 wavelenvths mode operat101
As explalned 1n'rootnote 2 on.p. 807-_other practlcal con51deratlops¢i
requlre some reductlon of the 11c1uded angle in pTactlce so‘that"  :
".the calculated values of 120° and 70°,_above would be reduced.énd o
closely app:ox1mate the correspondlng flcures of 114° and 62 glven-
in the Mayes et al. reissue patent, col, 3 lines 24 27 . Thus, as e
éarly as 1943, any cqmpetent.aﬁienna engineer con31der1ng tﬁé use:of'g
a=VFdipole'fdr:operafién above the Ealf wave mo6é WOﬁld;havef |
.ﬁnderstood that the inciudeé angle‘bétWeeﬁcthe:érms‘of.thé V-dipole ,
would be determlned by the de51red hlgher mode of opelation and
wquld range erm an angle of clqse to 114° For 3/2 wavelengths mode'.
.operaﬁién.to én angle close t0362° for 9/2 wavelenghns mpde operation
17, fhe radiation pattérﬁs_ﬁf antennas of the type io
whiéh the abové—ﬁentioned Isbell and Mayés et al. patents are

directed aré'essentia11y "unidirectiondl" to the left (''foxrward




‘ direétioﬁ”) as viéWea_%nFig..l-of_both Qf those patentéa tynical
:adiation'patéerﬁé.fof-the-anténﬁaé.of'the-isbell patent,. for
‘examplé belng ‘$hown in Fig 3 &ud Fig. & the?eof The scale;of
tHose patterms show1 1n Fig. 3 and blg 4 of the Isoell patent

is such that_only the radiation in a_generally forward direction
ig/shown..'fo sdme dégree, 6ﬁe or more much smaller radiation.iobes
iﬁ "nptﬁér direétibn or in several other directions would appear

in Figﬁ'3 and Fig; 4 if drawn to a larger scale or, for example

if drawn on a variabie scale commonly called a '"logarithmic scale

" This is indicated by the reference at col;QZ 11nes 49=50 of the

Isbell patent by Lhe refe?ence to a "front to-back rat 10” of

"”17&0 i whlch is an expression used to 1nd1cate the relablve 1n-

tensity/of radiatidn in_the forward'dlrectlon_compared to the back-
" ward direction.

Furthér;affiant'salth not

Lewis H. Finneburgh, Jr.

Subscrlbed and sworn ‘to belore me thls ... day of

Ap_ril 1967

Notary Public
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'RADIO ENGINEBERS 1ANDBOOK CERTERE

"I = current, amp,, at @ current loop, o -
I = length of antenna, mcters,

© A = wave length, maters, T S ' IR IR
¢ = angle of clevation measured with rcspﬂct to wire axis. TR
“The field distribution.is a figure of revolution about an nxis comc1dmﬁ wmh the
“tantenna wire, is symmetrical about a pl LE pe"pcndlcuhr to the eenter of fhn wirr,
'and hag. the chardoter illustrated in g, 190 The relative magnitude and positios
ol the various lobes in the dircetional ])"LtbCI n ean bc quickly obtanéd with thc md o
_I*J;_r.s 19 and 20 o :

"’.;\_“:\‘; ; Lo - ] v .
i - No.t eor. o el [
: 0._ STV T Magear. MO " ’
) Wor |\ : \ OFr
ear-nl | | 907 : s
A ‘ L
. h] : S Y
. cArtera “-Anfennﬂ—%ﬁm_ ST
. e © o Length T2
: Length '=12-7\ : e A
- _
=N}
NNOJQ eary =% fg Y I
o, F e, | 8250
T No4mr/f /”""‘W ' §§4o \‘\ I
B 4 A ° ==z '
L 7 /5:”/*-/75 Eﬁgg S
- %m\\\. _'\SEIO : i
‘ “SAnrterrrar - cal 0 I L SR
T THu 2 ¢ 8 10 12 et e
Leng'rh 8A - <% Leng{'h o‘F ere in Wowve Lengths 0

o Tre, -19. —PoI'n dmgmm showmg strength of field radiated in \mn(mq directions’ “frue
ans ahtenna. consisting. of a wire remote. from the ground.. These dinns ’LLIIS ean, bo o
_BJdQI‘Qd a$ eross sections. of o hguw of. 1'cv01utlou n wluch 1! e n\ls is the Lzlucnn-x. B

Padzaimn st'zsﬂancc and Cain. —'— Che mdmtmn rvmahnco of an 1sol.utod wir

] Rudm.tm:i . .. i e INT
: e o .. resistaneg E = 50 [0")772 + lo““(}r'i) = 1 (h‘ K):I SR

:whm C the remstﬁ.ncc is in ohms, l/?\ is Ul(‘ a.ntennn. lcn"th in'wave 1<':r1_,th~x, mul (‘1 (w} s

