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The Field of t[},’@mm«mﬂ(wmn This invention relates generally to

«el ectro-acoust utadl | oudspeaker systens, Mre particularly, the

I nvention rel ates*domoma partitioning by frequency of the electrical audio
signal fromthe output of an audio anplifier, into a plurality of frequency
bands for presentation to the el ectro-acoustic transducers within a

| oudspeaker system 10 2. Present State of the Art Audio systens present as
an audi bl e signal, sinultaneous divergent audio frggyen0|es for exanple

musi ¢ or speech for appr eEARACTROByLESY SROSSOYERNEIM@RK f r equency cont ent
of audio may general |y berQREIEEIRG-ACOCSTEE BOUBSHiAKERENY frequ

Whil e an audio systemmay reinforce or reproduce the electrical a MIﬁﬁl ”” ”
frequency spectrumin a single pair of w res or input to a speaker,

specific phyS| cal | npl ement ag K B[S are optim zed *fs@se
respondi ng ti of . frequenC| es. For exanpl e, | ow

frequenci es ted by physically larger drivers
comonl y knovvn as mﬂ‘hfsawsntioMrdatcmgaallyneelu@meﬂcwtic o1 sudinil®elspeaker systans.
favorably repr L L0 | r 20
frequencies ar gg{g tq ‘ét#r%xl %ega\geg reﬁllt 3(2?@5# ?(&{I%En@ﬂﬁé#&%fd\;et%sel%g%fa
known as tweet eudio sxgnﬂlfremdhpwt ¢ffain@u mpléieeertwaelatallsy of equeney hands féhtl re
audi o frequency, spRGHdmUNHeRlBrEROMR rapMRlerdwithingIGidRRhKerQfsthhr €S, it i's

I npractical to expect that the high, mddle and | ow frequencies

aut ononoud y seek o ding tweeter drivers, md-range 25
drivers and vvoof er @rddlbef}@teﬂfstﬁ?és&ltaassaﬁalﬁﬂﬂe signalf @ﬁimtaﬁdéﬁﬂﬁwetg&ﬁt audio

hi gh- power, freque y faal s, to er J’IVEE .@}aeucﬁe audi bl e
di stortion and quen ‘?B‘C 3‘1&1”3'36’&‘[?5: rfsa’f‘?c %ra&)ﬁﬁ:cx& Xjﬁt“r”’?fn Y heet er
driver. Ther ef ofreuenty d@nenthdf) hatie frmadeganhxyallmlxdl onsijate m spedkesss diffedng por at e
a crossover th vi: de e tg e £ived
" a single paiTepddy SbiAehEE s aRmed pReld S MERE: BRGLANE LERE T3
ensures tHat onfrequenny specpairin farsinglecpad (zé“swxm@rrlmt @da sreakenespapifie opysicat e

driver. That i Sipl@nSdation, o@gm\é&ﬁpdxén@are%ﬁﬁtzea for GéspSididg Bla RBRLHYIK t hat

splits the audio frequencies into different bands fox application to
i ndi vi dual dri vand of %’?&‘r‘eé?‘&? ekoraex'&“?“ stoVetrequenciesierd i l&n@"ﬁiﬂr feplicated by

gul tipl g ]grl verprggea}yedrgaaﬁ\teesmomnlgrknm@f BIE0RE, Mﬁ&mgb&equwcws dm»héey
esigned for a fi.c 0 ste COEl C

pur chased as co °c,rf L Hy rteﬁrgg%cﬁcz?é ﬁ)dsrs'f'ﬂ%e f‘lgeﬁp?\}\ﬁ kéd‘ime B](l?t H"gi\fb and
t hr ee- way20s peakfequsncits ensbettemreproduwoed W physirsHk emalkey dtivsry cérghnly kaqeerei es
are 1 5 NOV Q0L

