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VIt 111 111 Contrawound Antenna * 159159* This is a continuation-in-part
of application Serial No. 07/992,970, filed Decenber 15, 1992. TECHN CAL
FIELD This invention relates to transmtting and receiving antennas, and in
particular, 5 helically wound antennas. BACKGROUND OF THE | NVENTI ON
Ant enna ef fi YQW439%t a frequency of excitation is direct! VTEBYEE% o t he

effective electrical length, which is related to the signal propagation

rate by the well known equation using the speed of |ight ce,
wavel ength X, and frequency f X =CLf 10 Adesgiptivpwn, anten wmww M@M@ﬁlﬂ
| ength shoul d be one wavel ength, one hal Vay I (a di '
guarter wavel ength with a ground pl ane% I(‘)mm ni ﬁi@g&%l but redtsoamt enna

I npedances. \Wen these characteristics are not net, antenna inpedance
changes creating standi waves on t.he.antenpa and .anten e

(transm ssion line), i #@'&eéfsf‘nﬁnﬁﬂ‘&hg?‘é{hmaﬂﬁg@é@g‘i i%“g‘laﬂ%ﬁﬁé??@r%?& filed
energy | oss and Ideckmb&r1y,dddated energy. A typical vertical whip antenna
(a nmonopol e) possesses an omidirectional vertically polarized pattern,
and such an antenna can be conparatively small at high frequencies, such
as UHF. However, arpdcANECAL EQUIEyCi es the size becones problematic,

| eading to the very long lines and towers used in the LF and MF bands. 20
The | ong range transni SSHOAVEHAN FelftestojtinimiEing ARd Teqeivang AffRnpas, andiin Rarticular,

advant ageous byt HefigaRh&Manegrfeci al |y a directional array can be too
| arge to have a conpact portable transmtter. Even at high frequencies, it

may be advant ageous to have a physically smaller antenna with the sane
efficiency and per @mm ﬁ")ﬂ‘ﬂf%‘v}i nmonopol e or di pol e ant enna.
25 Over the years %‘?F erent tegnl gques hg\i”gyll)\leen't(i ed to create conpact
antennas Wwith directi ovmgnngjeficiepceatiafraquency of exsisation iy digeatly irelatkd to the effective
pol ari zati on, whic f d. . . Y I

*ACTI ON* THI S SHEEJFBCE%%JE%ER]’ %ﬁé&%%%@% 5‘%5@#’%?%@9@"0@11 5}& b known

equation using the speed of light C in free space, wavelength A, and frequency f:

A=Clf

10 As is known, antenna electrical length should be one wavelength, one half
wavelength (a dipole) or one quarter wavelength with a ground plane to minimize all
but real antenna impedances. When these characteristics are not met, antenna
impedance changes creating standing waves on the antenna and antenna feed
(transmission line), increasing the standing wave ratio all producing energy loss and

15 lower radiated energy.

A typical vertical whip antenna (a monopole) possesses an omnidirectional
vertically polarized pattern, and such an antenna can be comparatively small at high
frequencies, such as UHF. However, at lower frequencies the size becomes
problematic, leading to the very long lines and towers used in the LF and MF bands.

20 The long range transmission qualities in the lower frequency bands are advantageoﬁs
but the antenna, especially a directional array can be too large to have a compact

. portable transmitter. Even at high frequencies, it may be advantageous to have a
physically smaller antenna with the same efficiency and performance as a conventional
monopole or dipole antenna. '

25 Over the years different techniques have been tried to creaté compact antennas

with directional characteristics, especially vertical polarization, which has been found
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2 to be nore efficient (longer range) than horizontal polarization, the
reason being the - horizoatally polarized antennae sustain nore ground wave
| osses. In terms of di reCE!fmeaf,HEEhaﬂgg:t}}fEN tics, it is recognized—t-hat—ni-th
certain antenna configurjation EiPF_A'ESD possiibl e to negate the magnetic field”
produced in the antenna iwi—pa-&-eul—ar—pol arization and at the sane
time increas@¥QM&ectric field, which is normal to the naghfidged;ise! d-
Simlarly, it is possible to negate the el ec?ric field and at the same .
tine increase the magnetic field. The equivalence principle is awell known"
concept in the fi ebbeahore @ffGért ABAEIGLS NG, that two sources
produci.ng the sang field. insi deqa géi}\%*]&) %&?Sg%‘%’%ﬁé’%ﬂ“ﬁ‘f%mwm being the
equi valent, and th Z%‘H‘%?X/B‘Pl%‘?ﬁ?é aBANIGSUSLAID MOTD gtoned Iwast Gmbds] C cur rent
sources and correspondilngrie 0 8irtGioR", es. Thi.s is explained. in
Section 3-5 of the 1861 [eferenc%‘%‘?ﬁ%h%tﬁgsﬁg{iqﬁfé%‘ﬂﬂ #tWith ¢ertaingstepya
R F.  Harrington. TRBHEYTREPTEASE Rossible o negate the papetia feRNPOdRs W He MRLE N 2
carries linear 5el dul® S NSy | val ent magnetic source IS given
by a circular azi nﬁal 3’.6%5' 15 osdpd%lg‘ﬁg@#écn%ﬁwgﬁf?tg%"@%‘ﬂérﬁ@ldd“tbkhésmrmal'c-,
current is one obviPdl MRgRetc dicldt. e Similaaly, it inpassiblE@RIZhe the!EIGRE feft SO ‘?’lﬁi d
of electric currengangimg&%%g"hgﬁ&jcq%b&surface 'S one way oﬁ creaif_i' .eg )
the necessary circular azinuthal rifig of gnetic current. The toroidal .
hel i cal ant enna consi sth"eoﬁqlaVa:lglct:cpﬁncipladisctaor“/emlkﬂéwﬁnc@m{,ﬁr i dtﬁ!: félgr m- :
and offers the chagla:go%%&tﬁk%sgk 'Bagli{a?i\ivn el ect romagneti c ‘ener gy i %8 © B
pattern that ﬁg is simrar tot &ing, O SQyrces predusing ithe: samepfield imsideengigen
with an axis tRAdt Teglon@rensalid toobd exuivalentcanaftha Reui ' th the center - -
of the toroidal fog em‘l’p%reffeative transm ss:%gl#lcﬂlalfcﬁg% Ir?ﬁg)é %ﬂcgetg?entqi@mc_
t§OFESROFINE drazagsicceurpand saedts ohisak @xplahéf in

helical conductor fetards ot
propagati on of wavestibn 8+ bheheCTIBd Uetedénct €8Fe RRINLATQUNd the hel i cal '
structure. The regduced velﬁci ty and ciroul ar Q%h?%’g%tﬁ‘fcﬁmf”ﬁémgfrﬂﬁl@hp)é RF.
makes it possible to CBREt ridk the cassof atlineat diableamtcnna alertenMWBlthaGrad BHSE"
of magnitude or noelectadr@lrtedts, tAdquivagns} orrespondi ng resonant .
di pol e (linear antenna). .The tor ol dal ngggghﬁﬁé Aas ‘S\ﬁ“zfggé@tcwca{ara;m@thnbmg -
the toroidal heri cql "H#EHGAUTEpHYy SPleagif \of slestricanuntehais deebsiod®way 16 SRARY

+ di pol e struct ur elineatiinagvetib ciiréfit! K s@LRES &f Jadiation properties. A

si mpl e singl e-phase feed configurati on'ﬁ’\?é ﬁeq%tr\'/cggué-repgﬂﬁsaqsg%ﬁ" Baerpidalsurface

conparabl e to a 1/% R&Vay ohgreaticy 6 Inecessagy) cipadari aginauthal eihg STMApREticRAGKATIE .

In that context, U S. Baeq8boiiafhel 4, 751,515 di scusses certain -
aspects of toroidal antennas ase_ig%tzaé?c&aﬁ?%'s?(ﬁ’?a%@@ SIRguctorcwenpd N aderomlaha |
by replacing the ©5RFEhEHeRshe charagtaristion o€ radiating elBctonid@hbtic ey h pattern that -

structure that 20r ofufifar V&t paddrhor af electric dipole antenna with an axis that is normal to the

plane of and concentric with the center of the toroidal form. The effective transmission

line impedance of the helical conductor retards, relative to free space propagation rate,”

the propagation of waves from the conductor feed point around the helical structure. |

The reduced velocity and circular current in the structure makes it possible to construct -

25 a toroidal antenna as much as an order of magnitude or more smaller that the size of

a corresponding resonant dipole (linear antenna). The toroidal design has low aspect

ratio, since the toroidal helical design is physically smaller than the simple resonant

dipole structure, but with similar electrical radiation properties. A simple single-phase

feed configuration will give a radiation pattern comparable to a 1/2 wavelength dipole,
30 butin a much smaller package.

In that context, U.S. Patenfs 4, 622,558 and 4,751,515 discusses certain aspects

of toroidal antennas as a technique for creating a compact antenna by replacing the - |

conventional linear antenna with a self resonant structure that produces vertically
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radi ation that will prop | ef—hosses when propagating over the
earth. For |ow frequenci §§HISséHEETr HA6NAHN ertical |inear antennas are not
practical, as noted previous|REPLAGEDt he sl f-resonant structure expl ai ned

In these patents goes some—way tO0 alfeviating the problemof a physically
unwi el dy and‘m‘?@gvﬂcal ly inefficient - 5 vertical el enments BEI/YS8e/po11o
frequencies. The aforenentioned patents initBally discuss a nonofilar
toroidal helix as a building block for nore conplex directional antennas.
Those ant ennas nmypolanized dediation| thatpvidl propegatetwithy lqyatr hessésewtheti propaatimbeer the
whose rel ative ph i i 1 th .external passive circuits
or due to specifi iéglé'l fCF 0? 2651%) Ergjﬂ'%e%glﬁgrsg@t%esrowaé‘% i"%?.cayjllwead' ad’éeﬁ‘g?saqre 19f Rraghical, as
the patents di scusetediprevioeslyfand thecadfiresnanstrocwelsxglained dn drebe pitaneh f1@s sdrie

provide vertical | ar l.zation.. The. contrawund.toroi.dal w ndi ngs. di scussed
in these patents a‘?a t%o fegrhanﬁ% ﬁ'%eug'l‘(’b%@s P{gﬁ,p Hﬂ?ﬁ“ﬁg""c‘fﬂ%@y Fa% °F%W%5Ha}"§f#°é@t
descri bed in the nefteabeementBar heafrequefcidS., and Everhart, T.E., "Mdified
Contfa-Wund Helix Grquits for High- Power. Travel i ng Wave_Tubes”, |RE
Transactions on El ect r ghcrB0icREAtonsl pajeats inifiglly, disguss o mpgefilarrfnroidal; hehix as a
poi nt out that theuildinginedk fonsndie covapiex titectiGhgiftenfasaNthk Q6tehhds may include

fields/currents and .extrappl ates tha si cal suyperi nposing two | i
monofi | ar circui té“”lﬂﬁ‘le(?ﬂ'?‘g‘%“%msrr}ﬁé\ﬂﬁﬂg‘g%iﬁ ‘HL‘glséﬁétb‘te Phesedheongaliad rithergyity
toroid a vertical |extepsl paishrtkircaitd 6N ©3Pedifc SlLALGHNUSIaRRteRistidl0 H%régencml

signal input. The basis for the design is the I|inear helix, the design

g p ¢ g 4 A
equations for i cBnsgethe Patentgidisapssyhegiss of sosaliedspnicaverdidderogial windiggs tegirovide
1953 (nentioned t RemldaSo1afitd. The SAFawolipl- Molang: s h

af orenenti oned patents, speaEs. I n cte.rrrllé é?' é?ryrarlgln‘?gpﬁ'gs Sérucs)?eggf&g%}ggﬁnﬁearrﬁs
as el enentary bui |ofiangunisyalkdesign, haviag cmiypvex terminads, Lasesqesenibell inathe trefarence
toroidal structurggRul &Oke LW &t . R es. For. ..

i nstance, the af orrenerl’?:sl'or']’gacﬁd%avt%léﬂr?t&’ giébﬁ@%gg%\e?%ugo%%%{ueél e for kijely
that is intended tRoweaTeaveingaWaveTebpsh|/RETnsactiohs gu Eltemon\Beddes nQdtbiser Ar956nd

h ' nf fiohh ' f] ) ' f.th s A
Siml e €01 of dal ek cagn, e o ol 8 B ool BB el 48 e

e a nono esi gn, respon
el ectric and nagnédields/durmehtd and repamaldtes it physicallycoperigpésirec siovmdiofilr circuits

outputed (transm j.t. Sl t er__han nultifilar . .
(mul ti wi ndi ng) may&rh%%ret og{}g‘léﬁg]d?%thp%g%e% {s(])e??g angherypg gg?rgﬁita ¥eracally pojprized
separate w ndi ngs antens®par b erested 0sios a tad pomisiggal ippwry i Thertgsis Forethe design is the
directionality and.cont ol of. polarization. One form.of helix is in the
formof a ring ang"'ﬁ?ri }bed'é" 8‘8&”5%" eqmﬁgrpf @&WP‘%N@%M"%@%&’P@W Kandpigp &
qualities 20 Sichak in 1953 (mentioned the U.S. Patent 4, 622,558).

The prior art, such as the aforementioned patents, speaks in terms of elementary
toroidal embodiments as elementary building blocks to more complex structures, such
as two toroidal structures oriented to simulate contrawound structures. For instance,
the aforementioned patent discusses a torus (complex or simple) that is intended to have

25 an integral number of guided wavelengths around the circumference of the circle
defined by the minor axis of the torus.

A simple toroidal antenna, one with a monofilar design, responds to both the
electric and magnetic field components of the incoming (received) or outputed
(transmitted) signals. On the other hand, multifilar (multiwinding) may have the same

30 pitch sense or different pitch sense in separate windings on separate toroids, allowing
providing antenna directionality and control of polarization. One form of helix is in
the form of a ring and bridge design, which exhibits some but not all of the qualities

of a basic contrawound winding configuration.




of a basic contrawound wi nding configuration. TN{S SHEET HAS ~3EE~! REPL
CED WD 96/ 41397 PCTNS96/ 09119 4 As is known, a |inear sol enoidal coil

creates a linear magnetic fligld @leRgid s entral axis. The di+resti-on——0Of
t he m_agr_let ic fieldis in aJ.c@r'gagL[g‘ “§55%§F%% "right hand rule", wher eby if
the fingers of a right hand-ace EhOrt&dYi nward towards the palmand pointed..

in the directYoPs'df2%t he circular current flowin the sol engicyudobifond he
direction.. 5 of the nagnetic field is the sagne as that of the thun{) when
extended parallel to the. axis about which the fingers are curled. (See :
e.g. FIG 47, infra.) \Msei8 khbws, & Uh&urisSlenpc lLenoid coils wound
in a right-hand sense,, as i a.ri ght-ﬁarei?j scfgf\?vg{e%fgég ,egrblgf‘wef‘ﬁé{e@laé‘&“tgr‘%
current and the reShiglidy: r{ﬂﬁﬁ‘é{ef’%o"f?féh%lmpmeh@ figld is ineacsardinceiwithiCthi Ofight hRhd
a coil in a left-hard, ¥R&esy ifAs fihdles 6F £GkHd rent ;and resulting -
magnetic field 10 Ig)grlpg i nwoppo.silt.%e%li (egl%{iﬂor%’s\&%h%‘ﬂ%ﬁé’h‘ﬁrgéowrﬁ the pakin ardy
by the sol enoi dal inthe disprsion 196 shet aircriad cuarremt e tin heCuolen6idl theBhe direction |
conbi ning a ri ght -drané naRskc &t ' n, t ane axis to create a '
contra-wound coil and feg‘gei.ng %%kep‘?ﬁé%’ I‘E’istja t%’gﬁgf’%&l AEns exfendedjparallel to the
oppositely direct e¥ciborewbish therfengarstare bertedr | Secce!p) BIG. 475 it LWhAShY rule is
reduced to zero, ay?hwfoggﬁemcgrﬁ%%hﬁ&gﬁé{tg i s doubl ed from that of T he
single coil alone. 15 As is also known, a bal: % 8ti0ra Bght-handusesew thedadn
line fed by a sinuRUh &lelostic eustant encathel resltinig adgaetioriéid pink ARl TREIRNGE
propagat es waves ogutcau%)rﬂelrﬂtglefﬁr_ th@ ﬁ%tlj\}rgce to the |oad. The waves .
reflect at thegboad ‘and propagat e bEeR’ P §lectrigecurept andoresulting magnatietfield
current di stri Bt iRmintoin appesiter dinstibsssi Mhe | hdpfeticS &1 UWnchidd’ GIN ot e -
i nci-dent and refleﬁ)tn%qm\é@w;mg?rrponents and can be1 char aqtg iﬂiée]gpl%}s&mﬁ éf%li‘%g .
20 waves on the transm ssion-l fNeeNPQreEnty By-combinimg 4 tighi-hpndiridleft-hand coil
bal anced transni sei the simexis fohBeatd!s EdHa-eRAR O LR dSrel hdragdyctor at
any gi ven point al ‘gg the line are equal in magni tﬁ%ie}ngﬁﬁg%od%ﬁgl&?f@??lﬁmems
pol'arity, which is ‘gﬁli’R?a'it“éhfl“%edt%reméi e petglecwiscuprentieffictiosly edduced to zero,
opposi tel y pol ari zeHildthe aetmhgrddRs feldUs QoMAME ot QP U t1E - Separ at e
conductors. Al q?g a given con%uctor, thg pro%%rgé%t%ﬂihgfm%?epg‘g{?lf’% current
25 in one direction is AY8rakeswn.adalapeedslesicaltransmissibn Hn1feg dlyiatusaiddl At
in the opposite didue®tan@nermified Rl NS ﬂzlﬁﬁn Sl ngident and

refl ected waves depends ugon t he i npedanc oéfnc?hré)&)tlg%aé%s %Tvtgﬁﬁhf",'"?‘,ts, frop ghe
lo = incident curr¥ffesiPdhtioadndThe wavesetefleat tapthe load med propagité backNolirds the -
reference to FI G orce] BMd dhe nb@Rrehf\istibhd Al RN SREE LG ent pi i s defined

as: ZL-1 smission line is d from the sum
of the incident and reflected wave components and can be characterized as standing

20 waves on the transmission line. (See e.g. FIG. 13, infra.)

With a balanced

tr_'ansmission line, the current components in each conductor at any given point alohg
| the line are equal in magnitude but opposite in polarity, which is equivalent to thé '

~ simultaneous propagation of oppositely polarized by equal magnitude waves along the

separate conductors. Along a given conductor, the propagation of a positive current

25 in one direction is equivalent to the propagation of a negative current in the opposite
direction. The relative phase of the incident and reflected waves depends upon the
impedance of the load element, Z,. For I, = incident current signal and I,

current signal, with reference to FIG. 13,

= reflected
infra, then the reflection coefficient pi is

defined as:
Z
, _L-l
p, = In _ '11 Z,
i S T— = — =
Z
L L%




ZIl -1i O P ZL L+1 ZO TH S SHEEI. HAS '.3EEW REPLACED WO 96/ 41397

PCT/ US96/ 09119 5 Since the _incide _reflected currents travel in
opposite directions, the[ BAS i yalend s mefl ¢cted current, |," = -1, gives the
magni tude of the refl ectjed curgrrp_,n.in%'th respect to the direction of the

I ncident current 10. DI < ENTI ON 5 An object of the present
i nvention i sWO®6K8Yi de a conpact vertically polarized anPERYEIMEBHBecial |y
suited to |l ow frequency 1ong di stance wave applications, but useful at any
frequency where a physically |Iow profile or incgnspicuous antenna package
is desirable. |t Sirgeaheinicidenf andt tefectabfenhtsafavEhm gppesiendirdcrivren tiecsuivalent
provide a directiaqpal, .10 antenna .sui Le f se ..of not or_vehicle o
ship. It is yet a rr}ﬁerc 5?"8'%1‘ g‘ct_ blfs g?’%éeiaﬁrmeaggeﬁh’tdéioﬁ\t/}éenrf ﬁ%cﬁe‘{ %’rﬁ%\'ﬂﬂbée%{ to
ant enna whi ch i s tiepdireotionnaf theyincdent dumrgetlj.onal in all directions. It is
anot her further object of the present invention to provide an antenna
having a maxinmumradi ation gain in directions normal to the direction of
pol ari zati on and DISCLOSURPOF THE BYVENTYONN in the direction of

pol arization. It is still another further qbject of .the present .invention
to provide an ahtenna ARRPISTHOLISPEERINEALPR IO PEMNIde R FARPashvertically ipelarized
readi |y matched t Qp@nf2@sfRcfalif SHRAGY 1dwrbqueRGVBAg m%&%ak%pblﬁaﬁﬁkhﬂﬂ%é}ﬁf
further object of the Present i nvention to provide an antenna 20 ich
enhances radi al ebrEyIrequeney where 4 phypisaliylowzprafile| qr ingpnsnieious pterna package is
present invention 48mBfcOvi de an antenna which enhances vertical energy
radi ati on. According to the present invention a toroidal antenna has a
toroi dal surface and Tt issa stilhdfuslssophiechiof dhe geesert dnvensiap o Peovides a|dineetipnal
conduct ors eac{y exhens Q56e f@zrﬁé'e”tﬂ'aemotéf’vﬂi&é&dsiﬁ'.r cuit around the surface
I n segnmented helical pattern. e torord has an even nunber of segnents,
e.g. four segnents, bultiggaez flrther gbjectt afrthe presend inventimml totprovidean seepme rwhich

Each part of one . ' S uctoars within a given segnent is
contrawound with 3%%‘%)02%9&8%}){ﬁ'ﬁ@gggﬁ%ﬁgfﬁt&ﬁgugc\éﬂo “conductor in the adj acent
segnment s. It is another further object of the present invention to provide an antenna having

a maximum radiation gain in directions normal to the direction of polarization and a
15 minimum radiation gain in the direction of polarization.

It is still another further object of the present invention to provide an antenna
having a simplified feed configuration that is readily matched to a radio frequency (RF)
power source.

It is yet another further object of the present invention to provide an antenna

20 which enhances radial energy radiation. '
| It is yet a still further object of the present invention to provide an antenna
which enhancés vertical energy radiation.

According to the present invention a toroidal antenna has a toroidal surface and
first and second windings that comprise insulated conductors each extending as a single

25 closed circuit around the surface in segmented helical pattern. The toroid has an even
number of segments, e.g. four segments, but generally greater than or equal to two
segments. Each part of one of the continuous conductors within a given segment is
contrawound with respect to that part of the same conductor in the adjacent segments.
Adjacent segments of the same conductor meet at nodes or junctions (winding reversal

30 points). Each of the two continuous conductors are contrawound with respect to each
other within every segment of the toroid. A pair of nodes (a port) is located at the

boundary between each adjacent pairs of segments. From segment to segment, the

o



Adj acent segnents of the sane conductor meet at nodes or junctions (w nding
reversal 30 points). Each of the two continuous conductors are contrawound

w th respect to each other within every segment of the toroid —Apait—of-

nodes (a port) is |ocated itrHtSusﬁEbwaaB&Ebbat ween each adjacent pairs of
segnents. From segnent to segmenggoitipepTHI S Bi~ E ". HAS 3EEN WO 96/ 41397
REPLACED PCTMISB&133119 6-pel-e+-|—£—y—ef—eﬁ+|‘e1t flow from apcRisBoffy Si gnal

source is reversed through connections at the port with respect to'the '
conductors to which the port's nodes are connected. According to the S
i nvention, the congugip tde i ons, | ocated at. every other port are.
severed and the sér%ered&(sacﬁlgrgmafgtgv frg?l%lnug{pé)g:#? SHHETHEBVEREH dhrpugheepnndctions 5
i npedances whi ch [t &k6 PRIt With rrespeaiOtoctbg cemiuploas® whit &h&ﬁor&’?%o&&sﬁé%ﬁé@tw' '
reflected currenta®i +hal0l ox.Ld for the sinultaneous cancel [ation
of the net el ectri%&bgﬁir%lrtgrt#esmg%‘ég E' héeﬁgid&ﬁ@fﬁ%ﬁmwnﬁ‘%ﬁgﬁ%m §vV§Phother port

azi mut hal nagnet i AreeYaset and tth rsevdred endy Wl wrRirate@ kit ImY@hdd ﬁ&lei reactive .
pol ari zed- el ectg o-i%mgéscwﬁig‘gi atvi. 0. According to the invention, Series -
of conductive |'oops are *polol Gal1ye 058 W dssecphasn shifinef iguespestivepmbieded -
about, a surface clurmestvognals oThiBUsrbvitiévior the sifRi | : | 0gp..f or s
a tangent to the rgu%%rtsax& %of@é’g surface. ot@eﬁ?ﬁ%#@ﬁ‘?}&&é’ﬁ?g’?Pl\]/ee',’&t%ecg?fe'.
maj or axi s of the Surtace Rresrshon Pom quashunifosmtazinthal negdeticoduraht withiapke

are connected togbete atating eftRaly B@lbjizea%c&&%a%ﬁéﬁ%ir%iggo ends of all

| oops are connected toget Her at a second term na uni polar signal _
source is applied acroégzc‘?r Bt Rothesinventionn al grnghof sonduetivéidodpeairs "PpoBidally”

el ectrical ly codnedispesed on, DRy @jubify sPambBﬁ@gg?‘jf&e“F‘ngﬁ‘{iﬂ‘gﬁ&?}g&eﬁg{qb ajg][ Axis :

| oops are in phase ft hus praoduci ng a quasi-uniformazinu
field, causing ver®i%®d jogp 3 BBEENG Inthe intivertaxisrodlthe antfagt op FevokE6RT ReRvd O

the invention, theaontérajorQkis! FORS sliFade NG he conductive _elenments .
beconi ng conductive surf{ace of revgkﬁ%ﬁegﬁ,éﬁ%’ il}?u‘feawﬁ'goﬁieﬂ‘ﬂ%Pfé%ﬁ?qpﬁ@%s |

20 or radially sl diorBeftedtpgetispatr ene tagninale guibthe yermainihg wedsast MobmlarO SoHEEAG

either series in tRECR Olechif |, capaci tance relative to the conposite:
antenna termnals. %éccor iangg to Eke '|Ednv2§1“T"Bﬁ]?r SR SPvrgR de appliedisTosg derdtwo

with the addit??n fmigals pad sincsfthploops irelelecoicallictankietedl ia pRIN ke Ak @fads -
hub to a conductiv&.om%yg%ﬁ;og Vel Htiqﬂi T&e surface of revolution Is

slit at the junction wth the pbates P wt i SPReusise gjqyas-upifprmazimpthal nagretiqy
connected to one sfitld ebsingeerttdlly, podatted omaiditeeliopdlab@adi N § connected to

the other side of the s{ik.q4 nductive surface_of revolution nay be :
further slitted radiall y&%’%h"ghrrtﬁltg?é"vaemé%‘ri%ées"‘ﬁ?beépél%’ﬂfasrg}‘cl%%‘ﬁ, thetcondustive
The bandwi dth of elefeenss begomingesonductibesirface o@eslutidn, Wheth'Rdidbe g SHERGLET

t he surface of opev, ' :
20eV&Y Hiafy siotted. The operating frequency is lowered by introducing either series

inductance or parallel capacitance relative to the composite antenna terminals.