C’z(x) = f—’” =22 B L cooE
w0 'Y uies 0[ Cv (:u) ean be. obi,mn( d from the t.xbu].mtvd vuluvs of & (.t,) ;,w('n m '1“1})19 It
: CBee, 1o \\’]1(\71 T >0, Lho 1"Ldl:|.hwn 1'(‘s1\t-|.ucc is :Lppro\mmtolv i

\
. Radintion i ' - ' L1
. = .]7.32 3{) 10“- dor = }:
resistande B + TROATTN
- "The relation between radiation resistanco and length is given in Fig, 21, whichal
' gives the gain of an isolated long,ﬂ\ ire anteiny as compared with an antenna o b
oewave lengthlengs . The power gain of the latter as compired with a doublet Is 1. ¢
Eiffect of @ Pe:f@ct Ground on Characieristics of.@ Resonant Wﬂc.—lho effort of!
. porfcct ‘carth on ‘the dlrcchonal characteristics of o resonant w1rc antenna is dett
lmnod hv the methad of mm;{cq chscusaod in P 0, 4 Itor lmnzont.Ll art mnmg,':m(. 4l
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Cmudlip! el Iy the square-of the average ewrrent in the wire will ac wial the rads

o creshstinee B n ohns ist

-:_ Leagthof leg=a) Lenglh afig=3A - Longth oF log2A Hergh f"\ : Haight l o Heghlte A

ande of the llmmhln nntrmm, therehy makjng the: teriinating im pedanee loss eritice

“oof the thombie Lends to cinse t]w (]mnmt(-rlstw m)p(‘(Lm( ¢-of the antenna 1o ])i‘ i
enb at dlifcunt pl ICL':-. :

RIS I

The power gain of a-thombic aatenna array -depends upon the length of the 1. '
sured i wave lengthis, and upen the other proportions of antenna. Wip;

el

. lengths ransing fron two o hmt Wave lln-rtl 1, the power 15““1 is commaenly GF ot
Sopder of 20 10 10 indy pieal enzes. . Thehigher gains tend to go with the Jonger lonr .

e
singy then Lhe concentration of enefgy i the desived direstion is greater, nnd § fued
more the amonnd of enerpy radi .|lc-cl 15 "wnf(‘r in proportion Lo that dis lp Lfvd e

“fermiualing resistanee,

The endiation resistance of o ﬂmmbu, ean be defined as that qlldimtv W 1.:]l who

powers When the leagth and Breadth arce b0t1 considetably greater than N

R = 240 [Ioge '(fi,-;r% cos? '(,5) + 0.577] 55

i considering g effect on darrent distribution, this 1'csis_t:1..hcc can be consiiderad 4

heing uniformly distributed along the wire, o
The-terminating resistance of a rhombie (mfomm mus’c dmszp e a considerahle
simount of power when the antenna is used for transmitting, Thismay in typicsd

o , . ) B . . . .
W o /] K - ' ) k
oL Z e R Ry
T T e el e e ey it

Length of ko= [efﬂ?'ﬁ affeg IN  len jff: of feg=2 ,\

Horizonta! Di; ec.hwry( ziglecting Ground
Refluctions) of Hor |‘fo*1".0x| Rhnmblc
f\m‘cnnm with TL'T Angle of £3°

Ve: el Dipectivity of Horize 1 Rh
Antenneo wit 1L'1|H~ }’\'wie of umc‘ orrbic

1'1L.. 11 —Polar diagrar showing direstional character zstms of the ::.\.me hon.’.ont'\l :hm.xh o

antenna fo1 three different frequoncies,

cases be of the mdov of a quarter to & half of the total powm hupplwd to the antennn,
with the exaet value depending upon-the antenna design. ~ When high-powerc { trans-

S mitters are involved, a convenient way of obtammg a terminating resistance of the

required power- hnndlmb eapacity is to use a bwo-wire Lransmission line hdving ‘\.'

" eharneteristic impedance equal to the desived terminating resistance and (mph)\nu{

irom wire to'give high loss.  This fransinission line ean be run back from the terniiat-
i apex toward. the input apex, and after being made sufficiently lows to dissipatedl

Cexeapt a negligible proportion of the powér, ena be terminated in a low-wattage :m:l

anee, or even left unterminated.
it i possible to modily the minorlehesin the reat of the chror*thml patter n, un 1
particular to obtain anull in any desired Backward direetion; merely by modlf\ ing e

Cningnitude or phase angle, or hoth, of the terminating régistannd,

'\1“»
There is an .'ulwmtauc in makmg ea.r-h conductor of a rhombie antenna rmw:«t o
Lwo or more spaeed wires c-mmmtvd in- pamllvl - "This lowers thc eharacteristic Jirpe if-.