While an amplifier may electrically deliver the entire audio frequency spectrum

to a speaker over a single pair of wires, it is impractical to expect that the high, middle
and low frequencies autonomously seek out the corresponding tweeter drivers, mid-range
25 drivers and woofer drivers within a speaker. In fact, connecting high-power, low-
frequency signals to a tweeter driver, will cause audible distortion and will typically cause
fatigue and destruction of the tweeter driver.
Therefore, modemn higher-fidelity audio system speakers incorporate a crossover
that divides the electrical audio frequency spectrum received in a single pair of wires into
30 distinct frequency bands or ranges and ensures that only the proper frequencies are routed
to the appropriate driver. That is to say, a crossover is an electric circuit or network that
splits the audio frequencies into different bands for application to individual drivers.
Therefore, a crossover is a key element in multiple-driver speaker system design.
Crossovers may be individually designed for a specific or custom system, or may
35 be commercially purchased as commercial-off-the-shelf crossover networks for both two

and three-way speaker systems. In a two-way speaker system, high frequencies are

MRl
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2'partitioned and routed to the tweeter driver with | ow frequenci es being
routed to the woofer driver, A two-way crossover, which uses |nductor
capacitors, acconplishes this partitioning when inplenented as an V 2002
electrical filter. Crossover networks have heretofore incorporated at | east
one or nore capacitors, and usually one or nore 5 inductors, and may al so

i ncl ude one or nore resistors, which are configured together to forman
electrical filter for partitioning the pagticular audio frequencies into
bands for presentation to the appropriate and conpati ble driver. Figure 1
depicts a typ m@%mforrw MR oREPRSRY Bl QL lsmwl&»b'freq&nae@%ﬁg ca%dteRe The

crossover net igure | may be further defined as a first-arder
crossover 10 netoRsy Kriwyndéve-pay ?r€§59Y°cf,dI‘It1°hr”é%5r¥Eﬂﬂ'§‘é’S@f‘d RARBYILORY 2eRTAPLishest he

net wor k attenuars1@§>axtt1henlﬁg gmal nﬁilerﬁerﬁga 4AQh eQ@tTn@MGﬁlteﬂ_hgr(ﬁkﬁ@hn@\ﬁ/orﬂ gaee 1
driver and a tweeter driver resulting in

depicts the regp es 0
a first-order i‘F’E‘f Br\?érwqrwr%{e‘fab 1eG3 \PE (08 IRET C%’E‘f‘ﬁn and suaily) o1e; ¥ MBEoy i des
signal into i npttuciess dndthyaBociude onear ndrepRSibtbisyRhitinme cordfufid dogrtheegat | ve

input 14. In the u r br h .16 of.crossaov rk 8, the hi

froquenc es 15 Lol re L fich fr hafitshind T gvpsud e feend S REDS 4 ver
18. Filtering ipsespeationrorthd appyropéaaidtcompaibleviveh i nhi bits the passing of
Lower frequencies anggly &gﬁtssfefp PR, BssleBARhOA BN ShaRer sPudth ON
requency driver he crossover

referred to as The' cmsmvepa@wmrquflﬂlwe lwfﬂﬁ@qégﬁ@ﬂésaiﬂ% ofdef tuopsedert hr ough

branch 23gof Crn@%ﬂyﬁﬁce@?etrm&%t %S;Bd?]sé &‘é’ac%%refn'&l@Gf#ﬁ@ﬁéfw@k'a\’t@ﬂua%ﬁ%h%@fg%lgh the
user of the frlterrng el ene ?&Q as |néjuct0{1 26. Th |§ portion of the
crossover netwdt R E@e&wﬁrﬁnw R Figira legstsd o 1egpRnsrs 52 Wepter dipver and shoul d
be pointed out atth@étepdmmmﬂﬁnmtavmﬂ@ddrywssbaéﬂ m aitwplweepdakériest@ar tAnt i oni ng
of the frequenci ei} i nt 0_hands E) rtouI&ht t he ‘ﬁge workt branurcqgg ich are
paral | el Iy confPBUASHPRUAGSUERL IS Fpat Pair, coinfné O R patt" 44 of