According to the invention, capacitance may be added with the addition of a. )
pair of parallel cqnductive plates which act as a hub to a conductive surface of
revolution. The surface of revolution is slit at the junction with the plates, with one

25 plate being electrically connected to one side of the slit, and a second plate being - '.
connected to the other side of the slit. The conductive surface of revolution may be
further slitted radially to emulate a series of elementary loop antennas. The bandwidth

of the structure may be increased if the radius and shape of the surface of revolution .

are varied with the corresponding angle of revolution.
30 According to the invention, an electromagnetic antenna includes a multiply . -
connected surface; a first insulated conductor means extending in a first generally .
helical conductive path around and at least partially over the multiply connected surface

with at least a first helical pitch sense; a second insulated conductor means extending




are varied with the correspondi ng angle of revolution. 30 According to the
I nvention, an el ectronagnetic_antenna i es a multiply connected
surface; a first insul ated| HId8gEDT HABalEENext ending in a first generally
hel i cal conductive path arpund WL@EEB east Jpartially over the nmultiply
connected surface wth at . I cal pitch sense; a second

i nsul at ed coM¥4¥ neans extending ,s ::1 TH S SHEET HASSSEERFOOHED ACED
WO 96/ 41397 PCT/ US96109119 7. in a second @generally helical conductive
path around and at |east partially over the multiply connected surface

with at | east a sdoansechsd gerallyi hetibalsenduetiverpath arowdomdos iléast pdrtidiiy dvee the
first helical pitch nse. in.orger that .the first, an cond insul.ated .
conductor -nmeans arP‘élgggnCPir‘%ev‘\:gegr? zrweel“élﬁ%téeatsoaseegl%'}? }g?lﬁagrpﬁ‘é %eﬂﬁedwglhcg”ﬁf’p?oég%t
partially over therdm thel finsphelicalqrick sénse] is ordeadm; thiifirstand sebosd insulated coriattor
termnals respectively electrical connected to the first and second

i nsul at ed conduct &“ﬂé&ﬁesforgﬁa'opré‘* ?{eéa&vspo R Ehgr groung gnd 4tileast msﬁn?‘é"ﬁﬁgﬁ
signal w th respeahultiplytddaneaddt supfaye; qrstriad sednd Wighsicernhifils repefivelP Rlec@ically
transm ssion of the antenna, si.gnal Acc(i)rdi ntgqto fhe inventi

n, an
el ect romagneti c arfiOBRRFIEY; 19dhe, i aad srepRq msyjated gondypior meants apd reflegion mertsfor

maj or axis; a fir sdirecsdhdafEnmaQihdCwidn reffR31NS 1R eIligiyt@nhdted Jurffice $8r reception
partially helical conductive path around and at |east partially over the

mul tiply connect ef Eappigien o t apferneaighala first helical pitch sense; a
second insul ated conduciQbrdiffe ) theChl&HtighNSh RcForiSHENd amtifral intbihdes e Mufifly

conductive path around and at” |east partial lé over the nulti p{:y connected
surface with at0| «pgneciedssufgerihaying « mpjoppxigte Beshinsulated cogduetar meanssptending in
fromthe first held fRY phidafiy hEIRAPCondlitive R arbkatank BE tchli pabiaf i

i nsul at ed conduct or NBANS a*]e cont r awound re"’l_rati_vacla1 {0 ea otggrégﬁgﬂﬁglpé%d
at least partial |spnogesed surfacewith aplegst a dinsi delicatipisalrseassea segondhinsylated corgiuctand

second partially ' cli X r.al ' o]
the maj or axis of h@%ﬁ%ﬁ"?%ﬁ&“ %gﬁg%@%ﬁfg@%ﬁﬁ@h&% éaétﬁgarg‘%%ﬁ%n ?Zg&ialg‘fSE
with respect to thpartidiycrvenshiesnulfiply eennected sysfage 8Gth @b least atsecbnd hielicak pitchesanise,
ot herwi se bei ng<ge i I ' " I tS econd si gnal
termnals res pggt i@@?@%ﬁp@?ﬁ Ikel §§+]It§e @gshﬁéeléc@d e%mﬁ &gxt‘{?émf %rrd ég{g'gtnt eglé%(%ﬂ%s ond
i nsul at ed conduct ainsulaed sondctoo metanscare corttiaevouml/elitive gy each ottiee atoundramghatt least

ant ena, 0c! 1029 RS et s BB LEREE B DR BeR R Rl e

first partially heddandadtive qrathsctwhee geaérally pepenticitd @t the major axis of the multiply

connected surface, being generally radial with respect to the méjor axis of the multiply

20 connected surface, and otherwise being generally helically oriented; and first and

second signal terminals respectively electrically connected to the first and second
insulated conductor means.

According to the invention, an electromagnetic antenna includes a generally

spherical surface having a conduit along a major axis thereof; a first insulated

25 conductor means extending in a first partially helical conductive path around and at

least partially over the generally spherical surface with at least a first helical pitch

sense; a second insulated conductor means extending in a second partially helical

conductive path around and at least partially over the generally spherical surface with

at least a second helical pitch sense, which is opposite from the first helical pitch sense,

30 in order that the first and second insulated conductor means are contrawound relative

to each other around and at least partially over the generally spherical surface, with the

first and second partially helical conductive paths passing through the conduit of the

generally spherical surface and being generally parallel to the major axis thereof within




| east partially over the generally spherical surface with at |east a first
helical pitch sense; a second insulated conductor means extending in a
second partially helical conductive path around and at | east—pa .
over the generally spheri Cﬁlussy,rg‘cacrez\g\ngtgau at | east a second heli cal pi_tch :
sense, which is opPosrte rom t# LAdgpst hellical pitch sense, 30 in order :
that the firsVO2f4 3§bcond_L_ns.u-L-a£ed—e-e-ndﬁe-t-or nmeans are CoNpERvgdIshe -
relative to each other around and at | east ?rtrally over the generally
spherical surface, with the first and second partially helical conductive
pat hs passi ng throd@hcdnbmt canddothérwdde a,%&ﬁ el Perlgal rface and
bei ng -generally parall t.o.the maJ or ég% S the Py%l/\;'ta #HF@S [2hd 1egond
SEEN WO 96/ 41397 BERL iEEt‘J‘ Bly eleptricglly Iqenm;cmaum the frstand BROWE $Rulated
bei ng general | y hekomattby mesrsent ed and first and second signal termnals =
respectively electrical I c‘fnnect ed to the first and second insul ated _
conduct or means. Accor df* 188 thdh inyertidngan Cémtrelhegrtetlorm@ﬁﬁ lrféludéﬁh%\ﬁﬁp]y '
i ncludes a mnul tiSpl yonnbetedsiitfact Raviss's i r{@.}“ radi us which is "~ -
greater than zero and.a m nor radl?é]us 6\)/2 |\£m%r‘3§f ert"ﬁ’ér?ef"r@drﬁa']“@mfadws
radius; a first i n?ﬁf%t‘%&@@hﬂ@&ﬁhmmar@mxa ﬁmﬂmglateﬂ .conduclor midanP&RGTRG' 1
hel i cal conduct i ve agmit e@grgunlqg,@gdc ar t over the multiply® -
connect ed surface vvrth%at | east a HSW%@?“] (L Jc%i leastpagtially %t:tjndnultmly
on
i nsul at ed conduct ofOnNgeEthsurtage witliian teastra f‘ast'shbljctﬂrrélt@;nagéﬂgeaIals},gcd;rgllur_l %ﬁedconductor

conductive path ar gk aida e ar t over the multi '
connected surface with at ﬁ"gi[ ? °8€&ﬁ {‘ ¢ond Vsemﬁlearoundmnﬂmu Reast .
opposite from t¥fe Piirrﬂslﬂywﬂmahulpplymbnme&a@urfdce vathdg eaky!

second. insulated ¢aa4y ns ar wound relative to eajé%pg‘fth?f’se B
around and at | east n}ga?%ﬁ;ﬂ {Igﬁ ?’I’iﬁqﬁt'ﬁ P‘;S‘thseE%?nr\'eeﬂbdﬂamlfeahsr,arﬂrsdcond_
first and second sing tedtcemducmlmzra'srbeﬁt}dwﬁﬁhd/ GRS leh @) conn d1o -
the first and seco?gmh@eﬁl ell,ttgd uctor means. 15 Act{):ggég' Atp{er Sat least
i nvention, an el ectT Omagnet H§°‘i"}?6qeﬁdé§ac& SIpfhﬁrstcaaﬂ secsmdfsﬁg@rel, tePminals
first insulated coneipeatioely ERAMR: E&mdétélﬂtdtﬂ f L th around.
and at | east pairt ially gver thea]gée erical su?f zrasf(t:gﬁim ﬁr?d" ﬁgtﬁgp'gja“f"r‘? gyeans. .
wi ndi ng sense; second*{ordng o EyeRiion; an emfawmagaxmceaniemg in€ludess£ Hca] '
conducti ve path ar rsm;azndrstﬁsulh%a%bndlﬁfdr nzelaé erical surface
with at least a secocgd Wi ndi ng sense. sYex?éﬁ‘E 513&1?% %ondyetive gathjapapnd
wi ndi ng sense, in 8F trei‘sﬁg?mPJr%W?Tr‘Q? Smczlesodm witls ol Rh® e ﬁrﬁpﬂﬂidﬁrfg%nsei a
means are contrawosednd &lsalbied @ohducRAGHkan d a | east partially
over the spherical surface; and first an%jggéengg{ﬁ Hrls %‘E"@F‘r‘ﬁ“riﬁlpét% around and - -
respectively el ect Pl &Y PV“ PNeE Ehecsiphgrisat $usfadd wish atamitse&aﬁwwidaﬁ-lg' @hLwhich
conduct or mean20 A¢L 5 netic antennha
conduct or_mean: Spherlﬁp’ggllftgfr&rﬁ thd) @irdt Wﬁ&lhé Sdhse, AR ofde? that He frst and second insulated -
conductor means are contrawound relative to each other around and at least partially

over the spherical surface; and first and second signal terminals respectively electrically
connected to the first and second insulated conductor means.

According to the invention, an electromagnetic antenna includes a hemispherical
25  surface; a first insulated conductor means extending in a first conductive path around -
and at least partially over the hemispherical surface with at least a first winding sense;
a second insulated conductor means extending in a second conductive path around and
at least partially over the hemispherical surface with at least a second winding sense, - |
which is opposite from the first winding sense, in order that the first and -second
30 insulated conductor means are contrawound relative to each other around and at least
partially over the hemispherical surface; and first and second signal terminals

respectively electrically connected to the first and second insulated conductor means.




25 surface; a first insulated conductor neans extending in a first
conductive path around and at |east partially over the hem spherical
surface with at least a W e; a second insul ated conduct or
means extending in a secﬂ) ) uc,:t-'l"%/élx patth around and at |east partially
over the henispherical surfac®ERFAGDat Ie]st a second wi nding sense, which
i s opposite MOMWHHE first w nding sense, in order that thePGVYSIEOI
second 30 insul ated conductor neans are contgawound rel ative to each ot her
around and at |east partially over the hem spherical surface; and first

and second signal t er nThaingerionpespdzs hicumbact,akrically Salirizéd aMBRARGYBEréAeriAR
first and second igrsu%gte conductor neans. THI' S %HEET HAS ' . SEEN = REPLACED
67 Yo o 6iog

WO 96/ 41397 PCT/ US WEACYIPECHTHY A% FqmRr g° pd g sopfigurgian:  Qiaen y
pol ari zed ant enna objetts, pnefitsand Gatudest ofthelinvéntlei will Bélasparant foRsielskiled BSthe art.
conpared to a bridge and ring configuration. Qther objects, benefits and
features of the invention will be apparent to one skilled in the art.

BRI EF DESCRI PTI ONBRIEFHPESERYWNON Off BHELDRAWING hemati ¢ of a four segnent
hel i €al antenn% accor dkﬂ:g o the inyention. FIG 2 is an enlarged view of
wi ndi ngs in FI 1. F1 803118 ay5chempats gb@ fopedeesreniihglivah gatenpa agrording to the
alternative enbodim®ptionof the invention. 10 FIG 4 is a schenmatic of a two
segment (two part) helical_antenna enbodying the invention. FIG 5 is two
port helical antenna wFith % ransglaseed yiew ohcandings inifdGi hg reversal points
in an alternate enbodi t Walo P ] to the
invention. FIG 6 i s.gﬁgi %?ﬂ%p%@?rggﬂgﬁgf %ﬁg‘@?éﬁ%%&%ﬂé@ﬁ r%?olaf'ﬂ%'t of the
antenna shown in EVepoms5 1, FIGS. 7, 8 and 9 are current and magnetic
field plots r tive t of Qi [ {ion or t nt.enna shown in
FIG 1. FIGS. eilog 11 aﬁ?'f{zga?géh%@rg‘?cg%ftPgﬁddgeﬁg‘ﬁ'?fe{“?'% P?‘!@P‘%‘?}Ia&?eé'"‘? enbedving
to toroidal posi thedneentier.veen nodes for the antenna shown in FIG 4. 20
FIG 13 is an equivale | & CUI .a termnated.transm ssion line. FIG
14 is an enl arged vi ewpo 'Cslpl(%l?‘gzl) h%rlttgé\lnmﬁldain gge ﬂkga’?%?%i"boegﬂfﬁsr%}i%@d‘{‘%rW%al
present inventi onppiots it @nialtgmemEaitiodinent andrfor ameshaatiiag atcdrdih€ tdthe invention.
cancellation and si rrpHé'beg acﬂaﬁtplio'f%ké\%g'g the field pattern for the antenna shown in FIG.

15 1.

FIGS. 7, 8 and 9 are current and magnetic field plots relative to toroidal node
positions for the antenna shown in FIG. 1.

FIGS. 10, 11 and 12 are current and magnetic field plots relative to toroidal
positions between nodes for the antenna shown in FIG. 4.

20 FIG. 13 is an equivalent circuit for a terminated transmission line.

FIG. 14 is an enlarged view of poloidal windings on a toroid according to the
present invention for tuning capability, improved electric field cancellation and
simplified construction. |

FIG. 15 is a simplified block diagram of a four quadrant version of an antenna

25 embodying the present invention with impedance and phase matching elements.

FIG. 16 is an enlargement of the windings of an antenna embodying the
invention with primary and secondary impedance matching coils connecting the
windings.

FIG. 17 is an equivalent circuit for an antenna embodying the invention

30 illustrating a means of tuning.
FIGS. 18 and 19 are schematics of a portion of a toroidal antenna using closed

metal foil tuning elements around the toroid for purposes of tuning as in FIG. 17.




FIG 15 is a sinplified block diagramof a four quadrant version of an
antenna 25 enbodying the_present invention with inpedance and phase

mat chi ng el enent s. Fler[lﬁﬂiSSS}‘f’E@T narn; nt of the w ndings of -an—an
enbodying the inventiod wth ?ﬁl S@‘y'g%lsecondary | npedance mat chi ng
coi | s connecting t he V\A‘H-d-l—n-gg-__léi_ﬂ\l

an equivalent circuit for an .-
antenna embo®fi f}1Phe invention 30 ilTustrating a means opciSédtgisF! CS

18 and 19 are schematics of a portion of a tgroidal antenna using cl905ed '
metal foil tuning elenents around the toroid for purposes of tuning as in
FIG 17. REPLACED WO PEBAABAT REEHLSDSHANHLLS: Menngleﬁboggn%%t{a schermat | ¢

showi ng an antenn dving the present invention usin equF?FQ‘ Invention -
capaci tor’ bet V\eenq}g%ggglé n%g}l’ég‘.mr%e@’eeﬂ’l’l’%%no@q-ui valent circuit of an

alternate tuning net ho#IG.0r1 iokn aqulvash: 2yt adyi n e present
i nvention. 5 FIG Zégr?shgr‘\;ﬁogan aﬁ‘tlenna accor ingﬂt{a@aﬁﬁhe)m@@gg'ﬁw‘?rrﬂfé‘rﬂuﬁ@ﬁm _

with a conductive 2873 %‘ﬁér‘h%weﬁqfiéi'tvémtiﬁnd for purposes of tuning as in

FIG 21. FIG 2B is a FeG!30dhoRs 2R Intkd 2300 FIG 24. FIG 24 is a _
perspective view of a foil cover ed at%ilﬂeaﬁaﬁédggggéér{émbes‘m 1RYSRUG Witk A conductive

f. C
i nvention. 10 FI GObYTpRenRn the taroidfos pumossstag dinimnis ifFIGN 2ant enna wi t h _
“rotational symmetry" FeebpHli¥iangcdCahl ANy iQqn. FIG 26 is a S
functional block di agr%m of an FM t r.ansgﬁ?ﬁnie:;rifu@?ﬂ&' ?(4m)dul ator controlled
paranetric tuning devi &S0 iaA PaRIPestiMe view|oBa fﬁYc@b@d&nﬁﬂnﬂE@br@MgQﬁHeﬁﬂ%Lm- '
pol oi dal | oop ant enveationt> FIG 28 is a side view of one |loop inthe dntenna
shown in FIG FIG 29 is an equivalent circuit for the |oop antenna.

7. .
FIG 30 is a sﬁhe vi ewF¥8. 25sthowsear aitpmaet entiméth Gf 3 dnfinfa %Eﬁ ial

. : . : tational
cutaway view of cylindric ptenna.according to the 1nventi o 2of2
FIG 32 is a sectign aﬁgngkg)%g‘% %, PSRt IVeNtiofy i ncl udes a di agram of the

current “in the wi ndi ng&IGi 26 isfal finctidAali odk ddddrhrh aF ay | foroid with =

toroid slots for thE'tH]ﬂfiafnd f.or. emil ation ofga pol offflg?g'fsglogrcuaﬂﬁ'ﬁadu?ﬁqmn,

according to the present RVERL YAme device on an antenna. _
FIG. 27 shows an omnidirectional poloidal loop antenna.

15 FIG. 28 is a side view of one loop in the antenna shown in FIG. 27.
FIG. 29 is an equivalent circuit for the loop antenna.

FIG. 30 is a side view of a square loop antenna.

FIG

- 31 is a partial cutaway view of cylindrical loop antenna according to the
invention.

20 FIG. 32 is a section along 32-32 in FIG. 3] and includes a diagram of the |
current in the windings.

FIG. 33 is a partial view of a toroid with toroid slots for tuning and for
emul_atmn of a poloidal loop configuration according to the present invention.

FIG. 34 shows a toroidal antenna with a toroid core tuning circuit.

25 FIG. 35 is an equivalent circuit for the antenna shown in FIG. 34.

FIG. 36 is a cutaway of a toroidal antenna with a central capacitance tuning
arrangement according to the present invention.

FIG. 37 is a cutaway of an alternate embodiment of the antenna shown in FIG.
36 with poloidal windings.

30 FIG. 38 is an alternate embodiment with variable capacitance tuning..

FIG. 39 is a plan view of a square toroidal antenna according to the present
Invention for augmenting antenna bandwidth and with slots for tuning or for emulation
of a poloidal ioop configuration. |




FIG 34 shows a toroidal antenna with a toroid core tuning circuit. 25
FIG 35 is an equivalent circuit for the antenna shown in FIG 34. FIG 36

is a cutaway of a toroidal o W tral capacitance tuning
arrangenment according to t&le f ‘H\/Eﬁ” n. FIG 37 is a cutaway of an
al ternate enbodi ment of the_ant eRBEASEBWN in{FIG 36 with pol oi dal

wi ndi ngs. 30MA%413B8 i s an alternate enbodiment with vari afCE/USEARI ance
tuning. FIG 39 is a plan view of a square tgroidal antenna according to
the present invention for augnenting antenna bandw dth and with slots for
tuning or for enul ati oFIGO#0 & Psdcavriabngd BP0 ORIG.BH ati on. TH S SHEET HAS
SEEN REPLACED WO 96/4%3%74 CTI US96/.09119 a}l FIG, 40 is section -gl ong
40-40 in FIG 39. FIG TA9- #4132 Bapvigy & apralgmaly ¢ehadypent @ 2 iR fre
antenna shown in FIGG 393 %aviayisig skiex vaihdeissWidrhtuaingt 6r fér embiaiist0 ofra Hbloidal
enul ation of a poloidal  configuration. 5 FIG 42 is a section along 42-42
in FIG 41. FIG canfigwatipneonventional linear helix. FIG 44 is an

approxi mate |inear helipfg Gz a &2tibSaltng 9RO kG e4ui val ent of the
configuration shown in FIG 45 assum ngl.that the magnetic field is uniform
or quasi uniform over tHE. A2 poryentiond linear kaliXi x. FI G 46 shows a
contrawound toroidal hehkcak ; - W ernal loop and a phase
shift and proporti onal ﬁgh?%éﬁﬁaé@l%g@ﬂ%\?\sh%ﬁ'ght hand sense and | eft
hand sense equi val ent &l6cuybtis amnempasits equinalent of thetgonfigwmatibnrshgpmat incFIG. 45

fields. 15 FIG 48 _|sS.. i Ser | nt enna. Fl 49 |
schematic of anothé U%EE:-‘% ?}gag%gg@%éﬁgér@%g.l?ll—"}]@mggglqgasg gxgq{g\n%\{e? % n%fﬁo(’?ﬂ'%ef
ant enna havi ngl@nehebix. two feed ports. FIG 51 is a representative el evation
radi ati on pattern for oi, dal emnbodi nent af, .th ntennas,of FIGS . 48-5]1.
20 F1G 82 s an per spddpr ibHvER araeng tordtel i ANEA vt 20 episriablsp a0
reflector. FIG S8phase shiftand ipeaportiomaltdontsal. vi ew of the toroidal antenna of

FIG 52. FIG 54 is an rspective. vi ew . of a toroidal ,antenn ith . an.
alternative qu 4’/ shows right hand sense and leh and sense eqt?ivgyent circuits and

associated electric and magnetic fields.
15 FIG. 48 is a schematic of a series fed antenna.
FIG. 49 is a schematic of another series fed antenna.
FIG. 50 is a schematic of another antenna having one or two feed ports.
FIG. 51 is a representative elevation radiation pattern for toroidal embodiments
of the antennas of FIGS. 48-51.
20 - FIG. 52 is an perspective view of a toroidal antenna with a parabolic reflector.
FIG. 53 is a vertical sectional view of the toroidal antenna of FIG. 52.
FIG. 54 is an perspective view of a toroidal antenna with an alternative
parabolic reflector.
FIG. 55 is a vertical sectional view of the toroidal antenna of FIG. 54.
25 FIG. 56 is an isometric view of a cylindrical antenna having contrawound
conductors with partially helical and partially radial conductive paths.
FIG. 57 is a representative elevation radiation pattern for a toroidal antenna
having helical conductive paths.
FIG. 58 is a representative elevation radiation pattern for the antenna _of FIG.
30 S6.
FIG. 59 is an perspective view of a generally spherical toroid form having a

generally circular cross section and a central conduit.




parabolic reflector. FIG 55 is a vertlcal sectional view of the toroidal
antenna of FIG 54. 25 FW tric view of a cylindrical

ant enna havi ng cont ravvou,ﬂ ' ’r‘n‘dUct61a SEftih partially helical and—-g

radi al conductive paths. _Fl G REPLAGED repr]esent ative elevation radiation
pattern for a toroidal antenna havi ng nerical conductive paths. FIG 58 is
a represent atWQR6/#B¥V at i on radi ati on pattern for the antenn@cﬁﬁsg%ﬁp 30
56." FIG 59 is an perspective view of a geneml | y spherical toroi orm
having a generally circular cross section and a central conduit.- THI S SHE -
HAS 3EEN REPLACED WO 9fy# P 19 12. . FIG 60 is a '
representative el eyation rz]aﬁglg lgt i '(();#eyé%%rgn S Bion,ragigtion a%fﬁr&ﬁ?rehmmdﬂammga
hel i cal conductive ?Yé.‘igh%e icy| qondigtive Paths representative elevation radiation
pattern for the antennagmf dil; a vertical sectional .
per spective view of a tolr@;ifg 1%;#%5\:}?%@ &evrﬁgﬂ'bfad‘ar“éfa|pﬁ§e'5rf%fa'é‘eran@mfd:lG
maj or radi us. FIGY%3 is a pl an vi ew of a conductor with a helical : :
conductive pathsfor th m of. FI G 62. FIG 64 is an perspect|ve
vi ew of the concsiuct or gl? 1q %?3% %%é'%%afl seclignal perspegtive wiew of p égreideform taving emimof
cont rawound conducfadius grgatdr thal a omjor gatickuct i ve paths for the toroid form of.
FIG 62. FIG 66 is an %ectlée V] ew of a single spherical conductor for
a spherical form antenna. %%‘?‘@b‘é‘é‘twvba\hehwl@bndmnwmlﬂmdme
spheri cal conduct otosoifl gornaof FEG. sﬁyherl cal formantenna. FIG 68 is an

per spective view of con%l:galv&und hem spherical conductors for a

heni spherical formante Pf &} PEGPSClve, Mepaaf shreeomdvatonefaiGni63an
alternative singl e spheF]IG‘.aES aongugd f orm ant enn

FIG 70 is an perspective view of glrtgﬁeef{r’lg ﬂ?gv ?g%}r&%\g@uﬁﬂ %%ﬂ%‘f“?’éa‘i"?}‘ helical -
conductors for a g?qvfaaa‘lsgi"iﬁharﬁ?féﬂnf&fm of FIG. 62. -

FIG. 66 is an perspective view of a single sphenca] conductor for a spherical - |
form antenna. |

FIG. 67 is an perspective view of contrawound spherical conductors for a
15  spherical form antenna. |

FIG. 68 is an perspective view of contrawound hemlsphencal conductors for a '.
hemispherical form antenna.

FIG. 69 is an perspective view of an alternative single spherical conductor- for -
a spherical form antenna.

20 FIG. 70 is an perspective view of alternative contrawound spherical conductors

for a spherical form antenna.

FIG. 71 is an perspective view of contrawound spherical coﬁductors for a |

spherical form antenna with series or parallel feed-points.

