, e3e| dn%&%&@)ﬁ 7- PCT *166166* Contrawound
CROSS- RE RELATED APPLI CATI ONS The i n%@ Efmmmuaﬁu on cl §i mcerh?
“benefit of prior U S. Provisional Application /080, 781 tiled 002
on 06 April,1998. 5 The instant invention is rel at&@!$ subject matter to
Pat ent Application Serial No. 0S/ 514,609 entitled Contrawound Tor oi dal

Helical Antenna filed on ADgmtiawbundHelivallARteRFgnt No. 5, 743, 353,
which is incorporated herein by reference. TECHNI CAL ART The i nstant

i nvention generally gﬁ@ﬁggﬁ 3 .- receiving 10
el ectromagneti c radi

fhe 605 ApHlS RpTbPPHEalifdaiity %fb%fﬁ%r “sﬁﬁtfo%isaﬁtﬂa#ﬁ@%t@ﬁﬁ 2

fP8Round hel i cal
hel i cal Mot 601080787 fH9d 6009 ApTHlNOIB. Si ngl e conduct or with two | ength
portions in over | appi ng contrawound rel ati onship to one another. Electrical
15 cu¥ r ent sThenmstat iipanGioa ua relatedgnnsubinct neaiter ttp Ratent; Appligetion Serial No.
circunfe t h
ci 1 ount eV SaEIPo ShiilEs CaR2aRbRMT Polobf bR rgd i AL drfulB 14, 1995 ey

However , UlS:duitert Nb. 5,743,883 twidupisritcdipbiatdl hekeih dlyirofesdticp. the associ ated
ci rcunf erenti al magnetic current conponents created by the respective
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advant age of providing for phase symretry of t@e (€3ulfd el O
waves with respect to the conmon axis. However, one problé %B@ﬁv 1999

arrangenment .i.s that transm ssion |i-ne sides 30.0f the respective i ance
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convent i ona 9disAMe M ssi on |ines. Awgioofpotrher obj ect 9a%/07 5 9 1
I nvention is to provide an inproved broadban I n
“system' These and ot her Obj ects, features, ﬂdfm\%zg@ges of t qmg Iggg

i nvention.will be. under st 0od. af t readi ng the follown

ot | ed HEEEPTRENTh it HEAASRBPEP, W SHBbAE HEh SHEERYS ATEFEAES ke
acconpany hégogisadl 23 6 adiisle\Hafitd GrdadbBRICSPe£lRi0 6 @ thé Edinrhdn §1§ﬁal®l@ﬁended claims.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fl GF’F% is a schematic diagram of a

cont r awound ethsrdanitation; of she ahove dpseriped seEBMENRe torgidaihhelical andgnaa is that
Appl i cati gp. afdtbdga %phts 1r§peﬁﬁﬁlﬁnﬁt geﬁe{aﬁ?rswgaﬂﬂy ertnt BEmeROMPRALiseE Fi 9.

1 as a magnetic |loop 20 antenna. FIG IS a schematic representation of a

first &l eHaprdanse @ﬁmwahwn@?smﬂmes rrshlamherqfv@rr@mrﬁsm ofi angasaeriated
of Fi g5 ThpesinPRRRE WoBGKRE BBDA cofhciion Hibls HRCALES AOE AR PN

4a at a poiide bindwidtheesohaie ichrdisomgnizd inplitciggeddtioe af eheranweans étgenetally fespect

to that f FIG 5a is a sche representati of cont r awound
hel i cal fl)é?gﬁ%l ﬁya?eeﬁ?saém&alﬁaflﬂméﬂ%n mﬁw fop anf«iogg a, and 4b.

FIG 5b is an equival ent schematic representation of the enbodi ment of Fig.

5a as a conbi nation of two MMV RYIOFOTREENYENTION 30 FIG 6 is a
schematic representati on of another contrawound helical elenment in

accor dance WHehinktagt Bveeibn®ncnes the gsovedotelidproblechsdy: probviding’a rhagnatic
represent II n of the electric current,distrjbution Il ven 0|nt I n
tine for SOl TRMESH afogrodusg a gfomEYKiypeigd ProditB daraznglc

eondi ti ongy eéch oV ¢ BQ4ciBEd nhgreticaipoleetdmEriss théfeby %al%lﬂgegrrﬁcﬁ@ﬁﬁr@bét%?n of

the el ectrlc current distribution at a given point intime for th
enbodi mensimifar gp ghe osatra\rvi@m@btomﬂalahﬁlmls@ntm@f thes $AA ndpplicatignt i Em one

wh t o «
o cunnt SErRALE] bk SAnhe SRR oo I, ] BRGS0 ©
tinme 55fofZt lshapfedbmhefmntheon‘nagnegts cubrantanoh felspdctive andgnetst dmotbeelemstsrmmce

condition |tLes erenced . to a n dlrectl
Fre g 1 oeapiBlsFied it P Yipb i Blife e SRR i mRe T BRI R B e
poi nt in thdtRerd ﬂémérh&yeﬂblﬁﬂlln’ﬁ&m ttﬁfmfgngtlc ﬂ1po‘llbha{tema ik h@mmm;lfat exhmple
conductor js devel op 5 ngong aline, FIG 9a is a represent fn of the

T

electric CEFHaNt SEAPSHy WHRIEINGHE M28HENS RETETSoPhISSPSEtye mAsPeis &PO glements

enbodi menkreObadhi Giredted I GppSiite | diredtisRPFLRRDI BT the Neebfer tdTEthe| BEdnetic dpblé ent
distribution at a given point in tinme for the enhodi ment of Fig. 6, wherein

the péf ar PRtFREa. Jngret éﬁ@h@rﬁé@ﬁe&t@v &mbeAimsEAt 3 Pagnetie Monepele agienpa comprises
[ ieg; esent i e Rlaghdie JIPAL lehnfent WAzl sdiaStd boHstdi01 Brudtil ¥eMheRRAdHetit N

current.

The magnetic dipole elements comprise a variety of contrawound helical structures,

either parallel/transmission line fed or series/loop fed; either electrically open or
25  electrically closed.

A plurality of elementary magnetic dipole antenna elements may be combined in a
magnetic dipole antenna system. If each of the elementary magnetic dipole antenna
elements in a plurality is tuned for the same operating frequency and are characterized by a
relatively high input impedance at the operating frequency, then the combination thereof

30 provides for a lower composite input impedance that is easier to match to a transmission
line. If each of the elementary magnetic dipole antenna elements in a plurality is tuned for

a different operating frequency and is characterized by a relatively high input impedance at
-3-
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for the enbodinent of Fig. 6, wherein the polarities are referenced to a
comon dVIeePPdXCT 5 FIG 10a is a representation of the electric,cur n%
“distribution at a given point in tine for the enbodi nent of Fi gs.0 Ogﬁd @@
for a second order resonance condition. FIG 10b is a representation of the
el ectri cyfu ndl [ [ | i j b [ ot oL {rgnt
of Fi gs. TERBS g IRGbRY, B8 The SR HATOR tbleol BOIE, . * i Pl

pol ari t i bandwidtlr aftenmartbatcban beaexblyradaptdd te e singte. si@el b 10c is a
representat | onﬁ%f fhe nao%glecg I(lzurren distribution at a gi ven point in
time for tHE“ERPIEYERE B¥° ioéé.e ER1RA T EBUPBAS 1P BEYOHY D ’(H'BFOVFBSIB?\%R%'&
condi t i oppteMhEihat rehids aRAL@Alibh 66magetic@hgesiced to a conmon direction.

FIG 11 is a schematic representation of a contrawound helical elenent in
accordance Aiftrthemebieet ehdietipgtantaigivertan suorpravidel emdaivwly smelelenpoefileent s
of Figs. 4 ; I 2 r it at of the electric
current Igwa?%ng‘ﬁ&;gf%zeé%@\g&e é%?érﬁit%miaorl; n?%rlgﬁfgl&ab]ﬁtg&enbodi ment of Fig.
11, wher ei nAtylee fasisarcoiiéc bfabadutimrinvéntidaviel to peovide @Adngrovedecodttlaouhda i s
a representation of the electric current distribution at a given point in
time forhelral antesar Mermgom pysgeiated ippwt impggancs hak @p@@%eérf@atg? dmpedanchof
electric ] L i at a given point in tinme 30 for the

enbodi men gpﬁﬁlﬁaglg}aii%ﬁ%érlg{éﬁ the polarities are referenced to a common
direction. Al¥st fhthed sbjgct eiles antat iinventibntisetonpgniiei an dmprevetl broadband

di stribution at i.ven point in tinme for the enbodi nrent of Fig. 11,

wher ei n tPREr3YA i}%ﬁlﬁéaé‘eém?é?%?@nced to a commn direction. -5

VTX- 007- PCHTksé 208 Btﬁe@%jeléltsﬁfea&ﬁeé, nd 28CARARL I F he RisBRE v walll b¥Shore

anot her contrawound helitcal elenment in accordance with the enbodi nents of
Fi gs. 3, fudly, unddrstand cftepriesding thee feldowingatetailed wiescoptiomvasutliee rmekferret

el enent s lgga@h i n_accordance \ghth the enbod| nent Odei'cQ% dgi:wFl 15a.t'hs a
r epr esent@PPIINDY VLT ENGE 04N AFPERATYINE B HES GRd A1V HO@SP%% “
time;d fole Hpenddd dilienscont rawound helical elenents in the embodi ment of
Fig. 14, wherein the associated conductor is developed along a line. FIG
15b is a representation of the electric current distribution at a given
point in time for the otHEELJPESERIFHON QETHE DRAWINGS| enents in the
enbodi ment of Fig. 14, wherein the associated caonductor i s devel oped al ong
a line. to @1 sgnschematic dinggaa of acrpiagound ereifaldielical angrnadn accordance
distri b“Wit‘Br{h@tG@ﬁWﬁ&tﬂﬁi.m intinme for the enbodinent of Fig: 14. FIG
16b is a representation of the electric current distribution at a given
poi nt in tikkGf2is tlschendiodiepesentatfior-pfjtheletmbadiment of Fige 1ps| amaghese op
referenced to a comon direction. 15 FIG 16c is a representation of the
magnél i c2EH P %&nt distribution at a given point in time for the enbodi ment

of Fig. 14, Fwhesatd dchemp9d ddprédettatioh f efift eRaRMtdry ctntoaiBm of the Ghdtamt-

invention comprising an anti-symmetric magnetic dipole antenna.