i nput pair 10. nzgatﬁ?he:pgtrldpfinﬂlﬁuﬁpegbraeclﬂmdflcmsstowmswcmh&,therlagluﬁcquynm@sponses
of a woofgr an r i, n.,networ k
8. Crosso?er ng‘{éﬁﬁg&gﬁmqﬁd&y%tog’gsgwa%h}gﬂﬁ%@?dg el?mglrl%@s{ \?e&?fg %bly way
speaker syst emcamasitor Yhwhielighibie he ppssing of oiver seayensics apdalinsyithespapsing frfng of f
at approxi mat elwgzhapﬂeqﬁarcreg to Mgh ﬁlaaraer@p eﬁlvet 0. FSuehl4 forlion FithSRSssbiRf hdworkhe
woof er response 28 is at@& at ed % trve 3 dB fromthe reference 30
response of 0 dBEOHMPLY §°p?§r?s g§(§’a?s ?Icreasr ng in nmagnitude at a rate
of 6 dB per octave anderdteq@dSeHee fikered thedugiobrandhedalf croesoSerdBtwatlodntd iher
referenc of €esp f S se 30

i ncr ease? to Oq%%g\f\ﬁ% Iir?veplEt ?@%éghggﬁ@fetﬁz teﬁg% Fﬁ%‘téghot“;" %ﬁ{d?&orr#) 2?‘ Qa rate
of 6 dB per octPgitien oinlrecrpwp'arg@wkoﬁcomrnqrxwée%rﬁfrd;egs i dow pasg’niglter. Héshawldf er and

tweeter responsg gpdibd 8 thﬁmos@mssq@t%ﬂ(sftmmsm 1eme§t5mEr PRAIUEMES 65 th’ébove
t he crossover freguency pr.es ar r cre s4]n ly f ow t he

n
| oner i npedancér§9uE ‘I‘f‘eéf'mﬁrb&ﬂ%ntthi‘é‘ggép?n“ a?ﬁ ﬁﬂ%’ﬁ@ lly
t weet er ?5NO\afgirell aifdss/prrsn% inpat tmndmb@nvet Inputhnghmpuu ;rmadance pat h

t hr ough anch 22, w,.frequ enc er 24. An
ot enontii on +or S0 Ee] %y Cibieh B sbhER TR Rt kel ol kil 1
eval uat ed and shivau'c@timgfromhcgcmon@py@mssoaermemwSslcﬁtresspmr netgotk 1ade:pncdedf urt her
difficulties or I r the 5
drivers of the asssggré orr&?gro%sg%? g%uggj ag%égtcrE)tt}?enF @éﬁqu{eﬁ}ek}y\@r‘g%if%ver

net wor k whi ch Ha@oase@r%dmewﬂrngmf tﬂmr@umtelaﬁﬂ%ﬂm i rdepicted injBigperl, gict ave.

Figure 2 depi Ctg5313@CMA HodetiREpoRtcORBSiO HiRhuliet 19k ivE 8 IBNRsin fhe reference
characterjstic rate of attenuation of 12 dB per octave. Figure 3 depicts a

ChiTd-or ¥ cr gEREUERT AdBwIPReLGHPPAN A0 Teinrpisiog it BRENTIEatieele ob4 dB per
attenuation of gktaveBnd&rs2e ¢y & alsbQ deggive €3 B doRithd &f@exfc@wspdhs@bmas
crossover network whic Egs%a characteri sé rate 6 Fg (tbgnuattr on of 24 dB
per octave. Thi's®%&ffo 12y WPt ISP H‘Cfﬁaifﬁ&)r iR vhde ol iesnonse: i on,
t he nunmber of el8esomtituges itnrdlhef aed wor &f 6 4R paarese.i m‘he&méisqoﬁaixﬁd)ﬂtﬁé clvanch of
t he crossover her ord rossover s are sh er .,