FIG. 72 is a schematic of a four segment helical antenna for use with the
25 toroidal form of FIG. 62. |

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to FIG. 1, an antenna 10 comprises two electrically insulated closed

circuit conductors (windings) W1 and W2 that extend around a toroid form TF through

4 (n=4) equiangular segments 12. The windings are supplied with an RF electrical

30  signal from two pins S1 and S2. Within each segment, the winding “contrawound",

that is the source for winding W1 may be right hand (RH), as shown by the dark sohd '
lines, and the same for winding W2 may be left hand (LH) as shown by the broken |




FIG 71 is an perspective view of contrawound spherical conductors for a ,:
spherical form antenna -es- allel feed-points. FIG 72 is a
schematic of a four segEEHtS BEtilcakhSdtEdnna for use with the 25 toroidal
formof FIG 62. I'! BEST M@¥ELESR) CARRY NG OUT THE | NVENTI ON Referring to

FIG 1, an antenna 10 comprises—two—etertrically insulated closed circuit
conduct or s (WhWHPS) W and W2 that extend around a toroi PGTGSA$AMI% hr ough

4 (n=4) equiangul ar segnents 12. The wi ndinggzare supplied with an RF
el ectrical 30 signal fromtwo pins S1 and S2. Wthin each segnent, the

wi ndi ng "cont r awousvks, Eatihaéndusiot Rassnmiad &ehéverthmaﬁﬁlﬁngabuﬂomucﬂaxrﬁﬁ glotindéed
(RH), as shown by | i nes d the sane for w nding W may be

dar k lid
| eft hand (LH) as }é’HgmﬁSag ‘?Tﬁ%édb?ﬁ‘"R@ﬂ”*Fﬂf%Q%FE@ﬁ Beiesy-3 By grpnchpbpPapeds ifcsach

96/ 41397 PCTI US96/ Wihbirg reﬂe?ses serlsé (R Shovirp@th€ QUisiidTleadhy. THS PR trRindR\A dnie
sane, nunber of hel | cal turns around the form as determ ned from equations

descri bed bel ow. A2 &¢j9ppactedro ghe WSd@dﬁS&"déa@hmefrﬁyphgo%e&éPm s, (las

shown in the cusavms&icu@ﬁ&h)eachmo%emlméa%ﬁmb%!rﬁoéxld ateal %ﬁ@pz b1 apd
connected to the two nodes and eac ¢£alr of such nodes is terned a

In 5 this discussit®hclands?ped 81 and FodadIG: | efosfinsgme, dhare prsrfour posts, a, b cand
designated al and @ZfReﬂch e nlﬂgor ﬁds b3y ?% ?ﬂg g{ortemgngd%s rr{ R b'él&ano#lanaéu%

i nstance, there are four ports, ative to the mn
of TF, at a given mﬂpntm@nﬂ@d@bemﬁy tbéhﬂ torisn putaly pbus on thel smtu'cmrc will bear this

anot her and to_the o gl Jh1abl 1 PRE Rpfilr bP Syl i A Solledd js D2t S Fior

sane angul ar relatlon | urns in each sSe
For 10 exanpl e 10F| amples F3Gs2 dhcavaadmmcmbd]]y opppsed addaspakite FIG i3 shovk Gverfapping

shows over| appi ng de node ach other, but from part
port the connecti o%ou%fbf Slihﬁ %85 ?Veéléﬁc?ﬁc ?lts %H%EOW?‘W {o-POf fhig con “Bﬁ‘snng@F
and S2 are rever secbreespaidingmodys eltldtengmats o PitisiSY uha SR @re teleryddl Blthown, yielding
di anetrical ly opposi t ment s h ane connecti o aral | eI

se
W £ each it i g BERTIRGEAE T AN SRy oSt AeE P Pivahs e AcrRSSH ARG
15 the currents |npztrh1&1v\wmdbm3maﬂxagﬁm:ﬁgsend shué sdné€ Thé %@ﬁlt RhdtSn ERYYESBENt
along with the wndlnﬁsens rgpse ment t g}cép Is possible to

i ncrease or dedPea®§ PHES g WAL SRGO “&f'éo“a‘ﬁ TEXFERd RlApg eiththe
segnent s, but it shWinding ébﬁsdlﬂdﬁ:r@gmeﬂ totsbg\hertthenn@ﬁ@s%xbtbe@rm@feisekﬁtde@féa&a the
to the effective transmssion line length for the toroid (takin lﬁ into

account the changeSG8Meptssplnngs SiFsar 38 FYSP Hnbes of *ﬁ@eﬁélq“&‘ﬁhq}ﬁ‘ Rf vgersined

that the nodes bear a relationship to the effective transmission line length for the toroid

(taking into account the change in propagation velocity due to the helical winding and -
20 operating frequency). By altering the node locations the polarization and directionality

of the antenna can be controlled, especially with an external impedance 16, as shown

in FIG. 5. The four segment configuration shown here, has been found to produce a

vertically polarized omnidirectional field pattern having an elevation angle 8 from the

axis of the antenna and a plurality of electromagnetic waves E1,E2 which emanate
25 from the antenna as illustrated in FIG. 6.

While FIG. 1 illustrates an embodiment with four segments and FIG. 4 two
segments, it should be recognized that the invention can be carried out with any even
number of segments, e.g. six segments. One advantage to increasing the number of
segments will be to increase the radiated power and to reduce the composite impedance

30 of the antenna feed ports and thereby simplify the task of matching impedance at the
signal terminal to the composite impedance of the signal ports on the antenna. The
advantage to reducing the number of segments is in reducing the overall size of the

antenna.




20 operating frequency). By altering the node | ocations the polarization
and directionality of trant enna can be controlled, especially with an

external inpedance 16, a$ THI®WGHEET mABI Gppp] The four segnent confi-gurati-on—
shown here, has been fouhnd to prmddes a vertically polarized ' )
omidirectional field pattermhaw vation angle B fromthe axis of:
the antenna MA%IPural ity of el ectronmmgnetic waves El, E2 ,;@1431.1(&@ Sipnate .
25 fromthe antenna as illustrated in FIG 6, VWile FIG 1 illustrates an -

enbodi mrent with four segnents and FIG 4 two14 segnents, it shoul d be

recogni zed that the i nwyRilé Othe C3R Ll e u ith any even _ nunber of
segnents, e.g. Six_segments. &g .rz‘i]g@agd?"gét ‘gft’c??i {r%c\r{\ééa Pﬁ'béét He VATHHBr nolarized
segnents will be t3MPREFLREY friation patiere aspidiusiratainih FRGT 6¢UC Bad BEnCRIRGRIL ©
i rpedance 30 of t hfeceghiRINArdBR hnP oS4 S thereby si i fy the task of -
mat chi ng i-npedance at the ;iuagnal ?‘ér@p?;é;ﬁftegﬁlfﬁgx oﬂ%%&i‘%‘“i‘%ﬁ%ém@nbfand ,
the signal ports ofderEngdingcofntie eltreentaayi\elootrizgdipble ArRehds it ﬁ]{gecagggo%e%& .
segments is in |5edu,9(;,_§g thber@¥Bh 7185‘%%9; the = antenna. TH S SHEET '
SEEN REPLACED WO 96/ 41397 PCT/ UsS6! DGTTE ™ FICHiRT river ple magnqtiar sureats iogrflux.
goal is to produceThereers, ithmnignng orilirtietiatuseamivith regpkitan als aﬁﬂﬁi* E,t%g&hcg%héheg n-
as illustrated in E,ld&eﬁ@cm? nt EndEsn r{,gret ?fore recogni zed through the = -
principle of equi vg’lt;nce of el ect T oithgnetl Felerence doFlG a baleneed signaliisigpphied
the el enentary el et ¢ sigilgeinginalniSerand Sehathis Kpsal GRtheR 0BG 9 rough
the creation of a”héﬂ:&l”@&:ﬁ% cl @Cé{ltggr r.i g%\mg)f ﬁagnej i_ec Qﬁ’rfé%\f(t%grto P]e[}Q‘_'mcgal_
Therefore, the 1%ntenna w1 POThe? el dovigy Ojd frasypeission kinest Asaibikhowy fro the
produce such a 10natheeryiof balancedntangingskioh rbs, @hanyVi; erence to FILG 1, a -
bal anced signal sy pC?lI Led. Eo t he si gnal terar;ll'y\rﬁgalIt'lés?1 %‘ﬁ&airlfc?f{]%% mussin line,
i s then communi cat 6d Focthd s tyPFanduciars 27| 18 dlegirepoottof phhder CUHH @adhind the
bal anced transni ssnades td wkish th83rah&mikdiehihel o h heory of bal anced
transnission |ines, at a%gi ven poli nt a]eon.g'{gtclh’e&teFérges"tﬁs%gg?l(fﬂmmuﬁ%ﬁoPr.Qpﬁéate
currents in the tws &l r¥avgr & both diseptionss avay foém péuab enodelpOMTheRAE LGS
the 'nodes to whi chistribetiérsailsgi wisi BRirldifR&: cthe cyrrent signal .
continues to prlgpagﬁélﬁsas a_travel iﬁf‘ﬁmgifg%?ﬂ%é‘? ma‘ﬁ&éc?itﬁ Jongdapr rsegrment
each node. These c - 19 4% farisha twersgmaene anfenaiatrespediviely ait bRCrefeRMcdl 8 these
shown in FIGS. 7 t plof tb@e porls ho®RIWR FIGS. 10 - 12 for the
two segment antenna respec‘t?f)i vel y.ang aépgJ?eeffljesﬁ%%@g‘(ﬁ'cicﬂnmé%r"bfecg?%‘Q@azmc :
ports or nodes, whE{Ey Bhigagalysis asswmes ithat dher signt] egeddyr Rf Rh& goomgagﬂ&tngcf
e .

current. This anal ' ' | frequency is tuned to t
cutrent YtoicRuré SShRsn Hddect G Gt ference of the st¥ucture is one wavelength in

length, and that the current distribution on the structure in sinusoidal in magnitude, -
~3

20  which is an approximation. The contrawound toroidal helical winds of the antenna -
structure are treated as a transmission line, however these form a leaky transmission
line due to the radiation of power. The plots of FIGS. 7 and 10 show the elcc-:triC :
current distribution with polarity referenced to the direction of propagation away from ,
the nodes from which the signals emanate. The plots of FIGS. 8 and 11 show the same. '

25 current distribution when referenced to a common counter-clockwise direction
’

recognizing that the polarity of the current changes with respect to the direction to
which it is referenced. FIGS. 9 and 12 then illustrate the corresponding magnetic' E
current distribution utilizing the principles illustrated in FIG. 1. FIGS. 8 and 11 show

that the net electric current distribution on the toroidal helical structure is canceled

30 Butas FIGS. 9 and 12 show, the net magnetic current distribution is enhanced. Thus

those signals in quadrature sum up to form a quasi

-uniform azimuthal current
distribution.




structure such than the electrical circunference of the structure is one

wavel ength in |ength, an(ﬁgs [gélf;l}:,_tLi!cp ctrFent di stribution on the structure

i n sinusoidal in magni > D= I"\e’h'BEFsN‘—Fn approxi mati on. The contrawound
S

toroidal helical winds_of thBt¥@éBna sjructure are treated as a

transm ssion |line, however these forma 1leaky transmssion line due to the
radi ati on of WMoP6@1397 The plots of FIGS. 7 and 10 show t he ePETBILINYur r ent

distribution with polarity referenced to thedirection of propagation away

from the nodes fromwhich the signals emanate.. The plots of FIGS. 8 and 11

show the sanme 25 curremnedbifdwih®@ald RSy eMiRehty @lboaidaiRaatfed icBNBR Mhe invention:
counter-clockw se direction, recognizing that the polarity of the current

changes with respdéthe #tenma myst b tunehtopthe sighal frpapency si-¢-at dieavignalifrequengy, the

and 12 then il ustedirfal ARupFEEMRPRALh DY eAABBAAAE of b Edr6iakl Helicd Sinkitirk QRbuld
utiljzing the principles illustrated in FIG 1. FIGS 8 and 11 show that

the net electric O6ANegvarter avelsath,. ) thesignals af each neds shawd be af unjformeampliaudes
led. 30 B t :
cancel e W &g thi e@@_na@ a%dchlﬁoﬁ hiRdId tggfcg%alg@ggg 4)CthE W nﬁlr'%l%nhed the

distribution is enhanc Thus those sig at'ure sum to form
a P quasi - uni f or mtermipals Ahrnd:82 should bedialaneddp and dithe ingpetinics oS HERTAnkNIsSon B
REPLACED WD 96/ 41 0 ' is

shoul d be sati sfi e%gg’?%')‘gcrg‘?'{?g& @83 ﬂ%ﬁ%nal}ﬁe\yrgﬁpﬁognl Adf%ﬁgh%%ggﬁg%nﬁiﬁ@gg}o%ﬂ
tuned to the si gndielial espmetues/ shoule beamatchesl $¢ ghealrespeatiye cloads, att bach end of the

el ectrical circunferenti.al .length of each segnent .of .t t oroi dal heli cal
structure shoul d ‘Baés%ﬁ%‘g‘a&‘a?f R AV r@?{gtf)ﬁ:ﬁ%ﬂat% H%"%ir%ﬁﬁ?oé‘s‘at each node
shoul d be of urdform aghent catbrlatibg e ditvensiorgrfat theaintennd; the fllowirdpoit dollkaving
equal phase, 4) the signal applied to the termna]s.Si and S2 shoul d be
bal anced, and 5) t%'?egﬁféa%‘%gdéﬂt [78u3tions, that Weiusef PYlow  segnent s
connecting the signal taeenhealaforaxit ofadordg; to the signal ports on the
toroidal helical structure should be matched to the respective |oads at
each end of the trans®i SPemiPerAsisQidbiatofus n order to elimninate signal

reflections. 10 When ca) aubatsh ROmidee dinfBRr I emsStobar t he antenna, the
followng the follow ng paraneters are ysed in the equations that are used

bel ow. a = thel¥mjor aff § Hie umbst pturns pf the helical qpgducgr; wrapged jappund Jhe, dompys=
2 X b = mnor diameter nok duigbel QrkSpekuniY 1engihe nunmber of turns of the

hel i cal conductor w apped around the torus;
V, = the velocity factor of the antenna;

a(normalized) = a/A = 2
b(normalized) = b/A = b
20 L. = normalized conductor length
A, = the wavelength based on the velocity factor and A for free space.
m = number of antenna segments
The toroidal. helical antenna is at a “resonant” frequency as determined by the
following three physical variables:
25 a = major radius of torus
b = minor radius of torus
N = number of turns of helical conductor wrapped around torus
V = guided wave velocity
It has been found that the number of independent variables can be further
30 reduced to two, V, and N, by normalizing the variables with respect to the free space
wavelength A, and rearranging to form functions a(V;) and b(V,,N). That is, this
physical Structure will have a corresponding resonant frequency, with a free space

wavelength of A. For a four segment antenna, resonance is defined as that frequency

e



n = nunber turns per unit length Vg = the velocity factor of the antenna;
a(normalized) = a/A=a b(normalized) = b/A=Db 20 L,,, = normalized

conductor length Ag = th "“'W " on the vel oci tyfactor—and-Afg
free space. m = numnber 3‘9@% Shhh ‘EegREHY } The toroidal helical antenna is
at a “resonant” frequency_as dBtRr¢ERed by|the followi ng three physical
variabl es: 25Wa96idn3g or radius of torus DB = mnor radius oéF orus N = -
nunber of turns of helical conductor wapped_ around torus = ﬁﬂf”ﬂé’ﬂ wave
velocity It has been found that the nunber of®i ndependent vari abl es can be.
further 30 reducegp : by nornmalizjng the variables with :
respect to the free E%JE%T%fgﬁg%gyﬁh%?&gnB’alroéé‘?“rsdﬁa'?enﬁa‘te!ﬁnt@rlmg‘. ulncgeheraly
a(Vg) - and b(Vg, N) . PFHEIONAR opefating freduesiycialthas Fretinby & Wikt 2 ba,Ycﬁ?gw ve is create
correspondi ng resoggnhe fmGAHE WY eru M Fh a .flgee space wavel engt GF VeAS cRegied
four segment antenna, resonance ;& detiREh £ach segment «of b canteni Ss Sr4ilguidkd

HAS 3EEN REPLACED%aAGlo®tniodg 1i.Cadh ine/19 M ER5. 116 . | reunference
of the torus" gy Oﬁnﬁisiisﬁ t'l? one ve{})ent?&h | ong. |ahw82?f§§%{i& ‘%‘%@né@soﬁ‘a‘ﬁ?
operating frequency | ha aﬁ’s}’@&%\ﬁﬁﬁ © SFuchiie bas amajon Adtumfereaceafione G ednpth,
on the antenna str aud thabthedeedsfand Wi afL el 0"9fng§1)h&nﬁ§§r pna is 1/4
gui ded wavel ength Iongﬁ‘é. . .ea}ch node 12 in FIG 'S ‘he 1/ 4 gui.ded -
wavel ength). In this 5 anaygg‘f’g, agtpr pisthg antgnnads givan byhe structure has a

maj or ci rcunference of one wavel ength, and that the feeds and w ndings are
correspondi ngly configured. The vel o_c}) ty Wactps ofq he ant enna is given by:
V=V=2na=4L 718 ac M (1) ke physTgal” gjpefisions of the torus
may be normalized with respect to the free 10 space wavel engths as
follows: a a=- b=b

| The physical dimensions of the torus may be normalized with respect to ihe frée‘
10 space wavelengths as follows:

&
1

>|a
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@ .
The reference "Wide-Frequency-Range Tuned Helical Antennas and Circuits”
by A.G. Kandoian and W. Sichak in Convention Record of the I.R.E., 1953 National

Convention, Part 2 - Antennas and Communications, pp.42-47 presents a formula -

15  which predicts the velocity factor for a coaxial line with a monofilar linear helical inner
conductor. Through substitution of geometric variables, this formula was transformed
to a toroidal helical geometry in U.S. Patents 4,622,558 and 4,751,515 to give:

_ 1
Ve = — =
\J 14202 b NV (2 b
L A
- . 3 ] (3) . |
While this formula is based upon a different physical embodiment than the inventioxi -
20

described herein, it is useful with minor empirical modification as an approximate
desgription of the present invention for purposes of design to achieve a given resonant
frequency.

Substituting (1) and (2) into equation (3) and simplifying, gives:



(2) The reference "W de-Frequency-Range Tuned Helical Antennas and
Circuits" by A G Kandoi Er—aﬁt# ~-Sh-& n Convention Record of the

| . R E., 1953 Nati onal F@ﬁt PO, HABtBEEN-| Antennas and Communi cati ons,
pp. 42- 47 presents a formula 15 R/HHLB@Emredl ts the velocity factor for a
coaxial line with a monofiTar fThear—tetical inner conductor. Through
substituti onWef9sgEdhetric variables, this fornmula was trandcoUsPYo a
toroidal helical geonetry in U S. Patents 4,122,558 and 4, 751, 515 to gi ve:
V8 | 1+2 2bN )2-5 (2bs L I X) (3) Wile this fornula is based upon a
di fferent physical enbodi nent than the invention 20 described herein, it
is useful with m nor errplrvca.l_cmdl_f_l_cl.al_mn_a.s_ crlptlon
of the present invention fof urpospﬁﬁij@_ \gesi gn to[ achreye ,¥#N resonant
frequency. Substituting (1) aﬁd (2)) s eq(m;ofona\k MIE_;B?L fying,
gives: 1 THIS S;a :] AS 3EEl t RERIMEGED WO % AL397 /09119 17
Vg=1 =1 2s 2s6'" 1 + 2 252anV( ~).s 1 + 160 .25nV 8 8 (4) From
equation (1) and (2), the vel ocity factor and nor mal i zed maj or radi us ai@)

directly proportional to one another: g = 2na (5) 5 Thus, equations (4)
and (5) may be rediremegeationdl)sandd), ilwrvetqqéy fastomand wmallmjworamdiummahrecﬂy

torus radii in terp%ogtflon\é“oa&g&”mhgnM V8 = 8n (6)

[ 4
®)
5 Thus, equations (4) and (5) may be rearranged to solve for the normalized
major and minor torus radii in terms of V, and N:
a-"e
8=
(6)
1
b = (I'V:)\/Vx 3
4 23
160(—N)
m
@)
subject to the fundamental property of a torus that:
-I%=2s1
d a
10 ' ®

Equations (2), (6), (7), (8) provide the fundamental, frequency independent
design relationships. They can be used to either find the physical size of the antenna,
for a given frequency of operation, velocity factor, and number of turns, or to solve
the inverse problem of determining the operating frequency given an antenna of a

15 specific dimension having a given number of helical turns.




_(1.v8~ Vg 3 160(4 N) 23 m(7) subject to the fundanental property of a
torus that: b=bsl a a 8 (2), (6), (7), (8) provide the
IS "SHE
ﬁ%§p ER&‘ dﬁsm

fundanental , frequency n rel ati onshi ps. TFhe an—be_usad
to either find the physigal Dthp ntenna, for a given frequency of
oper ati on, ve{v%gr#‘%gfactor and nunber of turns, or to solve the inverse
probl em of deter ﬁg the operating frequency given an ant een@ssifesfe . 15
speci fic di nension having a given nunber of Rglical -turns. TH S SHEET -HAS
SEEN REPLACED WO 96/41%9fzﬁECT/ US96109119 18 A further constraint based
upon the referenced wor Mam:dmm tﬁ@dj Spon R in terns
of the normalized IR §I%F ; 8 nD2 %Xn&ﬁu@gf? WS%C%)"
es. Rearranging thi to i E’rrm %ﬂﬂﬁﬂm&bﬁg aedolitwson (7) ‘gives: -
(1-v82) Y 1. r b=s m8 2 160(4 N) 2. 5 80N M 5 (10) Rearranging equation.
(10) to separate variables gives: 1- vznaélsnyg g NGBS p(11) The resulti.ng“
quadratlc equation can be solved to give: i~ 25,y Sg '
8

- . | (9) |
Rearranging this to solve for b, and substituting equation (7) gives: o

5 == VZ)‘/_ (sozv]

160(% N)
5 a0
N . . (10) .
Rearranging equation (10) to Separate variables gives: |
2
1-Ve 16N
S——=q
v, J3im
(11)
The resulting quadratic €quation can be solved to give
y s serje?
g
2
(12
10  Also, from (6) and (8): !
8nb
Vet T
(13)

Constraint (13), which is derived from constraint (8),

appears to be more stringent than
constraint (12).

The normalized length of the helical conductor is then given by:




a+ a2+4 gz 2 (12) 10 Also, from(6) and (8): V Z 8ab a m (13)

Constraint (13), which I.'ﬁitlgj edq‘;’r‘-,rg nstraint (8), appears to be nore
stringent than constréi %ﬁ' "[B;e HAEBl i zed |l ength of the helical
conductor is then given_by: WD SEEP! REPLACED WD 96/ 41397

PCT/ US96/ 09119 19 LW= 2n (N 9)1,.d2 = 2nb N2+(a)2 b (14) The wire
length will B¥H49% zed when a=b and for the mini mum nunbfiCTBISYWIYs, N.
When a=b, then from (6) MVg b= 8n (15) 5 @nd thus Lw=-Vg N2+1 > nvgN 4
4 (16) For a four segnent antenna, m =4 and Lw > VgN (17) Substituting

equation (15) into equation (10) gives 3 0.4 VBN = n_(1-Va 10F 10 (18)
For mnimumw re [ ength, N=m nimum :=42ﬂma___fﬁlil’ ﬁﬁ‘qi_f?nt ant enna,
w 5 .

14)
The wire length will be minimized when a=b and for the minimum number of turns,
N. When a=b, then from (6)

B ng
8n
(15)
5 and thus
iw=ngJNT+]T s ngN
(16)
For a four segment antenna, m=4 and
L,>VN
17
Substituting equation (15) into equation (10) gives
ﬂg 2 04
VN = (1-v))
) [loﬁ ’ ]
10 (18)
For minimum wire length, N=minimum=4, so for a four segment antenna,
VN = 1151 <L,
(19)

In general, the wire length will be smallest for small velocity factors, so equation (18)

may be approximated as



VgN=1. 151<Lw (19) In general, the wire length will be smallest for small
velocity factors, so equation (18) may be approximated as t TH S SHEET HAS
BEEN t REPLACED WO gqgggggwmmm 9119 20 0.4 VN= 10F (26 whi—ch
when substi-tuted int equaﬁ'ﬂmcé[}G) gijes 'L 3 --).4Lwm =0.393 m$
320 (21) Thus for aLJ-_-bu-t_—#L-\m—s-eg-uBn-t— antennas, the equations of Kandoian
and Sichak pM&HISEH3975 that the total wire length per condugbpisyiisisePe
greater than the free space wavel engt h. Fro%t hese equati ons, one can
construct a toroid that effectively has the™ transm ssion characteristics
of a half wave antenna |inear antenna. Experience with a nunber of
contrawound toroidal helical antennas constr cntseTAaccordi ng to this

i nvention has shown that the resonant f?%ﬁ” of a given structure
differs fromthat predicted 10 by equations 19ym (6) and (7) and in
particul ar the actual resonant frequency appears to .~. correspond to that
predi cted by equations (2), (6) and (7) when the nunber. of turns N used in-
the calculations is.larger by a factor of two to three than the actual (20)
nunber of turns ﬂ@?dbw noubstiteted into equatior (16) gived N some cases, the actual
operating frequency appears to be best correlated with the Iength of wire.
For a given length of toroidal 15 helical conductor Lw(a,b,N), this length

will 'be equal to the free space wavel ength of an el ectronagnetic wave
whose frequency is given by: fw(a,b,1V) = x3 %(a, bN) (22) i,. In sone
cases, the measured resonant frequerfoy st=;9r3§éimt’ed by either

0.75*f,,(a,b,N or f,,(a,b,2N). For exanple,’at a frequency of 106 WMz a .
| i near hal f - -

(e2y)

Thus for all but two segment antennas, the equations of Kandoian and Sichak predict -
that the total wire length per conductor will be greater than the free space wavelengfh. =
From these equations, one can construct a toroid that effectively has the
transmission characteristics of a half wave antenna linear antenna. Experience with a |
number of contrawound toroidal helical antennas constructed according to this invention |
has shown that the resonant frequency of a given structre differs from that prcdicted
by equations (2), (6) and (7) and in particular the actual resonant frequency appears to
corresppnd to that predicted by equations (2), (6) and (7) when the number of turms N

used in the calculations is larger by a factor of two to three than the actual number of
turns for one of the two conductors.

10

In some cases, the actual operating frequency .

| appears to be best correlated with the length of wire. For a given length of toroidal
15  helical conductor Ly(a,b,N), this length will be equal to the free space wavelength of |

an electromagnetic wave whose frequency is given by:

bN=—O
J(a,b,N) TasN

| 2)
In some cases, the measured resonant frequency was best predicted by either

0.75*f,(a,b,N) or f,(a,b,2N). For example, at a frequency of 106 Mhz a linear half
20 wave antenna would be 1.415 M (35.7 in.) long assuming a velocity' factor of 1.0

Wwhereas a toroid design embracing the invention would have the following dimensions.
= 6.955 cm (2.738 in.) -




20 wave antenna would be 1.415 M (55.7 in.) long assum ng a velocity factor
of 1.0 whereas a tor0|d d I nvention woul d have the

fol | owi ng di mensi ons. UE@H SHEM HAS 7 .) THI'S SHEET HAS BEEN
REPLACED WO 96/ 41397 PCT/ U596/ 09REFI.ACED, 1.430 cm (0.563 in.) N = 16
turns #16 wire m= 4 segnBME“For THis=eMyodi nent of the toroidal design,
equations (2)WOPEH¥Nd (7) predict 5 a resonant frequencyPEfUSI$N1L9 \Hz
and Vg=0.454 for N=16 and 166.7 Mz for N=321. At the nmeasured operating
frequency, Vg=0. .154 and for equation (4) to hold, the effective value of
N nust be 51 turns, \/\hib:h=ils43acﬁ1a(@t368 i) 3.2 larger than the actual val ue
for each conductor. ﬁhl Is:l6case,#l% a,b,2N) = 103.2 MHz. In a variation
on the invention shovvn ourns connectlons at the two 10 ports-a
and ¢ to the input si gnﬁxl =3f eghetken, as are the conductors at the
correspondi ng nodes. emai ning fo en rts al 1-a2l, al 2-a22, cl
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a signal which is e difeasw GIadb@NUGEstIHR §INRirks) GiHNEs S FBRR 108 3.5 rberitha the
the current distributions on the toroidal helical conductor are simlar to

those of the embodpftedltvalugortach canduetrs In s Fase.nfg(@heNya 3.2 Mzt i on
pattern but with fewer I‘nequﬁ?J&ggﬁtth ni?&ﬂ ol in Cﬁ'Sgrﬁ?e:' c&nﬁ?&}[ H WQIO

the signal ports which sinp JUSt nment an tanin enna
structure. 20 'Ilﬁe portd 2l ¢ odhe inpuicigndl are ke cassarertip cmiuanormgmmrnsmhmg

than a helical - h |r f i Qpventj.on.
FIG 14 shows one Egé: ?%r"ﬁ%d’@fgfé%ﬁd%ng ﬁ?g po?% Eifal %@P?ﬁﬁgfé%omm
wi ndi ng pattern"), taxdnmaeldwltﬂ”mrdaeihnm 2 whosedmpydanesis nardhed Rethe Wtrihsis ithddaste
conductors WI. V\2 C i nt o erigs of interconne ol o
Toops 14, 1. The | nPLieSRETRRGe sk ity B caPuintomicb idishigagasclor
[rﬁj or axis. The Evmmmaﬁﬂreaigmabmﬂdmohﬂfrﬁm&he&e eemrnwimt tﬁchfﬁo?Lde@FIG emtd feflgct
I's arrange r e exact capcell.ation o e toroi
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current conponents dmtﬁbatlad; daythe tdreidplotedical adond ey sare dikiilar &;nthosildfﬁtné emBodiment
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ter I I.C A
the resonant fr equgﬂgg olf tplﬁseprg wgt 8 Bon pattern sut with E:WCI‘ feed connections
between the signal terminals and the signal ports which simplifies the adjustment and

tuning of the antenna structure.

