PLANAR ANTENNA ARRAY AND ARTI CLE OF MANUFACTURE USI NG SAME TECHNI CAL FI ELD
OF THE | NVENTI ON This invention relates, in general, to antenna
arrays of radiating and receiving elenents and, in particular, to planar
arrays of radiating and receiving elenents including spiral lattices and
articles of manufacture using the sane. BACKGROUND OF THE | NVENTI ON
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positive integer, the plurality of close-packed antenna elements being disposed on the
substrate, each of the plurality of close-packed antenna elements including a substantially
continuous photonic transducer arranged as an outwardly expanding generally
logarithmic spiral having six turns, wherein each of the outwardly expanding generally
logarithmic spirals is described according to the following polar equation: 7 = ae®® with
e being the base of natural logarithms, a being an arbitrary positive real constant, and b a

number relative to the relationship that when 8 is a turn, direction b satisfies the equation
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direction b satisfies the equation eb&sgi"nefl = 0. According to a
third aspect of the present invention, there is provided a planar antenna
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antenna elements being disposed on the substrate, each of the six close-packed antenna

elements including a substantially continuous photonic transducer arranged as an

outwardly expanding generally logarithmic spiral having six turns, wherein each of the

outwardly expanding generally logarithmic spirals of the first and second groupings is

described according to the following polar equation: r = ae”  with ¢ being the base of
natural logarithms, a being an arbitrary positive real constant, and b a number relative to

the relationship that when & is a turn, direction b satisfies the equation """/ =g .

A planar antenna array and articles of manufacture using the same are disclosed that
may mitigate the harmful effects of low-intensity EMF radiation on humans. Additionally,
in particular embodiments improved balance, flexibility, energy, strength, recovery,
immunity, and/or relaxation may be imparted as may be a decrease in stress. That is, the

impact of psychological factors on many health aspects and performance cannot be ignored and
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5 invention, reference is now nmade to the detail ed description of the

i nvention along with the acconpanying figures in which correspondi ng
nunerals in the different figures refer to corresponding parts and in
which: Figure |Ais a top plan view of one enbodi nent of a planar antenna
array, Figure 1B is a perspective view of the planar antenna array of
figure lAin a three-dinensional inplenentation; Figure 2 is a top plan

vi ew of aheplher astethadimemd oficles qfl ramafacant presatarhesyn mBy gurlegatd fcadndl 3B are
top plan vi of . further enbodinments. of.planar.antenna,arrays: Figure 3C
is a per dp¥ \A?Wdllifﬁ\?rﬁfg‘%lnﬂg art ﬁgrpqigﬁgfé))g}%ﬁ{m%?ong Bl ARk %’8 e arT ay;
Figure 4 dymprtOmdRbabo¥ireweRfed@i®iddrd. further enbodi ment of a planar

antenna array; 15Figure 5 1is_ a to%sgl an vi eiw of a still further enbodi nent
of a planar arfféRnamRpdEent elogerparked pateanassigfacys g dpesad G fuosirde d one
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Figure 7 is a front perspective view of one enbodi nent of the chip of
figure 6 Qenheys inshdesw stbstantidly entinuqus rbplesiteransdrpiyiFaagel psamoytgrly
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radi ati on on humans; and
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Fi gures 10A and 10B are schematic views of one enbodi nent of the planar
antenna 25array affecting the photonic properties of an object. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Wil e the nmaking and usi n% of various
embodi neEnW® BILLRE3 present i nvention are discussed i n MSTERI194¢184y, it

shoul d be aﬂ»fe{?ﬁaeﬂagh%% e BtorioRBe PHRSEMp, LEGEE AN I¥e )\ de8rHIRIY cRRMd Gabl e

i nventive concept ich can be enbodied in a wide variety of specific
cont ext s. j80Mhefwpeanfle.c enbodi nents di scussed herein are nerely
illustrative of specific ways to make and use the invention, and do not
delimt the scope of the present invention. W)
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therein is depicted a pl . that | ticall
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whi ch includes a substantially continugus photonic tra,nsducgr 16 cgrranged
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havi ng si . - QB.in 289G, 20D, 20E, 20F. The photonic transducer 16
may be a écgg{g’%ﬁcgégg?ﬂ%ouﬁ% erclockw se spiral and, as discussed bel ow, have

any type of ph&siunglA is a top plan vaeveofamsedibnéintent efveploar ertedieyeriexpandi ng
generally |l ogarithmg .spiral 8 .is ol den i ' ' ri hed
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with g beifg@etdabiagerdntardhyr al | ogarithnms, a being an arbitrary positive
real constant, and