FIG. 4a illustrates the embodiment of Fig. 3 projected along a line.
FIG. 4b illustrates the embodiment of Fig 4a at a point in time when the signal phases
25  are reversed with respect to that for Fig. 4a.
FIG. 5a is a schematic representation of a contrawound helical element in accordance
with the embodiments of Figs. 3, 4a, and 4b.
FIG. 5b is an equivalent schematic representation of the embodiment of Fig. 5a as a
combination of two helical dipole elements.
30 FIG. 6 is a schematic representation of another contrawound helical element in
accordance with the embodiments of Figs. 3, 4a, and 4b.
FIG. 7a is a representation of the electric current distribution at a given point in time
for the embodiment of Figs. Sa and Sb for a first order resonance condition.
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FIG 17 IVITI ustrates anot her enbodi nent of the instant invention, conprising
a plurali t)?(‘ p71%eti c current elenents in accordance with Fig. 3, eqﬁ_h
“having a conmon resonant 2o frequency. FIG 18 illustrates yet an8t hdF-T M)
enbodi nent of the instant invention, conprising a plurality of magnetic

current el SNEGLTD iga aqpevedarRion ofithidielbttic cdrreBAERtriMutibn \we ki e PEEOTI ained
resonant frequencies. FIG 19 is a _schematic representation of a second

el enent afgr thasathodinentar Kige Jasand,8h dor 2 finsicnderossensmpe cendifon whermist thecal
magneti c_di pol ntenna. . El 2 id] rates the enbodi nent of Fig. 19

pr oj ect eagléﬁ{oiﬁ%mg ftgiéﬁ%‘.%eif‘tfc%g‘a‘%“ﬁ“ﬁgﬁé% es the enbodi nent of Fig 20a at a
poi nt in tiFEGVheR o fapresegitidn GRS @sagattc Elvean Jewribatidhn dtesgeat poiat ihanef or
Fig. 20a, FIG 2la.is a schematic representation of a contrawound heli cal

el encht 9 the coedimentdf Kigsrpa ard Shioras hEvitosders reppnpace gonditian, Whereotie
FIG 21b,jiSw I ?ﬁﬂ'ﬁo- : sentation of the enbodi nent of
Fig. Zlapg?lgg%%%ngkfﬁg%nﬁg%tﬁgg WO hgiﬂ{egtgérfdi pole elenments. FIG 22 is a

schemati c rlEi§s .5 smt mpresentafioraobihb electmntursno disthitwion aa bk getearpomit innime for

accordance with.the emhodinents. of Figs. 19, 20a, .and 20b. -6 \VTX-007- PCT
0 e oo GeeRiendS e S Sirrin i S it cndichin S 8P v oR Aias AR nol i cal
el ement in m.@iiﬁn&%f\gésteﬂtaﬁeﬁ 08 hhe ecttivRuiRaN&kirbutish ra@atgi{;i‘éneﬁ@ﬁi # fimet he

enbodi ments of Figs. 20a, and 20b. FIG 24 is a schematic
r epr & enfatthe embpdimnend of Figadund hel i cal el ement in accordance 5 with the

208, and 200CHR" Seengtohi anCrBaTsrsf SREERT P Rl e

di stri bufdraRe 8inbadighete 6f P, 6t whereld (he pbliritie erecretepeticar ié a @bmmc@Sdireétignand
21b for a first order resonance condition. FIG 25b is a representation of

t he el ect rilElGq isrit representating plothe anagacts gurens SiSibytipn 3tpegiyen peint ihéme

embodi megt, etﬂ%) Sﬁ'bg&iim%% i F@q ﬁggvgexfeﬂ{ thg pbldiitfes Qfedr%fergﬁrr%g @?Q%Sg&g?lgéi}é.é:@gni s a

wher ei n aritli es ar renced*to a common Cctl on
repr esent atFXG. Ha ishereprgashiion ofithe eldctrid surrdnd distobutath & aggivempgpiat it tiine

time for _the enbodj nent of FLgs., 21a and 21b for a first order resonance
condi ti o_ﬁo,r he Pgmﬁi‘é oﬁgFﬁr %gﬁ%g‘a%@ ars(?F.%?cgﬂ@@HretSBHaél_CEG ROHO™ rection. 15
FIG 26 i S_PIG.erlﬁﬁei‘fegEéseﬁta%n bh gl Qfhd Ler&H i @Abutlinsdtid BVt pindtn Bm@i Ve
point in tine for the enbodi nent of Fig. 22, wherein the asSsocr ated

conduct oforithe dmbetlioped ofiFigsgSa ahd Ak forrt Gcord ardes resonanneasadition whewin thige
electric _current distri batt(ir\on at acgi ven point in tinme for the enbodi nent

of Fig. BPolarififrareeierenced to 3 GPRMANAECHAN of the el ectric current

di st po but i OFI@! 16¢ & ¥ @BprEinfdtidnroft thEEmZhetiorcutlat erxbadiieand: Dfiveh GoirdZn
wherein the polarities _are referenced to a comon direction. FIG 27¢c is a
r epr esentifie 7 e embodimgAkbof Figuriaoard dibs{er eerBr arden rgsoRaREep 6PRItiPH

wherein the polarities are referenced to a common direction.
FIG. 11 is a schematic representation of a contrawound helical element in accordance
with one of the two magnetic current elements in the embodiments of Figs. 3, 4a, and 4b.
25 FIG. 12 is a representation of the electric current distribution at a given point in time
for the embodiment of Fig. 11, wherein the associated conductor is developed along a line.
FIG. 13a is a representation of the electric current distribution at a given point in time
for the embodiment of Fig. 11.
FIG. 13b is a representation of the electric current distribution at a given point in time
30 for the embodiment of Fig. 11, wherein the polarities are referenced to a common
direction.
FIG. 13c is a representation of the magnetic current distribution at a given point in

time for the embodiment of Fig. 11, wherein the polarities are referenced to a common

direction.
-5-



time for the enbodi nent of Fig. 22, wherein the polarities are referenced
to a conVBX-@0Y¥8Ton. 25 FIG 28 is a representation of the el ec rl
-current distribution at a given point in tinme for the enbodi nent ©f %ﬁ@ 001
23, wherein the associated conductor is developed along a line. FIG 29a is
a represent@id | : i ' j i int._in
fime for thoGbbal Seneriy RERIEGRGRR yG Bt bondnBind nbhodd baRklin

el ect ri cacordanet vdilstheidmhiddomernts of Figsv 8ndgpaindt4hi, comipneinghé oomblmation two

enbodi nent _of Fig. 23 erein the polarities are referenced to conmon
di'rect | ofeniaveundgetity et datnAteaRanie i Hrgheeiuentm g, 11

di stributi ariGit1sh QiaepreR&itiMon &F the BRcHRY cdrRait alshosiivant aivéd goina?n time
wherein the polarities are referenced to a common direction. 7~ WO

99/ 5217 9foyonepaf7theonravousd deiqs lerems @Cthezemboditgnt 80 Fig H, stlwreiat the
represengsati.ogedof %{eét ano h@r c(ggltrawixund helical el enent in accordance
with t he*BRE8E TER ‘é gf 1 eé oPg¢ ,O%ﬁ,mand 20b, conprising the conbination
two cont r avRIgdl Shelsi aCiabresb st 6f the Rle2ELOEHAME Qistitillicnhe aabathsBN SRk
Figs. 23 and 24. FIG 3lais a reeﬁ)resentatlon of the electric current

di st ri bufardhe gtheg ofithe gopmwaundrhelicaleelemengs in e embedimenhof Fig-Ady wigeteinF| G
31 bis r i lLectric.current distribution at a given
point in eia(rgre&?%gél%ﬁ&edug%g%ﬁén%%p%ggfqﬁggaﬁl%, wherein the polarities are

r ef ereenced Rl .al 6aosnmnspisetaidnodt. theklectrRlowtrens dBtripioase at @Vérpﬁoiﬁf irl e
magneti c_curren istritb fion at a given point in tinme o for the enbodi nent
of Fig. g@,th‘?/\ﬁé‘ iR e E’& fities are referenced to a common direction.
FIG 32 i | gy FRfbRS &/RbreR0RbAGT oSRE QEHRMurfnt GREibUIRhAR G giPAPRE eI time
conprising a plurality of magnetic current elenents in accordance wth Fig.
19, eachfoni the embbdimenassoligatktl whereimatite ppkagities cire sefdréndet Go 33common
illust ra&i?gcé%yet anot her enbodi nent of the instant invention, conprising an

enbodi ne Ot‘?"rla_r to that illustrated in Figs. 3 or 19, wherein on of the
assogj at ed FRUNEEd & & rGRbRnBkiSARIF Re MA@ IchAENYVEkOHuti¥n fRG! SReh rjfa%lnttil@e
other. FIG 34 illustrates a third el ementary enbodi nent of the instant

i nvent i omeciomih¢ smbgdiumnesit i dligmbgnehereinc ther poiaritédseare referencad ¢oradegmomoni t h

Fig. 11. dlzrgctDETAl LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS) Referring to

Fig. 1, a ¢onty awound toroidal helical antenna 10 conprises a single
conduct or TRIGaM itigstraves hesdienpardimenntsof kthe inseae nveutist, avimmising i prirdaye

| ength, both together conprising a generalized_contrawpund toroidal helix
wher ei n %TgEWEP%tFFgF‘PF% STRFNE G ARCORIAgEn St Figed. RAPORATARE ACPIRORT TSIARATY m
hel i gal H.Eét&}hc ense and the helical pitch 25 senses of the different |ength
portions are ogposite one another. In the schematic illustration of Fig. 1,
t he dashed FliGieldfilligragesh ygtoandter dmbejfimeseof she ingtaiit invemtebrh edormadsing tch

sense heljcal conductor for ich the. direction of nejic current is the
sane. as PHELE Sf TARDPHS CBel PIEgientn b ot eESs Buha Bt bl @b Mt WR |
t he assogdsatattdaessiaat frg@_qmgfegj X. Furthernore, the solid line of length
portion 2 represents a left-hand helical pitch )
FIG. 19 is a schematic representation of a second elementary embodiment of the
25  instant invention comprising a symmetrical magnetic dipole antenna.
FIG. 20a illustrates the embodiment of Fig. 19 projected along a line.
FIG. 20b illustrates the embodiment of Fig 20a at a point in time when the signal
phases are reversed with respect to that for Fig. 20a.
FIG. 21a is a schematic representation of a contrawound helical element in accordance
30  with the embodiments of Figs. 19, 20a, and 20b.
FIG. 21D is an equivalent schematic representation of the embodiment of Fig. 21a as a
combination of two helical dipole elements.