20 The toroidal conirawound conductors may be arranged in other than a helical
fashion and still satisfy the spirit of this invention. FIG. 14 shows one such alternate
arrangement (a “poloidal-peripheral winding pattern”), whereby the helix formed by
each of the two insulated conductors W1. W2 is decomposed into a series of
interconnected poloidal loops 14.1. The interconnections form circular arcs relative

25 to the major axis. The two separate conductors are everywhere parallel, enabling this
arrangement to provide a more exact cancellation of the toroidal electric current
components and more precisely directing the magnetic current components created by
the poloidal loops. This embodiment is characterized by a greater interconductor
capacitance which acts to lower the resonant frequency of the structure as

30 experimentally verified. The resonant frequency of this embodiment may be adjusted
by adjusting the spacing between the parallel conductors W1 and W2, by adjusting the
relative angle of the two contrawound conductors with respect to each other and with

respect to either the major or minor axis of the torus.




ifi ' f this enbodi nent nmay
' [ tally verified. The resonant frequency o
gg :éfﬁ;gﬁn by gdj usting the spacing between the parallel conductors W1

' i be—pf—t-he two cont r awound—conRduct Ors—
o Ceepi ?djt oo 2% E)Pﬁerrtm%m}é%ﬁ?ﬁ?)@gpm g- either the major or mnor -
with respect to ea . D . o o n
axis of the torus. THIS S I_H, 5&_---_-@@ REr'f! ACED WD 96/

i each of ™ Sj shoul d -
0 bl ane 031]?_50:]5’41292, T[]e tsl)ggﬁlesaﬁf)t ﬁg(r:h(;ﬁﬁt hgqa:algnﬁwlagﬁ?':u gﬁl\)\ﬂ%%uni form
be bal anced with respec ( =N 't ho _.
[ d phase i"h order to carry ou .
1800 phase difference) magnitude an rt cament s
i nvention in the best rl!hté%ibgntl'lﬁaé ﬁdgg%!me‘;s?ﬁg{ pérﬁ]sﬁ%sﬁi%"ﬂgb%é&gﬁzﬁg“mt
anﬁglt fon nd ot ods rr‘]??‘gﬁg?th%roﬁi-ﬁdmabmﬁiwhgmh upifotrs 1607 biiGe GRLAYOHEhitge
, ; W e
e of e St B okGRR W00 i SETAY RE B i
t he shape o the Torm upon '  atio
cause vari ations !%ﬂsmﬁﬂeﬂdweéememhd;wl@d?d bﬁg?itg}eg(?ﬂfﬂgth\éléﬁgs?l% gtsthtgﬁs!ﬁnal.
o oL RIEtnn b L) b 55485 8 st phener et
the currents ent i - _ A toraidal .
and phase s0 as td° pelceh e¢. ri bed ?fg@%?ﬁhm&g‘?%ﬁ eg’lflotﬁ?ﬁ%ap? °f_
el ectric current Qﬁé"r?&'?r?'ﬂhéq %icﬂ ti%’a?? yau O°rti9/|6’iﬂt%1lf¥‘?0150naylnmse savihtiohs in -
the inpedance at the sigha tierm o a;aﬁ@hyﬁ, pfeq%--rpz,ﬂa, . |
O PN - coe o Saaignpie. feet‘j, i nes each of qué{{lgtfoé‘nséwaﬁﬂh
| P e gnn\é\gulzd gg‘%ﬁ%@aﬁfﬂ@p‘ﬁﬁﬁé? 5Q #hat therfummenis eatesing ltﬂmnhirmfb‘mealﬁe
I npedan , : . -
gt tg si gnal t@r rafibalancegismagnitadestrdPhasé Qo at fo ér?ﬁe tl’\%@gg%gﬁglﬁ tca%[,‘?fﬁ signa

' i aanQfithe
i i ive value Z, different rom above,” B
E:glrjlmdnglasc\gre; ieeg gﬁ hwu FlRCEiG AP ent GRmpenentscassiesarived belewd IhithesimpRACOrANE the

' | ptr i psi Gnd Zf =70 7Z1.
| engt timpedupce andle awamarmAfd R1Z,] BSicGy| Sperance of Zf = 20 Z1.
?Eagéﬁ;r;\?ve :ng i'mn%g:jugnc s coigl d be matché?d% ?lhy %%F‘é‘ &4 he pigpal impedance
’ 53

constructed from & Bt YA 2 MlueoleZemts,, thinahé erenddnnesuld bOQrHEE out

i I nal i v led to the signal ports assom
7RG 16 ; ﬁéé‘?"%‘?gﬁ’i%% 8 St & R e e 2 sbbehapos raratil

be matched to the PEOPAIPHOL thase dmpesonees quitheatigtal tererisal afasa Bahd!Br 70

. If th
i i lanced si ghal" ‘at

| arigped Réth . rmnal. to.a bal, _
f ﬁgvgr;ngp 33?? sagn thﬁ'bgont ?3‘&3%‘25’"%‘%‘?%?”5%3 Wé'ls{“@aYal‘éet Fudifigreat from tahovehithe

i nductive 25 coupl'PHguapsPeldde carhied odupith goaredabdve GrpBforh&t RaS ﬂnﬁsg%g%{ gha

i to enable t enna
he ante j.usted .so as b :
Structure Lo resonaenyy ol ind oyl 343 0iE Brdkdietes ofRases Zundn sencral,
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20 transmission line elements. The feed lines from the signal terminal could be

inductively coupled to the signal ports as shown in FIG. 16. In addition to enabling

the impedance of the signal ports to be matched to the feed line, this technique also .
acts as a balun to convert an unbalanced signql at the feed terminal to a balanced signal |
at the signal ports on the contrawound toroidal helical structure. With this inductive

25 coupling approach, the coupling coefficient between the signal feed and the antenna
structure may be adjusted so as to enable the antenna structure to resonate freely.
Other means of impedance, phase, and amplitude matching and balancing familiar to
those skilled in the art are also possible without departing from the spirit of this
invention.

30

The antenna structure may be tuned in a variety of manners. In the best mode,

the means of tuning should be uniformly distributed around the structure so as to

maintain a uniform azimuthal magnetic ring current. FIG. 17 illustrates the use of o

poloidal foil structures 18.1, 19.1 (see FIGS. 18 and 19) surrounding the two insulating




those skilled in the art are al so possible without departing fromthe
spirit of this invention. 30 The an a structure may be tuned in a

vari ety of manners. |In THIS $ET WERI&tENtlhe neans of tuning shoul d be
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control the react ge®natdh whishCéani sereop b asdnibinetl tenisg releaieny @nd addiaibreforean FM

adj ust the natural freguency of  t gQn nt.rawound. t or oi FF' t&e%ical .
struct ure transmitter as shown in . 26 having an oscillator amplifier 26.2 to receive a voltage

20 from the antenna 10. Through a parametric tuning element 26.3 controlled by a

" modulator 26.4, modulation may be accomplished. The transmission frequency F1 is

controlled by electronic adjustment of a capacitive or inductive tuning element attached

to the antenna structure by either direct modification of reactance or by switching a

series fixed reactive elements (discussed previously) so as to control the reactance

25 which is coupled to the structure, and hence adjust the natural frequency of the
contrawound toroidal helical structure.

In another variation of the invention shown in FIG. 27, the toroidal helical

conductors of the previous embodiments are replaced by a series of N poloidal loops

27.1 uniformly azimuthally spaced about a toroidal form. The centermost portions of

30 each loop relative to the major radius of the torus are connected together at the signal

terminal S1, while the remaining outer most portions of each loop are connected

together at signal terminal S2. The individual loops while identical with one another

may be of arbitrary shape, with FIG. 28 illustrating a circular shape, and FIG. 30
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0 the case of a continuous conductor. This device will have the effect of a ring of

electric dipoles in moving charge between the top and bottom sides of the structure
i.e. parallel to the direction of the major axis of the toroidal form.

The embodiments of FIGS. 27 and 31 share the disadvantage of relatively largé N

size because of the necessity for the loop circumference to be on the order of one half

25 wavelength for resonant operation. However, the loop size may be reduced by adding
either series inductance or parallel reactance to the structures of FIGS 27 and 31. FIG..
34 illustrates the addition of series inductance by forming the central conductor of the. .
embodiment of FIG. 31 into a solenoidal inductor 35.1. FIG. 36 illustrates the
addition of paralle! capacitance 36.1 to the embodiment of FIG. 31. The parallel
30 '

capacitor is in the form of a central hub 36.2 for the toroid structure TS which also |
serves to provide mechanical support for both the toroidal form and for the central .
- electrical connector 36.3 by which the signal at terminals S1 and S2 is fed to the |
antenna structure. The parallel capacitor and structural hub are formed from two
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for a wire inductor are given in the reference Reference Data for Radio Engineers, 7th
ed., E.C. Jordan ed., 1986, Howard W. Sams, p. 6-13 as:

C - ozzse,[(zv-l)ﬂ

(23)
20 and

‘wire

217353 Logm(ls-‘i) - 6.386]
00} d

24

where C = capacitance pfd
L,..= inductance uH
- A = plate area in?
25 t = plate separation in.

N = number of plates

a = mean radius of wire loop in.
d = wire diameter in.

¢, = relative dielectric constant




(24) where C = capacitance pfd L,= inductance H A = plate area in2 25t =
pl ate separation in. N = nunber of plates a = nean radius of wire |oop in.

d =wire dianmeter in. e, ~telative dielectric constant 1THI H=—HAS—SA-AL
~EPl ¢ . D WO 96/ 41397 ---fIH]B’Q;H;{lﬁQ@A@QJJE@ﬁ 26 The resonant frequency of . -
the equivalent parallel aircuitgesassym ng total of N wres, is then

gi ven by: = Wesdsizpww~C wi-re—25) 2a—." (26) 5 For a tﬁtlzﬂlﬂ%lm orm
with a mnor diameter = 7.00 cm (2.755 in.) and a nmgjor inside PNt er
(di ameter of capacitor plates) of 10.28 cm(3§046 in.) for N=24 | oops of
16 gauge wire (d=0.16 c I N, wi.th a plate separation of t=0.358 cm
(0.141 in.) gives a cal ?ﬁ%?%gﬁ trfé%éf%]rgfﬁt"f#}}eeedﬂgﬁlev Refaligbgiregit \agsumimiga totaleof N. -
enbodi nent of FI G W3®s, is thenigihdudlyance of a single turn toroidal |oops 10
is approximated by: L= 0b2 2a (2 ) . where ;aOis the perneability of
free space = 400w nHm and a and b are thejmajor gnd mnor radius of the -
toroi'dal formrespectively. The capaci? a’n?fn:(: £ Ilel. plate
capacitor formed as the hub of the torus i wg:pven '-,é )2 C=ECE, A =ECer
a-bt t 15 jiT

@5)

)
2n

26

For a toroidal form with a minor diameter = 7.00 cm (2.755 in.) and a m:.joi
- inside diameter (diameter of capacitor plates) of 10.28 cm (4.046 in.) for N=24 loops .'
of 16 gauge wire (d=0.16 cm (0.063 in.)) with a plate separation of t=0.358 cm |
(0.141 in.) gives a calculated resonant frequency of 156.5 MHz. |

For the embodiment of FIG. 38, the inductance of a single turn toroidal loops
10  is approximated by: -

_bob?
2a

L

en

where g, is the permeability of free space = 4007 nH/m, and a and b are -the majdr '
and minor radius of the toroidal form respectively. The capacitance of the parallél
plate capacitor formed as the hub of the torus is given by:

n(a-b)?
t

e A
C—eoe,T =g,

15 (28)

here ¢, is the permitivity of free space = 8.854 pfd./m.

Substituting equations (27) and (28) into equations (25) and (26) gives:




(28) here eOis the permtivity of free space = 8.854 pfd./m Substituting

equations (27) and (28) ) and (26) gives: TH' S SHEET HAS
SEEN REPLACED WO 96/41£QWSDGHEHS$1&SOQHEIQ 27 f 38.07 MHz b2(a-b)2er at
(29) Equation (29) predicts gimaictipe torpidal conf iguration illustrated

above except for a contTrmuous—conductive surface will have the sane
resonant frewoes189df 156.5 MHz if the plate separation i ECTHEIAIHAd t o
1.01 cm (0.397 in.). 5 The enbodi ments of Fh&S. 36, 37 and 38 can be tuned
by adjusting either the entire plate separations, or the separation of a
relatively narrow annular slot fromthe plate as shown in FIG 38, where
this fine tuning nmeans is azinuthally syme$Pt s SOpMmS to preserve symretry
in the signals which propagate radi alf romthe center of the
structure. 10 FIGS. 39 and 41 iIIustrate a(ﬁs o‘fr i ncreasi ng the bandw dth
of this antenna structure. Since the si al s pro S propagate outward in a radial
direction, the bandwidth is increased by providing different differential
resonant circuits in different radial directions. The variation in thq 29)
geonetry is nmade azimuthally symmetric so as to mnimze geonetric
perturbation to tI’Equak:inn(ﬂ?hmedicesgthett the tprogdali corfig@Rtiog Gllustrated labode exceptsfor at e

geonetrics which ar s, readi | I v, e
fittings, while FFE!.‘ "Qg (%)P X‘I‘ﬁngé %CL’ vﬁﬁ)hgfrm?éagﬂe?egaeﬁgﬁte u@y? tcﬁ I%)B%H“f
si nusoidal ly var yltlnigp]atbaébammhs irfcreasad| td I @dens €0.38Dime).r i C pert urbations to

appl | oot on i nFomot e SEREPRBPNS SLEREL AR 1AM BECRRS UG Bhlsvns piper s

therefrom For thieati@Ride ee'pwaﬁans loe ltifet separation 6Au reRivély eaiowGingslaeslel from the
utilized necessi tat| ng |l arge ugéaur es for_good. perforpance. The |inear
Bn

helical antenna i Plat¢ Pﬁﬂ‘f’i”&t‘% | Wherg this §g wniog magas s azimuthally ymmsircesog

44 where the trugshglpreseive syfmiRRCace |s¥nﬁl§) whicheprioBsgat radiang| datwaia Frdnd @RS
separated by linear interconnections. the magnetic field were uniform

or quasi - uni f or m Gower eftbe SEY™- of this structure, then the | oop el enents
coul d be separgjed fromgsescHiPPsifuSirde RRaks cﬂﬁnﬁbﬁi’@%e tancf\ﬂBdm dfhﬁis antenna

structure of FIG 45. This structure can be further rr@;esse si ze _
then substi tuting Sr8ftueheSingentbe sispale REPEBAT PHWAiIRE rf‘@)‘ ‘EF&P"‘héP? Badwith § fsne
toroidal increased by providing different differential resonant circuits in different radial

directions. The variation in the geometry is made azimuthally symmetric so as to

minimize geometric perturbation to the azimuthal magnetic field. FIGS. 39 and 41

15 illustrate geometrics which are readily formed from commercially available tubing

fittings, while FIG. 25 (or FIG. 24) illustrates a geometry with a sinusoidally varying
radius which would reduce geometric perturbations to the magnetic field.

The prior art of helical antennas show their application in remote sensing of

geotechnical features and for navigation therefrom. For this application, relatively low

20 frequencies are utilized necessitating large structures for good performance. The linear

helical antenna is illustrated in FIG. 43. This can be approximated by FIG. 44 where

the true helix is decomposed in to a series of single turn loops separated by linear

interconnections. 1f the magnetic field were uniform or quasi-uniform over the length

of this structure, then the loop elements could be separated from the composite linear

25 element to form the structure of FIG. 45. This structure can be further compressed in

size by then substituting for the linear element either the toroidal helical or the toroidal

poloidal antenna structures described herein, as illustrated in FIG. 46. The primary

advantage to this configuration is that the overall structure is more compact than the

corresponding linear helix which is advantageous for portable applications as in air,




pol oi dal antenna structures described herein, as illustrated in FIG 46.
The primary advant agejt ' ' lon is that the overall structure

is nore conpact than tHe | oPHEES poMUBEN I[i near hel i x which is advantages -
for portable applicatidns asRERLAIZH, TH $ SN F7 N, 4SS EEN REI JLAA~"I T - WD
96/ 41397 PCT/ US96/ 09119 28. Tand or-sea vehicles, or for inconspicuous '
applicati ons YOBnd advant age to this configuration, amrdrigeddaaie Of
FIG 45 is that the magnetic field and el ectgic field signal conponents
are deconposed enabling themto be subsequently processed and reconbined
in a manner diffenant of e@ehibiaé, drOLERBAstiRob il el X LUk i ch can
5 provide additional.informatjon. Refer r%pn_gotsgﬁ’lg'l&éagﬁ%, Raseg%?#;?fé'f’?‘ﬁg%P 'gﬁ
el ectronmagnet i ¢ arfPRfigHRueS, pud tojthat GF FIGit 45iis thph theanrgeetivafielBandelbitbe Sl signal
surface 49, such asmpbfentsOaf dedddidsed edbih 1: an insul ated conductor.
circuit 50; and two signal term na@lﬂfg 5%, 541,é§hfﬁoﬁ°g%et PHPSCQUETHLY, Aregessed  and
applicabl e to a wiBROMPAAEIdR ¢ remner differeptsfrom dimt amherehOro the Hgar Beli@biUbkibiPkyy,
10 connected SLUfalﬁgvid@acﬂﬂib‘r‘lﬁl%Lo\‘mﬁme” cal surface (as shown with FIG

59), a spherical surface (as shown wth FIG 66), or a hem spheri cal S
surface (as shown withRefegingg9 FIGas48 nplsoyerdhtibesfeam elddSoinssndtic Makdnhp! 48 is
connect ed surface"jsddted I include - but not be limted to: (a _
any toroidal surface s_uchepeil]gaﬁ%@%“&rlgﬂ‘]’gﬁs&rw{l@4%5“°t|"35ﬁ%°rqdlﬁ%rm"ﬁ§0ifﬁﬁ__ _
maj or radi us greatlgrant inaulated cenpuetor tcirchit SO TAMIOfWD ﬁ?ﬁﬂ&émﬁrﬁﬂs §5 8gr alﬂf°§ h the
surfaces . forned bym&éﬂ%i@ﬁ 5sn# Miert? €iddval §)I gne closed curve or’ po yéon. o
having a plurality of difFerent PAadideABUcH of surfacesssucl ahfop axampie, s muktiply
wi th such ot hetO suoneested’ surfam) o peeraliyusphbiedan Sirfice flsQhov i @5th 386059 andopdth
such ot her surface 'rfaggégr 0radi.§1ts ﬁmﬁ?}? | ess than, equal to or ¢ EaPer s
than the mejor radrugs Ghopd Wil FIG. 65} hemispherical wifaer s shavar witie BXG ) 68)
those of a washer or nuws enplbyedSheteifi ke teim Rk g'grlafcral pl anar
20 material in order 30 defirzl)g,_with respect t{)@i&[ 26@%%'& ani é%ihg)cpressfy- .
ci rcunference gr eadP8pde: piLACDE limited Jo() gt tireldal sirfacersiielr anthe teroRRfoh THaN.
the inside circunfEIENCRaviNg {t§ na aut 3 |,nside circunferences being
ei ther a plane $I osed cu v%g and/g’r?.rg po?tleg%ﬁ. h(%ar %)l%gnt‘ﬂll r PACh IRy LB) other -
conduct or circit BERessiopmed b refatingnalgirelew er p tldne Sfosedy conva cbrapilly gov Efavinea
surface 49 from a moday6st diffdreAtTadii @bdI® an ARSI of 3 Cwite shaasyl ated.
conductor circuit 50 alsp extends in anc?t’her %10%8{(‘)&%?%/% ’pvavf%ﬁs%%‘ FuHEacd
}  over the surfacBUords Reing greaws thag Zerp, nd with sush ethdesBficést niidrabdibybeing
forming a single RathaseqcdRISCItME RE} - r,.ihe surface 49.
As di scussed above in co?ﬁecti%ﬁémﬂh = geﬁa?&{}gde'@%%wg{fif@/ﬁ'ﬁﬁf Cejgsugigas
may surfaces like those of a washer or nut such as a hex nut formed from a generally planar

20 material in order to define, with respect to its plane, an inside circumference greater
than zero and an outside circumference greater than the inside circumference, with the
outside and in;ide circumferences being either a plane closed curve and/or a polygon. |

The exemplary insulated conductor circuit 50 extends in a conductive path 56
around and over ;he surface 49 from a node 60 (+) to another node 62 ). The

25 insulated conductor circuit 50 also extends in another conductive path 58 around and -
over the surface 49 from the node 62 (-) to the node 60 (4) thereby forming a single
endless conductive path around and over the surface 49,

As discussed above in connection with FIG. 1, the conductive paths 56,58 may
be contrawound helical conductive paths having the same number of turns, with the

30 helical pitch sense for the conductive path 56 being right hand (RH), as shown by the -
solid line, and the helical pitch sense for the conductive path 58 being left hand (LH)

~ which is opposite from the RH pitch sense, as shown by the broken lines.




be contrawound helical conductive paths having the same nunber of turns,
with the 30 helical pitch sense for the conductive path 56 being right
hand (RH), as shown by ghm|§sgl[|[d J{j;nrg d the helical pitch sense for the
conductive path 58 beind le ich is opposite fromthe RH
pitch sense, as shown b TH' S SHEET HAS SEEN REPLACED WO
96/ 41397 PCTMIH#IP119° 29 The conductive paths 56, 58 nﬁca@sawmged in
ot her than a helical fashion, such as a genewally helical fashion, a
partially helical fashion, a poloidal-peripheral pattern, or a spiral
fashion, and still sat Tbé yondueti\gppathst 5@58 tray beianmegrd imnotheFitbarc @ helioat fashion,
paths 56,58 nmay be ontrawou oI 0 r t rns

having 5 opposite Wﬁhﬁf ﬁée %agrlms”%:’usgargamab(ﬁ?)le\}lec\i{\ﬂ %sco'?inagg?lf’gn P'eral
FI G 14, whereby t]haemhﬁ‘la splrbbfauradn tayndsmtkausﬁy thehspit vef tiu&im'bmi(md Therdndutctives

WL, W is deconposed. in seri es |nter, ct ed | oi.d s,l4.1.

Continuing to ref & ogé?%mqﬁli’et??@ ?‘{?‘Egﬁﬁeﬂgh d?rgv e PVt
the nodes 60, 62. }g@ms wghdihg Eedses), aahﬁclﬁ&naﬂowm coBsRast wwalmeeleawersbyldxef
connected to the odes 60, 62. The signal term nals 52 .54 either supply

to or receive frorelnéormed hy-fach of iratye Hulated eqnductgrs Wi, Wi g Begogposed into a

(transmtted) or iBRQMNfHsketdoRtRicdSdloiddT Idpeesii cal signal 64. For exanple,
in the case of a transmitted signal, the sSingle endl ess conductive path of

the insul ated conduct ofCoBtiRURg to mfer ita FIG {8, fhesendustive pashs 16,38 mvefsmpense at the
termnals 52, 54. ¢d60ed. | TREsigP Ee“rﬁhﬁlseﬁbﬁyaré Pé%ﬁ&t@éﬂ}v eie%ﬁ'xcmy SdaBecdd tolehtat

t he conductlve pat hs 56 58 may be forned a single Tnsulated conduct or,
such as, for elanpiodes 69,63 r Bhessignat termisels 52i 3 either semimm@rmecewﬁr@h thegnswatedh e

single endl ess co ele

node 60 to the no%”@%b\éﬁ:é&taﬁgoc%ng% H@é&ﬁ@mﬁ&%%%ﬁﬁ he nw%@ %2 E)Egc to
t he node 60. |t wisignabé4f uFohexamper o ithet memf & trapsmitied Isigeal, ithe single2hdless
that the conductlve ) | ¢ .
conductors such &< éve H%Pg?‘é%ﬁ%‘g%gﬂé?&ﬁg@h%ﬂa %t? ?rssfeP Erz%crge%ﬁﬁoé? fh\?em%"g{ h
56 fromthe node aemnmls 52,54node 62, and anot her insul at ed conductor which
forms the conduygctive pat 8from t T

nom nal oper at ﬁg freq te oqppfeﬁéa%ebd' ?Seé’ﬁl?1 gq?attlh}fehcémg'fc}] P%Fr'sgﬁo?s
the 25 antenna 48may1>edbdﬁed byasinglh énselaed conduetor, mclc:mﬁme&mﬁel feire of prirged
one-hal f wavel ength in qurr rilbuti

th, a hat .t he t dis nan.th
structure is si nus‘Bﬁ'CH‘éIcoPﬁ gnllpi’}be{grmme fing % egﬁﬁ ‘b‘i&‘f"r\’éﬁ P%tﬁ m"gllﬁ%mg ‘the
cont r awound conducddnm&upatpm S66rérf thendode F60aa cie rhﬂwéz aad tfenghtucnive pitb 58 from

one-half of a gui d'gd ng\@ev bac ttcr)1 th%fnodl:1 %On?t wﬁﬁ)e fo Rherr%tp}l)rn a{eﬁ %9%l?onsec¥killed in the

20 art that the conductive paths 56,58 may be formed by plural insulated conductors such

as one insulated conductor which forms the conductive path 56 from the node 60 to the

node 62, and another insulated conductor which forms the conductive path 58 from the
node 62 back to the node 60.

The nominal operating frequency of the signal 64 is tuned to the structure of the

25 antenna 48 in order that the electrical circumference thereof is one-half wavelength in

length, and that the current distribution on the structure is sinusoidal in magnitude,

which is an approximation. The contrawound conductive paths 56,58, which each have

a length of about one-half of a guided wavelength of the nominal operating frequency,

may be viewed as elements of a non-uniform transmission line with a balanced feed.