. . b.a nunper .relative to the re atf'o‘nsh'“ nthat.\/\/nen.Ois a
turn, directi ol $TreAi SPPELIHY %’ﬁ‘i’}a bmkgiment Otfﬂp,&gﬂﬁﬁkﬁ H&“dppreci at ed,
the nunerical vali& 0 afd HLPERHDIANINARK Afhet HEbGANGEES dfPlanar antenna arrays;
Figure 3C is a perspective view of a further embodiment of a planar antenna array;
Figure 4 is a top plan view of a still further embodiment of a planar antenna array;
15 Figure 5 is a top plan view of a still further embodiment of a planar antenna array;
Figure 6 is a side cross-sectional view of one embodiment of the planar antenna array
being utilized as a chip;
Figure 7 is a front perspective view of one embodiment of the chip of figure 6 being
used with a cellular telephone;
20 Figure 8 is a front elevation view of one embodiment of the planar antenna array being
embedded within an article of clothing;
Figures 9A and 9B are schematic views of one embodiment of the planar antenna array
mitigating low-intensity EMF radiation on humans; and
Figures 10A and 10B are schematic views of one embodiment of the planar antenna

25 array affecting the photonic properties of an object.

DETAILED DESCRIPTION OF THE INVENTION

While the making and using of various embodiments of the present invention are
discussed in detail below, it should be appreciated that the present invention provides many
applicable inventive concepts which can be embodied in a wide variety of specific contexts.

30 The specific embodiments discussed herein are merely illustrative of specific ways to make and

use the invention, and do not delimit the scope of the present invention.
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Is neasured as in terns of degrees, i.e., 90 degrees, or in terns of
radians, i.e., n/2 radians; and as the angle nay be in either direction,
e.g., clockw se or counterclockw se, it may be formul ated as an absol ute
val ue as W&l J004#S712 (In (p)/ 90 = 0.0053468 for Bin degfEeBS2010§16124 (| n
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conposites, for example. In particular, the substrate may include a portion
of an artitgpecf@hag®nt hi ng or garment. The photonic transducer 16 may be a

mat eri al sel ect f 1.SEiNg ., Ofad AHAC] : ials,
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i ncl ulfes non-1dcdté, NAn-FEYt2i"A% properties that organize and restore,

i.e., provide quantum coherence to, disrupted photonic fields of |ight that

natural ly occur. It should be appreci ated, hgowever, that the plapar antenna
array 10 is not™ifly W?l%ﬂ?&aﬁ%%ﬂm-ﬁ?@r%%ﬁ f“igé’lnwblgﬁwd’oﬁ‘l“ﬁgé?a Fi gure 1B
illustrates a tpreendidENsiRAdEr ANANOG afc fhfoRaNafat AAELBNRaqumarray 10
that is within the teachings of the present invention also. The photonic

transducer 16 raypctive kiiatpesder smatde SUbSTwate 12 by any nunber of
processes including i nmbeddi ng, burnishing, inprinting, photographic
devel opnment (using, for exanple, laser, led or uv), silk screen

t echnol ogi es, elewtll be photagedphy nteehnl gues of Holvatndgraphhdhdrabhaigjees,
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as the angle may be in either direction, ¢.g., clockwise or counterclockwise, it may be

formuylated as an absolute value as follows:

bl = (In ©)/90 = 0.0053468 for 8 m degrees;
|6 = (In @)/(n/2) = 0.306349 for § in radians.

20 Such a golden spiral is based upon the golden ratio, which is a fundamental ratio found
over and over again in nature. Geometrically, it can be defined as the ratio obtained if a line 1s
dived so that the length of the shorter segment is in the same proportion to that of the longer
segment as the length of the longer segment is to the entire line. Mathematically, those ratios
represent an irrational number of approximately 1.618054.