}._‘-

and also ennsing a gresier propoction of the tutal ehergy bllppllf‘d to the 11101|11m‘ 10

ddinted,  Theve js-a furthier advantageta e gahted by wrranging such a s drdew]

“eomluclor h(J thut the rflwiwe c'onriu(‘fm ‘dinmeter is greater at the t\\o cmm‘rs_nl.

the xlmmlm, that are Heiween the 1pr>\c.~, L]; ut ot the corners of . tlm, Apo\r's. ~ Ttaspos
Dle in this way to compensute for the fizet that the ¥arying spaeing between e =il

1

p. 180, Mo

i+ ‘l\i\'

‘ ‘Lv\nn, Ioc cit, or Rhomhw 'i‘r'\]‘lbllllifllh, .\c‘aml T'Ii.m('nc\. ¥ zrr'lcss f’nff " Vol, 18 ’
1. This ]\llm 'ul.l('ll' alsn containg additional nm-.ul mfmmuhlm on thr- purfol I \IlLf‘ of i
naw, AR - - o el .




i r W _ ANTENNAS | ) L‘tl? L,

S 1B Tllc Resonant: V Antennast— E Ina 'H‘an’ LI cr;mht‘, of two ,rmrr resonant wired |
srranped o Iornva ¥ and exeited so as' Lo earry equil currenls that arve in phase
apposition, . The apex angle of the Veis made Lwice the angle that the first-lobe in the

Teld patlern of along resonant wire makes with the wire (see g, 1902 This ives a
Apong concéentration of v adiation in the planie of Lhe Y, with the majorTohe of the Il:(‘('
al p.lihmn in le direction of the line bhoctmg the V' q.smhmm in Fig, 42,

Dircg.‘_'\onn] C'naraci’e-ris.‘ics of. Rndlaﬁon From T Pesulber
Individual Legs T : Chore .
Frem Joink Act

t Directional-

: LegMad . yon L Py
. Diroctionof ‘ prrE,CL” . -?!rcc'f-(?f; ofinax~  Both Leas
. pleir oy W Ted wnoy raciation
| maximue., B Ffrowr anterng -
) Fradiertion el T .__H_\ —_— e = BT SR W -
. Du:c:‘mno? c::i*—\‘"‘yz"—: . Pirection of nag-

" mesitnun pacition

: S et RPN
From crm‘emm ) Leq Ne? }fﬁ"a o g ATTGTon SR

frons artenna

Fii. 42,V anten_}m howmg, how the mtlmtlon from tlu, two lcgs comihing to gwe ah
. : o \'.dl—dcﬁncrl boa.m.

The radiation pattern from a V anicnna, If it is :Lssum(‘d tlmt the rmtemu is remote
_“um carth and tlmt m(h leg is an even miultiple of a half wave leagth long, is

Il(_.d 3t[011 th m pl:me of V '\/1«,,} + ]1“ —= og ]b cos (27__'%‘51&_ o sin ) (Séa) G . '

. L.Jchatwn in Ve1 tmal p]a:lc pas‘smt' hlu ough bhceto: of apex fmnle :

sin v@:'co'-o.z 205 § sm
1207 g 008 0008 b
d- 1 — cos® 0.cos? o

(5555'“

“whére Hy and By = l'aduhmn in desucd derthOH tmm mdwulual lcbs of antenna a';

L " given hy Tq. (13) :
length of leg. - -
length corresponding to one.wave length'.»
half of angle at apex.
= hearing angle with respect to blscctor of apex. N .
field strength, volts por macter, ' Ly
nmumber, of half wave lengths in each lcg, of antenna. '
9 = angle of clevation with respect to pl'mc of antennh,

eurrent ab eurrentloop. C
d = distance to antenin, meters, :

Inm reased chrm,LmLy can be obtained by means of an array, cach nIomcut af whichis
A Voantenna. “Thus the divectivity i a vertical plane ean be improved by stacking
o or more V's one above the other, as ilustratéd in Tig. 43a.  Similarly, & uni-
lircetional pattern can bo developed by the use of a sceond systom of V oantennas
u.ul an odd miaber of quarter wave Iungtha behind the or u,m.ﬂ systemn and exeited

o TR er -
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. 11' or fnuthm inforniation see P 8. Gurtor, G, \V Hdusul], and N. F. Lindenblid, Development of
Dietctize ransimilling Anteunes by RCA Conuannientions, Ine, Proc, LRE., Vol, 19, 1, 1773, Octo--
e, 1‘}31 . i: Carter, Clrauit Relations in Radiating b},att ms, I’mc. I R \’01 20, p 1004, Junu

: '\Vhen the slllos of the V are short, for c\'unplr', one wnve lenglh or 10‘,5, the apex anzle at which the

7 ower galn of the antenna is maximum is less.  Thus, for logs sne wave: Tength long, i gruin is~

'l’llnt.‘cl mth an apex angle of 962 rathed than the 105° conemnmlmg to exact \.1;»-;;)0.,;.0“ of the
ior Johes: When the .\ntm\na m newr thc mrhh. thc omlmum anL.le is -ﬂw al:ghtl) !c--, than when

i V' iy jsolated. . . . )

- Gee C.\ctm. Tansell, and’ Lmdmhhd Ioc. cit.