30 The paths 56,58 form a closed loop that, for example, in the case of a toroidal surface

such as the toroid form TF of FIG. 1, has been twisted to form a "figure-8" and then

folded back on itself to form two concentric windings.




may be viewed as elenents of a non-uniformtransmssion line with a

bal anced feed. 30 The hs 56.58 forma closed |oop that, for exanple, in
the case of a toroi daﬁusfgqg; sb@ch; ﬁ4t he toroid form TF of _ELG 1_bhas
been twi sted to form |gﬂ§:a e

two concentric w nding _HAS.. _3EEN REPLACED : WD 96/ 41397
PCTI US96/ 091190984]3ﬂeferr| ng to FIG 49, a schematic of an :
el ectromagnetic antenna 48'. is illustrated. The antenna ?é'q%sr%@?s’dﬁ’es a
surface such as the surface 49 of FIG 48, a? insulated conductor circuit

50", and two signal teRgRas 181G 5 s di scussed herein, the
el ectromagnet I ¢ antenna 48’ gsl ngh ‘?gécf %ﬁ &&% angth Fb@?@trwgne@mmtemgmar is5

termnals 52',54" il P@&énéﬁ@lahgennms Sactedeaa shi‘f@cers@&pﬁ‘scihb‘éﬁrffée%téf(}ggigggt ic

antenna 48, insulijgli@fes ui.t 50, .and signal term nal
FIG 48. The exerrpll ary |ér21’§u idrd Cﬂ u&?%?wocﬁlg'@hﬁcfm'ﬁé's 58x§‘énd§(cemaad1scussed

conductive path S@CTel%r@Gm&cmmMagmem aﬁthﬁma&tﬂ’f Me@attd cbh to..
an i nternediat L @ﬂ C? trom t he i nt er medi at e ngde&’glo?o‘:ﬂgﬁgtsﬁ ho%?é’ '
con

62' (-). The P ct'5rESRFRLY e sampasihe r%sp@@vegleemmagnaumdneas

conductive path 5S8hsulataieuidaunst qiait SONEndSHE TR EEmA de 62' (-) .
to anot her i nternedi at gl?lnode and from t hge I nt elr%rrl\g %Eeoﬁﬁggie to the

node 60" (+) thereby forfithg" m@.l?ﬁg‘laécdéﬁaqimcmnuﬂuexmmtamoadmn@l pah 86’ .

over the surface a#SundAmddiverctis $68acdVBoh CRipp W th 14 and
48, the conductlv?%gt hs, 15 56',58" may *Pe ﬁ@ggﬁag\oﬁnd%mw 1ate 1096 A Arde

pat hs having the the IRisepediate heders to Umthmyodyebza( Daﬂ‘gedxsunteafcbﬁ‘ducﬁo?% it

purely helical 10 as30’ aRo $xehdsaf afo] a partially
hel i cal fashi on, i ral fasshl on, agfgng{])értl r&gtlh damﬂ ‘{jﬁ‘fe" theesurtape A% from

wi ndi ng patterns"” H%\g?‘#gf’?o (PSR rnethes inttrmeslizie nedesB afid frosi @B el AR B 1o

52',54' either suphéMode®O0 ul ated . 20 conduct or
circuit 50' an out 90|(r,1g tﬁ%ﬁ@fﬁ%&{’{’w g"hgti%?ﬂ%%dsfqngl‘%l"\?@atﬁ apgung|apd pyerhe -

signal 64. The con%!ﬂféQQ% pat hs 56 , 58", which each have a | ength of about
one-hal f of a guided the nonl. nal . operating frequency of the
signal 64, reverse ;t \A@‘ gdé%g%&g foYdn ﬁgﬂggtl@owngIGs THeand48n the cordurtinapaths

52" ,54' are respecltt V8! apbeantraweirdhelic Borit odes -
A B Preferabl y,% tdhen %p‘?‘ 16’%%’,‘3;%5?:25 di arrtgf[é r;{a@g?m%&ﬁ %&tﬁ%ﬂgg'fr%?ﬁgmms
I or

i nt er medi at e nodes A 2 |purely helisal @H@Oﬂ sushdis @t generaly hélscal

56',58' fromthe riesesta \parttahylaibhﬁﬂ fabidon,! @ Hh8 ER/BECH VS ng%nterrmdl a&pﬁ

nodes A Bis the s&%h% Mﬂgl nlg%g erns Ol];avgngeopggsqglﬁg élxgesengetshs

The signal terminals 52’
20  conductor circuit 50’

,34" either supply to or receive from the insulated l

an outgoing (transmitted) or incoming (received) RF electrical

signal 64. The conductive paths 56°,58', which each have a length of about one-half

of a guided wavelength of the nominal operating frequency of the signal 64, reverse .

| sense at the nodes 60’,62’. The signal terminals 52',54' are respectively electrically

connected to the intermediate nodes A,B. Preferably, the nodes 60’ .62 are

25  diametrically opposed to the intermediate nodes A,B in order that the léngth of the

conductive paths 56',58’ from the respective nodes 60,62’ to the respective

intermediate nodes A,B is the same as the length of the conductive paths 56,58’ from '

the respective intermediate nodes A,B to the respective nodes 62,60,

It will be appreciated by those skilled in the art that the conductive paths .

30 56,58 may be formed by a single insulated conductor which forms the single endless

conductive path including the conductive path 56’ from the node 60’ to the intermediate

node A and then to the node 62’, and the conductive path 58’ from the node 62’ to the -
intermediate node B and then to the nodc 60'.

It will be further appreciated by those

—_— N~

en folded back on itself to form -




the respective internediate nodes A B to the respective nodes 62',60". It
wi |l be appreciated by those skilled in the art that the conductlve pat hs
30 56',58" may be for qukg,ygaE qgéqé ul at ed conductor which forns the
singl e endl ess conducfive 5 g the conductive path 56 fromthe
node 60 tothelnterneeh—at—e_ nd then to the node 62', and the
conductive pwopea@9e7fromt he node 62' to the internediatePEBWSIEHA t hen
to the node 60'. It will be further appreciahed by those 1TH S SHEET HAS
BEEN REP LA C,_0 WD 96/41397 PCT/US96/ 09119 31 skilled in the art that
each of the conduciiiMg iPenst B8 oah of MYcoRBuckios pRAs 5 9869 be 18RH&I by one or
I nsul at ed conductors such as, for exanple, one Insulated conductor fromthe
node 60 to the imereinsulaied candysiors SChAY foneaaAmPIRconeinsulatgd foaguctar Stam he nede
the node 62'; or dng mewkﬁ%eaet&mq&w frbinQAR meeme@nge &Qe/{[f?)ﬁ\@‘ﬁode 62'; or

I nt ermedi ate node A, and anot her I nsul ated conductor fromthe
i nt er medi at e node onetinsulatad md@tmfrommber 894e 60 te shernigrmsdiate node g randj another

anot her el ectr %5}? I tggnna 66 incl udes
a surface suchoggqﬁﬁﬁed@u&;#ace ég‘gfﬂl’% g\”nhg% a‘?cﬁgst?%dsagl at'ed conduct or
circuit 68, a second i rRefeInaxhgatb EtG.d8Qt o scheimatialpf akBher etattromegnetigaatenna 66 is
termnals 72,74. 1 ul on r

hel i cal conductlv H k‘] ﬁ%a%ﬁn%& n@ﬁée:ets?ﬁgu#gggé agg% &%%#%?fr@l?ogg'ﬂ)ﬂ&
simlarly incl udesnaﬂzpal ¢ondiictdraliicoil68, £ smonikinsulateddainbsct@(cifit 70hand velsigntled
conductor circuit 68 e%i 229; in the conductive path 76 around and
partially over t hdCERipaly, 9 froma node 84 to a node 86, and al so

extends in thejgonduct iThe ifalabed/cbnaiicier élroail b8Adlides al paircofetielitdl & ofductie pathd
fromthe 15 node 86 to the nade 84 in order tha& t he. conduct.ive }E)ath 76, 78
forman endl ess ctntRicandythe dnsulated SONAYCIOR Firg /O (sHRilATlY, fighides, 8 paji, gf helical

i nsul ated conduct Odona‘hcruwpim; g0, szxmemula&dtcbml@@adu@m aaee:naidb 18 theonrtizve
and partially over the surface 49 froma node 88 to a and al so

extends in the corkftft{¢ yauniand P&E‘%V@MWdh%lﬂHfaﬁ%\f‘? framms‘séf* 0 ? H%destiﬁ’ patalsyg
fromthe node 90 t&ténhslm%oﬁ&cwe BAHEMS drbiAd dnb PafiANG 6vEr e smadamﬁﬂorﬂ&he

20 form anot her endl ess conductive path around and qver the surface 49.

di scussed abové3i rnadgrifetor thehoge B4 im quder that Qﬁ@&@c"Yﬁéa@bﬂéJ@t fopmm %‘a?’h”sess
76, 78 and 80, 82 W%nhﬁcﬂ%ggaﬁmm%hedvbﬁme sﬁﬁﬁuéu@t | YR MaGIEd Bandubr Chewisare

nunber of turns or arranged in other than a purely helical fashiaon
such as a general |§xtemdem the poridyetivecnath 80 asaynd and pyrtinkdy pyes ther ysfReeAP framagiode
fashi on, or contragp nog%oms{éuaeﬁ uphllerca.l.duwlﬁdﬁaﬁmwa;ohﬁam pdtaiy Ger

opposi te w ndi ng senses or exanpl e sense of the conductive
path 76 may be ri gthe séréacd 4@m)nthago@m/m t'[!tynqdhés ifoorder thattke conductive paths 80,82

20 form another endless conductive path around and over the surface 49.

As discussed above in connection with FIGS. 14 and 48, the conductive paths

76,78 and 80,82 may be contrawound helical conductive paths having the same number

of turns or may be arranged in other thah a purely helical fashion such as a generally

helical fashion, a partially helical fashion, a spiral fashion, or contrawound “poloidal-

25 peripheral winding patterns” having opposite winding senses. For example, the pitch

sense of the conductive path 76 may be right hand (RH), as shown by the solid line,

the pitch sense for the conductive path 78 being left hand (LH) which is opposite from

the RH pitch sense, as shown by the broken lines, and the pitch sense for the

conductive paths 80 and 82 being LH and RH, respectively. The conductive paths

30 76,78 reverse sense at the nodes 84 and 86. The conductive paths 80,82 reverse sense
at the nodes 88 and 90.

The signal terminals 72,74 either supply to or receive from the insulated

conductor circuits 68,70 an outgoing (transmitted) or incoming (received) RF electrical




the pitch sense for the conductive path 78 being left hand (LH) which is
opposite from the RH ai.trh sense, _as.shqQwn by the broken |lines, and the

pitch sense for the NHHISt svETpRASBEBR {and 82 bei ng LH and RH,
respectively. The conductive p@@tmlﬁo 76,/78 reverse sense at the nodes 84 -
and 86. The conductive paths—86-82-reverse sense - at the nodes 88 and 90.

The signal t ¥OPH&RY 72, 74 either supply to or receive f r onpdigsokpsiyd ated
conductor circuits 68,70 an outgoing (transmjted) or incomng (receilved)
RF electrical ii TH S SHEE-i HS BEEN REPLA D WD 96/ 41397 PCT/ US96/ 09119
32 signal 92. Forg | € gl x%nt,}g cas ansmt d.si naI the pair-

of endiess. conduc ?@Q?pa?ﬁ}s@o ﬁeﬁll ﬁ’seu‘fas 5‘{ Slgﬂa B tRaITGef ?@l%ﬁﬁe
fed in series frorr?‘t’ﬁécnvgllgﬂlaloftﬂ@rmmab& cﬂxmuatér cmmdsmagm drf%ed MVRRALE %mu@

applicable to para b nodes 84, nd t he nodes

Each of the conduc%llk@ét%at 74 @R}g’ﬁggﬁeﬁg‘(fgugnlgapélﬁaﬁﬁtqﬁarg%meds at both the

one-quarter of a gmdfé@hﬂé\ﬂedehegmdﬂlem)osbe Hﬁ@lﬁTbﬂfHe dbﬁdﬂcﬁ{/é gﬂhi ‘7@98‘%?%! haQJr '
er m nal is electricalTy

t he signal 92. nal o

connected to the nog‘méhg ‘H@“S’i' %{I $‘"? WAvRlgneth of thg namina P}quinlg)frequency

connected to the noﬂ@esanallgtz visl showr irf I &0 &E%%nmeﬁﬁﬁé%?&%é xtutE%ted
orrre y one

art that the insul ct circuits 68,7 each
or nore insulated’ g&oﬁ’g {i’é‘% %F signal fpyminal 741‘6)%"*%‘%”{)’5‘[9!‘&@@@ todhﬂjnmte(ﬁS

circuiit 68 may have a sltmy]lebe fboiated! byl Mbsed&] .
76, 78; a singl e conduct %gb prp h of tyfhe %ond%gﬁﬁvtg@glgtqﬁﬂq% d%lg‘eg éucmr _

multiple electri cafff ﬁ}”ls EBsRYCans 05 moge ingulased @indudtm-sc@odem“
paths 76, 78. Ref exhe fgulhed |'_doﬁi!uc§>1= ciftult C68 gﬁggm&w §¥lg1§|e@5 (%” rad{w},' O:“thei

pattern for the el ectromagnetlc antennas 4
respectively, is i FPnsuctiverRaghs 76478; Fisiagle condustarder eack of ﬂn&andm:nﬁenghs 76,78; or

vertically) pol ari afgi QM g rof | associ.ated W th
the ninor dianeter of ﬁe surface 4 édg I@ugﬁ/{f f§§e3‘§ O?gﬂeé’ﬂ “CPYFePaths 76 78.

direction of pol arizati Baferrmg %El(ﬁmﬁéﬁ asieplesamtion Ndevaliore rgidiion apditém for the

di t I I t
ol ar | zat 1 On. v { h o taerete ahettes 8 e086 B FIES, uEAo0: FoReSSE iy et

direction of poldariThase yrennasiare hmearlyn(me: ,aderad:allgh poltized?éhd Ravehs pysi@ay i 18
of pol ari zat ion. T Nt conductive
paths 56,58 of FI Grib?%gg pr O;\g@gqﬂ ruc(%rldX%m’? Zﬁ?e‘?‘gﬁ‘i? g\ﬁrﬁhﬁ%‘%‘&%ﬁ% along
resul ting el ectricahe dueeumfemunmmat ﬂmhmmrd Isﬁcfhrahtéhm(éfé %ﬁérﬁﬁy bRhidireifoRd
the resulting mg@ﬁﬁfr&:ughseéhgts ‘g) 10 Fl ng) 52 and

el ectronmagnetic antenna R AT s t 6‘?"&59“ laT}atignn With @, maximnmgadiation
antennas 10, 48, 48' ;288 ioWire@ppendrimabtofthéireciion 8 flarhiiorAdid a%minimum radiation gain

20 in the direction of polarization. The contrawound conductive paths, such as the

ib)

- conductive paths 56,58 of FIG. 48, provide destructive interference which cancels the
‘resulting electrical fields and constructive interference whxch reinforces the resultmg
magnetic fields. .

Referring to FIGS. 52 and 53, an electromagnetic antenna 94 includes a tdr‘oidai

25 antenna 96, such as the antennas 10,48,48',66 of respective FIGS. 1,48,49,50; and é
parabolic reflector 98, such as a satellite dish reflector, which directs antenna signals
100,102 with respect to the toroidal surface 103 of the antenna 96 for reception or
transmission of the antenna signals 100,102, although the invention is more generally
applicable to multiply connected surfaces and various types of reflectors. The

30 parabolic reflector 98 has a generally parabolic shape with a vertex 104, an opeﬁing
106, and a central axis 108 between the vertex 104 and the opening 106. The
parabolic reflector 98 further has a focal point 110 on the central axis 108,



parabolic reflector 98, such as a satellite dish reflector, which directs
antenna signals 100, 102-with respect to the toroidal surface 103 of the
antenna 96 for recepti THIGrSHEEtlraN@fﬁEEHi!OH of the antenna signals 100, 102,

al t hough the invention is nmpre; ganer al | applicable to nultiply connected
surfaces and various types—of—t+efl ee . The 30 parabolic reflector 98 has
a general |y BQ%INFc shape with a vertex 104, an opening PEE!SY#1%
central. axis 108 between the vertex 104 andg3t he opening 106. The.
parabolic reflector 98 further has a focal point 110 on'the central axis
108. fTHI S SHEET 1 . 4STBERdtoidR MWEfadé A A3l BAGcIRET gddSefiy Mdtaiedn tlﬁaSverEEhﬂOtlthoitﬁhil

surface 103 is | ocat ral ly betwee vertex.104. a t he. 0
refl ector opening f’@’gdl %‘@F@ e{’f“gtlﬁg Eﬁﬁtf%?eblé g "mortaﬁ‘éo?gtpé?rft E"F
103 is located a|1@lwatédlﬁoﬁg?fhbrcaitraawu§1083&tﬁé pérhilip aéftak O, witt the @bmér &ﬂhe
with.the center of the ggfeesurfac cated at the focal

3 bej "
poi nt 110 of the [5%&"%9%?9 t‘%)t“@ at'st%?lﬁ%gllelr’]‘g{’:‘t lrlﬁrf’éé'ﬁ'eﬁair%poéﬁt"%ﬂﬁ‘iﬁ’r%

provi des directg onal i tyrhtoaeaulaﬁmgmemin?ewa JaOpRVIRS diabifinRity Hor J@eexem plary
parabolic reflector 98 directs t desired el ectromagnetic gf;na S 10 102

to the high gain peroidabantepnal36. ofThe parapolia reflgetor 8% ﬁhrgqsg ther desised glegteomagngtic
QO her undesired sig §is510é3162 Fo(]jtﬁe B?ﬁgﬁﬁtpbﬁﬁ)lnYIpf%ﬂﬁé fiad Qtw?:‘i ?fz éé”tﬁ L @D

portions 118, 119 the fie rn 112 of e ante se are
defl ected by the @h@tbmdﬁ@redmgnabfllécltlérre%ctn@btﬁtt@s emouatepmeripwm portions

Referring to FIGS. r
toroi dal antenna 91651&#9@?8%%6%%&8Pgﬁggggtf?@e?%%eec@8?&@@ H‘wﬁﬁmrt?gﬁc
directs the atfi enMrgﬂﬁalsmchm(}a,tﬁ@amtmm simlar nanner as d| scussed above
i n connection with FlI r refl ct or_98. h ope 22
and a general ly par abolcﬂ‘le eriie 1‘?1%5‘291%{31 dﬁs’v\ﬂ" P ERIRNETS ‘H‘é‘a r%ﬁ‘ﬁb‘?egt&
whi ch defines a veoxtoiﬂal ﬁﬁXémmt 9GbDHHIGS. [$2-53; and erpamdbotxheempemga’gwhﬂ:ﬂ dirEB’s the
ot her opening 106 of g@ 35@ gf ref] ee tor 98' é r than
openi ng 122. The t“8£81‘%|é‘1g U P& Tod s "I’ Jea a2y ‘ﬁ‘é’t‘ %%“et’\/\%‘ﬁﬂe‘iq?é with
igtzem ngs 106, 122 EHIG Is8. pﬁteam#boﬁc rréﬂdctbet%r lhiﬁﬁan o;B\ﬁlmgptzzfamﬂ al g¥eRN§ Paf®olic

, the para ef].ector enera si.m p
refl ector 98 o?é) &@e {:éfé '2 lé'fﬁ)ﬁi yygb "fBesr%f’Tréeét 43§§L°‘i‘trfh°
](E:jenle(r]I al, and the mpetaf t ﬁgth‘b%behingrleaf Therbtllmardpeﬁmhal)ﬁ ohfaﬂrdepmhotiatre@&th&f%’ he
ie pattern 112 of the antenna 9§. .The ion 11 t he
bot t om (v ¢ h  espdEESt GarHE.oPEBRE L2 T iapmiaeh Rut=ge | BEis ocREe Eeusrilly pevusmmhs
contribute to trangpehisgd 006, mz beqepparmuofremdw)ragst EMBiesti ©OF MeSopdithgl 022, the

Accordi ngly, the absenge ,surface of .the parabolic reflector 98' at
the openi ng 25 122)#?%@!4%&?% § 8 ogeng hﬁ’ﬂlléﬁmtﬁ?l’aé?tf"é‘ﬁefteﬁ@f % ahBIGS, $P 08

or reception opothe antgRRemplary parabolic reflector 98 in general, and the opening 122 thereof
in particular, take advantage of the field pattern 112 of the antenna 96. The low gain

portion 119 at the bottom (with respect to FIG. 55) of the antenna 96 does not
significantly contribute to transmission or reception of the antenna signals 100,102.
Accordingly, the absence of the surface of the parabolic reflector 98’ at the opening
25 122 thereof does not significantly affect the transmission or reception of the antenna
signals 100,102. An undesired signal 126 (coming from the bottom of FIG. 55) toward
the opening 122 merely encounters the low gain portion 119 of the antenna 96. The
absence of the surface of the parabolic reflector 98’ at the opening 122 greatly
enhances the aerodynamic properties of the electromagnetic antenna 94’ for installations
30 in high wind, such as on a motor vehicle or ship, thereby reducing wind drag and,
hence, the requisite weight and structural strength of the parabolic reflector 98' needed

to resist such wind.



signal s 100, 102. An undesired signal 126 (coming fromthe bottom of FIG
55) toward the opening-l22 nerely. encounters the |ow gain portion 119 of
the antenna 96. The aE%IIﬁcéHéET tHAS BEEN pce of the parabolic reflectorQ8
at the opening 122 greatly RFMAQERS th_e aerodynam c properties of the _
el ectronmagneti ¢ ant enna—94—for—nstatt+ati ons 30 in high wind, such as on a :
mot or vehi cl /447 p, t hereby reduci ng wi nd drag and, hedpe@usbdiBiio
requi site weight and structural strength of 3t he parabolic reflector 98
needed to resist such wind. TH S SHEET HASS3BEEN REPLACED WO 96/-413?;8. :
PCTI US96/ 09119 34 Ref gefel ) tromagngati.c ant enna o
i ncl udes a surface, such hg%fto%gagg‘ﬁ’e%g] y E:“g‘kﬁ?eﬁ‘af‘f‘%?a'?ﬂ &ér’?ﬂ&@sfﬂﬁ?@vﬁ% a
bore 132, an uppers {5 geaemlly gylindsigal surfaceniso ?auintacl&)rét3$2,f@|dﬂ3@xtlﬂthﬁ&éﬁﬁ34 and
invention is appl iaGgWwkes r i nnected. surfaces such as a
general |y toroi dal surfggcﬁg%n%tﬂgd%éﬁée%é/ 'Tq'f"flf ﬁ?pqﬁb%%#’ otier mulsplyxonaected
and/or | ower surf dBEacegpuch@sa mcrelgymmrdiaﬂ shmdeude?g&hg‘ef\érﬁlﬁ){ f Eﬁ%gs@ﬁm 134t. .
conductor circugt ' t in.a Lally helical conductive path -
around and at Iu"seasfl{1 é’gﬁ‘r‘%ﬁﬁ%ﬁ%ﬁ@r %Pﬁgmg’lﬁ'g]ﬁé%é’c fiesh inselated genduetof Cirafit -
hel i cal pitch sendds (uhich xtendglit aipantily Reficul conitetiR i iHfurkfhadl 10! AEhAIASS -
er :

a second insul ate [ frcuit 140 which extends 1n anot _
partially helical q’(‘:’%ﬁ@%%ﬁf@c@ gggt‘ﬁlléh%éﬁﬁa et helicalepiish spnset(e.gl,Inghowand (RID).

surface 10 130 wi {Theantehmatl8 ascsincloe d@b&rﬁ%sup‘itédc&_n&ﬂf?&ec’x(cﬁi}lg4% \rugﬁfmtextgggsd |

(LH)), in order t he insulated conductor circuits 13é, : _
cont rawound r el at !’l@émfk%er ﬁ?ﬁﬁﬁk“ﬂgﬁl% Hrtye BatRaroynd and-as teags pattially byer cheasurfude

surface 130. The ni@povithoatileastd Zecofid hhiRaEpiRhtsERIRIREY 128 1S
general I'y perpendjcular with respect toﬂ)t he ugge? ’séfr?lhgﬁchte&%gg 18 rder that the

| ower surface 136.‘“‘#% °f§d‘F‘iﬁ%’lﬂ‘r&¥‘ésdl3§dﬁ9t§@tQ9nUW¢lmdir¢lativ1=:38cdcﬂf2mﬁf @-ﬁund and
general Iy radial wittdast'gs@gtovePtnk RErri®RI @p, axi s 142 as shown with the
radi al portions 144, 146 respectLveI&, on the upper surface 134. The

i nsul ated conduct or ci N&gj Mayor 3@xig 442 108 tk sclegamerpadticy ah@d%aallzgn %shﬁ&mﬁ,ct
to the major axi gd@élaﬁ“%eéﬁ%& e radia i ons 148,150 (shown iI"n
hi dden line dr avmj)r?ééi , b especti v jflotgnﬂ {RRE" T"5%ﬁ§$?é‘{1??‘£§’§ 1‘1‘8‘6}"(@%}(% sthe
the insulated ¢ondd ndugtercaiictits 13831404 general)g nekia itk rg?gﬁ&@'tﬂe\inajor axis .

oriented as shown mptab i . ' rtions 152, ,
respectively, on the Oljt(gfn gg‘? ae?é&%é%ﬁ}o(#"g?#el‘gééﬁ%ﬁpgﬁul"ﬁlycw the #ppes surface 134,

surface 130 as wel Thedasulgted,conductoreisuith 1198, bl irealsoﬁg@ﬁérhlgniéadﬁ@iitﬂ £t to the

respectively, withhgor bhi€ 09" S d3%no% D allahs GekhagrLcal surface

130, “Those Ski 1 eq oy #HIE 1A2IR shin i 5 PBE wPrahs (130 b i i Y

cylindrical surf actrawing), gespectivelyi, 08 thealbwer surface 136. Otherwise, the insulated conductor _-
20 circuits 138,140 are generally helically oriented as shown with the generally helical -

portions 152,154, respectively, on the outer surface 156 of the generally cylindrical

surface 130 as well as with the generally helical portions 156,158, respectively;

within
the bore 132 of the generally cylindrical surface 130. Those skilled in the art will |
appreciate that the exemplary generally cylindrical surface 130 and the insulated

conductor circuits 138,140 with the radial portions 144,146,148, 150 and generally._

helical portions 152,154,156,158 may be employed with the antennas 10,48,48' 66 of
respective FIGS. 1,48,49,50.

25

FIG. 57 illustrates a representative elevation radiation pattern for the antennas

10,48,48’,66 of respective FIGS. 1,48,49,50 employing a toroidal surface with helical

30 conductive paths. Also referring to FIG. 58, the exemplary electromagnetic antenna

128 of FIG. 56 radiates or receives more energy radially and, therefore, less energy
is radiated or received vertically. Accordingly, in this embodiment, the radiation

pattern on the top and bottom of the antenna 128 is further reduced, in comparison with




25 conductor circuits 138,140 with the radial portions 144,146,148, 150 and
generally. helical gqugg s isslbdsNLP6, 158 may be enployed with the

ant ennas 10, 48,48',66 o [ FIGS. 1,48,49,50. FIG 57 illustrates
a representative ele | , ~pgattern for the antennas 10, 48, 48', 66
of respective FIGS. 1,48,49,50 enploying a toroidal surface with helical }
30 conduct i vVO%HMYT Al so referring to FIG 58, ‘the exenpl FGFUS6/09119

el ectromagneti c antenna 128 of FIG 56 radi ases or receives nore energy.
radially and, therefore, less energy is radiated or received vertically.
Accordi ngly, in thheneRhading®elical tdrelucthdipaths,and thakddedl Radidtioh pattérh) s eénhanced.