FIG. 22 is a schematic representation of another contrawound helical element in

accordance with the embodiments of Figs. 19, 20a, and 20b.
-6-



30 sense helical conductor for which the direction of magnetic current is
opposi t e WIGX1088-BxT al projected direction of the associated el ect i4c
-current in the associated generalized helix. A signal froma si gngl sQQ]r 2807
14 interconnected via a transm ssion line 16 through signal connector 18
| ncor por at | REGARS WP SARAGS TR N AEPEdnifah RRB Hefil kit if 1003 kaad
VTX-007-PCT 0 4 OCT 2002 feed port 20 of the contrawound toroidal einllcal
ant enna 30th edreofthe twremgguptil cureati eloments2@ the wpbiodiserts of Figs2 18n20% emdnd
24 nodeszkgat are located at the junctions of the first and second | ength
portions“l; 2 of the single conductor 12. Accordingly, for the instantaneous

si gnal pol apiGy245s 4 kéHésddtiatrepresdhtdtic ofla cdit@vaRAH iheHc Al WiAdnt GABEEStdance
electric 5 currents J to flowin the first and second | ength portions 1,2

di r ec? ed vath Sigeieri of the gwo magnpic eneent relemenss itethe embadimpats of dtigs. AAna0%i t ch
sense | engs 0igorti on 1 creates a simlarly directed nmagnetic current M The
electriccurrent J in the left-hand pitch sense length portion 2 creates an
opposi tel y BlGe25el amgrstnation ol trtelddtriAceesm idigtiyutidiesaligieed péineietinei C
currents J in the first and second | ength portions 1,2 are oppositely

di r ect ed fordhe empodiyesnd 0f Figse 12 804 FH {pr @dHsPrdghesaraeneondition. associ at ed
magnetic c n L, | i : - el . SO as
o create aionent AEBrpaliBh by o ARFhER IR ASHRAGFE £PSef POt tnd
cont t@awo tisrcthe embiodaherh elf iIFigd. 2aatedahb f6r d first eptee sesohattesvhditivh| oakleyn e a

magnetic | oop antenna conprising a [i ng 26 of magnetic current M connected
to a si gﬁala“é’ﬁﬁﬁ@cfﬁgﬁe%dﬁ%éicﬁﬁm%ﬂ? FiFES Plport 28. The ring 26 of magnetic
15 current MGs250% a%ﬁes&@ﬂidayo%eaﬁg}feuat&@reﬁt Bt Nt giRANMintCin
current 30 related to the associated radi ation pattern of the contrawound
t or oi dal timsl feratheagmbodimeno of Higsr 21angnd @1bi fpr B)firktnowsige resameutareonditibnt he
instant invention, .a.circulation of magnetic.cyrrent 30 is created by an
anti-sy FSIR thiaRpiages 4iF b%pgng#tgﬁncﬁ%%n 81r8%+ﬁ51ri sing dipole el enents 32,

34 cosnect efIG026 iF g RépradentitidRalf thOURLEIc chBrentiREréHutioatat 20ziagty pGiny antipei nt
intime, the magnetic current Min each magnetic dipole elenent 32, 34

pr opagat &er tha entbediznent of iFig X2 whewintg asynsiatedsemdurion ishayatopee aling g line.

el ement 32, t t tr ' o Jve
magneti o i Ber T Bk iPadsSubit SE R Mol 0BG SO Rlon e F0E PERRRCLALS

ci r cul at f@nthefembadhetntof Fig.r22nt 30 whereby the respective directions of
circulatio om.the respective gneti ¢ di pole elenents 32 34 25 are the
care. Vi | SFUGC R it EPRSaRHE of Bibctieritc SYReRRuBTIN g SveR BPRLE Bines
W thog Ses 1 eaiHoBimStane Fig.82 2Ghdalin SHaRR1Arkied OhreCRASIHGE S 120 cB®mon
limting to the instant invention. Mre particularly, the shape of each

el ement demcthen.t hat of any section of a generalized toroid .as defined in

ol aronts a0r15: 244 TarResB o b FafRoient UBTRARE' s AR Bin oo

or a spl itige €atf the embudeawer of Fite 22peeidic titt polafitied ererfcenctd 34a Be@Ehonot
necessarily reside in a plane, but can in general follow three dinensional
pat hs. Fidifecden.i | | ustrates the embodi ment of Fig. 3 projected along a line,

for e as eher i i ng. i tuL: L
i st 3 but | oRkCatS of Beferbhudon 8l ARG, BlchiyRigh i 9% B0y i time
cur r ent s fof the mbodimentiad FHigedR, svhefein the asswiaed conduetot indevekipgd alkmg a line.
illustrates e.direction of nagnetig current M.in the associ ated nmagnetic
di pol e el engingszg‘? 1S ZepLgsepianog Er&q %Cttﬁﬁtcu‘b'?mtl\gilﬁﬂb‘égmi a3 Ellvﬁgtplog‘tté’ﬁl%mf
Fig. 3. A fleseiddRadedtbeig. 23909 Application, magnetic current corresponds
to atime varying magnetic field. Fig. 4b illustrates the direction of 5

magnet i ¢ cuFEen2Iis mrepireseatasion iof thedelaeign snirentaligoibutien ahg given pRint3d time an
instgpt Qf tinme n the signal,phase.is,revers ith t,0 of
Fig. %Q a. ?%CE(I&? &th%%werﬁ_}i 8§ _ﬁg. |23, Whetein Sthé poEIlant?e% Wt L RRAPSE o 1 c&&%on
direction.
FIG. 29c is a representation of the magnetic current distribution at a given point in
time for the embodiment of Fig. 23, wherein the polarities are referenced to a common

direction.
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‘4a and Abwad baiss{-at € the magnetic cypiepl.gdstribution necessg‘fzyluggglﬁ?ggqy

out the enbodi nent of the instant invention as illustrated by
"Referring to Fig. 5a, one enbodi nent of a contrawound heli cal ant(fg{nggfm@
in 10 accordance with Figs. 3, 4a, and 4b is schematically illustTat U%\

paral | el / t r ki 38 iHR srh%trCer&ptsé?ﬁtatm%uethetqtb@rcc@ﬁﬁawgmfb heliqsbietergrnt in
i sol at ed I i ligs t E

hel i cal d?{)ygfe tggtviihhng% t %‘t%ugl?ﬁe& ?ZrFaH \}21 %’&goagtg riegvﬂtt)buhlglpn?l?l ﬁaﬁﬁe goﬁgb{apo one
anot her . #ae botssanindtheticdlelémaits, i paloedamot evithethe enpodimesitso gk, mmm cal
di pole ele 32.1, 34.2 and étﬁé 34. 1 respectrvely, each contrawound
with 15 resdd&G- 313 if paepresaration e cloptricarirat dRHIPUtoRSt & BAYSIaRRInE time
helical ap-eand ¥ a pair of nmagnetic dipole elenents 32, 34.

One of the nagnet?%n%ﬁgg{ e@e?%rrents 32 conprises a contrawound helix

conpri si ng tHl&.Gdibbis ratpeserodtion gfithe hhntmcaﬁmi:naddtrl‘tettmnmaacgn&zl ;iqu inctime

sense gengralized, helix_ el nts. Sim.Ja the other of th ol e

el ement s %ﬁ Snﬁppgcﬁgleﬁt ESﬁﬁ%a un eh%‘fli cBWﬁ‘P 187 A (HEES |tﬂa i G820
ri ght - handire¢fiod. and | eft-hand 34.2 pitch sense generalized helix elenents.
The magnetic dipole elenments 32, 34 are fed froma signal source connected
to a conmon Fl&.Bleis atspersenigtionef @émgtlngu@ergrdgqﬁrabutrqmta g0t PO, intifes ei n

t he rj,ght [ t t e
of Ct M neiob e SbEhnBRt of G 3b, SHERRA e Sfotdeiickale MEHON 9GP oy
are connechteetiono the ot her of the nodes 38. 25 Figs. 7a, 7b, and 7c
illustrate electric J and neti.c Mcurrent distributi.ons at th
associ at ed ?‘ﬂﬁdat?e t 5frates SR RO TET éatteﬁwerrtocrfe theelnsRBb R YrEHPL: sfrmprlzjgg Ba,
Sb overl %lQraﬁPP%ftrHEgrﬁlﬁ)ésétﬁ%é'nt %Té?x?é?ﬁé e a@éorﬁhrgae wih ﬂ%f qior ieAsh bt variodd.

at a given instant in time, a sinusoidal positive elecCtric current
pr opagat eesscrcedtedvaersasalftrfmwnmd@ 36 on helical di poI e elenent 34.1, and al so

Gi o oal RaGacvdsRet vet St bR fabal SB° bndydmatels B Aithan,

hel i cal Hinisy Bmehte Biitar 38 Hat amstmeteaotnr Fiﬁ@t Babdg9f Rtdiede 38 tian aEB%lcia@éﬂ
di pole elenent 32.2. Referring to Fi the conductor directed electric

current s TB#enetig dipale alementsdins ﬁ@raHéfaVei?Qﬁl‘H fé@fer that Bstoth§rght war ds di rect ed

currents e t I ve
ri ghtwar dswggge?%‘e %%?e%edn ‘f'rd Eé %rgr% %&@%ﬁyégﬁ%bﬁ%%g%ﬁgg{é
VTX-007- I%G[gnalmagnen@c&rent'cle?néht in accﬁrdﬁﬂc@@]thm@211~~~ .~ ~ NO U 19 99
directed current becones a negative rightwards d| rected current. Finally,
Fig. 7c illustr S

cor r @8pondi ng tﬁ&igmgﬁ » : : s e 1y
wherein the_directions of electric J and ma t|c Mcurrent are t he sape as
one anot her Re&ripg 4o dligahe 59@%@%%0%@?@5?116&! pBteang Weomprisespsingles, 1

ol emont s GI0RUE POR AR AR lehflh bt longh b SRR i R SppR, Pt

di pol e eltegethérsca®@prising32 gEnﬂﬁ.hMgmetraWquotﬂretdell mmMWh&Euae:aehdem&htpedidnn

the sane direction. | ar,| e et| urrents M for bot el.i cal

di pol e elfgﬂ’%tasg%‘ff%t‘ze djomidal WF@E@‘ o it %‘PbglFéwélpé niensg and & 18%@8%@?% |
the 33ne @hiedChf e Idifreht 1@@9&92&5&@01{50@&@ b€ Cohed AnOfheMMINELhE sChiTh@RE i N
t0 magnetic di pol e el enent seen in Fig. 7b, the electric current J

conponentiBusratioacef Figs pethei dasherdbline of lengsh nortipe ferpresapis A righfehanddiekisal
Accordin e

esonant T bR FRERCutloP e Sl 8 Wikarlth QPERBh e flent POnE URRER RIS,
produces aamal q&smteat dicecniag ot the assrrcuzem eMdctric- curtérgtini ﬂhatasmmatnd @evorlzadce

with Fig. hout an a ci ab somate el ect t .1

Fl s, 10elgo ardamase he Sohdcims, @ NG GERN £ PravaRsTAE ey sk
di st rp butsbme%tcat &B%dﬁét%? %Iatlﬁa@h fﬂter &tect‘t@ﬁ ras@@mrgnee@ eMaét 1§ 6 8y tepaxikihe
enbodi nents of Figs b, overlaid upon the physi cal ematic of Fig