1T tor i mg. dovi Cubiepe g GRaR: S Bl DEFBVET ol WhE S0 isbvetc bR

at t enuat e¥ at tlfrequendies abdve i cctBsqyerrfrqqod:nay/premde & ipus pedrolfdnapeasiegly collossover
network attenu of¢ 1= C e,

Sut ficiently | o SpRE thifaled ks ok 1B a5 I RSB0 e
crossover network is enployed, a substantial anount of |ower frequencies
Wil still be presented to the tweeter. What this neans is that such an

ef fect causes undesirable audible distortion, limts power 20 handling, and

can easily result in tweeter damage that could be avoi ded by using a higher
order crossover netvvork frlter V\hr I e Fi gures I -4 have depi cted crossover

o, o o o o




15 NOV 2002 4 to drivers capable of reproducing the audi ble signal, Wat
is yet further needed is a systemfor mnimzing the conponent cost
associated with an audi o system in particul ar speakers, through thel5NOV 2007
reduction of the overall nunber of conmponents required as well as through
the use of nore reliable and | ess expensive conponents. 5 SUMVARY OF THE

| NVENTI ON The present invention provides an apparatus for inplenenting a
crossover network in speaker systemt hat ferforms frequency partitioning of
the electrical audio signal into bands without the use of explicit

Capact LOrs W ¢ Maflef EaBbARMONER s iRl t bhitthloug Balefs Wb BEES AN

i nvention provides an apparatus-for providing frequency partitioning of the
el ectrical audilowdiegueary pmvepigralnser 24hrAadiginlentsatatisrefop belection o the wrmssavert wor k
that requires |aedep FRANERNIAY ol JPARITRA Laiddhabyitlifd GReh SABISRUES

net wor ks, Furthernore, the present iInvention pr S a crossover network
archi tect ure t Haeveipanthesdifficultisserdess thap idepl mptching of the pssaysr weiwerk tg theor m an

N-way speaker sy t@WOYthéopeil® spigggent invention provides a new
capacitor-less filter netwrk for inplenmentin rossover network for
speaker systens. Th%‘g&‘%?pl P2 firsroude ?%%VSD’&’Q%EM a%&ﬂa ‘ﬁnﬁnﬁmé“c%fgrd
with all type ditemrtion of&fdBeei dcaet. VFigliry'2 deptctsed seeintiogdedr crassdived nethwoil, whighd and
hi gh bands intq specifjc freq C e for presen nt to. individual
it Pvere. The oS ESmR RS SR RB R tRe P HTREE) JMed fed il
crossover net wonéss@@r hetworkt Wigetahas taychevactérstic rathefl dteoeation ol § A pef octavpl i ci t
capaci Lo fp | Nt xible #Ccfeg_?fsgax@gnli’)lﬁ%\eég&gsso@% ofS AR Thal & HBEderlic HPPT esent

i nvention result _ ance and phase characteristics.
capaci t or - | ess attepuasioy of 26 SBwesr lectaye. ¢ hbis slemarstratep thas 4o obtainghighes yaes efver

conmponent s t hanefiadlbd, HRNRMbE FSRALAE inBE MK &R incH8E th ERheRNSIShnaes0r di ng
to the disclosure of the rﬁéent i nvention, the capacitor-|ess crossover

network 25 par t''¢ F'87EVY HEWY8I¥ect ri cal audi o spectrum thereby resulting in

i mproved power hand[Higigr onder crossad hétwordih are shespe \fitteringtiemivek SForl enarhipie, a

Cr OSSOVer, f1et Wog kg c%ertcpogfo%rerﬁﬁ%k Bt?e\ﬁﬁﬂ%é ag ﬂ*ie r]é.tlé‘?f LngR ﬁéroorct 6L RG d ¥&byy routes
| ower frequency Signals 1o the designated I ow frequency driver .