25 The substrate 12 may comprise a material selected from the group consisting of cellulose
pulps, metals, textiles, fabrics, polymers, ceramics, organic fibers, silicon, and composites, for
example. In particular, the substrate may include a portion of an article of clothing or garment.
The photonic transducer 16 may be a material selected from the group consisting of inks,
incisable materials, and resins. Moreover, the photonic transducer 16 may be a material that

30 radiates and receives light protons or a photorefractive material. In one implementation, the
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to transfer, block printing techniques, Lithographic techniques,
photolithic inprinting, negative photographic printing techniques,

pi ezoel ectric printing, electrostatic printing, and thermal transfer, for
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it vi duat 19 EEA o R A E AR R R oy RO Pl IO

posi tive iid,egernde @uatude@heteack to) ailsmpamﬂ lphcﬁibmorﬁeiﬁist()lﬁ hfghtghtaztezaﬂ;mﬁytocsmwﬂ d be

under st ood _ t the nu r of n el enent s

R O otwouie bveriCl R e At S e Brind aRlsdle Sotslingi e,
such that $Beamntiebnap 1@11@']3@11’@134&1@&@64’:&5&@&1’11&1&1&&&&%5]0@bﬁﬂhegmﬁ&r ahRfha 240,
and 360. CIher varlatlons are within the teachjngs of_ t presen

i nventsi on. arpyrl O dhaapyidin te tepchisgeptdbraesest 1PV@GW@§ISQATB 0@@10 EF%S%%&W%
enbodi ment ! anay I 2 ¢ HeRiGled WSSl nRdding,
substanti a f@ggéﬁﬁfﬁ%oushﬁﬁ%%gﬁﬁii?}g gucﬁ%& géﬁplerbzé bo&%’s themg

cl ose- pack@mnmmn@mman@hganﬁ@ymﬂuq@N@kmameSNHQHbm@ﬁﬁm@ Bouple g uv), silk

t her ebet ween [ th t c u onic
tr ansduct ngrsar FrED 0Pl bt NEp YR, Ol B JUEABUR R BRR P
the tri angﬂcaqlﬁqm§®ﬂ10@tdpﬁm-ﬁaﬁecftraga@ﬁeEteBIBnqd%b,guk—éas’ﬂ:@tcdhhaqsé'il; alb@s-ablimation

t hr ee- di nensi gnal anal ag, i.ch be even 25 a gram or hol o hIC
enbodiment T Rr ek feBgE %’E@%%S?? oghaltic Ehars WA AP e ST

is a spir ;‘%hohﬁ,;umcaﬁmag t6HnS1RASE §i2bQkiri@ paxfideN dleb e@tatoRineng, Canﬁrtﬁtﬁﬁldlml ng
barrier 2 way of further explanatlon the spiral of the antenna

el enent 14U@nenﬁ@ﬁn@m3b i ncl udes a nunber of turns equal to 6, 9, or vy,

where y is a pgﬁ‘l%\t{rk 2%%[519& Q&ﬁﬁergﬁl@ Blent A0 n@ana?&ﬁerﬁlldgﬁﬁ g iRl 4h)$wﬁ Qﬂgsb n UOUS

phot oni ¢ transduting barrier ave a construction terla s, and
pl acement ﬁmheddm@nsmﬁsmma& ewl@mmlm@@w ihgvidnalty GFA, tlﬁE léﬁt wnzriof élrmhws 14
and photo

sduce nther exanm ) an
enbodirent ~of g’é oAt p%#f"’&%ﬁ%éé% ?’-’59’%’%’%. nc?%n n Wﬂh %@“‘%Zz ?%}&g#\gesi X
cl ose- packediecanoanna @é amaéﬁofemﬁnareeenchnspmspdumheﬁ he3 sulsstizat® 1R2etcAs
depi cted, the close-packed an | emen 14 | cIu a l-4-1 cl.ose-
2011/ 0257 1¥0EP B30 1HF D46 “—E e ea%n%%é@%ﬁwp vlSPg%thbtﬁlPecmef&ﬁ%ﬁﬁ‘P‘éﬁ% at ed,
however, t tt%rc%&}%&m&gﬁ kbdiGorRl 1ANIENENDS, Ade30M°t NDihet k}@nettﬁa@ hicNgBhiRTRSent ed
her ei n. ure depi cts one enbodi ment of the &Mnar antenna array