Sh. As f GxOjFfige dlrranonmf fhaﬁéFOKZ@tQﬂ]eﬂéQ,qﬂil%é’émﬁé i fisaseradated aei%ttﬁéthietéx di poI e
antenna 100,40 t f

accor dance ﬁ %{gﬁ?hﬂé&%rgglgwnlg% drc?ﬁéhﬁ‘(e%@h@ctéc?%%bg réglcgesg&gﬁﬁg?goﬂg?o aug(lald
magnet i C sigal @ohnddtolt $8 iricottioraing am 1mdmdnnnachmg Imﬁi/cgk idlappliskdtth dhet sigmal
appreci abl e associated electric current J. Referring to Fig. 6, another
enbodi mrent of a contrawound heli cal anr@nna 100 in accordance with Figs. 3,
4a, and 4b is schematically illustrated as series/loep fed 25 contrawound
hel i x conprising a single conductor 42 constituting a pair of magnetic

di pole el enents 32, 34. Magnetic dipole elenent 32 conprises a generalized
contrawound helix conprising a right-hand pitch sense helix 42.3 and a

| eft-hand pitch sense helix 42.4, each connected to one another at the

T ”~ A — o T, 1




Figs. 9a, 9b, and 9c illustrate the electric J and magnetic M current

di stri butYoRPHPGTo the associated fundanental resonant frequenc Lor t he
enbodi ment of Fig. 6, overlaid thereupon. Referring to Fig. 9a, ag O@irvé[ﬂﬂl
instant in time, a sinusoidal positive electric current propagates

| ef t war dfedd port120ief 3 Sonth@wbin®tervdil KelicAl hRteR@hNt0, vhepdlfl thd)Signal feed
rightwards frompoint b on helix elenent 42.2 to point ¢, a node of the

si nusoi d@ort &0 cempriggssinst B2 endsecopdr2daiases that ererlgeaiedial the depstioneobthedirst ¢
t i eh d "~ hel i I 42 4 t
oo e, "AEGRERAE ehe M pOBAGE 10 BF the Sigle At 2 O oI hor B’

Ref er ri ndnstanténegpus -sP¢nal tpotaritp red Uitlustratel fe ®ig.d1 ethecipplied Caigi rdags<3f elbttgic 9a
are transforned_into equjvalent rightwards directed currents, whereby a

h ¢ ! .
negat 7 ve PEFERERJ e flam wdhe Hret andessronsblengthportiansilyd dizeqied;ps shomasindrigedt ed
current I i | r di ; r ks
ri ght war g's?lg I rdggi?e‘giriéﬁr}tr'gm mFL? atﬁa&%??g .Sglg{? lggéﬁbﬁﬁlgﬁ% Zcé&t?%? g\érg})agllyat ed
magnet i ¢ doacted magiaticsturréntt MonTlvoeleetsfrooudirent J in tHedeftihmad pitch cemsedehgth

di stributiogs f Figs. 9a and 98, wherein t.he dir (i‘gio S o&, el egtric J and
magnet | ¢ POPHOR Cesipats an DRROUGEHE diecte, MAgREHR SRTTERE M. ACHTdiRgHa berdust eans e
helix ' eiRi@etartbatd J iﬂ%c%ix%@%das%gorgpﬂgﬁm Fortitas AP bR pplbSikel dk@étted,hﬁ{ag

pitch sense helix elenments 42.2, .4, ereby the magnetic currents M
bot h 1pel itherefiosgrefieasively eancalone agbties, thegsseriatedanpgneticetwaments M are signilarly

directed 4 n the same.direction. Simlarl he neti [re M for both
el x o Qgeibd 33 ARrd 85 Abher e Biobic 4 A BRBRERRfe SYERRIM t'ea ) -t he
sane di reCtR@fbrﬁﬁ?ttoiEigDﬂpQﬁé fe@ntrawolad dioreidial dielichl BRGARKI 10 G4 réEBientdd
magnetic dipole elenent 32. As seen in Fig. 9b, the electric current J
corrponentsghf‘élhat@&llﬁ as s Pagngticelognjagtcant CRBIDIRING eRBgt 20 ehmagnetn CusrRRtidy |
Accordin i j nt, atd . i .

nar moni ¢ 2P eI R 3 Sofhafor 18 8a 00 S ot boPE 28 kil 26 magidre

pr eduses canread Mds ahardctarigaiedy an associeet cidcdlation dfuhagmeticcuaeattr3larteediict h

Fig. 4a, without an appreciable_associated el ectr.i urrent J. e problem
wi th ;het%%ﬁépawaﬁa&ﬁgw BafemAf rF&“E‘Wﬁe‘HFmSPICh‘_F i5al gntenap per ates at
the first hREfE'Pﬁhg tb &8N aNtin TR OLBREH meRN G HHE 1 IRR A PEMonOTa Eir8Slatish: ofSP
when -12 ~~" 0 ~n~tZ “yTI~S 9/ |p ~ - 5~~, ~ WD 991521 T9 VIX-007/-PCI -
~ 'magrmtl‘c~c1,1rrent:~39‘is~qrsated by- an' anti-symmetricymagnetic @ipgleQantemanr 902

.6bérated at the firs armoni £ r£sonant._frequen is that thege .
enboa mesorekrge dipdle JERERR 5. S ENERe] LT A4RRE el Pllnb 1B pperein =

f undaope ntaﬁ%; gi oAt inftire€|URO BlagnEtic thaieADM in t4t0 aPastio@ipbleddlededt 35 3t
the first harnonic resonant. frequency and the enbodi nent of Figs. 5a, 5b at
‘the fund®seRfealesriasbpmmer distioncjons tecieapestive rnagretisy dipole element 32, Hy 5
i mpedanc i A i di. . i i

| moedance Pz s BERER HhBedhol G Htiplleclile baBelE iy Hetodiedda, 34
34 conpr iaseshaped abian b lopexpe he dssooiatadaciveulatidre of xagnatic icarsend (B8r whereby the
wavel ength | on { the fundangental. resonant frequency, and that is

char act orFSPEER T JPCtRns ot | CHCRR PRI (48 TPRRGe ircipale Sementssit Mhce.
The te mMagh@liGnddi pol e el ement 32, 34 of Fig. 11 either constitutes one of

the two respective magnetic dipole elements 32, 34 of Figs. 3, 4a, and 4b,
or may sol eﬁ\wlmnimagr@tm dipelerelerpentd2n a4 icidlustaried imEigl O5vig aispinirsirewaed

in Fig. 34. The magnetic dipole el.enment 32,..34.0f Fi.g..1 onpri.ses

Singl & coltRe By AT Shfaerisr Dot PSR acke ki oo bk ool BIRNNSET gre,

| i ne whergrparlys 10y Hdpdioll cadh st Ahak thal Jf e \settedigiiie sépdizeg takbas 15
Figs. 13a, 13b, and 13c illustrate the electric magnheti.c M current

. I us J .and SN
di St 1 i butdeBAed in ther(60% dlication. For syamals.fom Heane of Shmagnetie dinols clementhe
enbodi,me i : r @l t i&al j.C Fi As
for glbgsgtz’ig? ‘J‘;ll%&l g%éuslgl\%e%@tlﬁbagﬁgﬁglf g?er?g %S\%Iel,ﬁ%t Z&rrhagggﬁ}fedtei ngg?'p%?o e el ement
105 oper ahé ngagietic ndipblenelamentsaB2,r Bk nexainfotf neegssariby rdsideaincod ptkmac butedrhirt he

enbodi ment of Fig. 11 produces an associ ated nagnetic current M 20 -
distri but%eB‘?FaifPlg’&B}rﬁeaWnﬂopﬁl RS- of the nmagnetic dipole el enents 32, 34

of Fig. 4a, FYé.tW‘iHuﬁﬁtépﬂfee&h%iﬁleﬂﬁ 20 qia! %dpx%'é%&tdr hlong UL NRB! fdr ubehgrd i ng
to Fig. 14, a pair of magnetic dipole elenents 32, 34 in accordance with '
~ Fig. 1refarencediobiilbestrating pascedidted stuctnred ewd3dstridgtions 6O elecaicnanghatagpetic

di pol e antenna 100 in 9-

or



accordance wwth Figs. 3, 4a, and 4b, conprising a single conductor forned
‘as a 25 ¥dn¢-8 helix with respective ends shorted together, vvge (ﬁﬁy
-the signal is parallel/transmssion line fed at a signal input p(Or é £200%
across the contrawound helix. The respective nagnetic dipole elenments 32,

34 are prgir&fit of v%oﬁ@érﬂ@@&ifn‘éﬁtsgdfﬁgié fiﬂs'Ebn'i m‘ﬁ%f&Y‘FiEi&sﬂluéééteé% dirdticPon

which is overlalid the assocl ate wave standi ng-wave current

di stri budf omaguietih dqureenti Meint theresedciated mrdgnetid dipoleeslementsi32, Sdpscthe tsamehe
30 nmagnet i i pal e antepna 100 sho therew.t h as,k ei, r left .L or right R
i gs. 1ot Haigess YA PARE: e LRGEHPRE Rothe HOS ARUCREOM Basredi

di stri butises @rretsﬁ%maogtiﬁfe%ﬁiﬂg%mﬁalﬁél&% anh iilﬁﬁ?d{é‘@g%é &Fi?eg:ubtlaiof As

embodi ment of Fig overl aid upon the physical schematic
f or F gsmapnetiyisurrent Mcindbe @ssdsiatedmagnetie dinnle elements 32; 84 atlapohstartifenna