si mul t aneous| y oxir| qross@st netvprd atewryiates af the gaientil@siB Mereactaver dherelore, fat h of

ool dance- ot L) Y el B S S
W nv I W . y iver.
The resi stor, ingEéabbs@P%?@?‘@é%ﬁ%‘r%érgwwesrwﬁwm % %?se@tﬁﬁtoﬁfeéwﬁr-

i n\d/enti on, :‘Aznlcwm_m}sis fxeans &amwf\ehhhg?eefl _caﬁ§e§ﬂ1dleqmy]e|aﬂcﬁbledis?rttoﬁ, 1aﬁitsi;es/|erl

i nduct anc ile sinmultaneou evel ing the.i npedance .of ..t he. over

notwor b fhe. T drening e PRI eyl Rl Bt RGP ISR AR o by

t he char act eri sdrigsrasfovetretwkflterent s enpl oyed in the correspondi ng

net wor k, Therefore, - [ ST Yo ! a ~
r}g}hfé‘erﬁ ; Gl4Habe 5%&?&8:&%?@%]"&% tgs,vgg@&txg{w% aegr&%m%

5 Nov 2002 5 unit a es to I ndivi enen 1€ Crossover
network will rexpsspver HeiwoEd)aes ewgrape implemenideasor parpite! aeitafediigesh kikterssy st em
These and ot herp(fr@@intr& 2roddovEMRIVRIIBIRAN hdrélBRIirk@reWitlel indI@SRIBT alRER ofid | Y

apparent fromthe foll owi ng description apnd _appended ¢l ai ns, qr may be
| ear ned béS t he BPHLLYE oRpORnt ¢ ‘?Sn‘i?B?ﬁ‘P’oﬂéjé%’ E‘@Y’g%r f T¢puSHP %’A’Frt“é% T F| EF

DESCRI PTI ON OF pariitiobim@\W theBectrical audio spectrum into frequency bands. Those familiar with
high-fidelity appreciate that capacitors are less than ideal components for use at speaker
level signals. Furthermore, the tolerances associated with capacitors tend to lead to quite
expensive component costs when attempting to accurately match or characterize

30 components for a speaker system. Additionally, those familiar with audio systems also
appreciate that the component cost, which largely includes the cost of individual
components such as the capacitive components used in a crossover network, significantly
affect the overall price of an audio system and in particular, the overall price associated
with speakers.

35 Thus, what is needed is a system for partitioning the electrical audio frequency

spectrum as presented by an amplifier into a plurality of frequency bands for presentment



In order that the manner in which the above-recited and ot her advantages of
the invention are obtained, a nore particular description of the inv?%t,\}wnmﬂz
briefly described above will be rendered by reference to specific

enbodi nents thereof which are illustrated 10 in the appended draw ngs.
Under st andi ng that these draw ngs depict only typical enbodinents of the

i nvention and are not therefore to be considered to be limting of its
scope, the invention will be described ard explained with additional
specificity and detail through the use of the acconpanying drawings in

whi ch: Fi gur estoldrivessrcapatilarpf reprodwtingi thgaualihle 9fnat.r 8daniseret fuahmekctedesrml oyi ng
at | east one 1 r r

depicts a si np?r’ysfe A&%n?xélallnt; E}gac&%ﬁcfngﬁ'&gs ae’é{)&ﬁe&&)‘?}]ﬁ, u8loss§?sgeé¢ﬁnf %a?t‘rt

capaci t or- | esssmal@%thvmgh ﬁ@trmctk)n Oifﬂileam@krwarbeleofmpmppmntpreeﬁma@dveémbodl ment
of the presentfn QYR Lgeofﬁb@%lﬁblﬁaﬁﬁegs%ge ﬁ&vébcmﬁldn@ﬁt?d circuit diagram of
a three-way series-configured capaci t ess crossover network, in
accordanc® with a preferred erBBHMAS ' i nvention; Figure 7