10 i ncl udi WgChaHﬁS@ﬁﬂ*a péaserﬁen\tcgﬁqm o gxenime. e e Binss ©© BREShteand ranthsr 14D
through 14@&95&&&9@% gﬁaunnagi ?rlg; t fo Q& 43ict gmrcwa l;@oqanmtsylcmmous

integer. For exanple tenna e s 14D and 14J are singletons or
gr oupi ngs p&n@nehaﬁMu@h@meMEQZhamdmtandeﬂnaméhbﬁmnmstdammﬁmi%UQhwiﬂﬁlare

| d whe
ocated | n o SRR 819 0L, 96, MRS 20l U, LLAAH 3By APBRES

geonet ri calrhnsdedific bhidier Qbj st Be acaldieot |ov}e|r ygeax&emarmhapmmcwadigaihlew;m
t hrough 28R These geonetrically circul ar objects.28 are shawn as, circles
10 havi ng PicHE&NER PEHITGP tﬁ%%‘%fégfzb‘mwﬁ‘ﬁ%a%B’r‘?éjﬂ‘i“%‘ﬁqnélrfmdlr‘?ﬁt‘gli“l: &y begygn

pl acenent éﬁ@m{;ﬁﬁl &qﬁﬁ;g@hﬁ)enoa‘o&n%@%f@mtof b&hdNc Qiaf)@slklz@dre1@|ﬂieeeﬁﬁe§n£8 may
be sinmlar to that of thé antenna el enents 14 and phot oni ¢ transducers 16.

These geonelemiwdlisg spirglbalizngrowts cbwpsedazb@lt@ﬁm}f@@ahnhotgﬂwrﬁm’sigémébargszr 22nher e
ok arn oA LA un RO LPAL bl ol oo 0RLftonol
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substantially continuous photonic transducing barricr may have a construction, materials, and
30 placement (on the substrate) analogous to that of the antenna elements 14 and photonic
transducer 16. By way of further example, figure 4 shows an embodiment of a planar antenna
array wherein two groupings 24, 26 of six close-packed antenna elements each are disposed on

the substrate 12. As depicted, the close-packed antenna elements 14 include a 1-4-1 close-



In figures A through 5, therein are depicted a nunber of non-limting
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cl ose- packed groupi hgs aof antenn elene ts. |scu

one
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havi ng 3x Ju dhim@@%?&le( OS2t L hBAL it B ShentNAP throulh 18RQEBEated in a
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t el ephone #@.grdupegotitpedetvesn lm@n@me@a@é@umnteﬂ @a@femaml@nem@%ph%é%) or

assomlsat ed t eW|th on the outside as shown. Another application of the
pl anar anter%ina array is depicted in figure 8 wherein the planar antenna

array 10 is enledideds wi thoughah thardin ot dcibetod a ahrotdniofigpn5@mittne cmboditbes of

cl ot hi ng rmthe substrat he ant enna .el errent 14 d| osed
Cher con” 1Y UEH BHESA FERCL hd i S ERun o o Sy e aHgR AT T a

di mensi onajipy @fatddhi8@peth RN ST ofiadl JRfAsLBEasl eY, arltdin® 4e rﬁzl,gbﬁichﬁb Qnﬂ:ﬁnaor
garnment. It should be understood that the planar antenna array 10 i s not
limted tcelemsatpir gqoagiical elRfppskedhpiopping eﬁl@r SENTRY® o sgarpERs: Byshay of

exanple ang,nob cl*éM]eMY@}h gfbc dcmcgﬁ{éﬂgmartdﬂ%&Jt%@fdlrﬁ&ﬁﬁﬂﬁ%rﬁ&%@épﬂ@ aAdlogray be

incorporated into a el et, anklet, pocket chip, autonotive chip, under
garment, sthegof. nH@r%mgleé@tw clepeaaekedmipHpings wé ententjazidreants mpy ke bavagkd! bt ch,