VT 007 B el sl s BUARE HerteBSORF oo SMBRRH Falh Aoy Aroyiy. i cos

an assocHat g migrighsteate uthe eftaghbtib Sufretitdigfibitiona GReésIaRC o Wdrky Rivg. théa,
wi t hout an_appreci abl e associated electric current Referring to Fig. 17, a
pl ur al i t fmBedinesshaf the 1astaR iBventioa ss ddusiratsd bydig. 304, and 106 5 are conbi ned
W th respeclae:. s RN e I a orm a
si ngl e ant g%énfgﬁjs stgg%l%lgg %ﬁelt gﬁ%ﬁ%ign(fﬁ ?rerHril}té:%ggtﬂtaﬁ'gaggvg%@%}?&tﬁ%# ? 8{) 1|;elach
respect i accondaee twith HigsoBedanirendinisl @Bemaieallyl Mstraad ad Q6pang il atagshnBkion

rel ati ve{,y gi h irrpeda&c)%sat the input to the respective signal connectors
18, t henlith e‘géﬁanfP@P“ Ny RomRTisHieo ¢ e Of deolated ppdueiors: allhis i dertirrse
that is gRSIrgledlif 18! 5B &% fnh? of REREA diYde ARAIA Gt Ye &mb@we&&w&@ﬁ
transm ssion line, I't such Tnpedance matching 1I's necessary. ereas the
enbodi newithi lekpest tatoad annther.g Eatlt associoedt helical idippde byteam evmprisesnd @air off

associ at gd. etic dipole e ts 1 00.2, 1021, .102.2 104.1

Toa 2, 1 GRIGBRISEpRRAE TS e B2 3P R Sl SRR Y o
el ement srdspeccteothdasdier. WiViBwEl dn dnbtlep sy, !the RoR¥taoudidy helidd) inteAna A@0EL | C
dipole elenents - even or odd - in the antenna 15 system |10. Referring to
Fi g. 18, cemprispsafinair of mpagnetici dipglepslementy 3dndd. 192 ofithe mmgnetipdlipok,
each havj kst . L.eso i y. he.conbi - W ive
o anal o amee 32 plilrste 300y G EANERE KordfBind e WERAIRG I W FRERERE 10
ant enna 334tand [efiCharke 82,2 pitch $emstiggnerhlized helig @lvinaite MSiinélaity eiiie aiheredtt of
the i nsta}r%t invention 20 conprises a symmetrical magnetic dipol e, antenna
130 for Wi gipoleElements s ermprsss et FRUERINE Raligneathrrisng the cambinagentdd on
a geper akfgae-ql.ahar 9k WAEIIEHThand® 3835 PecR! s EPENRHAIZeBUREIRE lefertibAl] N TERCH
magnetic dipole element 32, 35 are directed so as to each have a conmmon

di r ect i omagnetic dipoleeleppergs 32, Jeare ded fram msignatsourcgicophectes wraeeammen pajs

il e, 3 PERASAR o8 BRE-ORESSHM Rl R A MisraE et BeBhuRbE BB oBaec
be angul pélex eleghentd $2.1) 349288 Rnfiedted konEBANN AodeRF6\ein L i lealitmal gteant

32 can be rotated clockw se relative to_si gnal connector 18 while magnetic
di pol e ef@sehelinslemanty a2s1ad prsrrgnpecied fosthe ether efithedindesd8cl ockwi se

rel atjve topsi | C t. ' tirC.. di.pal f,.32
can Be ot AP TG 7t SRECHR Bt w HEGHS B mAlRERE Nk AgGOERL
magnet i ctiei pssloeiatdll @hrelmarehtadTresemmt feqatmlyl forathy anbodineatsab digd. ofkwhls,e
relative to_signal connector 18. Fig. .2 illustrat the enmbodi nent of
Fo 10 BrOiaAEan dreonty st pohgmatin oL Bk s BePRiE i T AIB R Poeg

associ at ggheS bl difisdidd p%E‘i‘évQ lefdckr OBl %r@ﬁagﬁi_c@ Qb fitd Erd TEL BRI 36 off WelieAlt S
of various enbodi nents of the instant invention. Fig. 20a illustrates the

di r ect i ofipse eleynenti 34. tuandealso Kightwarte frass bede 86 dnnkeivel dipale slireent| ¥nbnt s
?’21__ 3@? | ?Mgrgévei,a Eesiflu_lséidgl Exégat_i\ie_ él:ectgi:c;lci(s%eflt Q%g%%é?%’}wzgrﬁwﬁc}nqgﬁqS on

helical dipole element 34.2, and also rightwards from node 38 on helical dipole element

32.2. Referring to Fig. 7b, the conductor directed electric currents of Fig. 7a are
transformed into equivalent rightwards directed currents, whereby a negative leftwards

directed current becomes a positive rightwards directed current and a positive leftwards
-10-



Application, magnetic current corresponds to a tine v t| c f| eI d.
“Fig.: 20b il lustrates the direction of magrietii OCT uiiEnt

magneti ¢ 5 0 h phase
o ever s SoP S Ft B BAb by S e A oL Rl ok R e ‘g?csﬁfu%@%aa and
20b i | | ustheatseocidted nmgnemc cumant Mhtistibetion botrespandieg es ser sectoiccanrentalit t he

enbodi nmen he| ta ti nasrllus rate Referring to
o e s b Rk " ey T P e BB B aftfurit d opd et Gance
Wi t hI ::I lg}Scurl'gnt &@&he &El??le &E)b);ﬂa ?n&ﬁh&efﬂﬂtrig@ﬁhimd jlnﬂtdhuﬁiﬁeﬁhelﬁi:a&iﬁlp?ble elements

paral | g m ssion line fed co Wwou ix conprising.a pair

i sol at®d é‘%idg‘ﬂ @pd are oppogits @ng anof rhﬁ?‘i’fe]fegqﬁapgﬂtﬂaﬁeé’de hghigg] ghp‘ili e!f"&’é“% pai r
of helicakadi fph %ﬁ&&@“ﬂﬂ@%ﬁgﬂ%c @ﬁﬁ‘reﬁﬁ Nitfbx"ﬁ‘dt}d he e 'dyae @Qni@htsk%f gsert to

one anot her. Each associ at helical di pole antenna conprises a pair of

hel i cal dpﬁomhen@icedmnte@lmeni 3235 diregted igthesamglirectiass punilaninithe magoetic

cont r awoun R MEREBEE, il ol ABhend BU° 4 o ARG It il 34

el ements @2 dxﬁﬁtedmlehmamdqélrmnehatos oppasite 'to the"diteBtion pb magattenentent 3P

conprises_a contra d Qnpri si 61 Q hatl on ht hand 32.1
and | S ket OG5 BN PEmat i AS TR B P 1P ref BT RirtPC) PmiieaRySn
other of &deh d:s;mhee ab&mwloolailecmprcms ofe motheavmwdilhgm xhecmheﬁct ng

t he conbi nat { on of ﬂé\t hand 35. 2 an Ie@ﬁ hand i t.ch sense |
gener al i z&W° P?S‘?“B?é (PPErating, at Wﬁdh‘%‘gﬁ? wpgarg ¥ ig-gecoggange Wwith,
froma si @leatmgaaﬁﬁﬁt eNFiget & 4R 8P FroGRBEDI RMobiaRld HRAEREHSDurddht M
conmprising a signal input port 40, wherein opposite heljX pitch sense
el i x el egrémbsmglz in accamlanceawish Fig4acvisout en eprreeisble lassonisted slexdric gnrrent
associateg helix elenents 32.2, 35.2 - relatively contrawound to helix

el enents 32.1, 35.1 -- are connected to the other of the nodes 38. Figs.
25a, 25b, arfigR30a, 10bysnd d0eillubizate t@oﬁledtnc J aaddna@gtleﬂ\il cultept disgiftutions

di stributions 25 at t ssocratedf e I Ve f t he
enbodi ment's tﬂSfas‘T—chied QTE ¢ res%nrafl 8que c?; %trté %%@gl 11(;r:na Ss(%h% Etslacgéf Fig.
21b. Ref eovdriaid txporFthg ph'Siaal ahexaatg: ofeRigl BBI axd farrFigs. ma, 7h, sid s desdaibed
positive El ect urrenteﬁ)rgioa ates | ef wvar ds.from nofd ﬁ on, hel i cal

di pol e el %"§ ihe magneffcdinofe,pntapna;d9¢ opsratingat % TGt REMORiy <5001 e

el emepd  3BeduenMphif 2REdande %tﬁdﬁ@bxﬁ%dxﬂl@ﬁl@éﬂ Figs.SaC41dr K pdhER Ntin RERRAEAL €S

| eftwards from node 38 on 30 _heli cal ‘EOl e elenent 35.2, and al so

ri ght war dE12ERelis s8ment Modistrbrilerin assptance Vet Hig. 3, vitheut @n, aopgeqiabler .
25b, the gQpduehlecHid &alrst ! €Ctric currents of Fig. 25a are transforned
into equivalent rightwards directed currents, whereby a negative | eftwards
directed curkefewingee dfigs6.canothsr embedimeghpfiarcantramonnd dreligalr sntpnna A0 in
ositive ahir e r bec [ igect ed
(F:)ur rent. %@c %EQ Iﬂ%% 4 %‘r’ CRI_itb & %H%ﬁqaﬁcﬂﬁlg?ﬁds\ﬁteﬁ @Egi@ersﬂéorg i3
" 25 kcontra,woupd hehx<¢o,mprMIDg9QZbﬁ%le7 Qondﬁbctor emrzomﬁmtmeeﬁaa of omgn2do2 ~ ~

NC1J1999|1I rates, t SO t M.di.stribut

correspongf Bog° to PELS e %c??i c%g?%ﬁt of s‘f ?'f'g ﬁgngoﬁmfs X gﬁla‘ﬁ% 25b,
wher ei n t benttHworati |hens c@hpﬁéxﬁghrrightdnaﬁdq;xmgaﬁel leelid 4208 srend leﬁf-ﬁartdwp:tslarre as
one another faor . a and pitch sense helic nment s 3

One ot sinse dietB A Seh Sarattiad o e SAOUF 2 i, debt pRd) 4o o NLAERRGT CUBTe | 5
di pol e el eRR{¥nt 3a2eo2m rikes & e\t@@r@éwcdnhewmwaém)@ c@rﬁ?ﬁﬁﬂ% ) .Ngrttorrarhpbttch

hel i cal dipole elenents 32, 1 32.2 of magnetic dipole elenent 32 are

di recfed pensethelis 43d andracleftrpnd rsrtrh sreaﬁtr elix 452, aagkh eennected te pg 8T bot h
hel i cal d'tlﬁolEﬁ efill BTG HSa 3Pri ht-§§h itln M%‘ﬁelh@ﬂji Mo%n@dt&f%rﬂod%%@:hﬁt is
directed in the same dirTect Is the sane as e direction of

magnetic opemEwly icnupia@nrepn%Oﬂtkpcﬂlglaeteemts &nd epef lsﬁél?lidnpﬂlgse@sﬁlellt‘ he io
electric n e t
cancel  ond A eruroERTRERE S e BRAERLET RIS sl Tl A ARG HEIRD |
at the fundanental resonant frequency in accordance with the enbodi nent of
Figs. 2la and 21b produces an associ ategj_nmagnetic current Mdistribution in
accordance with Fig. 20a, wthout an apprecr abl e associated electric