depicts a sinplifi erheChreant linvemaﬁr@mlaa‘s aaa‘ h&ﬁm‘é\/&'&r ﬁ\%]ér@e'imﬁg)@fdréﬁdé@ﬂ
capacitor-less cr %sover net wor i n., accordance wjth a F%Ef err.eq epbodi ment

of the present "STHOEAR pR5AKer 2159 (it Reriarpdpansnsy panitioping pf e eleptrical pYdig agr am

of a three-waysigeal ines paids|withoutcthe hsegifepglicit appacitsre withinsthe clospsa@urtwollet wor k,

in accordance w tq anot her preferred enbodi ment of the present invention;

and Figure 9 d%‘ s a si nplified circuit diagramof an N way

seri espait@l | el - confMymréd reespricinvestion pryides o sppazatun &rvwekding rfregeanoy dance

with a pref errg f I

bESCR P O o SRR R N BARE enl R, wlel 8 e
"anplifier" repdwverkithnt éﬁqylr@éw wmﬁenéﬂ o ERREIRENE thay rdifianalgrasegyernstvarkie

capability to st rerlﬁirﬂﬂ%o?@t}@'p&@éni inGéhltlolﬂ}blG{/]@essalcﬁﬁﬁJvertr@tvﬁMf &uﬁteetmte tpever for

use by an attach | oudspeake devi ces are referred to as
power 35 anpl i F‘iaggé the gasc ‘ﬁﬂ‘é N in “il“’ HVSH o™ AR ‘é’@/ pﬁa&%%/yﬁ Tt he term
"source #tigvice" refﬁrds presera ninagpian giroddeds o riehve capavierdéss Offited f neawork| ot ri cal

audi o sT9nal . BalaReg (IR MALED HIRUERANS Bhe T GRkidlloaLipgyency

signal wholly w ener

apparatus for ndeodsereeking ingcoest WtﬂhaUetb’I@diﬂW?ré &ffeﬁweﬂb’dl\mdﬁéeﬂg@n@ya@m foal, from

an originally peoust h@h 35kdsQfto sB&Eﬁ&ﬁ&ﬁSékﬁ?'sﬁ‘ecﬁfmﬂb ErqRheRRienAD iRiRAEAL US for
the generation of an_ €l ectrical i.0 freguency nal from an orlggnally

mechani cal act fO¥rs f15F c’é’ﬁﬁ’ﬁ‘ﬁl“@w&ﬂ‘ c&tt&p{ers?x{t’mg@}tpaper? 5 e SEOSIER B boar d
An apga(r]I 20 us fﬁmctﬁdmelxtgm‘imm&hedmoqforaam ﬁk@ﬂtcttlcﬁpaalwis mtd‘thecwﬁa@ef nStlwgﬂﬁ| from
recorded or progra ono r

conpact disc pl aye%clro ?/r?f %etwgr O%‘QBH\ECSGM Blvgnl’lt% é)SP teru ?gn(%n of an
el ectric audi oafdphgsechargctdristies. d"habapﬂmtomess crasstiver rfet\ﬁqlgeﬁbg/pr(eﬁﬁ) m’mnuadcast
for exanple a Ly {/s fever l:kﬁﬁﬂ)ngﬁg ﬁx'aﬁ‘tracﬁ a{)%[)ﬁbve? AR '\i’l‘le‘?xrlm Egr{eﬁtreﬁ dt o an

apparat us which I nsert el ectrical tween source devic
amplifiers) t oaqsefdrrtartw@éwslpwre of ihrcreser d1vention. the PRERGIPEISSSCEITERvET NSHV QK

process bhe el ggtifibisahe alvéliicnl bEEOIHROENN PR lesHBADMAMPRNBEEWd Bandling O t he
input of an a I|f|§150 For exarrpl e, selection between source devices, 1 S