pillow She%stantlaﬁl/gggn%%ugu%p tg}u%a”?msdhaﬁ ﬂaa’m t‘glro?e% ercé)éa%krﬁ%fi | Cha?{)lﬂggtﬂ ' tem
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used by humans. Itens and articl es,. of nuf acture u ots,
Soeh oo bomanahes R aL deaentoas it CR Y RS i GpeRR R othe AR et
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embodiment, the spiral includes & number of turns equal to 6, 9, or y, where y 1s a positive
integer greater than 9.
Figure 6 illustrates one embodiment of the planar antenna array 10 being utilized as a
chip 30. In this arrangement, the planar antenna array 10 is embedded in a multiple layered or
30 strata application having the form of the chip 30, which dimensions will be depend on the
application. Protective polycarbonate polymer layers 32, 34 are affixed or bonded above and
below the planar antenna array 10. A foil layer 36 is superposed to the protective polycarbonate
polymer layer 32 to show a brand and other information. A base layer 38 is located beneath the

protective polycarbonate layer 34,



Fi gures 9A and 9B are schematic views of one enbodi nent of the planar
antenna array 10 mtigating lowintensity EMF radiation 60 on a human or

i ndi vi dual 62 having an EM- field 64 therearound, which &8 ferred to
as biofi eNG@201MFGure 9A, the biofield 64 of the 20 |PFF5‘(?¥ ’§f I
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shown in fig gggeg 88coit.hen Qh@na@b@mmem@,atharah&ym&(awrrs:naslﬁomaat@dwquh it ke

i ndi vidual 62 as bei ng enbedded or integrat %9 i.nto 32 articl e shouf Fels hi ng
68. In on@lmmlﬂéﬁ%ﬁﬁlﬁﬁ‘? ainengingal BESPHTET B by SUtsIats R e SHRGE 0n| Bolie8r i al' s

that form @H@mt@@ 80 %la‘ﬁ%ttc?mgrﬁrr% i b dot Bhied @l a5aneGldr Chipandrticle of

el ectro-optic behavior,; and have the ability to detect and store spati al
di st ri but ictmisingbr mphéraBy ey efesemyl orwém@ww& Rttt thy PHRRT OEIRA Gy

spati al pgbter ch@g; grggr%i%r 5689 g% dca&“a %@L duc sﬁ&o%%@mﬁi%@& &hagmges

creat’® a ont an internal electric
field, whigghsinkdat, wn{rgom pamma ;adﬁet wegévtandeevae:&lfmﬂw, sbtetasgfipcippi fhtsensi ty

EMF radl ation as shown, fie ded,
however, t'#Rs! é@ﬁargeé%t?’ﬁ C\% g % 5%%‘?& %ﬁ %@%ﬁlﬁ{i‘%}by#% %ﬂ%&{énar
ant enna  ar;, 3%ichGnh@pi8ndd Qhtchdatirta@d 0 ntry e tak@aiated gvithheee m@mnedm tbfeeigpisallyf EMF

radi ation. Additionally, in particular enbodl nts. |ﬂ*§ %Xdance 1
f 1 exi bi | i tysed bynbyigyns. dieme gt Friicheg ploRaRYFaCITR: BANITY Y’rol?c S?’é‘rl S8R Var e

i nparted as ¢ 9 BIsahrliie hepanic
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he planar antenna array 10 incorporated into
t he chip embod:aent 180 affectl ng the photonic properties of an object. In

figure 10A, a % as Sssg ﬁ‘e Dhe a‘!u! ‘ﬂg{vgofsolﬁ% Iamgédi%ﬁ@)rf tk?e%ﬂan-ghﬁlt&fﬂﬁ afay F

for a vol une, electric corrponen (6] ["'ect romagneti'c
field and mmrgmztagtw@nmamym rdgHed morwdnqmnenmgwamsbﬁi taviod anEMY fiekk

offect ( 19toRaorRg nor:B=seeTBred oo Roarndo Sons Fr MRS R g
that inci dgpiyiduafl RLEQSIvES Sepdctaalty)EMNP edititio 160 drom sypBtce b6, which is depicted as
a cellular telephone. Tt should be appreciated, however, that the source may comprise any
object or device, natural or man made, that emits EMF radiation. This negative impact may
take one of many forms including inflammation in the body, decreased cellular oxygenation,
reduced stanmina and endurance, agitated nervous system, muscle tension, spasms, cramping,
25 headaches and migraine pains, or decreased digestive function, for example. As depicted, the
negative impact is shown by number 68.