W' \S " EEN - REPLAGEBPTIST SIS T ela oneipr Sh e ihahitn e e
hel i cal conducti veinpatcdonductsiottivns 144]i46, 148arb0atedoce hatdlaive size oMb afafe dadius
Furthernore, the ggerrpl ar ig ul ated conductor circuits 138,140, which
utilize some Ilin th ! gl " portions 144,146, 148, 150, reduce the
relative size of the MRepdring@ @ ¥IG. 8, hi@leakdrRipneticl 3ftena T Bhuii&Ta tyenéd

59, an electromagnetic antenna 160 includes a generally spherical toroi
form surface 162 wphagical tgeaid form syrface k62| with a-geperally seylyrrrass geqtian 16k @mushowsy
various |ines of Latj.t: : 184 ' it BRIV Vin Wi o Wals)|
al ong the major e?gi‘}sah ?gsgﬁ%%rk?hgmgﬁ? a%g c%@‘%.n %?e&gbnt ewﬂ%ﬂ%@u{eﬂ%ﬂé}’éﬂg@
first insulated donaaisraxiscioiof thelspdfagehi@ dhe angnnd hoGiincjudes a fusttinsiilated
hel i cal conductiv : r I ' .

general |y spheri cgﬁog%g{;cééu%gzavﬁ ﬁpg’?aﬂjégéta (ﬁ;ﬁ?h@tﬁl Ii)t hgl}%%%‘?’\&g‘:&{‘%%%éhe%%
(e.g., RH). Th#0 arsramdand 60lezst partialiycoved the genesallyospliericabsurface tH2 weithnat beaistor first
circuit 174 which extends.in a seco p ially heligal.c uctive . path 176
around and at | eas}}‘,a'ﬁ%’;rqﬂlgglsﬂseoéégr" ?%% gfél%nee?’"é?%ﬁ @8@?". &% ur&g%gfsg%oé'dllgﬂl_la h
at | east a secondohdlctaradircpit tlZh whchzteds i1).a sebdd)d, partialkyriettical ichaductivecpdth 36

and second insulated 15 gondquctor .circuits 170,174 are contra nd, rel ati ve
to each other ar oﬁ%““érﬂﬁaﬁ‘q?aébg"tmﬁb’a?‘fef e %F"S@é?’ SPh cﬁlesf'i‘éﬁta‘éel \I‘\&Jg’cblh@f %leéﬁtl a
sErfaced162. 1ghe Fbaédnd uaﬂdmta]hﬁtdhcsthseccmgljluulli),vm oﬁm hﬁatkﬁa,ﬁlﬁ&nﬂaﬁ&nahhmlgbdh
the conduit and are genera arallel to major axi.s 168, w i.n
Lhe comdui t 1085 aconftisior et L ASHE porfyofnd SR A fach ot soagid 1B
res peclt : VeZSaLhIS llila.iall?&weﬂﬂkhegbggwg sbh&iﬁ@laidﬁ&ﬁéﬁlBZ.é%ehﬁE@llWﬂ%ﬁ&ﬂﬁbﬂ@cﬁve
general ly elical portions 182,184. Thos i]led in the ar | . .
appreci ate that tH@“@)&g?n:}I—’gP?tss tUQHéI"QFF?Pdg'[Sﬁég T’e§ﬁrfel"%1{3'é’af‘§]§h8\rl¥be mpjQr axis
i nsul at ed conduct of68GiittialiteScoRdifls 16&/as\Vhbvin Witk thegguneraly liviedripoRivhs P8, 18006Fthe

178,180 and generally helical portjons 182, 184 | oyed wth the
ant ennas 10, 48, 48' Tegisciiye pathsd 'ﬁflé Elthggwis, @8,&3},25%3'17%%""’ respective generally

20 helical portions 182,184. Those skilled in the art will appreciate that the exemplary

generally spherical surface 162 and the insulated conductor circuits 170,174 with the
generally linear portions 178,180 and generally helical pbrtions 182,184 may be
employed with the antennas 10,48,48',66 of respective FIGS. 1,48,49,50.
FIG. 60 illustrates a representative elevation radiation pattern for the antennas
25 10,48,48',66 of respective FIGS. 1,48,49,50 employing a toroidal surface with helical
conductive paths. Also referring to FIG. 61, the exemplary electromagnetic antenna
160 of FIG. 59 radiates or receives more energy vertically. Therefore, in this
embodiment, the radiation pattern on the top and bottom of the antenna 160 is
enhanced, in comparison with antennas having helical conductive paths. In this
30 manner, this embodiment produces a somewhat more symmetrical radiation pattern.
FIG. 62 illustrates a vertical sectional perspective view of a toroid form 186 in
which the minor radius is greater than the major radius thereof, although the invention

is applicable to any multiply connected surface having a major radius which is greater




FIG 60 illustrates a representative elevation radiation pattern for the
antennas 25 10, 48, 48 Tﬁﬁ: eficrespeciicyel FI GS. 1, 48,49,50 enploying a

toroi dal surface with{he -L ductilve paths. Al so referringto ElLG..61
the exenplary electro 2160 Of FIG 59 radiates or recei ves
nmore energy vertically. Therefore in this enbodiment, the radiation
pattern -on t O AI3%Nnd bottom of the antenna 160 is enhanGeqsbéles
conmparison with antennas having helical condyctive paths. In 'ﬁu o]
manner, this enbodi nent produces a somewhat re symretri cal radiation
attern. FIG 62 thdd V. section perspective view of a -
lrooror d form 186 in mmwg%lﬁrnﬁélm Q@ECh (Erg%eaSFg}ﬂ‘ dhe Paion radies. néjlsgrreﬁeMgus ;
t hereof , al t hough ®H3CSn62aRd 6, respectippplas abd epenfspec&w vi‘ﬂﬂstxllmtﬁétecéﬂ@fb @ :
surface having a NRduBled reater TH S ''W' D"
WO 96/ 41397 PCTNS96/ ghgeflg&idg%t°¥ﬁg§‘n'zelr§%q‘aﬁ‘&g ‘r°H‘i Hps 190:182, l%rl% althoygte siteer 45
than the maj or radPYratiomissapplieddle ta ngulateo cbhduStor @&c@idnfisn k!

ber 67 (€N
d t | te th | heVing &y il
o T o 05e ha mtloyed Wil 1 &rchBard Ffio lonh b Msuimsmiaits condueion s 155

applicable to 'i nwrreadsem cgcrtbmmyolrehcalrcbudﬁ@wél@é{th RSoudtd ma%grcon,gim@Frover e

Enpl oyed with the r oroid.form the insulate

circuit 188 extends | nigz’ agetﬁlef’éﬁmmé?rpéaﬁgnﬁdﬁﬁu’étﬁ m@llpaﬂescabﬂl,rbﬁlow,ndltlaht:

| east partially oveastaFest helmunix&m%eﬂsﬂe gfm?eA% Oéﬂ i n
a manner descri beq:og | east a first e prtc

RH). Also referri ng Cqulcﬁcu’%i})g?gW Entour fuies 200,248, 2%ﬂﬁdmmlsowd&hplbye&%th

having four tulGs tBEexedptary AdroRforiedgea!
exenpl ary toroid form 186, The second |ﬂ§%l %?% q@%’n%edjfod’fmcé? ‘E}[ﬁ“it 1?§8”‘te"ds

extends in a genéf argregﬁfﬂlﬂ hedigal copdugtive Pajlearoandrandrad least panidliabver@Rurface 197 -

partially over thefshy bRE®foAA { r th at |east a
second helical pitgch. sense (e 86‘?{1%%?%3%&3 A h?lﬁglp&?'r‘fg“*ﬁ%ﬁi LH),dn order that

conduct or ci rcui t 9 Hsu i%c%{}dec@bﬁrqum&&wikah adrittaevolind RBEINe & Lk oﬁkPM-B% -

and at | east par t iznklay 1046 27 e tor id form 186. 15
surface 197 of #he tororg'('tlt forapr?fggy&ggl? lﬁg|°éh\$ﬁ?fé’bd Fr 8éxarrpl e, as

mesh- screen sul?ace havihggumacs| 197 a@lfrthwtouﬁd dpent %gﬁayZEBmiﬂ)@ﬁ&'téa O exafi! dlter

the insulated congd I 198 t gre hr oy thi s exenpla
manner, the centraﬁ%ﬁﬁﬂ%ﬁr%%ﬁ r\%@%ﬁe 2Py "%6’?’?1‘1‘%@62985“‘&5%'&@1 puting alue

routing the porti dﬁ@llizqdlcor(dbest cshownlﬁSn]%lt&re@ﬁ}u Rf Ih@isCile :

therein, although &H}ﬂ ;f&?&tat lons é,f ﬂr ossr bl e suc ’{ﬁga}? '&ﬁﬁerl%%

exanpl e, assenblin epot or ol o't 8K rpHe ‘?JPQEFSélbilft {or gputing; tee:pbrtmeszll.
anp rﬁ%

whi ch form the cer®puikhqyorin FiG. €)0f dedirsdlisa8 oD, WRkEghSmEP YISk She

' 20  are possible such as, for example, assembling the toroid form 186 with a plurality of -

pie slices which form the central portion 210 and which provide routing channels for

the circuits 188,198; or drilling suitable routing holes into a solid toroid form.

Those skilled in the art will appreciate that the exemplary toroid form 186 and |

the exemplary insulated conductor circuits 188,198 may be employed with the antennas

25 10,48,48’ ,66 of respective FIGS. 1,48,49,50. The circuits 188,198 pass through two

common points 212,214 in the toroid form 186 at the respective portions
216,218 (shown in FIG. 65) of the circuits 188,198. .

As schematically shown in FIG. 72, the antenna 219, which is similar to the

antenna 10 of FIG. 1, includes nodes al,b2 ,¢1,d2 which converge (with smaller values

30  of the major radius) at a terminal 220 and the nodes a2,bl,c2,d1 similarly converge at
a terminal 222, where the lines between the nodes al ,02,c1,d2 and a2,b1,c2,d1 are
shown for convenience of illustration. In this manner, the antenna 219 has a single |
port at the terminals 220 222 or, alternatively,

may be fed independently at each of the




the circuits 188,198; or drilling suitable routing holes into a solid
toroid form Those skilled in the art will appreciate that the exenplary
toroid form 186 and th ‘@ﬂﬁ [ﬁng&@_gL fled conductor circuits 188,198 nmay
be enpl oyed with the aqt gg;‘} e 2 10,|48, 48', 66 of respective FIGS.

1, 48,49,50. The circuit ough two comon points 212,214 in
the toroid fWOP6ABY7at the respective portions 216,218 (sKRERASPAIAIG 65)
of the circuits 188,198. As schematically shgwn in FIG 72, the antenna
219, which is simlar to the antenna 10 of FIG 1, includes nodes

al, b2, cl, d2 whi ch sggneney 02 (W thfh, IR ter@inalal 2066 d 3 204re R BRIl P bofrdled 50 1t
a termnal 220 and the, nodes a2,bl,c2,dl simlarly converge at ~i

. . . a‘
termnal 222, wher&PEHRe PPt Gledirndrid.teded Which sonvereggAwith gmalierprlugpof|
are shown for CORYERALPRPERIIRS al ﬂubkl&{tfaﬂ%b&ﬁmoh BoinB B 2MMABRKINg theBajdP LADDS4 &9
has a single port at the termnals 220,222 or, alternatively, nay be fed
i ndependent |y at degctoreif fomp 186y Sheppints 1423 1dprn\asspgimedi@ith thyreypyckivg partions
PCT/ US96/ 09119 5 3%169¢80&30% it F1G! 85)tdt"thk citdfs 484 fogdal s 220 and 222 are
el ectrically connecte ?% %ﬁé rgspgctfg%mﬁggzs dﬂ,'Z,cL,dZ and a2, bl,c2,d
whi ch converge (with shethregrdimensiangl tofoidal purface jsunh as kit tordid farmsTibHef Bt i lahiyy
common points 212, i 1 S:024 of the toroid form 186. The
" points 212,214 grgjerépe{ggseg%?g#gﬁ? \;r\;ﬁ’toﬁ&rfgha%h%le%%ecti ve portions 5 216,218
(shown in FIG 65) of the circuits 188,198 A hrFe di mensi onal toroid@b)
surface such as the toroid form TF of “F@s(®} *mh‘if" Heos®pr esented by th
followi ng equations: x = acos(O + bcos((p)cos(9) (30) y = asin(O +
bcos(c))sin(6) (31) z = bsin(q) (32) wherein: a;: mmjor radius 10 b: 3
mnor radius O: poloidal angle (0 t» 2ayn0:+ boostmsin® angle (0 to 2781h

helix existing on the toroid formTF of FIG | is defined by setting: pp =
NO (33) wherein : 15 N nunber of turns in the helix N> 0: right hand
(RH) wi ndi ngs z = bsin(o) (32)
wherein:
a: major radius
10 minor radius

b
¢: - poloidal angle (0 to 27)
0 azimuthal angle (0 to 27)
A helix existing on the toroid form TF of FIG. 1 is defined by setting:

¢ = NO (33)

wherein:

15 N: number of turns in the helix
N>0: right hand (RH) windings
N<O: left hand (LH) windings

The equations defining a helix are:




N<O: left hand (LH) w ndings The equations defining a helix are:
j TSSHTft sEBEE1 | (n~ P1 E 1=~ ~"[[ WD 96/4 1397 PCT/US96/09119 38 [;. x =
acos( 6) _+-bcos(N6)cos(61 THEV)SHE:F (a8l Bfdy | + bcos(N6) sin(6) (35)—=z—
bsi n(N6) (36) By taking N toﬂp,q_Al{igéh pos}tive and negative, Equations,
34-36 adequately Ad" deser+be—beth-contrhBwound w ndings. Referring to :
FI GS. 66 andw@??é"‘b’@htravmund spherical conductors 226, 228 pefysssesiberical -
form antenna 230 having a spherical surface,£232 are illustrated. Although
5 a spherical surface is preferred, the invention is applicable to
general ly spherical surfaces. The conductor 226 extends in a first
conductive path around and at |eastx =peaos(@al+ beostNd)cds(®3 Spherical sur{zmge
232 with at least a first winding sense (e.g., RH). The conductor 228 _
extends in a second conductive path around and at |east partially over the
spherical -surface 232 with at |east ya asis@)d béd@Nd)gn@fnse (e.g., LH @sn
order 10 that the conductors 226,228 are contrawound rel ative to each ot her
around and at |east partially over the spherical surface 232. For the
spherical enbodi nent, the equations descrj bigg@#de contrawound w ndi s
are devel oped by setting the major radius a to zero, as shown in the
follow ng equations: T O (37) = bcos(N6)sin(6) (38) z
= bsin(NO (39) 15 Aé)[')hme&r@ Z"E{ﬁ’%@éﬁ‘ %??&'Vﬁéfqgf'reéa‘b% Eq4#ias sYrier adequately
radi ation patt er ndesatibehbotlyicontrevoundwéndingdn i s applicable to generally '
spherical enbodi nents t ] radius is greater than zero. This
appr oaches the radi at iigér:fglrﬁﬁlgttgﬁggf géﬁ“qa%}eé?mrag‘(ﬁuﬂé)ﬁp?@npﬁmoa@mrs 226r,238ofont
sour ce whi ch proj espkericaldony astgnral 339 haGinglalspic | : Vi ng, t he
cont rawound wi gdi 093 226, 228, the el cetrre T e%ﬁ&ﬁﬁ%%z%g%gwg%dé Snoligh
megnetic | oop 20 EuPPEIE! §Y B JSPrefermed. r thetiinuentiarh iss epplicatilé eal gemerallye sphedical
wi |l appreciate tkafackdle TAY @BIludfoY 226 extends in a first conductive path around and at least

partially over the spherical surface 232 with at least a first winding sense (e.g., RH).
The conductor 228 extends in a second conductive path around and at least partially °
over the spherical surface 232 with at least a second winding sense (e.g., LH), in ordér '

10 that the conductors 226,228 are contrawound relative to each other around and at least

partially over the spherical surface 232.
For the spherical embodiment, the equations describing the contrawound _

windings are developed by setting the major radius a to zero, as shown in the following .
equations:

=
H

bcos(NO)cos(0) . 37 .

-«
fl

beos(NO)sin(B) (38 .

z = bsin(N8) (39)

15 A sphere provides. the benefit of a more spherical radiation pattern, although the
invention is applicable to generally spherical embodiments where the major radius is
greater than zero. This approaches the radiation pattern of an ideal isotropic radiator.
or point source which projects energy equally in all directions. By employing the
contrawound windings 226,228, the electric fields cancel and leave a magnetic loop
20  current of about zero radius. Those skilled in the art will appreciate that the exemplary

~ spherical surface 232 and the exemplary contrawound windings 226,228 may be




spherical surface 232 and the exenplary contrawound wi ndi ngs 226, 228 nmay be
THI S SHEET HAS E: P! REPLACED WD 96/41397 PCTI US96/ 09119 39 enployed with
t he antennas 10, 48, 48’ @(Xscgf Egeag@cgywa FIGS. 1, 48,49,50 where, for

exanpl e, polar nodes 23 epFl G $7 facilitate changes between the

w ndi ng senses where-t he paths of the contrawound

wi ndi ngs 226W?29c?4‘{32neral |y repeatedly intersect thereaboufCTSHPLY,ing to
FI G 68, contrawound hem spherical conductorRe 234,236 for a hem spherical
form antenna 238 having a hem spherical surface 240 on a plane 242 are
illustrated. For empldyedriwithhibe acainae i®d8i48E66 of tdypecaquBIGDNS48]4%,60 ivhieryy forhe

contrawound w ndi ngs_are _devel.o b uat.j Jay bove. where 1S .
greater than or & S %oqger}o8§s0$ﬂ3é&,%%%8€{=%¢ @3%“@%?% qaess e r*’wg VR rté? winding
conductive path aseised(@gd 1H aid Riawherpané ipalhk yof ale corithevonadrivipdings 226,228
surface 240 wth at st a first win sense (e.g., RH) and the
conductor 236 ext éﬁ?ﬁﬁfynreaeaé"éliyow{?rf?ﬁha'ﬁﬁg?% path around and at | east
partially over ¢ he henggRhdig AFIG UsS, aoRtrAddindd Hebhi heﬁcﬁﬁ%&n(ﬁctﬁﬁCWZ% fiiang
sense (e.g., LH), in order that the conductors, 23 are_cont r awound

relative to each demisphenicabform antapna:A38 hayiag aﬁﬁﬁ"tsp'éﬂr!@ SBKf%‘?e 24Qon a plane 242 are

hem spherical surfipggad0. Bor RS hﬁhﬁ?héﬂéapfen%%éﬁ{ehpt th@NeQfatibMe deSibi
conductors and connections .thereto e pl ane includes a |eft portlon

244 and a right p@p@trwuzwmdmgsamelp bycEqyatiensdf-38boys whnse 2 isEreater than
pair of termnals ofelltho plibC int Bbitlue 284 Etelsfif AlfirkQbnd B ith 8RAR Gh at

illustration. A plu |tyo 248 are connected to the term
plurality of fHeddeadEpartially oven rﬂwchemisnmnc&iélltfmerﬁ‘i@a\mt@at Iease af fanstl windling @5@3

are 20 preferabl hi d, and hay l.e

Preferably, the p%%\%é %%}dsﬁ%g%’}dgﬁtﬁawﬁg’?f%ﬁch ref;i ug{rg%g;ﬁﬁ%?oﬁ'ad r?ﬁd a
electrically and deastpartally ovier thehemisphericahsurfacd 240 with im leasn'alsmnd \Muiduligmnse
hem spherical forma nna 238 i s 0n of an air

top of a car, thed®8 M’H’m éP*’éﬁ‘beew"%‘er“Pg%f gﬁ%ﬁc ap Eeﬁgygf?fea‘:h other

appr oxi mat es t hat aafuna af@ AeTech st phrtialy eh¢rathe Bémﬁihdhbﬁ sbtf@j&tzmortlon 246 of
the plane 242, i he feeds 248, 258r{%re c.onn c ed to g cond ctorg 236, 234
S

respectively. the | &PT SREWY io§ Fesriptigp ﬁoﬁ'ﬁ%w‘?ﬂ COpHUEtony DG CORRECHony)
are connected to tiheeopmepiune 242 ﬁﬁamdé’é’eﬁleftrpeﬂnﬁmn\md g{ngﬂfhmrtmnenﬁl aKtyabout the

hem spherical antenna 2 in st rrul a etectin art
currents, such as “Pfbe 3‘5%3’1"8?2%1 aa 8%'5[5’ fé'i" ?p? V?I}i geﬁm"%'hg ‘dé’ﬁ%?taff’fy
projects or recei \efveRAtQYf illdStratighalA plurdlitypbf feddy BAGtar® Bshnadred & (hb eeritlimd &
ggﬁ O G O, g plhraffty o} theds 350 ve Bomedted 16 the temanal B TR rocds 24850 are

20 preferably shielded and have the same electrical impedance.

Preferably, the plane 242 is a ground plane which reflects each Winding
electrically and creates a mirror image thereof. In this manner, if the hemispherical
form antenna 238 is on the bottom of an airplane or on the top of a car, then, from a
distance, the radiation pattern thereof approximates that of a spherical antenna.

25 On the right portion 246 of the plane 242, the feeds 248,250 are connected to
the conductors 236,234, respectively. On the left portion 244 of the plane 242, the
feeds 248,250 are connected to the conductors 234,236, respectively. The exemplary
hemispherical antenna 238 is useful in stimulating or detecting earth currents, such as
those employed in geophysical exploration, and generally projects or receives energy

30 equally in all directions above the plane 242 of FIG. 68.

Referring to FIGS. 69 and 70, alternative contrawound spherical conductors
226',228' for the spherical surface 232 of FIG. 67 are illustrated. In this spherical
embodiment, the spherical conductors 226',228' do not repeatedly cross at the poles




226',228' for the spherical surface 232 of FIG 67 are illustrated. In this

cross at the poles JTHIS S N Rrl'~ E1 WO 96/ 41397

spherical enbodi ment ! fpe %i:rg Qab Lonductors 226', 228" do not repeatedly

PCTI US96/ 09119 40 as—discll¥s@d“t'n conhection with FIG 67. The antenna .-
230" is created, for exanple, by rotating the spherical surface 232 as the
conduct ors 2992187 are applied. Mathematically, a transfg&mg%f%gugatri-x_
is introduced to operate on the position vector (Xx,y,z) define y
Equations 37-39. By applying the same transformation 5 operator to both _
cont rawound condus dikcussedbn c8detiont 0 j.on serves the o
contrawound synmetry ori gij nal rﬁ%c%ogn\?lg} Eggnﬂ] ?ﬁ%g?tﬁ'}%%ﬁl ISSHsdy ffxagple,
Equations 34- 36. DXERBHNEIhe smhefieal sunfaca 232 as e @edenat 206127804t aBflied.

transformed equati ons. Mz f ' tix.is, in general, a -~ -
function of both 0 and 0.%%‘%22’3%5@%%8@8) ’gl(sé!}tz_qucedlt&gygpezge@pmoémgl)_ .
(231( 6, ;]) Z32( e’ (fyecma@ey,,z)me_ﬁzedl@yvﬁt?mm:3%39_\/',1;'5,) hpﬁliiﬂé‘ftiﬁ@?ﬂﬁéjuﬁ%?%rmaﬁlﬁﬁ es

X,Y,2): untrags L :ogen nction of i and O. e
transformation na?ée?? oﬁ;(:?qﬁaé | oﬁgﬂrﬁj ‘f@d‘bcg?rr"‘ ﬁég%égvb@F Hgndirynation preserwsi the
15 preserves the emtrawavisusynmsatryneriginallgfcohtmedVi the 16D I e
geonetry of the gprgrawound conductor Z c(2)26' , 228' ng@"dgg%?@@%ggfg&&ons

stretching or rotation, although the invention is applicable to any
wi ndi ngs provi di ng desEquatibi 48 iilistratet efccpral it5rn? bEHe 0, lgane :
resul ting el ectriﬁﬂsf ' ehgs and .co,nstruc%?lve i.nterfereencgfb?ﬁg%rewonsro“e*
reinforce the resulting nayMaiixdssngeperal, pfurgtige of bethi¢ andst.r at e t hi s

transformation an 20 exanple will be provided. Exam 2le os(el 0s -1 C.
112 2 X nzy 01 0y (41) _s~e 140493 Ix 005 9,,(B))
Y
’J

r‘n
[~

X

=1721(8,9) 15,(0,0) 1,,(8,9)||y (40)
731(6,0) 1,,(0,0) 1,,(6,9)||z
10  wherein: . L
X,Y,2): transformed coordinates |
x,y,2): untransformed coordinates
Ty general function of ¢ and 6.

The transformation matrix of Equation 40 is defined as being any matrix which

15 preserves the contrawound symmetry of the windings. For example, the geometry of

may be distorted by stretching or rotation,
although the invention is applicable to any windings providing destructive interference

in order to cancel the resulting electrical fields and constructive interference in order

the contrawound conductors 226',228'

to reinforce the resulting magnetic fields. . In order to illustrate this transformation an
20 example will be provided.

Example

)0l
gt

In this example, the spherical surface 232 is rotated in the XZ-plane as a function of

41)

N M

0, although the invention is applicable to a wide range of transformations associated

with toroidal surfaces, multiply connected surfaces, generally spherical surface
25 spherical surfaces. - T ‘

s and




In this exanple, the spherical surface 232 is rotated in the XZ-plane as a
function of O, aIthouEh the inventiaon (s applicable to a wi de range of

transformations associ pfHIS SHEEThHABr8EENa] surfaces, nultiply connected
surfaces, generally spheri caﬁgpwcémces nd 25 spherical surfaces. TH' S
SHEET HAS BEEN REPLA | US96/ 09119 41 Referring to FIG
71, an ant enW® BBU3%¥avi ng one or two feed ports is illustrXCEFSIFHAL

i nsul ated conductor circuit 256 extends in tghe conductive path 258 around
and partially over the surface 232 froma node 260 (+) to a node 262 (-).
After changi ng w ndi ngRrefng®: & FIGHe71264 fntgnnat P54 ihﬁkﬁh’é @he breewsl $€ddoports  is
circuit 256 5 extends in the conductive path 274 rhd arti al I% ¥5e8r
the surface 232 fAlysfaigd THsgiasulaied gonduetgr cireuit, C"+} ngRHYF Fafhy

the conductive pataP&ma&%d%mlah?rd%;ame Rt R ﬁamwﬁbdevmop@thmaa Quasl260¢).
over .the surface 232. The . insulated conductor circuit 266 (shown in hidden

line drawing) ext IS changing winding senss, 8t Boen26266).athe diwylated epndugten ireuit ey
the surface 23% frQfhg mqﬁ@c&mcdve)pam%a RERR a’d Bartidily ok RS suBcCIRNGoMGhe

wi nding sense at node 272 (+), the insulated conductor circuit 266 extends
in the conductive nogde ﬂﬁéeltcaﬂle@ﬁ@?— H(plaint 9regr) tpatdb@wrldh@vsmpma@éi%,%i ferpoen

the node 272 (+) el \Brfifdie 74R fodnd h2bideing Ukect B CARLURLINE BRSO

268, 264 form anot her "endl ess ctive path around and over t e surface
232. The exenpl ar wirauit éﬁmesheﬁmlrphiddqndm drawinghéxtendoin tha gonducteyst patin 268 aroasd

antenna signals I ! t.he | r
of endl ess conduc?f‘fi\éé%ﬂ?hog’ero hg Yie |ngﬁ%gfé)dgggéeaam>R‘glgrrioglgpghz(gé 28@@
are fed in seri(es chinging hmdmgoadm a2iade2m (4a)| thecingpliatedheondnstentiranit 266 extends

applicable to parall el s at 272

260, 270. In addi tubr‘Petcé’“%t?g"?Paé‘é??‘{) ﬁl“—HY é'%edﬁ“?a ‘EFd?ége %?%Jﬁ&%%?zed
20 previously, ong+9ks tHeedde W(I(ﬂ)ein@fder ﬂﬁhhb&or&hbﬁvdphthi&&@%tt foei another endless
nodi fications and variations wtho t de % ﬁom the true scope and
spirit of the inveéRpdustive path aroypg E81-ACED WO 96/ 41397

PCT/ US96/ 09119 42. | CLAI Irhe Jexerﬁnmgl m&mmnﬁfowaeﬁ%@mmnoanm&emanh ofin
ant enna si gnal said elect romagnetl c ant enna COTTPI’I S|, ch
15 ~ antenna signals. For example, in the case of a transmitted signal, the pair of endless
conductive paths of the insulated conductor circuits 256,266 are fed in series from the
nodes 272,262, although the invention is applicable to parallel feeds at both the nodes
272,262 and the nodes 260,270.
In addition to modifications and varations discussed or suggested
20 previously, one skilled in the art may be able to make other modifications and

variations without departing from the true scope and spirit of the invention.