‘i nst ant » owadams21z®s is illustrated MIXBODPCLI. As descrll lmr S @9%097 5 9 1

current J. ~. ~ 15 Referring to Fig. eifot her enbodi ment of a contrawound
helical antenna 130 in accor danw%pg Figs. 19, 20a, and 20b is
schematically illustrated as series/|loop fed contrawound helix conprising a

single conductor 48 constituting a pair of magnetic dipole elenents 32, 35.
Magneti c di pole elenment 32 conprises a generalized contrawound heli x
conprising a right hand pitch sense helix 48.3 and a left-hand pitch 20
sense helrx 48 , each connected to one another at the rrght end d

. o oy o



‘at the as¥¥@P¥BAT9irst harnonic r SEKEAPCT equency f r/ 1"-""-
Fig. 22, overlaid thereupon. Referring to Fig. 27a, A?%sr@g g?éiasfg .
“time, a sinusoidal positive electric curQentQr dbﬁ{g ﬁ&[ﬁ aode
36 on hel iphebRaRi, #& %&%fﬁ&?-ﬂ%n@plt@ﬂgeﬂsla%lé 451294 WaE kS 4 do,?fmpgen,tseb on

helix elenment 48.2 to point c, a node of the sinusoidal curren
di st ri but ibghx 4%rae@mmectadmm§oprhar atrmegram ve electric current propagates

o twar ds 1 S Bk, & kg TR, etk B Riectea Btk WIRR. e

27b, the (gmeduxustam iohi mmetfe:dwbichaher rsmummlai evevefonfn di:pged 29 aodesc36 rathBas rred

i nto equival ent tvvards directed Wner .a.ne

| of twaf ds PAIFEES 25 SROE S <BRER EPert SRR oN BG BrarR SR AL i Fent

g_nd a pgSisfm&ﬁg|ﬁvlngﬁTc?ﬁ x@hvgl_eﬁgtﬁg 7mrcn1eeﬁiorbecmmaﬁantne@lﬁhlewl g\u@m R E 'S
irecte rent inally, Fi C strat e assQcjate rragnetrc

current M [‘%teh"lﬁj‘ttl“aﬁ é¥12r 30%%4 BSCIPNE 38| @Ei—‘r‘?rcn%ﬁ& Bhjicegrdance with

di stri but 'tl%‘g%oﬁietﬂ?'cﬂiF %7a and 27b, wherein the directions of electric J

--.~, . and nagne current are the same as one_another for a right-hand

pi tch sense E&F-r 9a, &b, and Vg ilkistate theselagrie J agl magneticdMecwpertsdistabetimmsatot her

magnet e ot e Sl RS ERARI e RRIRAD (8 b tiyfiert SURRERY bl o

el ement 32hemewpodi rRefemigitn Ripcdas atre gihiendostagrin t@ne‘ndl sanuspidat hesitinegeledtiic

currents M for both el.enent s I I rrent 35
re i rectBHeH PoREeLS et EAE D ot b or e e AemiBP A2, RS B R,

nagneti ¢ eightvedills framnptgﬁtai bf helix eleehe42.2kepsint c,3%nodbSf siesinusdidal gma&'b

the electrjc current conponent gq‘lon each r es!oectr ve adj acent, hel

el ement s é&%@rﬂoanéwarrsrrrer spsQidal feafivy, elg w&&%rmawﬁw@f&m@#@ 130

oper atjsNg ndlie t38€0d 'hreﬁk éi'aﬁsmmzm & RMRN, ank QALe MEvdrlls HO&O HERN @CoNVikefixt he
enbodi ment of Fi produces an associ ated magnetic current

di st ri but ielpment &c&@rmwce Referring 9. Figclb, thy eonsiystondiragipd elertaislcrans ofi at ed
el ectric %r%;ﬁgare%msi%%@a EIRQ ﬁﬁlbgrﬁﬁ' rggkﬁm%k QAEALA B8RS %%g&b‘lgﬁ%)%éﬁv@ gs.

23 and 24 e i ncorpora rnt etic |poIe ant’en

illustrat écftwaxdFrdgect&cQ cummedom@ﬂ y poﬁhge rigBtwasdst fiesctaineirzst Bndya pbsitivEhe
magnet i ¢ ne f S ich
TS0 et et e sy bl § sSORE LBAS RSN (R GBI AL TR 96 O
associzat edlhkwdafeswhs/eésengteh mhgmlicng:mmté\/l dAfributim c&%porﬂﬁﬁg tathed Q2é&dric
|IIustratethe eti rrent drstrrbutr s .at the
hssoci ot egurnt) Apibiols PRRBAR bk gL HstFD ot M Eiads iR BRY. oa
overl ai d upfghetio EMPBiyriefifilares taedibdel 85 Ofe Eh@herZB)r Asighharddi gisch 2mde hefik, and
25c descri bed herei nabove, the ma netic di nt ,105 operati n at the
f undanent HOReb ALkt 143 e wROPPITH S Sge b %AIetet a4, Bt 5 ROH: e BSg. 23
produces an. Zastﬂoﬁ'@ﬁ&gb eﬁclzarsﬁti“wl for both Ridlix! demets U3, 42.4 of

0~?' - - 5w9' WO 99152179 VTX-007-PCT 0 4 0~~ 2002’ p~~ nn current M

di st riZbut Imgrreﬁlcahe@p @mt\mt e giected int the spmg diestiond| Pistilarly) hgenagnetic 3

Of '~9~ Riugr I td‘?ﬂo r

Ref erring to ?ﬁpm %gbg{r?rlangtrlr%t :Rec 3 g%eagl'zgﬁ?&%ﬁr n algrlei%g 'ﬁg‘égﬁﬂ‘ﬁe{ﬁi g.

23, is cormrthedamcr diractidn thiat vei oppomgmethecdmhcpoﬂt of ehagmetia c@Bert nnam%glre@&nce

with Fig. 4tofor netrc I a 1% h
Figs. 19, b apmoie SRR B3, Tl deEhiedie! P AERAEE0TE U
cont r awounespeetivexadjadeht hﬂs:pelextneme cedh osharot e, Ao:gaemhghy thn/rmngtnpctdipolsi gnal
i's parallel/tranié’assron in ﬁ‘t a_signal E’E ort that is agrgss the
cont r alourfFtefulg x00 ppeating 34t e! 1r5t YRGS 1ESHRY {Th B RIET Ve

magneti ¢ Mnfdddiédt 6f g BUploises lar agtbcibied ﬁﬁgﬁ@ti@'fcﬁﬁ'eﬁt rdt diefywioh Cin
resonant frequency for the enmbodi nent of Fi overlaid upon the

physi cal SCrRERBRGeCVET Fig: da, vgighoupan ?RPFecFﬁb&sasS%ﬁ degfriceygredd. descri bed
her ei nabove, g &GRSt HEHE I BRRvRRE %@1&@1 &%Qn&p&ﬁ&tdrrﬁau%tf Fw% tmnﬂermt al

resonant frequency I n accordance wth the enbodi nent of groduces an
associ at edtrthgrfesti barmenic ‘resopant rfzequendydiasd rthe iembodinent ﬁcE\gél—aﬁ%:,e hiwhenFi g.
20a, wi thout an appreciable associated i{3-~~ |5 electric current J.

Referring to Fig. 32, a plurality of magnetic dipole antennas 130, 132, and
134, each having a distinct resonant frequenc may be conbined with
respective signal connectors 18 conn gbtivh paraIIeI so as to forma

si ngl e broadband antenna system 14 I's enbodi nrent has the advantage that
for each respective nagnetic dipole antenna 130, 132, 20 and 1.34 operated
at arelatively nigh inpedance at the input to the respective signal
connectors 18, then the parallel combination will act to direct current to
the approprrate ant enna elenent in accordance mnth t he srgnal frequency.
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PCI/US 99/ 07591

L st EEFTVERTT offr

VTX- 007- RGD 99/5417@~T 2002 The vari ovex-Govrch nents of 't
w Il have preferabl e input inpedance characteristics,

{f;
-resonance will be characterized by high i:mzdﬁqfewgiui gh ban UﬁNfda\@bQQ
smal | est el ectrical Si.ze rel.ative t he t resonance aorder. Each
of th eriPSTTLA B° FE HRRPENE srsy ol dreapagy o LRSS bR e i G A o
mat chi ng laglevesrKsifildr antend Sudtéeat the fadiapientah fesbRm0 firGhencf D edaBeonE, t he
antenna t t,g@t of tthassoci ated transm ssion |ine. The antennas are

const r uct'88 SBPodisient AFig. §iah fiedIEiERTE Pyt fEraueY SO thcemegdimentedli  or
virtual oegersl isped th fitfiatnenthOfSdRnd REGIALY a&dqﬂgggfy/&%@c} vhel x!epﬁilvelyhlgw ng,

the characteristics of which axe taught in the plication.

gener &l i Zewedsicasthat inbereatligtes i f lower “bendwidgp|thamtrelevelnnbigh s impedgice
herein, ingludes both cylindrical toroidal geonetries and geonetries forned
by creating a central core in a sphere, and includes configurations where a
portion of Reéried tc &ig. viilndi magrietic plipotareldnyent i, 34 coedpakesve sértestibep B or
axis of the, under]yin eneralized toroidal faor he neralized torus as
Faught . herBrAnp i ABaneiR R Gl eyt g Ke 4 M o diE A g R P
th?_n g he adnbit iﬁ&lﬁﬁact&rﬂzeﬁrb§r|aud1iss’m@ia€§ﬂ&elativﬂlﬁh%htihﬁgﬁegﬂbé acid xssolallaﬁcr:k{gen&,\m ]
cylinder, or prism_and assgQciated _jmage, pl ane enbodi nents, all o ic
are i1 us'f'megtf_ iy, @smpa't gfn“s?fggxs; %gse}fgw‘fqnéﬂg&éaﬂﬁ tgﬁ%ﬂi‘ﬁ%_é’ﬁ?%"%ave
been descihfigdlicl Bipdfd @lekmentd 95,3900k IFigy. &, N Yan8 ki, lori i hBleRY Lorihilte a
appreciate that various nodifications and alternatives to those details

coul d be watrswavad helical aytennsf 105tas ilguserigin Figadfhi Ahe magnetiedipoleelemente
Accordin . t . i SG a
R S b Y g e e g L s
ifi t 0 be adongemlindwhéreliporiis eacdid arf assduateg palfideveledgth stendinglwavgy and all
equi val ent st hereof.. . -19 (IX-.007- P .Clal 1. An_el ectronmagnel.ic