As shown in figure 9B, the planar antenna array 10 is associated with the individual 62
as being embedded or integrated into an article of clothing 68. In one implementation, the
photorefractive or other photonic materials that form the antenna elements 14 exhibit

30 photoconductive and electro-optic behavior, and have the ability to detect and store spatial
distributions of optical intensity from EMF radiation in the form of spatial patterns of altered
refractive index. Such photoinduced charges create a space-charge distribution that produces

an internal electric field, which, in turns mitigates the negative effects of any low-intensity EMF

radiation as shown by the healthy biofield 64. As previously alluded, however, the applications

6



As shown in figure 10B, the chip 30 is associated with the glass 70 by

bei ng pl aced t herebeneath. Alternatively, the chip 30 may be incorporated
into a drink holder or drink wap or |abel and thereby associated with the
gl ass 70. WO11/@5tBne, t, due to photonic and el ectr ongheI/Eeicer acti ons
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force, FO,oufRHIEBREITRC: AR 70BIRGH Alquef fuekiSvarsrehTherder,, ihakslume,
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of the wate as a function of changes o e configuration can be
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appreciated that the applied force and resulting state changes described in
figurés 10ACEhePsaBBIAPEOHGE 4 PHIPEY- to water; water is presenting as a

non-1imting exan®hén in figure 1981 18 chipi I ik RVRBRicARvilAEe BREN7EBS BEihEMcM t h
reference to illustrative enbodi nents, this description is not jntended to
be const r ubdchaneath] AHpmitinglys nsbip Mardaydgdnaeaprdediate aghykdallec iR dtions of
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any such npdi fications. r.ergg%osdinets, | MB;. 1.~ A Rl anar .antennaqarray
Copr 51 ng'd Meeligt PSS - pel idieal vEghor el Tsde Rl BRER
el ement s nUEPETdcNSheNr Whes Bybicdl propetties fotted b dia phb@nigs endelaonsaisghdingofafie 1 and
3X. X being a gosi tive integer, {ghe tl%I urality of cl ﬁse‘-.gackl?d an%gmnad
el ements buHAg i SpouEy? grTTHEC siitdt Pareter dACohoR R SHY (f &G ERF e _
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transducer arranged as an outwardly exXpanding generally i ogarithmc scgn ral
havi ng si xbaaxpressed as sums over the energies of standing waves, which may be formally understoo
20 as sums over the eigenvalues of a Hamiltonian, the force, F,, causes atomic and molecular
effects, such van der Waals force-related effects, that may cause state changes in the water 72.
If one considers the Hamiltonian of a system as a function of the arrangement of objects, such
as atoms, in configuration space, then the zero-point energy of the water 72 as a function of
changes of the configuration can be understood as a result of the applied force, F.. It should be
25 appreciated that the applied force and resulting state changes described in figures 10A and 10B
are not limited to water; water is presenting as a non-limiting example.
While this invention has been described with reference to illustrative embodiments, this
description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments as well as other embodiments of the invention,

30 will be apparent to persons skilled in the art upon reference to the description. It is, therefore,

intended that the appended claims encompass any such modifications or embodiments.



wherein each of the outwardly expanding generally logarithmc spirals is
descri bed according to the foll owi ng polar equation: r = aeb6 wth e
bei ng the base of natural |ogarithns, a being an arbitrary positive real
constant, and b a nunber relative to the relationship that when 0 is a

turn, direction b satisfies the equation ebl gmi'fi = . 2. The planar
antenna array as recited in claiml1l, wherein each of the outwardly
expanding generally logarithm c spirals conprises a golden spiral. 3. The

pl anar antepna.array as recited in claiml, wherein at |east one of the
out war dl y“éxpandi ng generally logarithm c spirals conprises a
countercl ockwi se spiral. 4. The planar antenna array as recited in claim