si mul t aneous bPYHHRHEOR CIOssOVFJeBP™ %0 or nore source devices, vol une) tone
control, equali zat i Inhe @oxdéver ndvadrk nfibe prbsfemsuvﬂntlmntenmducloseﬁfrmtwqﬂpsiuteed and
el ectrical sig f h Vi i f i L Sstic,
Then o sour ce atsr sy BaRdbieif Aths 18 FouGRTRRLAriERELag il

anpl i fier. Onerasistinprhigher frequesneitfov &hdreforst thsnpatimadj leusts issistomast fondle highf ound

| ncorporg fgled V"‘ﬁ’eﬁ'ﬂeﬂ ik in Aeefn Bﬂ?’deﬁzﬁ)rﬂﬁ anH&h& v tk?egﬁ?és'erﬁt'nﬁfentxo%%ﬁ‘%e eed
herein, the term el ectro-acoustic transqucer rs to an apparatus for

t he conver si onhigh ?&ﬁueé\lclééltl‘f%al audi o frequency signal to an audible

signal . As used herejdlyesikide ih &leBapddlibrM&ss crds&Iver etk 30 el R&khiQnwagsst i C
transducer nmost. commonly connected to the output of an anplifier, either

directly or vi MW‘@F%@F‘PW@&E“FW%&@%Y lpgs dup foseries industanesophi |SH@§taP@Pé[Vr ed to
as a "raw speak&eling &51 edéﬁ@dofhﬁé &Vefhll ﬁehﬁ)rk emht f5BRBIKaEsults 6f BE prdsehtan
appar at uz consi st g‘)tg“ 1yp4 i? ahbo>§- ewgrhgl osure with twg or nore
drivers and an TER PIEH ‘?tﬁ‘e‘ﬂ) ¥ sthg Eharaqigristics; ofs ) Goapopenty employedol thee

pur pose of convetdspordinghetvalriecTherefart, thumdparitbrRspuensyveshagwak farctiordsek a

exanpl e, music or speech to the audi ble signal of such nmusic or speech.

Said drivers would be different in regard to the portion of the audible
frequency spectrum which they 30 were designed to accomodat e.




As used herein, the term"electrically passive filter" refers to at | east
one electrical elenent, for exanple a capacitor, or inductor wred
in-circuit between the output of an anplifier and the input of a drlbéMDVZMZ
the purpose of which is to attenuate frequencies inappropriate to a

specific driver, typically located wthin the box-1like enclosure of the 35
speaker. 15 N 0 V 2002 As used herein, the term"crossover"” refers to

at | east one electrically passive filter.5As used herein, the term "audio
systent refers to any device or set of devices which contain a speaker, an

armplifier, a pngjtamaldhhiges toamdivaiuslonéteitsdeMhe eros vt PR Saltredultvig it on
enbodi es V\Athl n.jts,scope an aratus for partitioning an electrical audio
spectrum as gerfdrsEdgen 3??%?1@’?8“%%&6@%{ ‘fier into a plurality of
frequency bands for pithess amigothdrdfetwes eSthepesery inNenti@r ill becams peakéully The
frequency part|t|0n| 0, i on 0 hed
t hrough the uséPpt é%grrngéesfg@@ngéetsé\g%ﬁg rﬁlsﬁ%g %1618&;&%18:{5 ?ren(ﬁg fbregeagnaeg%& tlfor s for
partitionisng t heacgceefths pa¢ntianel st fooh bgreiveftenm  Furt hernore, the present

invention enploys an ar Chi%ﬂ@ﬂﬁﬁ?%’ﬂﬂﬁﬂm b@er!fgtlﬂﬂwmggches of the
crossover network that par Ion ectrical audi o spectruminto
frequency bands ar e Iserdprdbat smmangaiinphich the aboverggited ped thgiaé‘égntagcs of the