St enfta. comBIPOLT: 138, Al Dhu b decric ) Bndmasnsif e ssnf SRetbahos

geger ali Zﬁdhecasgdsdim@ﬂml hbl@:!ldrﬁﬁfescﬁrﬁgﬁﬁ‘éqmﬁni}()fo@ﬂﬁ: éixﬁtfddh hﬁent_o\ﬂmd f_.ailno\&aliagi first
and second conduct or re insul at r Qne_angt he ai rst. gonduct or
e i vi dePoRTOPpTsel sHRBaE EohE: Hortd BRTEy Ta T A Thddetioe g Bt ond
conduct orthk Smalnetidedipblt Blemiehs 108 RGeSO AE RO FiridaMental réofRf FrhubRHein sai d
first and second nodes are in proxinmate |ocation to one another and

const i t utacerdpngesyitip dhe embediment; ¢f digplly progyees fan sasogiafed wagndisaemrent Ms i n
over | appi Qg ibeHEA 1P5M ki o " F i1 Y ool afpoidkd 0 L as a
first portggt(r)lTr? (1)??H gpge?\r?}e%agf?%tg déllgn({?rtgﬂoua%ggﬁcel Fg((ﬁ salmgﬁgsg%%n (Egtrdfg} gn’ of
sai d firsvitemndaeprreciableiapsogiated| elgepiiqeprrent k| ati on with said second portion
of said sec ra . S r il L &g l .

cont rawound%}r%gﬁrﬁ%‘| %sjglg% 16%%9‘3% Al %‘ggg%egﬁtélg%ueg%n%g% ?’)%’ ﬁggﬁ %#c’g(g%sce P‘I;gbhl ng
cur vat ur efigahtlarelspmbirsidgn phrafleled nodesi36i 38 togfofrir mahagetic sipde antepnail Odirs
wherein S%icgrd%cr stwi%n .secpn aterc{n"‘ alc% ar.e operat ilgeé ggulplferd tdoaésai d
first and SEEERE fAdedi8S 3 afe e (PoFRERETTE Antdiha BT iREHY & & ai m
1, whar eiconttaeodnd edlixorwitd respevtisteureadofshoned @xetierf r whersly dthé i sighalpdy t
within said fifpst portion of said. generalized contrawound helix i ual to
the a r ecralieVmnebisyin S Tt S0 igtalmEt s el FAd Pt SORERIR P o
second porhd ?&p@étiv%_amdgﬂ&ﬂeﬂ?dl@%ﬁnﬁﬂ&t BBVWIRE BRlidcted 3n rlépeBliRCiin@yTRONEt i C
antenna as recited in _claim1, wherein the direction of curvature of said
axi s fromiespactive iFigs 158rand fiSbhppomswhightis oyerlaid ity aysoeipted dialf-wuiseviaidinged
cont r awo U@?VJ‘ Slirdnt! éist?ﬂ%ﬁﬁéﬁ G glet Hﬁ?ecﬁ!aﬁ St &9&18&* UEYAL Witk r‘éEa;ie%{ﬂc&’ th! S
fromsaid first port wthin said second portion of said generalized

cont r 3dwoumdgheti¢ dipole. ansenrsi Hift shown ¢hresewith asrdithenlaftdsorrgittRed in claim 1,
wherein the iyeal s pit i J RSt 4l t ri I : irst
conductor i qu %ﬁelgg’alr@ ’ é‘g&ltl ﬁcgﬁﬁgﬁr%%éea%%ttéh Js%ﬁs@%aggﬁ &Lg'gegl(t)(ral{ftr enlgfl%
portion oft thaiaskotiatesit fundaminedl oesonént ffequerdoycibr dreeguiedinera of #igd dasverkatd t ed
inclaim &pon &t Ej;fsri]catl rs]c err}l%ltilc%?k‘ié? lla.CRs ?&'ﬁgs.%, 7b, and 7¢ described hereinabove,

the magnetic dipole antenna 100 operating at the fundamental resonant frequency in
-13-
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-said firM@ggth,ﬁortion of said first conductor is opposite to the
hel i cal it é)ﬁ% of said second length portion of said fi rstgcgn&Jrctor.
idtla

6. An el ectromagnetic antenna as recited in claim1, wherein th 1208 d
of said first length portion of said first conductor is connected to the

di stal enetopdarwaiwith tHesémb&digietit HOFig. 08 pdduas dn SewRMted MagHEfie curre?d M
VTX-007-PCT 0 4 QCT 2002 7. An_electromagnetic antenna as recited in claim
6, wher eflistriition; igageordareesyits Hig 43eWihent asrapprecinble pssacigted eleciricjcugrent
conductok is connected to the distal end of said second | ength portion of
sai d second conductor. 8. An el ectromagnetic antenna, conprising: (a) a
first generRefeming toekFigcal, « phuality iof enggtebicfdipolearftenists 106cd02,01 04, 2ad A0
node; (b) a sec,ong neral ized, helical condyctive th fr a third node to
& ouf { hEIFQHTOAL YA S RRSHNE SIEnal CARReSfoIS ik eoaected i prralle] S hdp P9 g
hel i cal ciagflusidelRa Rpltlml P17 PRRABMIRIEN NG HELATALagRIthE!YoP 8RS rRbectfled
second genéralized helical conductive path, said first and secon

gener al i msgnieticidipdle aortenrst 100 1621 104, iand 10 topdratedoat aarethtivebyr highdinpgdame

th t titut cfirst lJ zed t hel. i . i d
first geranreldsdBnisbibtnaiensl FonREeoarts, B0 R ae el sinviaron bycvidssn: r g
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(d) a fourth generalized helical conductive path froma seventh node to an

ei ghih nawecialfide rangmisgien Hene, dhlsuph tigpedanss emaichiigi s nedessiryenBihereasethe
D cal . . 9 Pt . .
fourth oEBouieY QuRGiled fn RONT, 8 O b B4F BuSRRE e posBBatta

gener al | negnltkidipblecelethents 160.02106.2] n621a162.2f rioh1arid4d, erlioam pi06g2,0the
another so as to constitute a second generalized contrawund helix, 15 and
sai d secBRtengasystem LY may be canBsidfatirsly Rhslementsin acgardancesvigh Fig d:1 sand
(e) a si LS4 fi : erm, pal_s, et el | I rst
and secomt 't B i FAPHER S rdebhye MbcRe BB VAR EF o2 R UL Sflcho
general | spdemdidr awound helices. 9. An el ectromagnetic antenna as recited

in claimsS§, erein the direction of curyature of the S id first
general i zeoR%Fﬂr}ga lﬂ’e‘f plpr hr%r?? §%ﬁg§‘e¥'F rdg?‘ﬁﬁﬁﬁt‘f'ﬁl?rs?ﬁhnbﬁ‘{asﬂ%s a‘?‘;éli’ame
as the dbs@ChhPiRgOh GMINALMEGhaAE flddBedy, SmB teAtEmMBREANHitH eREpRYiVE Clgnal

contrawound helix fromsaid fifth and ei ghth nodes. 10. An el’ectronmagnetic
ant enna sennestonsekd qonpnertad in paralitiep & to fare disingletrendband antepna syetent 12he

tenna seRess _ uingle! auicune ! i
odes i s optrert (8 TR Y FERFAR GRURP Frbouplenllot el tibh AR

genep@l i Zeglpfisdstd Quomedicabinagnétiodipold shtkhhi h3afst whightite meddsted agntic
el ectromagnetic antenna as recited in clajm8, wherein said second node is

connect edTRAe glements L PTEadocakes A § BUMCIRIZAG HEOISWRFRIEEE @3FOCHIhIaAgtStict h
rody | 2oLk mERESARSS QuBahe YO PBLEs 61 53S0
VTX- 007- Pa@fimon direction of circulation 30. Whereas the magnetic dipole elements 32, 35 are
illustrated as superimposed on a generally closed form, such as a circle, alternately, the
25 respective magnetic dipole elements 32, 35 can be angulated relative to each other. For
example, magnetic dipole element 32 can be rotated clockwise relative to sigmal
connector 18 while magnetic dipole element 35 remains stationary or is rotated counter-
clockwise relative to signal connector 18. Alternately, magnetic dipole element 32 can
be rotated counter-clockwise relative to signal connector 18 while magnetic dipole
30  element 35 remains stationary or is rotated clockwise relative to signal connector 18.
Fig. 20a illustrates the embodiment of Fig. 19 projected along a line, for use as a
reference for illustrating associated structures and distributions of electric and magnetic
currents of various embodiments of the instant invention. Fig. 20a illustrates the direction

of magnetic current M in the associated magnetic dipole elements 32, 35 at the same
-14-
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WU3K! &s' 168@mogdincs -with8Figs0%8, R)a,! dntk 200 %R 's¢Hema@allyl DP4Bir{tyd 'a;s senes/loop fed

mes' 100/& 1&s'1 e& 10 ,.10S; 109&.
100 () - 6 SORTORRLS -HeBy copiuiniae 3 sinele, cbudisggr 3§ coRseipig, f R df Maggeti
109%6& () - Hi;ﬁﬂ’G&aléx):eﬁﬁO%&%) L¥Iggd 0E-ifhgle @lﬁ@ﬂ@&'l( remprises a general:zed
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e e e PP s o O
10%6&24 ) - boke IHEVRAS 4 - Shet 1%Eafetdd) to, drl0dathdr)at Qﬁelgi%ﬁ&éx(@ dE' Magnetic dipole

element 35 comprises a generalized contrawound helix comprising a right-hand pitch

sense helix 48.2 and a left-hand pitch sense helix 48.1, each connected to one another at
the left end b. End a of right-hand pitch sense helix 48.1 is connected to node 36 that is
operatively coupled to one of the signal terminals. End e of left-hand pitch sense helix
25  48.4 is connected to node 38 that is operatively coupled to the other of the signal terminals.
The remaining free ends of right-hand pitch sense helix 48.2 and right-hand pitch sense
helix 48.3 are connected to one another at point c.
Referring to Fig. 26, illustrating the single conductor 48 projected along a line at a
given instant in time for which the sinusoidal waveform applied to nodes 36 and 38 is
30  polarized as shown, the electric current J distribution on the single conductor 48 is a
standing wave of one wavelength. The direction of the current within each quarter-wave
helix element 48.1, 48.2, 48.3, and 48.4 is shown as left L or right R in accordance with
the geometry of Fig. 22.
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'109‘ &10%RelettricShil¥én(J diskHtidRQr Figs. 27a and 27b, wherein the directions of electric J

-:’ and magnetic M current are the same as one another for a right-hand pitch sense helix

T 15 elements 48.2, 48.3 and are opposite one another for a left-hand pitch sense helix elements
48.1, 48.4,-whereby the magnetic currents M for both helix elements 48.3, 48.4 of
magnetic dipole element 32 are directed in the same direction. Similarly, the magnetic
currents M for both helix elements 48.1, 48.2 of magnetic dipole element 35 are directed
in the same direction that is the same as the direction of magnetic current in magnetic

20 dipole element 32. As seen in Fig. 27b, the electric current J components on each
respective adjacent helix elements cancel one another. Accordingly, the magnetic dipole
antenna 130 operating at the first harmonic resonant frequency in accordance with the
embodiment of Fig. 22 produces an associated magnetic current M distribution in
accordance with Fig. 20a, without an appreciable associated electric current J..