1, wherei t | east one of outwardly expanding generally logarithmc
spirals cgn%rpl}aélglsmgmg? oL ‘vﬁo}sn g%’g‘f’r al. 5. The planar antenna array as

recited in ekaistnawd;,and further conprising a substantially continuous

protontc 1 enedyel 0. Rarcl 20 MM, RUNTs, G PLULALL L o lpsgy packed

enna array as recrte erein the
subst r at ejhe RRF e By ORE @1d Bl x beieg epvwithef inwget the pgroupotdrsipsticdg of
A N AL B SR e X
1, wher ei fhidlig oMbt [aluging ANPSsHas ] ecoptidoue ph@bnianamttdecdreingdd wlaot hi ng.
outwardly expanding generally logarithmic spiral having six tumns,
wherein each of the outwardly expanding generally logarithmic spirals is described
according to the following polar equation:
r=ae"
with e being the base of natural logarithms, a being an arbitrary positive real constant,
and b a number relative to the relationship that when @ is a turn, direction b satisfies the

: ght / lefi
equation ¢’ = ¢

2. The planar antenna array as recited in claim 1, wherein each of the outwardly

expanding generally jogarithmic spirals comprises a golden spiral.

3. The planar antenna array as recited in claim 1, wherein at least one of the outwardly

expanding generally logarithmic spirals comprises a counterclockwise spiral.

4. The planar antenna array as recited in claim 1, wherein at least one of the outwardly

expanding generally logarithmic spirals comprises a clockwise spiral.
5. The planar antenna array as recited in claim 1, a further comprising a substantiaily
continuous photonic transducing barrier which bounds the plurality of close-packed

antenna elements.

6. The amenns array as recited in claim 1, wherein the substrate comprises a material



8. The antenna array as recited in claim1, wherein the photonic transducer
conprises a material selected fromthe group consisting of inks, incisable
materials, and resins. 9. The antenna array as recited in claim1l, wherein
t he photonic transducer conprises a material which radiates and receives

| i ght photons. 10. The antenna array as recited in claim1, wherein the
phot oni ¢ transducer conprises a phorefractive material. |Il, An article of
manuf act ur e conprising: a substrate; a first |ayer superposed on the

substrate n ed t her et e
substratéwfﬁﬁdg %3“”%%?%¥%h %f%ﬁﬁB&%nQ%Y%k qi§§9%§qF§§% %%%&ed ant enna
el enment s ﬂmmmeibngmehhamémbhumdsmmmmmﬁd fronlthe group consisting of 1 and

3X, X being a positive integer, the plurality of close-packed antenna

el ements being di sposed on the substrate, each of the plurality of

cl ose- pacmnheaﬁk&mm&aﬁhsaﬁafwsn timel Udihaginahs nbistr-antdmbdsys cpntiérmfeus phot oni ¢
t ransducer ged as an outwardly expanding generally logarithmc spiral
havi ng S|%“ ﬁgi‘mw wherein each of the outwardly expandi ng generally

| ogarithmc spirals is described according to the follomnng polar equat i on:
r = ae 1, 0 with e being the base of natyral |ogarit bei ng an

ar bi t r ar y $pbi ajegea ?fé%lasé‘éﬁ*@‘é Hhfamahhsres Higrbaonicdrags “9‘3 Cf’ﬁ‘p’f“ﬁé a

rel ations hala&n& hak @t hel Sod doldifling OF MRS thAbR ntddriasf AdSedie equati on
ebenghwg/ 1 =0
9. The antenna array as recited in claim 1, wherein the photonic ransducer comprises a

material which radiates and receives light photons.

10. The antenna array as recited in claim i, wherein the photonic transducer comprises a

phorefractive material.