R —

- . '.—"’/ - . .
a multiply connected surface; first i1nsulated conductor neans extending in

a first gegeratty.-tetiTatronductive path around and at |east partially
over sai d[#ﬁ'fﬁﬁg] @_Hn%ﬁ“eﬁ surface with at |east a first—helHcal—piich
sense; sectond i MEAGERd conductor neans extending in a second gener ally
heli cal conductive path around and at |east partially over said nmultiply
connected sWOAEH3W th at | east a second helical pitch senlscermgg% IS
opposite fromthe first helical pitch sense, in order that sai I'r'st and
second insul ated conductor neans are contraWound relative to each other.
around and at | eastcpaiyially over said multiply ti connected surface,
first and second signal termnals respectively electrically connected to .
said first and second insul dt ed éomttaronagnetamsenna for ﬁs@fv&iﬁ%%téﬁﬁé‘ﬁgn%o&id
directing said antmnﬁh%@m%gyc&f&gect to said multiply connected’
surface for reception or transm ssSi 0 o't he antenna si gnal. 2. The R
el ectronagnetic antenna of C ai na hulipdy eonneqted surfé] ector neans includes a
parabolic reflector. 3. The el ecgr(t)ma get i C antenna of daim2 wherein the
par abol i ¢ reflecfahoqr}i hlas a gener df 3}"58 fed panductear mgwnsvxtending viera €ixst yederally
opening; and wher ehelicalserinduative tpafh YroGd) BRE b thasil LS.l gcated. gener al |
bet ween the vertexgand &'ﬂﬁa arabol ic reflector %{)rgﬁﬁng%rzl&%gﬂpg' Connected
el ectromagneti ¢ antenna o bPeﬁftr?l SUprLiFad jmatch RES®Bar abolic reflector further

has an axis between the vertex aggohdigsud€d\donds t@r’}ﬁd’ga in said nmultiply
connected surface }p S 8 glﬁ{']or axis which is Iol(!:cate. ggﬁ‘;‘e?‘é’ f/n%l%?@gteﬂfé%ly
axis of the parabSted §ofuchve path sround, ands e deastopartjalist oeer asatdemoRiphf céAnaéted 4
wherein the parabodurface Methl £abRF af sdEdnh el i@n | point on the axis
thereof: and wherein said nultiply conr?el%t?}éégusr&fsgbé‘afc 13 OPRYSYF dEam dher first e
having a major axiEHSHPih SeRseeln Qe Barsaidsfitshand feeorzicinkditedordlidtor Resisdad
surface bei ng | ocaémntra@einey Rldtive 34 e-.f Qc Int_of the . parabolic o
reflector. ;k. | TH S SHEET HAS 3 Ao RN yoirast Bl prescos owitinty
43. 6. The el ect rePRERtt susfeegit enna of Claim 2 wherein the parabolic
reflector has a first opening, a ner al | arabqglic shape which defines a
vertex at P 9 it &l seé/ona sxgnz% term?nalsp respectively electrically
connected to said first and second insulated conductor means; and

reflector means for directing said antenna signal with respect to
said multiply connected surface for reception or transmission of the antenna signal.

2. The electromagnetic antenna of Claim 1 wherein said reflector
means includes a parabolic reflector.

3. The electromagnetic antenna of Claim 2 wherein the parabolic
reflector has a generally parabolic shape with a vertex and an opening; and wherein -
said multiply connected surface is located generally between the vertex and the

parabolic reflector opening.

4, The electromagnetic antenna of Claim 3 wherein the parabolic

reflector further has an axis between the vertex and the opening; and wherein said
multiply connected surface has a major axis which is located generally along the axis

of the parabolic reflector. |
3. The electromagnetic antenna of Claim 4 wherein the pafabolic

reflector further has a focal point on the axis thereof; and wherein said multiply

connected surface is a toroidal surface having a major axis and a center thereon, with

the center of the toroidal surface being located generally at the focal point of the -
parabolic reflector. |




about the first opening, and a second opening which is larger than the
first open al d nultiply connected surface is |ocated
general ly &gﬁv%gﬁ?&h% E{;‘TE second openings of the parabolic
reflector. _Z Th%FPélAeéQrorrag etic antenna of Claim6 wherein the parabolic
reflector further has a central axis between the first and second openi ngs;
and wherein wed139ul ti ply connected surface has a nmmj or a¥CI/UMHENIY| s

| ocated generally along the central axis of3the parabolic reflector. 8.
The el ectromagneti c antenna of C aim 7 wher el n the parabolic reflector
further has a focal point of thereeME@haghelis ahlRNLE ClafiN D WhGERIthe parhiblic
multiply connected surface is a toroidal surface having a major axi-s and a
center thereon, V\mﬂworrheseefﬁﬁte@peamgt Reepeslbi BARbAiGr shapee Whish rfigfinescnverex at
general Iy at the GOSR kncPitst'bpdding! Aid aRBLGAR Bpdrfing hicf A Prger than 0 First openipe;

el ectromagneti c antenna o sald nultiply connecte ace
is a toroidal surﬁaﬂ:wheramcsa!ﬂtmul@ph qon@ecpdrsmﬁqeuthc@tw eenemllythgtyvegn thecfirsrand| y
par abol i ¢ shape and wherein the toroidal
surface is |ocat eé&geﬁgﬁq'fé)&ge \(/j\%en géhvegtrgt ex and. the parabolic

refl ector opening. 10. The @l ect'l’fwmigzmmgleamaewm off ClgimithwRereihehe parabelicd
multiply connecte surfa b 2cd surf.ac er th \a .
reflector has a frr?‘ql torgb i n%;s,a%eng%lﬁaex?sgﬁ ye%ﬁél%a 56 img’ s dng \Aﬁng 5L@‘P‘?lhérlrglsn a
vertex at about thadfmunﬁply@pmecnag,surfmdxaaa mgmradxsozfziach rsgomimd@cnerally alogg the
than the first opening; V\/neré)gg %ld toroidal surface is |ocated
general |y between c?'ﬁ’é‘i 6 5de68Eni ngs of the parabolic

reflector. 11. The el ectronagnetnce é&ﬁt@ﬂﬁ?ﬂdﬁt aflefindTof CHiNGIRWhereidl tfle bhrabdlic
i nsul at ed conductor nmeans extends in the Hstgagener alqlﬂ}( hel i cal conductijve

path around and defactos furghesting 3 fors) PO AR the senteal axis therepfrand pwherefn said multiply

helical pitch senggndeb@Msarfide’ish toraiadﬁsu}ﬁceahﬁﬂ%@ﬂaﬁ@ﬂﬂs a4l cym&rtﬁéramﬁ Jith
second i nsul ated conductor neans_extends in e second generaec@}/ hel i cal

conductive path artbmmtgn@f o aproidal quifaeethepneylogaset genesally” atuthe decal wpinh of e
second hel i cal Bﬁgbgﬁ‘p fiefibpm t he second node to the first node in order
that the first an econ generally helical conductive paths are
contrawound relative to ealh ot Hes elasiepriagpstic antesppg pb Claig| 2 whergigrgidcmpliiply

pat h.around and o H Hakegss thro{taP surfeENand ERERRER Wardhofi¢ ke&REtor has a
PCT/ US96/ 09119 4}%“&% dsu 1ozrlmer((:)t edsusurface and W’lgI’EI n Slal d florrst and

second signal ter reienerhlly ambolmemtvmheal yemxeertdr A Spenings cand cwhesein tthe toreidal
first and second @9%&' is located generally between the vertex and the parabolic reflector opening.

10.  The electromagnetic antenna of Claim 2 wherein said multiply

connected surface is a toroidal surface; wherein the parabolic reflector has a first
opening, a generally parabolic shape which defines a vertex at about the first opening,
and a second opening which is larger than the first opening; and wherein said toroidal
surface is located generally between the first and second openings of the parabolic
reflector.

11.  The electromagnetic antenna of Claim 1 wherein said first
insulated conductor means extends in the first generally helical conductive path around
and over said multiply connected surface with the first helical pitch sense from a first
node to a second node; and wherein said second insulated conductor means extends in
the second generally helical conductive path around and over said multiply connected
surface with the second helical pitch sense from the second node to the first node in
order that the first and second generally helical conductive paths are contrawound

relative to each other and form a single endless conductive path around and over said




netic antenna of Claim!| wherein said first insul ated

12. Th

conduitTHtS AR Fmgta‘?ﬂp in the first generally helical conductive path
aroun andngn{_ng§a |tiply connected surface with the firsthelical

pi t-ch Senmse—f+om- node to a second node and fromthe second node to

a third node; \/\herel n said second insulated conductor rreans extends in the "
second gener&fqﬂiﬁ/“mm cal conductive path around and over s;ggunh iply
connected surface with the second helical Ech sense fromth ?d node -
to a fourth node and fromthe fourth node té ‘the first node in order that

the first and seceanuttipheosindbtby sih§ideC C s are contrawound -
relative to each other and form aeg%}%%@@%ﬁhd easlgmgc?ﬂ JEEING signal ferminalsrade

and over said nul f5PIcively sleatsicaliyicennedtert t; tha fickt witbseebmd Satesl i rst and

second signal termnals areorespggt lectrically connected to the-

second and fourth, nodes. 13. The gl g%ﬁ‘%”nﬁgw&ﬁmﬁﬁt ofn G5B T Oyharein | saidh Grsei n-

said first insul H’csé'ateéé?!&%ﬁpbmehmxmnéxmemmst gentfafy | hélicﬁ ccﬂ@ %LM around |
y

hel i cal conducti vgndPabed art i ver _said nmultip onnect
surface with the first ﬁ%ﬁl ca lﬁ%gcnne&g% ‘érga g"é theyfirst pejical pjteh Spmea‘rcmeacﬁml

node, and al so exPedfds 3 Sﬁmdtmdt dndyfrorarthed &excorhﬁ{ddéad a SRRkt Mﬁerelﬂgﬁlﬂ s%ogg
e I

and partially ovefnssaied 3 conn urface with the secon
pitch sense fromt he secon d}c e"f"a ele;g&sf " g’F $ieRrd generglyl dielicah xondustive patht

and third gener aNOynmemd owdr saidnmlultipiyveonpettdassutfRs i |
conductive path aqu% ng ggego Eﬁ'&ﬁ myl ti I;l/x connect%%%%@?‘gé@ga Rifch sense
wherein said second 1 NSubatt bh GPder@&rf?m @%tf@lﬁdlandntathefsamodﬂm order
general |y helical thabthddizitiavé s@ohi geiernyth ai d

EEHCRNY hellcBRUL1YE palts X onERung Tt o

connected surface Wlht t he second hel i cal pi sen
a fourth node, aftf 1'% 3% ferpa sngleendiass condyetiverpatt gzrobmd ar&ﬂbveeQﬂdLlﬁﬁth?

path around and pexricitad butf2R¥-C4ndSdiee nect.ed surface with the
first helical pi tcf;Fsense fromthe } l%?tfﬁgtﬁgég&fm&fﬁ'@lﬁﬂ“f SrAS® &espestivelyer -

that the third and %‘G?lﬂf%é%&l@e brebictanld foomindods ve paths form a second :
endl ess conductive path around Id. multi onnected surface, :
with the first and th| rd generalaﬁzh(1 ﬁ%%"&gnmwgvé g”f“ﬂs 1 juhesgjn * said first
contrawound r el at MFlated CP‘I‘FB’C%W extends imthe ﬂrsgmemﬂ&lh&hd&ﬂédnﬁ@éhv@ Pa ‘fllln}{e
paths, respectiVvahyparhllR e nal. term is electrica
connected to the firat lr?{:)de sanﬁgl\k}f‘{y&hn& sﬁr@gc‘,vdﬁd{‘]%%ﬁhﬁth%ldﬁltﬁb mseﬁmans
is electrically cédedodeta ®seched ng@camialmebaends inlirkrdrdSid 5{11*“%& ve .
or Use an-

96/ 41397 PCT/ US96 L% hifind 4R, net i C_antenna
ant enna si gnal , S/gl d elnect?ggﬁalnﬁp‘l' E‘H‘r‘?ﬁ?‘?%?“ﬁ&ce ¥ithihe sepdnd helical

connect ed sur f ace PHel 5enge érona}hgrseemdsnode to the first node in order that the first and third
generally helical conductive paths form a first endless conductive path around and over
said multiply connected surface; and wherein said second insulated conductor means
extends in the second generally helical conductive path around and partially over said
multiply connected surface with the second helical pitch sense from a third node to a |
fourth node, and also extends in a fourth generally helical conductive path around and -
partially over said multiply connected surface with the first helical pitch sense from the
fourth node to the third node in order that the third and fourth generally hehca.l.
conductive paths form a second endless conductive path around and over said multiply
connected surface, with the first and third generally helical conductive paths being
contrawound relative to the second and fourth generally helical conductive paths,
respectively; wherein s;u'd first signal terminal is electrically connected to the first

node; and wherein said second signal terminal means is electrically connected to the
second node.




first insulated conductor neans extending in a first partially helical
conductivey un | east partially over said multiply connected
surface w iEHéﬁ SHehEtHAS BEAMt helical pitch sense; second insul ated

conduct or ans Bxti¢ndbng inla second partially helical conductive path
around and at 1east partially over said multiply connected surface with at
| east a secoMD $%$a3sgal pitch sense, which is opposite fromRIFAPPNL
helical pitch sense, in order that said firgg and second insul ated
conductor neans are contrawound relative to each other around and at | east
partially over said multiply, coAneeéRfnaghéticambennitdriusé Mot fahafifendpriagcaiid
partially helical conductive paths, when generally perpendicular to the
maj or axis of sai GlCATPTPIEREYC AUPIH@CCBENENE'f ace, being generally radial with
respect to the mejor axis of saifmQiiply dhieckANIeaéLEhvRIY { Aafr aR8d

otherw se being generally helically oriented; and first  and second signal
termnal s respectively el ectri cafinsy insglated copdustaromsanis dextgnding ianal fisetcpartially

i nsul at ed conduct QL. ct 440 ti.c. a0t af -l

wherein said mul t?]%llly %gngd#ﬁée}% B%ngaﬁﬂngcﬁe'{di %H%E% r?gt%azipl@gg%l ?nﬂ%@gm&ﬂmm
surface. 16. The ehrfaservatiaatrieast a fustthelicahpitdh €hse; m 14 wherein said nultiply
connected surface is a generally | . . el. '
antenna of C aim 14 wherein said e{;ﬁdgﬁsﬁﬁ#ﬁﬁf%@gﬁ "(':%lﬁs uxghg}"%ﬁgg%gé%ﬁ%‘y
in the first part ihelidal cheducted patbratowidi and gakehst gpadtialiy ovendaid vieultiplyi cbnnected
mul tiply connected surface with the first helical pitch sense froma.fits
Tode Lo a second use i ahtalt 4 KEod el Bt sl Yl 36 Bifaid BPi ! A%
ext Sndsl in | t he shelidall gtwh“ keinfed,Iiyﬂrmlthanﬁiidd‘ﬁﬂt@ﬁtsﬁﬂﬁ?ﬂhtﬂ@ﬁd@bt@ﬁd%ﬂ@k
said nultiply connecte urface with the secqnd helical pitch sense fro
the second node t GORtFRVauNE Jelafiygyte ?ar‘fp °6}Peﬂé'?'°‘{"aaﬁ"dt‘1‘|éeafs§ P%‘B%)hﬁ"%e‘é’d‘n’&“{“pw

partially helical ceffdtsdisuMace) WithSthe fiest GAN kécon® pardially Glthl ¥dhdhidive Paths Ovhar
and form a single endl ess conductive path around and over said nultiply

connect ed sur f ace 2eRgiall\Rerpeidiculai tg the maior axig of cishmultiphhegnnedted

respectively el eclgbh&aihy YadfaD WHBGEPECtS tHeltRajbr 4x3¢ ofAll MEBIBHLORNLRE surkibe, ANE
el ectromagnetic antenna of Claim 14 wherein saird first 1nsulated conductor

means extends in toervise beinggepqrally helicdly engntedoAtflict i ve path around TH S
SHEET f~. S "SEEN REPLACED WO 9%{«#1397 s&eifd U§8I% 0%}%&&54§esp&ﬁ?e]9vgrecm®

mul tiply connected surface with the first helical pitch sense froma first
node to a second rrouRectEddo fsaid firstiaad secopd énsplgted coedugtaripgags.node; wherein

sai d second 15.  The electromagnetic antenna of Claim 14 wherein said multiply

connected surface is a generally cylindrical surface.

16.  The electromagnetic antenna of Claim 14 wherein said multiply
connected surface is a generally toroidal surface.

17.  The electromagnetic antenna of Claim 14 wherein said first
insulated conductor means extends in the first partially helical conductive path around
and over said multiply connected surface with the first helical pitch sense from a first
node to a second noﬁe; and wherein said second insulated conductor means extends in
the second partially- helical conductive path around and over said multiply connected
surface with the second helical pitch sense from the second node to the first node in
order that the first and second partially helical conductive paths are contrawound
relative to each other and form a single endless conductive path around and over said
multiply connected surface; and wherein said first and second signal terminals are
respectively electrically connected to the first and second nodes.

18.  The electromagnetic antenna of Claim 14 wherein said first

insulated conductor means extends in the first partially helical conductive path around




i nsul at ed conductor neans extends in the second partially helical
conducti ve patihTHiarsisotd axgl sgyer] said nultiply connected surface with the
second helicali pitchipesgp frompthe third node to a fourth nede and from
the fourth no o~ ' e in order that the first and second '
partially helical conductive paths are contrawound rel ative to each ot her
and form a sw@berizaidl ess conducti ve path around and over i‘ligpl y _
connect-ed surface; and wherein said first aqg second si gnal term Ra’s are
respectively electrically connected to the®Second and fourth nodes. "19.

The ‘el ect romagnet izg erei.n said first . insulated
conduct or neans ext%ﬁgésr%?ﬁgq?ﬂgplgcgh t]eésm%clevvthl‘fg? ﬁésélhelt‘&haﬂé‘tﬁev@ fmhﬁrst |

around and parti al™oge B\aesecensd @dmahd froimythe saenmtiiced t6 W thind fodd Wherdeliald
helical pitch senqﬁsufa[éaneona ode. 140 atﬁecond node, and al SO exten

inathird partially helical con Uct 1'v "dsﬂﬁt é"rCBB‘illd’aH-Fi‘Hyd’&P?ﬁ]aﬂonwcav‘epath.'

said nultiply conrﬁ&mé@ﬂ@ @vérasaid wiuttiplyt Ifmmsaapmlfali@wltﬁ%e sddbhd nelﬁﬁf‘%?chfsre&e
t he second node tq

de.in.o at the first and
partially helical con ﬁ’é 1f‘f/’lieodl‘l' ﬁ?"ﬁ?ﬂ‘?ﬁ qt &P therfayidls Bodedn thedirshnedpat drder
around and over sthatahenﬁrlstaxmwpcmﬂrpaﬁtalll theRedl EchaBetivd cond
¢ ¢l '?thh‘e’g.f‘e;%ﬂ? @hﬁi ref3five 1o

i nsul at ed conduct ends in the second parti al
conductive path a%éugg'ﬁ%{ ﬂ’dpé??"f’laa"fq‘%}e SQ‘E?SSSCQPQ!‘C“WPW ptqﬂn(ttame%resd]dsmmhprye

with the second he:lonmmtedpurtfsda aRNwRerbih QB Firbtdnl urth node,
and al so extends ig urthegtartlall hel i cal g%égﬁﬁiﬁ F'@etgrml"ﬁ S 4P SEARECtYRly

partially over sai% Y pp %%@Fé‘é@%ﬂ‘h@@ﬁmmﬁw he first helical pitch

sense fromthe fourth node190 thg blRkkshdda d hat. the third and
fourth partially heljical conductive pat hE{sé %ﬁrénﬁn%n%ée(g% B S‘grelfbﬁ%%cftrﬁtve |

path around and oVBHlaed cengunter meaps extentisdr thedirstupaftiatly heliéal borideriviel patht argiHd
third tially h | at to th
second and fou th parriar ORn b RN MhoB G Y e R buter miengense from
wherein said first? 8ishpede to arserond nqu, @idendtor dxenld in £ AGRHRy tlﬁhédi'%orfdu&?&c
node; and wherein nmeans i s electrlca

connected to the ps%gic%ﬁg nogg) ﬁ&‘gp% e@@?@%ﬁ@?f@ﬁ"e surfacs rith ﬁ\eﬁeogsdahmcalh
an ant enna si gnal Pl@hlserlseéT%tthﬂ)mgmtbhodt @nthe find noae M iofded Shat

spherical surface or axis ther eo?hg'ﬁrFHkl?nghéET
HAS EEEEN REPLA(:I':‘;EQ(/\D9 3&?%52‘89‘“&%?%%@3?%% tengless cpnduglive; pggh Argendcand over
conduct or means exiishailtiplyi conpectsdr sitfagen rahd athkisich@bd Qe%bn@ﬁh@lﬂ%& e¥f1uBBE theans

around and at | eas I er._s eral ly spheri cal :
dxidhd! tﬁl: séeoRd partlaﬁy ﬂel% conductx%l/e path around and partially over said -

multiply connected surface with the second helical pitch sense from a third node to a

fourth node, and also extends in a fourth partially helical conductive path around and.
partially over said multiply connected surface with the first helical pitch sense from the .'
fourth node to the third node in order that the third and fourth partially helical
conductive paths form a second endless conductive Path around and over said multiply
connected surface, with the first and third partially helical conductive paths being
contrawound relative to the second and fourth partially helical conductive paths,
respectively; wherein said first signal terminal is electrically connected to the first

node; and wherein said second signal terminal means is electrically connected to the
second node.

20.  An electromagnetic antenna for use with an antenna signal, said -
electromagnetic antenna comprising:

a generally spherical surface having a conduit along a major axis.
thereof;




surface with at least a fi rst heli (ﬂmond i nsul at ed
conduct or S g@ a second partially helical conductive path
ar ound andnE Pe ot ¥ i F over said generally spherical surface with
at least a seconcﬁtﬁéﬁvr pi tich sense, which is opposite fromthe first

helical pitch sense, in order that said first and second insul at ed
conduct or new@d86/418Y¥ contrawound rel ative to each ot her arpCwuUsIsmetiat | east
partially over said generally spherical su-face, with the first and second
partially helical conductive paths passing through the conduit of said

general Iy spherical surface andfpeiinglagangdndhdyr RREA babndidy i BeRNSRpAiafy)i S
t hereof within the conduit, and otherw se being generally helically"-

oriented; and fi rglical rndusive pat aaund ard At Ieaptsparialpyeeverisaidy geserdly rspheridal

connected to sai cgu{.fhéesg,ltﬁlgdléﬁgq}gt Helisdl Ik derg@nduct or neans. 21. The
el ectromagneti c antenna of C aim 20 wherein said first insulated conductor

means extends in the first part$e&panmﬁéat¢ct%qndum¢rdnwse’éemnarswndpa:anm
over said gener acﬁeﬁcﬁp&%ﬁ&% %r%ﬁrﬁl w’d} V\}}iéﬁ?t % fy B&dr G gl }aﬁp s?aﬁ%?&
node; an ate

froma first e to a secon erein sal d second”Insu
conduct or neans ewtfecedwithrat leasea seeood delical tpiteh Isgnshewhichl is oppasite tfione theafitst

Bi toh sense 1 romPHEH SHE st acoHiE b B RGN Mo ARG Pharsre <.
and second parti adohya\hmirldaalauwndmchloﬂmrpmdnﬂ and eat Geastt patiailyneler kil gleheraily 0
Goneral 1y spher i cRReal patase. i WheCon e Pl hefite comyfie pifiassing
ternminals are rahfeghihedojdsit 6C4ald Q@Eiayly @ﬂmﬂeﬂtﬁﬁfaé&aﬁdhﬁmfgl greﬁéral%nﬂarﬁlm%ld
nodes. 22. The eI ctrqomagneti c ntennﬁ?fgc%dfﬂgt m 20 wherein said fjrst

i nsul at ed conduct'Bf TRYNEE Hesad ovithin ¢ angh PHERYISS, beiag iserarallyo helisaly ve
path around and gHeatedSandd general |y spherical surface with the first
helical pitch sense froma first node to a second node and fromthe second
node to a third node; wherein sl ¥capePnd| sigalataminasn depesivelye ghestrically

extends in the segaR&tddbishial firkt 448! seéRbl in@iaClohdiferdtdhdins ar ound and over
said generally spherical surface with the second helical pitch sense from

the third node to a fourthZ2hodeThH GleFiTRAENGEC ABGARE, OF Sddimk g0 rwhersin (said fitstle
n order that t NfufidtordldoPREARUxRAh A HishBlriaR niendURhiE: PR buRd ©

contrawound relative to each other and forma sin endl ess conducti ve
pat h around and cAndrovemsaid gengeally| spherirall sgrigpeewith IEEEHCWDIQESWE%MIH a first

PCT/ US96/ 09119 48,4, $0RSEdoRA hod ar,@cvﬁerear@. vgafanauﬁgu hato t

signal termnals are respectivel ectrically connecte secong and
fourth nodes. the second partially hellcal conductive path around and over said generally spherical

surface with the second helical pitch sense from the second node to the first node in
order that the first and second partially helical conductive paths are contrawound
relative to each other and form a single endless conductive path around and over said
generally spherical surface; and wherein said first and second signal terminals are
respectively electrically connected to the first and second nodes.