25 A magnetic dipole element in accordance with Figs. 23 and 24 may be incorporated in
the magnetic dipole antenna 130 illustrated in Fig. 19. Accordingly, Fig. 23 is the same
as Fig. 11. The magnetic dipole element of Fig. 23 comprises a single conductor 46,
which is illustrated in Fig. 28 projected along a line whereupon is overlaid an associated
half wavelength standing wave.

30 Figs. 29a, 29b, and 29c illustrate the electric J and magnetic M current distributions
at the associated first harmonic resonant frequency for the embodiment of Fig. 23, overlaid
upon the physical schematic of Fig. 23. As for Figs. 25a, 25b, and 25c¢ described
hereinabove, the magnetic dipole element 105 operating at the fundamental resonant

frequency in accordance with the embodiment of Fig. 23 produces an associated magnetic
-17-

DeD S\‘\tﬂ.



10C8< 10908 49y5217910%08! () - O! lo%D&V(r)(-ob??P@@@@AdEbC 10% 9)95/ 075971
“109&! ()- 39409 ()-Y ! 109 ()- f#10%&! ()- Sy|10%&'()
10G T #109& ()- @ 10% () - 10%& () - 3%40%& ()-( '{100& 100 a

C 1(%?5()/%;9{?‘ é) @Eﬁ@g&@é&ﬁ%@?@& %59& rge?g’f’%é )naé‘“e/dcog/fﬁiofe)élements 32,35 of

s* 1098’ () Figl RO4,0UI00) an Afpt @414 Jssodited@leétyic20vtedvd. () - QFFGRGEGGIELC
10Gs5109%& (

49409 () - z)%%%%&né)tos%lgo%z magagtic) ginelq plemeny fein  jocerdapeq with Figr @3, is

10GS#10%8ecdmbinddinlfhrdiff with magnetic dipole element 35 in accordance with Fig. 24 to form
10%&' ( % s: 100@& %1) ss #1004 ()° ¥71'10%& () - Hel |11 0JQ0JaBbC 1063 10% () - S
10%. (3 - @ WrERetis ¢ @ma&te 2 13%n aepprdance wih Figsod@ds 20, and Rilgqemprising 2

igg 10%&' §ing1t O dhdtorY POUE a(s)a edntaWuhd hethd Weth( despéh0@@nds sHortel Lt MAHENDC

| 109& () - whorgby yhesamdds paraliel ruspgssion lingfgd at p-sienah BwEt port MGNNNEOSIBh D C
10G NFF+Y% h

) SH109&' ( ?Q‘@%‘% ?13 y& 10%& ()-F $3"10%& ()-!10%& () - ORPPf QQ' RuR} *?nmbC
10G7! 109%& ( )Figs. 814,038, @d BlOARS KA JheI€omded 09 njdzn@GSM CuReq) disBRIEHOE0%

oo (4" <O o “cl?%d CSATIO b FOREN T SURABOR e B ()

Y 0%E () - usonl #eOptysidal fséHdMakic( of Wi \HOKe R ER (Fike.(325a, 25b, and 25¢ described
"109& ()-SyLl0%&' ()-FId0%& ()-s@ #L0% ()-sf#10%& ()-! 109%&' ()- XY YY] +[LdEbC
10G ! 100/@e(rymp:hq:vfo% (I)aggmfﬂwﬁs @ntennag Bgoperetng: ot ggfupgargental resonan
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TOG7MLOY& () - SSY#10%&' () - FB%.O%&' () - S2f #109%&: ( ).- OSH109&' () -,/ f#10%& é )-pl]
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L10%<8&, ()e%g%%gb%%o%&' ()--8! 109%& ()- *5aadEeF 10%40%& ()- L
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1094 0% &' (&ef@ﬁh@%:&'ig B2, a plurality of magnetic dipole antennas 130, 132 and 134, each

% 09<& ()l&agv#loo % 9 #10°/§ cbl%é?g#lOO co@b%r#e%f gg ecg’ | canne
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embodiment has the advantage that for each respective magnetic dipole antenna 130, 132,

20 and 134 operated at a relatively high impedance at the input to the respective signal
connectors 18, then the parallel combination will act to direct current to the appropriate
antenna element in accordance with the signal frequency. Whereas the embodiment
illustrated in Fig. 32 is characterized by an even number of associated magnetic dipole
elements 130.1, 130.2, 132.1, 132.2, 134.1, and 134.2, the antenna system 140 may be

25 constructed entirely of elements in accordance with Fig. 23 so as to provide any number of
magnetic dipole elements — even or odd — in the antenna system 140.

Referring to Fig. 33, a plurality of magnetic dipole antennas 150 comprises two
magnetic dipole elements 32, 35 as in Fig 19 wherein the velocity factor for one of the
magnetic dipole elements 35 is smaller than the velocity factor for the other of the

30  magnetic dipole elements 32.

One of ordinary skill in the art, either by familiarity with existing antenna architectures
which produce similar current distributions, or by use of simulations or tests, will be able
to appreciate the nature of the electromagnetic radiation patterns and characteristics

associated with each of the current distributions illustrated in the drawings.
-18-
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geometries and geometries formed by creating a central core in a sphere, and includes
configurations where a portion of the helical winding is primarily radial relative to the
major axis of the underlying generalized toroidal form. The generalized torus as taught
herein includes the degenerate cases where the major axis is smaller than the minor axis,
15 including cases where the surface is a sphere, cylinder, or prism, and associated image
plane embodiments, all of which are illustrated in U.S. Patent 5,654,723.

While specific embodiments have been described in detail, those with ordinary skill in
the art will appreciate that various modifications and alternatives to those details could be
developed in light of the overall teachings of the disclosure. Accordingly, the particular

20 arrangements disclosed are meant to be illustrative only and not limiting as to the scope of

the invention, which is to be given the full breadth of the appended claims and any and all

equivalents thereof.
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2. An electromagnetic antenna as recited in claim 1, wherein the direction of curvature of
said axis from said first port within said first portion of said generalized contrawound
helix is equal to the direction of curvature of said axis from said first port within said
second portion of said generalized contrawound helix. )

3. An electromagnetic antenna as recited in claim 1, wherein the direction of curvature of
said axis from said first port within said first portion of said generalized contrawound
helix is opposite to the direction of curvature of said axis from said first port within
said second portion of said generalized contrawound helix.

4. An electromagnetic antenna as recited in claim 1, wherein the helical pitch sense of
said first length portion of said first conductor is the same as the helical pitch sense of
said second length portion of said first conductor.

5. An electromagnetic antenna as recited in claim 1, wherein the helical pitch sense of
said first length portion of said first conductor is opposite to the helical pitch sense of
said second length portion of said first conductor.

6. An electromagnetic antenna as recited in claim 1, wherein the distal end of said first

length portion of said first conductor is connected to the distal end of said first length

portion of said second conductor.
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TAEYNC 10! Nwherein the helical pitch sense of said first generalized helical conductive path is
5 opposite to the helical pitch sense of said second generalized helical conductive
path, said first and second generalized helical conductive paths insulated from and
overlapping~ one another so as to constitute a first generalized contrawound helix,
and said first generalized contrawound helix has an axis that is curved,;
(c) athird generalized helical conductive path from a fifth node to a sixth node;

10 (d) a fourth generalized helical conductive path from a seventh node to an eighth node,
wherein the helical pitch sense of said third generalized helical conductive path is
opposite to the helical pitch sense of said fourth generalized helical conductive
path, said third and fourth generalized helical conductive paths insulated from and
overlapping one another so as to constitute a second generalized contrawound helix,

15 and said second generalized contrawound helix has an axis that is curved; and

(e) a signal feéd comprising first and second terminals, wherein said first and second
terminals are operatively coupled to said first and second generalized contrawound
helices.

9. An electrornag;letic antenna as recited in claim 8, wherein the direction of curvature of
the axis of said first generalized contrawound helix from said first and fourth nodes is
the same as the direction of curvature of the axis of said second generalized
contrawound helix from said fifth and eighth nodes.

10. An electromagnetic antenna as recited in claim 8, wherein the direction of curvature of
the axis of said first generalized contrawound helix from said first and fourth nodes is
opposite to the direction of curvature of the axis of said second generalized
contrawound helix from said fifth and eighth nodes.

11. An electromagnetic antenna as recited in claim 8, wherein said second node is
connected to said third node, said fourth node is connected to said fifth node, said sixth
node is connected to said seventh node, and said signal feed is operatively coupled to

said first and eighth nodes.
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port, responsive to said signal;
5 (c) generating a second magnetic current along a second curved path relative to said
signal port, responsive to said signal.

15. A method of transmitting an electromagnetic signal as recited in claim 14, wherein the
direction of curvature of said first and second paths relative to said signal port is the
same.

16. A method of transmitting an electromagnetic signal as recited in claim 14, wherein the
directions of said first and said second magnetic currents relative to said signal port is
the same.

17. A method of transmitting an electromagnetic signal as recited in claim 14, wherein the
direction of curvature of said first path relative to said signal port is opposite to the
direction of curvature of said second path relative to said signal port.

18. A method of transmitting an electromagnetic signal as recited in claim 14, wherein the
directions of said first magnetic current relative to said signal port is opposite to the
direction of said second magnetic current.

19. A method of transmitting an electromagnetic signal as recited in claim 14, wherein said
first and second magnetic currents are resonant at a first resonant frequency, further
comprising:

(a) generating a third magnetic current along a third curved path relative to said signal

5 port, responsive to said signal;
(b) generating a fourth magnetic current along a fourth curved path relative to said
signal port, responsive to said signal, wherein said third and fourth magnetic

currents are resonant at a second resonant frequency.
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