11, An article of manufacture comprising:

a substrate;

a first layer superposed on the substrate and affixed thereto:

a second laver disposed beneath the substrate and affixed thereto; and

a plurality of close-packed antenna elements numbering N where N is selected from
the group consisting of 1 and 3x, x being a positive integer, the plurality of close-packed
antenna elements being disposed on the substrate, each of the plurality of close-packed
antenna elements inciuding a substantially continuous photonic transducer arranged as an
outwardly expanding generally logarithmic spiral having six turns,

wherein each of the outwardly expanding generally logarithmic spirals is described
according to the following polar equation:

r=ae’

with e being the base of natural logarithms, a being an arbitrary positive real constant,
and b a number relative to the relationship that when 6 is a tumn, direction b satisfies the

equation " = g



11 The article of manufacture as recited in claim1 1 wherein the first
| ayer conprises a protective polycarbonate polyner. 13. The article of
manuf acture as recited in claim 1l wherein the second | ayer conprises a
protective polycarbonate polyner. 14. The article of manufacture as

recited in claimli, wherein each of the outwardly expandi ng generally
| ogarithm c spirals conprises a golden spiral. 15. A planar antenna array
conprising: a substrate; and a first grouping of six cl ose-packed

antenna e enﬁhtaam;etJ}%Jnhfa%regg&s'&ef@qha&m PRfeRAGKEd ANLEMALALETENT S DI Ng

di sposed on e substrate, each o e six close-packe antenna el enent s
|ncludlngpam$WWSmammbam¢wmﬁwmﬂlnuous phot oni ¢ transducer arranged as an
outwardly expanding generally logarithm c spiral having six turns; a
second groupi ng of six close-packed antenna el enents di sposed adj acent to
the first @r’lfjaﬁpi*tin@ oftrlmeuﬁaeﬁamnﬂ repitedipi agm dft welcoge tipaeckad lant @mpasal ement s
bei ng dlspos§ 5 LSubstrat e, each of the six close-packed antenna

el enent s |H§V68“H§”§m%8 ?%ﬁ??ally conti nuous photonic transducer arranged
as an outwardly expandlng generally Iogarithnic spiral havi ng si x turns.

the 11 rst Snbecutigna’ GPOuR iy SOHRLLP IR0 neCEFR RO ThE v Ehomi ng

pol ar equakpjaading genaraaeb@amhmvu stptm gcheiries 4 hadbapealof natural |ogarithns, a
bei ng an arbltrary positive real constant, and b a nunber relative to t he
relationship that when 0 is a turn. direction h satisfies the equation

eb6r " ght qajqpaﬁﬁaﬁggmgh@m&ﬁmﬁmh@nna array as recited in claim15. wherein
the first grouglng of six close- packed antenna el enents conprise a 1-4-1
cl ose- packi rfguayr&EhgEnent .

a first grouping of six close-packed antenna elements, the first grouping of close-
packed anlenna elements being disposed on the substrate, each of the six close-packed
antenna elements including a substantially continuous photonic transducer arranged as an
outwardly expanding generaily logarithmic spiral baving six turns;

a second grouping of six close-packed antenna elements disposed adjacent to the first
grouping, the second grouping of close-packed antenna elements being disposed on the
substrate, each of the six close-packed antenna elements including a substaniially
continuous photonic transducer arranged as an outwardly expanding generally
logarithmic spiral having six turns.

wherein each of the outwardly expanding generally logarithmic spirais of the first and
second groupings is described according to the following polar equation:

F= aebﬁ

with e being the base of natural logarithms, a being an arbitrary positive real constant,
and b a number relative to the relattonship that when & is a turn. direction b satisfies the

N Hef
equation " = g

16. The planar antenna array as recited in claim 15, wherein the first grouping of six

close-packed antenna elements comprise a i-4-1 close-packing arrangement.



17. The planar antenna array as recited in claim15, wherein the second
groupi ng of six close-packed antenna el enents conprise a 1-4-1

cl ose-packi ng arrangenent. 18. The planar antenna array as recited in
claim15. wherein the substrate is incorporated into an article of

clothing. 19. The planar antenna array as recited in claim15. wherein the
substrate is incorporated into a chip. 20. The planar antenna array as
recited in claim15, wherein the substrate is incorporated into a bracelet.

17. The planar antenna array as recited in claim 13, wherein the second grouping of six

close~-packed antenna elements comprise a 1-4-1 close-packing arrangement.

18. The planar antenna array as recited in claim 15, wherein the substrate Is incorporated

into an article of clothing.

19. The planar antenna array as recited in claim 15, wherein the substrate is incorporated

into a chip.

20. The planar antenna array as recited in claim 13, wherein the substrate is incorporated

into a bracelet.

il