22.  The electromagnetic antenna of Claim 20 wherein said first
insulated conductor means extends in the first partially helical conductive path around
and over said generally spherical surface with the first helical pitch sense from a first
node to a second node and. from the second node to a third node; wherein said second
insulated conductor means extends in the second partially helical conductive path
around and over said generally spherical surface with the second helical pitch sense
from the third node to a fourth node and from the fourth node to the first node in order
that the first and second partially helical conductive paths are contrawound relative to

each other and form a single endless conductive path around and over said generally




23. The el ectromagnetic ant enna of HMH rst insulated

conduct or first partially helical conductive path
around and|J#&i3 iSHEEY HAReREeMa| d general |y spherical surface wi-th-thefi
helical piteéch senggrifaregn a f{rst node to a second node, and al so extends
in a third partralty-hetical--conductive path around and partially over

sai d gener al IWos@hayi cal surface with the second heli cal p}%?/&nlsge from
the second node to the first node in order that the first an -
partially helical conductive paths forma fi4%t endl ess conducti ve path
around and over satgd- ly spher.i cal surface; and wherein said second
i nsul at ed conduct o@h%]ecgﬁgﬁagé‘téWd STein Sgid fg%éﬂﬁdﬂ%aﬂtsigam tprohigdls ewml respectively -
conductive path ardestrically dopected ad the sodnd afdikdhrthdRes al | y spherical ‘surface
with the second helical pit 9 se?ﬁe4roma third node to a fourth node, .
and al so extends in a fourtA”part MaI%TRBIENEYS apispreuef iClaimp2® hwiereiurald afidt
partially over saigsuatetccandhstospbaisierhdsSid tkcG@t Wirk [ elical -
pitch. sense frominlawaﬁu%th n.gde tg the third %ﬁgw}%ﬂé}géﬁé%ﬁ‘éﬁpaﬁhgoum
third and fourth partrarty KdIFeaenerally el wriger wish therfirstdekent pindh sewsd Ifss

conductive path arafirsti nadettoow sscoshalie JBREAR & ol face with the
first and third paragi al lr}.’ﬂjhe i cal congugt ive %’fjﬁgrhgéﬁillgogl)a@%l[ﬁIFCMGHB‘S“CU"C -
relative to the selh#oy lyyer said gsperally isphericalondiuet wive theabdosid helical
respectively; whergiich semdedfrét8é s&ofd@bd ' | s,.electrically connected
to the first node; and wherein gai d sec%ﬁlcrjmé’iqg%\ta#dfé?rﬂr Itgﬁéa%@%@“d_ third
el ectrically connekdeallyihslie} condugtivepntidarm a fisst e@dlessAOndIcBed FANRGHRE i over
antenna for use W éfy AN SBRGicST .58 4 el ectromagnetic antenna j
conprising: a nultipl gﬁgon%eg’t;%l gg@é%ea%ﬁé@leﬁép g?‘%ﬁ?"(?g‘?ﬂ'ﬁaﬁa% CApduEter imeans
greater than zero EHidaimihgsecanddartialiwielidal bandgctbetmaih Arbay mepmlgrover <aid
|

radi us; first insuteabrfl gﬂmgt xtending in a first generally _
hel i cal conducti veé pat hY ar oun %ﬁaé%?'ﬂﬁéh:esﬁemﬂg#ﬁ%ﬁ] Pch¥ase Fame hird moge o a
connected surf acefolrth modg, and alsp eatefdsrinta foedth patialpi helidalSRNGRAivS p&aR Qfbund and -
I nsul at ed conduct : i iln a secand ner al | hel 1 ca
conductive path a?%%ﬁ%@;bﬁlgleﬁﬁ%gs y Séheplcajls? CB\)gﬁ' the, figpt K‘Elicﬂlimlcb.smfremttbd_ ﬁ
surface with at | ef¥fthnodederttie eird matle [ beder SRNSBe thid @hd ife‘mqp@gfahﬁf eyl

the first helical .Rht&R i rder that said first and secCon
i nsul at ed conduct or rreangigt?gﬁﬂqi Qf’fac?‘?dlis.s,&."?qs_ulcﬁ"e REPROINdOveshit g8 oetally -

PCTI US96/ 09119 49spheriwhtsncfammuinaitir leafiisyand eniRRBEiRly ReidAl SRMcARIps hgaS!
partially over -

sai Ly :
gonlfpdlvgﬁrﬁ Yelative to the second and fourth partially helical conductive paths
respectively; wherein said first signal terminal is electrically connected to the first

node; and wherein said second signal terminal means is electrically connected to the
second node.

24.  An electromagnetic antenna for use with an antenna signal, said

electromagnetic antenna comprising:

a multiply connected surface having a major radius which is
greater than zero and a minor radius which is greater than the major radius; |

first insulated conductor means extending in a first gene@y
helical conductive path around and at least partially over said multiply connected
surface with at least a first helical pitch sense;

second insulated conductor means extending in a second generally .
helical conductive path around and at least partially over said multiply connected
surface with at least a second helical pitch sense, which is opposite from the first

helical pitch sense, in order that said first and second insulated conductor means are




connected surface: and first and second signal termnals respectively -
electrically mqmrsgcteqmtmqw first and second insul ated conductor neans.
25. The el ec romagﬁl@g [6 fennh of Claim 24 wherein said first insulated
conduct or neans—ext AL n.the' first generally helical conductive path
around and over said nmultiply connected surface with the first helical
pitch sense W89 irst node to a second node; and wher eiRCTAZDE093BCONd

i nsul ated conductor neans ektends in the sggond generally helical
conductive path around and over said multiply connected surface with the
second helical pi t6hr3RN8@ rElBVE fohGich SRRAGrdtRE G Gt 1S: alrf:%} Mesai'dr\nulﬂﬁﬂer
that the first and second neral |y helical conductive

contrawound rel acPRNECtEd s ; #dher and form a single endl ess conduct ive
pat h around and over said nultlmJSy HENORELL ki ST f @ffima@n

first and second signal termnals are respect’?ﬁel yﬁgnect ?elsé@: Iy conne%lné’d
to the first and sewnspidd tmsaid firse@nd Ficend inselated nonguetor meanst enna of Cl ai m 24
wherein said first insulated c u d LISt
generally helical conducti ve “pat ag%ﬁ%ﬁﬂél@ %ééenﬁlgs(gﬁ S&"“?l t"ere'oﬁar‘}%cﬁr%d
surface with the fiisultedivendusctr ngancéxtendm gethé ﬁmtrga\cf‘allysttchcahodaiubmv@aﬁmanﬂl
node and fromthe . I 0 er, econd.

i nsul at ed conduct 3?8?r‘g%%?gce}%gﬁgscgpél&{eﬁg"‘gaecgon V%%rf{g?tg‘fif‘ifh R’é‘fﬁﬁ feqpe from a first
conductive path andutoch ssoshdnode; adi wheneih taip kacond inselateé dosdutfon eany dxtentiim

"second hel i cal ch se se rd node to a fourth, pnode and from
the fourth node t(tShftﬁ?8° §?mh6§]8hqa‘ﬁ°%g8‘étfvep? aﬁm‘{'ﬂéanOP’E”tsaﬁﬂﬁwg@?k‘i?&"“‘
general Iy helical salméueitu the sBinll heRéa® pRet bdnsd\RUMtthe edodhd Yiedd @ the &iedt nBbd @
and forma single %gl ess g_r;duct ve path around and over said nultiply

connect ed sur f ace©raghdhakiks dirst ang; sgeqnd, ganerafly helicad sanducyr pathe s ?P&P@waw@

respectively el egélaiveab |e¥ctﬁ&ﬁ&%'ﬂ&'dnﬁ Q sf,r\}ﬁfé e‘h@ﬁﬁk%naﬁlﬁwé Phthlahouha RS over said
The el ectromagneti c antenna of C aim 24 erein said first insulated

conductor means eXPWiRI% cppnectsd surfacss agd veerin yad dirsicand segondl signa) derminals are

around and partlaéép&my@rele%m&n?ubmeeut&fherfﬁﬁtaﬁé s8ddhd A6Ges th the Tirst
helical pitch sense from a first node to a second node, and al so extends

in athird generally helicaf6-conthfcelpeteomagagetic ANRBAPTARlIP a4 wWhereln saié first
sald miltiply ol Shicatf Sneth{ Budrd® iPRE A el GHelical bbidicf¥ 1R 4o

the second node to t first no In order t . irst an
general Iy heli cal ao@nm:@mﬂveulpawwgnmeGMsarﬁqermh tbadirs helicad pidetcsenseefrpmtafirst

around and over %@hgt rngleE ;‘1 : : L id

i nsul at ed conduct or mgans J}ﬂ%’%&E@%&?‘?E?&&‘fﬁ&fﬁ?@hw%E%LE(&E‘%&“ V%es(éw"%

96/ 41397 PCTN596/ (ssulaged conductor means extends in the second generally helical conductive path
around and over said multiply connected surface with the second helical pitch sense

from the third node to a fourth node and from the fourth node to the first node in order
that the first and second generally helical conductive paths are contrawound relative to
each other and form a single endless conductive path around and over said multiply
connected surface; and wherein said first and second signal terminals are respectively
electrically connected to the second and fourth nodes.

27. The electromagnetic antenna of Claim 24 wherein said first
insulated conductor means extends in the first generally helical conductive path around
and partially over said multiply connected surface with the first helical pitch sense from
a first node to a second node, and also extends in a third generally helical conductive
path around and partially over said multiply connected Surface with the second helical
pitch sense from the second node to the first node in order that the first and third
generally helical conductive paths form a first endless conductive path around and over

said multiply connected surface; and wherein said second insulated conductor means

I



50 extends in the second generally helical. conductive path around and

partially ovefyga ot Tpy~connect ed surface with the second helical
i3 %éfﬁi s ﬁf';aq |

pitch . sense from ( to a fourth node, and al so extend S

fourth generally_ LD conddcti ve pat h around and partially over sai

mul tiply connected surface with the first helical pitch sense fromthe -

fourth node WOW#3whird node in order that the third and fﬁf{lﬁ@ﬁ/@?ﬁeral Ly

hel i cal- conductive paths forma second endl_ess conductive path around and
Sﬁhe__-..-ff‘;j?fi*st and third generally

over said nmultiply connected surface, with
heli-cal conducti vexpfishs thRekagd nd relative to the second and
fourth generally hel i cal con ug%‘%@%ﬁ@’\aﬁ%xgﬁ copductixe patly arapnd apg pastinlly aved said
first signal ternimykiiply conapaet surfaed wjthabeseeoiERelicdl HildR srst $om PR ncfdaq?ﬁ
0 the

wherein said secopy, gl I .pal .neans is electrically connected _
second node. 28. The e eg’tarng?fjasgﬁgt?f’ Slgﬁ{%%gmer Leligabeonguetiveipathsarpundf dndst

i nsul at ed conduct partiniiaensr said enitiply connbed jutfte Gﬁlﬁ‘@k@i‘r&t%eﬁ%ﬁ 'Pﬁéhl seﬁ%%,’}ﬁg,ﬁmeve |
ofns a Tirf

path around - and ' |t onnect ed surface and _
endl ess conduct i vga{lgtg't ﬁ&dedg?%ﬁﬁfb‘p‘gﬁﬂg%%@%i‘ﬂmn‘ﬁ? tthipd gnd deurtic pectralyr Retied,

with the first genendattive fatisiforal a sscondleridsy Sordad i ol del i cal
pi tch sense and acﬁ&%gwng hﬁl i calapi_ltg_h ser?se,, m%°?ﬁ%iag&6‘gp?§)‘§i°t%e’ﬂ%o'ﬂ¥cﬁm
first helical pitch sens& el inediry ad (bind seresallyahedidal cooduhtivt qutherseing

extends in the secomchwgpend relhtive tBEihECs%bon‘aoﬂﬁuﬁ;uhKegeﬂéhg& %?,‘g‘i%ggg'?&dﬁﬂmg?% e
e _

over said nulti pl¥ connected surface and forns a secon
path around and ovVEPSXFY: MiFreinptayd &5yt sigrak terminal sscelectridallp dohmectdc@e first

general |y helical nogenétGitiedsh Rad BecBRY kipgh LS LT and.second helical
pitch senses: wherein said first and. s ga(%r% |"E#sltﬁ%{'seﬁ cleSHIFALY §Pnnegtsdh o shee

contrawound rel at 5" §0dsach other in each of a plurality of adjacent

mul ti ply connected surface gegn S | around said multiply
connect ed surface, with each of t%eelgég)ﬁ{e}g?éﬁbﬂtwadgf% Yy whereiny said (fisste
at  which one of dtpitediconductonehesmsomtmhds insthie fitse gderRpiNg WK coRAEN eI Sd
fromthe first tognd Lcal pitch sensg, and _a second node at j
whi ch the ot her ofansgie%fsﬁ‘dr)@g I@Wd&“é‘%%‘%ka“ %gﬂig‘é‘ﬂ’sc%ﬁﬁ%(?ﬂ@?ssr@ad@whan@es ;
fromthe second t@'QWmeé andrever isailli waltiplyi taninected REGice VARH Shl 153 geﬂce'h{ll?? helical -
signal term nal '%oﬁdu%ﬁ\tré'pﬁﬁllhhyn%%nﬁefh&d&f o.the first nodes at a i 1ot
substantially common point; an erar N8R Bieenfuang; 3 seaond dieligah pitch sense,
el ectrical |y conn&dieidist epposie Sencthel ﬂmd&Sic:ﬂtpif%hSJéﬁsQn%éﬂéﬂﬁEzﬁ&‘ﬁé&h{jB{n&fa@gﬁon-'5
' mul t 1 ply .

point. 29. The el | c.ant enna of ai m 28 wherein sai
connect ed surface%?}sdug{@%%%mﬂ%sé" %rst‘}f‘ | 2engirly Relisrngpnductive pathearoend amdd

wherein the | TH SveHEEd nndlBichiected RBHbACER forms a second endiess conductive path

around and over said multiply connected surface, with the second generally helical

conductive path having the first and second helical pitch senses; wherein said first and |
second insulated conductor means are contrawound relative to each other in each of a
plurality of adjacent multiply connected surface segments extending around said |
multiply connected surface, with each of the segments being defined by a first node at- |
which one of said first and second insulated conductor means changes from the first to
the second helical pitch sense, and a second node at which the other of said first and
second insulated conductor means changes from the second to the first helical. pitch
sense; wherein said first signal terminal is electrically connected to the first nodes at

a first substantially common point; and wherein said second signal terminal is.
electrically connected to the second nodes at a second substantially commen point.

29.  The electromagnetic antenna of Claim 28 wherein said multiply
connected surface is a surface of a toroidal form having a major axis; and wherein the |
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subst anti al Iy, ¢ ameen HASI BEEN are | ocated generally along the major axis of
the toroid{form ’E%ﬂ_ £ el eciromagnetic antenna for use with an antenna

. . REPLAC ) et . :
signal, said__electromagrettc antenna conprising: a spherical surface;
first insulated conductor neans extending in a first conductive path
around and aWO%4E¥7partial |y over said spherical surface RCTYSY§8ast a
first winding sense; second insulated condggtor neans extending in a
second conductive path around and at |east partially over said spherical
surface with at | fasin: RcdidGabdkntalldtd@moepsims arshbted @napPPsbiLth majr bie
first winding sense, in order that said first and second insul ated -
conduct or means aPEthe &P nd relative to each other around and at |east
partially over said sphericgl sWd@s@ronfABsbttiah@hnatfod uSewANen ahBRiAlsignal, said
termnals respectively electrically c¢onnected to said first and second

i nsul at ed conduct Blectimagaeticantenny, COMPRYRE onmgnet i ¢ ant enna of C ai m 30
wherein said first insulated condpgi@ar sieqs extends in the first
conductive path around and over said spherical surface with the first

wi ndi ng sense froma first node fir$ igsuldieberndpcioremeansExteRAiae dn @ Brst epnductiyad
i nsul at ed conduct t gn i DEYE G ; nd
over said spheri cg{th?ar gcﬁmw&tﬁgﬁtmaggoﬁgpgmaﬁﬁﬁg se%l%rga%?ﬁglmehgégleﬁgon
node to the first windihg senseor der that the first and second conductive paths
are contrawound relative to eac. ahgl .‘EOQ‘PE@‘&' Shéagl eex%giﬂgs% a secon
conductive path around and over salrd spherical surface; an erein’sal
first and second sominctivetpathranoahd ami & leasepyoalty over gaid|splericalcsurfage withaelehstd
to the first and secon no‘{ies. 32. qu. el ectl ?rran?glre?f{j S a,n%-enna of . Clgi %SEO
wherein said firsf SGOAS SR STSH AL PRIE KO S5 HNERE Sfspsin oraer tha
conductive path akfd fickt andseovst insudated cadbeon medns sierdoatewanint ielhtinvg tb iesichtother
w ndi ng sense froma %H#st node t.o a seco.pd no.(gé an .frgmthe second node
to a third node; ®YP Pt BETBN oY SEE PR NHASE 8P reans  extends i n
the second conductive path arourfitstangd O¥Rbnd Fighal PBGihAR| respiclivde seddicdilye
second wi ndi ng sense fromthe _thir nodde.tLa a fourth node and fromthe
fourth node o t REAFRLIO slEM ARGSRR insuleied FRAGEIPE Meaty s econd

conductive paths are contraymQundrher eka@tomagndtic Sidhna WfhERiBY Wheinasad TFite

endl ess conductive path around and over said TH S SHEET HAS BEEN .
insulated conductor means extends in the first conductive path around and over said

spherical surface with the first winding sense from a first node to a second node; and
wherein said second insulated conductor means extends in the second conductive path
around and over said spherical surface with the second winding sense from the second
node to the first node in order that the first and second conductive paths are
contrawound relative to each other and form a single endless conductive path around
and over said spherical surface; and wherein said first and second signal terminals are
respectively electrically connected to the first and second nodes.

32. The electromagnetic antenna of Claim 30 wherein said first
insulated conductor means extends in the first conductive path around and over said
spherical surface with the first winding sense from a first node to a second node and
from the second node to a third node; wherein said second insulated conductor means
extends in the second conductive path around and over said spherical surface with the
second winding sense from the third node to a fourth node and from the fourth node
to the first node in order that the first and second conductive paths are contrawound

relative to each other and form a single endless conductive path around and over said
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said fi rsthmqjs %‘ﬂ@?f‘%gi g terminals are respectively electrically

connected §o theﬂéﬁ‘ixﬁﬁ an ourth nodes. 33. The el ect r omagheti-c—aki-elham
of C ai m 30—whereld d fir5t insulated conductor neans extends in the..
first conductive path around and partially over said spherical surface
with the firVOMHANg sense froma first node to a second ROHeesAia 2N -
al so extends in a third conductive path ar,og}g and partially over said =~
spherical surface with the second winding s e fromthe second node to the
first node in ordegpy Lir L hird conductive paths forma first
endl ess conduct i vepp%rgdﬁﬁgurﬁggﬁ gn\gﬁ er%g?lagfé?t&ngﬁmf’ dignal dermippl pareyggpectively
wher ei.n said secorfdeqrgally genngcted talthetsecondmad fouetiitreaels i n t he second )
conductive path around and gartig/d Y1eQVEr Sgtilid spherical surface with the

second wi ndi ng sense froma third hode POERES A2 Rl Elaimnd0 Arhsteine saidnfist

in a fourth condusulaied geadictermuansiexends pathe fifst LOdONRE pHi '

surface with the fga{ﬁggh%&péﬂg se@f“f]s ﬁromthe fourth rll)odéaﬁ?tugﬂtgﬁﬁeﬁ#ﬁ#lly&ver
node in order that t P T ERa MBI Bt wdingcensedroma fisstinodertcen secminbde,
endl ess conduct i veandzeldo extandsiih anhird ¢6ridusiietpaad MRLAE wiith the -
first and third co&gﬂgg{vvtﬁ at hs bei nlg conte?%vxound rglkda{)%\ggeﬁ)?g‘%{ﬁ%’d PhersAl :
and fourth conduct] Ve pathse FENgIonding sspse ey tae pecand pdkite tite firsigrk in order -

terminal is el ectthawth fisst amdnhied terdubtvelpiths farist £0098i yhereln sal '
second signal termnnal éTEgﬁ?%%l s _electr iﬂgalsl y. coﬁng%tﬁgﬁbg'd?%gegﬁtgmngé%.

34. The el ect r onaghe&t i spripee;and wherein saltkseenind insalatbd spiidicios aleansdttchac €

has a pair of pol em;thasdomh@h@idive B&h fids ﬂarqﬁ od. conducti ye paths
generally intersect at each of tvhg pol‘es?l agdg_ @Jeq’grec $?ﬁﬁ@%¥§?@%ﬁ‘t‘@ﬁhﬁa
of O aim 30 wherei oo Hindigg sense from 3 thirdznode hms fanrth aiode, id AR @Stend i a fourth

wherein the first eadu@nesnd acadyYs nerally intersect away '
from each of the poles. 32. An el ec? P%l%ng]g)ﬁze’{?éggﬁ? AR Sprface pth (e fimst grinding -

antenna signal, saftdse &ogctheoforghendde tantherthiad aodein oideg: that IREThSRGH! HHkn

surface; first insgnab&d r ns.extending in a first conductive
path around and at least £aﬂrqétjlltbg %yseg&\;@renglgfscf"ﬂ arewnd angrovercwidipheriat

least a first wi n¥irfage,swith the Brstamtithindswhaictide patAebgih® corBARINE XIS BGnl N
d B

a second conducti ye,ned d at |east partially over sal
hem spherical surf ace Wt h@g@w&da&ve paths, resPeCB"e]y ; wher€in said first signal terminal is

electrically connected to the first node; and wherein said second signal terminal means |
is electrically connected to the second node.

34.  The electromagnetic antenna of Claim 30 wherein said spherical - |
surface has a pair of poles; and wherein the first and second conductive paths generally -
intersect at each of the poles. '

35.  The electromagnetic antenna of Claim 30 wherein said spherical
surface has a pair of poles; and wherein the first and second conductive paths generally
intersect away from each of the poles. | |

36.  An electromagnetic antenna for use with an antenna signal, said
electromagnetic antenna comprising:

a hemispherical surface;

first insulated conductor means extending in a first conductive
path around and at least partially over said hemispherical surface with at least a first
winding sense;

second insulated conductor means extending in a second
conductive path around and at least partially over said hemispherical surface with at

least a second winding sense, which is opposite from the first winding senSe, in order




| east a second wi ndi ng _sense, L.ch is opposite fromthe first w nding

sense, in mlge HekHl §A§Sﬁ§§[ HAS SEEN REPLACED WD 96/ 41397 PCT/ US96/ 09119
53 that ls [ (F{E.rpf‘& ﬁf‘ sedond i nsul ated conductor neans are contrawound
relative to_eacl Gl und and at |east partially over said

hem spherical surface; and first and second signal termnals respectively
electrical lyWe¥Hé¥ied to said first and second insul at ed CHARELB! neans.
37. The el ectromagnetic antenna of C aim 36sgherein said first insulated
conductor neans extends in the first conductive path around and over said
hem spheri cal sur figat @aitMfirdd ahdigecbhd Stsulaied domiycoe neensf aropv@rdwausd relatile tb each
second node; and M%erei n sa'c{ segonﬁ ilns‘l,JeI at.gq] %on%%%t rr{rea,ns extends in
the second conduc®HyEaro8ad ANt BT PHRALOST SEdPEmRRIS A€ “ S ur f ace wi t h
t he second wi nding sense from tfivet ssdosdtoinddegriab teiminalsr sdspevtidelyi Blectticaly
that the first and second con ntrawound relative to

ti h
each other and f oRRngelEd fQ,pax g‘ﬁla&gecgg%a\sﬁ@?ﬁggéoc PR B¥B%d  and over said

hem spherical surface; and swererne slaittbridghétic @iiehnd esfOQRirsi 39 ¥hefel RAio Hirst
are respectively electrically connected to the first and second nodes. 38.

The el ect r omagnet ivsulgirdesopductar resags srispds Rdhe fiFst sondyctiye path ajqyadaad gyer said

conductor neans extaidferichl dubod Witk theCatWinbiing Qe onPs B fod '@ L386ndSRIE
hem spherical surface wth the first winding Sense froma first node to a

second node and fandihersin saiksssanchivadated cendupior H’W,‘eﬂﬂh@r @e second gorduptived
I nsul ated conduct Fatn ﬁﬁm%n%k&ngﬁd hﬂm&;ﬂ%ﬁémen eCARHE [skacd %L@ng@a.gﬂﬂoﬁ,nd
a th the rom t he

over said hem spheric surface w second w nding sense
third node to a f dhe sebondowde tontdie firsy mode inerdeswhat therfusiend sedoné céridugtiverpathe aren

order that the 11 'ShrANng SSRM EUMNGHLHaNRHE el o R EMLIVL ] Bbinke

to each other and Torma Sin ess conductive-path aroun .
sai d hemi spheri caland ovdraaid hemisgherival surfaces and| whereiptsaidrfitstswd serdnd signgd [terminals

termnals are respectivel 1L t nd and fourth
nodes. 35, The el a8% FomraLy FeCHL Rnnd bRIRE RSl sch by REERDC, PTG,

I nsul at ed conduct or neans e38.endFhd sletthemdgnetit aemduaft Cladmp36 Iwherein 3aid affrdt
partially over said hem spherical surface with the first w nding sense .
froma first node ’P%’lﬂe‘{sn‘é’é’gﬁc r W%‘é,exkﬂ% R Stﬁ&tc 'r‘%’s?h?'%p%{mam“r" g%é’gr?affcﬁdve
path around and paiemigphérjcabDsiefacs sittl thdrfinst sypiting eade fsom fasfirst vddeho alsecone aodd
w ndi ng sense fromthe second node to the first = nade in order at the
first and third ccﬁ?ﬁ&i‘l"?@@ sﬁﬁ?’ﬁs“ rtﬁlaattﬂfrflr"é’ € SRR Said SReAn t‘f‘?)’(iaq“t&‘fnﬁucmr
around and over sanéhnbeeRieA@hEN theadecandr Eandeactivan@thvadurd And aiver Sfid dithispherical

i nsul ated conductor. neans .extends .in the secon onductive pat.h ayou and
partially over Sais&rfacc with the second winding sense from t e(t:hlr node toafgurtlh no eanﬁ'%'om :

the fourth node to the first node in order that the first and second conductive paths are
contrawouﬁd relaﬁvé to each other and form a single endless conductive path around
and over said hemispherical surface; and wherein said first and second signal terminals
are respectively electrically connected to the second and fourth nodes.

39. The electromagnetic antenna of Claim 36 wherein said first
insulated conductor means extends in the first conductive path around and partially over
said hemispherical surface with the first winding sense from a first node to a second
node, and also extends in a third conductive path around and partially over said
hemispherical surface with the second winding sense from the second node to the first
node in order that the first and third conductive paths form a first endless conductive
path around and over said hemispherical surface; and wherein said second insulated
conductor means extends in the second conductive path around and partially over said
hemispherical surface with the second winding sense from a third node to a fourth

node, and also extends in a fourth conductive path around and partially over said

-



hem spherical surface wi th the second w nding sense froma third node to a

fourth Ssl_a @( ends in a fourth conductive path around and
partial lly oveBE§ HEET HAS BEEN REPLACED WO 96/41397
PCT/ US96,0911 Rpm spherical surface with the first w nding sense from "

the fourth node to the third node in order that the third and fourth
conductive p¥®%/4189"m a second endl ess conductive path ar opFGy ? er
sai d hem spherical surface, with the first eéuld third conductlve pa

bei ng.contrawound relative to the second andfourth conductlve pat hs, =

respectively;, whemeiisphdicdl i r.m.nal s el ectrically connected .
to the first node; gkrll)g V\herela'ré]és“g%gnggé%ﬁ” %'P%ﬁﬂ’lselﬁé? dPuonede togthe third

electrical ly conn@@f@dne5dernthat thec third anddfourtd Ocondiigivel ﬁisrféﬁﬁge[‘%doﬁd hfea

of O aim 36 wher eicBn&rtite piif 4k yrface inclu | anar surtace
associated with said first and&’gg%%élg%rsﬁ%gn% fé’Fﬂ?arlléP a?'YSth the) firstland third

el ect r omagnet i c afPBGHEE Ve paths heing cotrawoané relative €o (e 3R3Rd arﬁi%ﬁﬁi?@ox{dﬁctﬁte% &gnd_

plane. :.L L 're tively; wherein said first signal terminal is electrically connected to the first

node; and wherein said second signal terminal means is electrically connected to the' )
second node.
40.  The electromagnetic antenna of Claim 36 wherein said

hemispherical surface includes a planar surface associated with said first and second
signal terminal means.

41.  The electromagnetic antenna of Claim 40 wherein the planar .
surface is a ground plane.