paral | el - confi giyeatibPae obt@mEch@ niYré PdrticAlak desIﬂﬁ:oBWfﬂﬁSﬁVeﬁﬁoﬁlﬂﬁﬂy@H@Hbécpn i's
to provide a rreans f, r q%l'&gﬁ-gfl he nurrbe{: g Eeqw red and
changi ng the t\i5e¥ % E CERG (R PEY “’t%"qo wiigh e Jlustpzed

net wor k. nlt?he gl’xgﬁﬁd’lhppegdlddrﬂrh\mngi UUhB‘t?:c’tarﬂiﬂgVﬂhﬁe&eéé dramgs)uqfctrmmlpieat hat is
not encunbere egenerative e aci t sover
network. The r eé’ﬁ’l %“&‘eaﬁs Ogﬁpfnvent]ﬁn dﬁm no?éhglgﬁ e tl%%\ge rfsfd%reﬁlt%%i Iagm%op??oot hi ng
resul tant eff ectomntht heeﬂtmwdhbvabscomd\ﬁed ofplaned péthledditionalapedifivityenédetpbwer
handl i ng associgf,geh Wk Ltk & uRrLigaRyif ditin¥ShSwvaGy: W thin a speaker is also

noti ceably inprove thereby i ncreasing the overall system dynam c range.

Addi tionally, due té&iguss! aﬂ@&dﬁﬂ&”&éﬁﬁ@rm&?m@sqyﬁrlte%or@ea@éqy\sr@ra lsati @ k of

the preseryt i nv@pdciein ﬁe&uﬂﬂeﬁfitf)ﬂfetpﬁoﬁd’r@dl tionally associated with
crossover networ

reat di ng .a decreased de ment
T e and a Tower - uniibenS femys s GES Sl Frri e 3 B R <ERiAR ¢
di agram of a sempsHftocioss ergasowd netspe¢ int acordase twith- wprgfeard smbotimenteif wir k, i n
accor dance Wthr&eﬁrﬁ&ﬁ% Lf£d enbodi ment of the present invention. An
el ectrical audi’o Sl gnal "as presented at the output of the anplifier in an
audi o systemis conpiigused deiicts psmplifiecbeteyit diageanyelin theagaray seriescpoafimires and
i s attachgd to ctdgscubmgst cr8dsode RetoRS FPHRErdMIcR vtk 4 Pﬁ%e@@meocﬂﬁemwtw a
positive input 42 and 3Q a negative input 44 into the series-configured
capaci t or - | ess REFGRLSBYREMO et wor k of the present invention. To facilitate
the partitioning of Figuee 2ldesitts acimhplifiad ciocuiti dispedm iofh dodriveg uenayobfindsd t he
capacitor-less ¢cro i ed of
an i nduct or 46 cﬁxéplaﬁtﬁpyeg ?rPsfééw létw% k Erpgc 1d§1fc \+lth {' Eﬁe’i‘r mlbg mgxgﬁé he el y
couples with pqscaewevqnnpmt 42. I nduct or 46 is el ectrl cal I y coupl ed in
shunt or parallel wgd,3% megbtsfaegmspﬁea %Jr&ﬁtt rd@a%pa?ysafl & {h&e% ugé‘rﬁes48
which is al so known as a tweeter hi gh frequency drjver
frequency dri vepardigl-panfighred éﬁ%ﬁs}tgr eﬁsméms@cfr srwprkhat a%@ancelwsh N@mhzooz s

positive input pr§feﬂécﬁé}ﬁlﬁddﬁﬁdnlMtﬂ@ﬂe@ﬁﬂﬂtﬂﬁhbﬁ/%d/ coupled with positive input
42 and the first input en? é)%)ln duct or., 49 e negative input of

hi gh frequency driver8¥g bl %e A ERYig se}&caﬁdmaﬁﬁm SN LA g
t her eby conpl et pangliet- bm:fghwmapamtqmaﬁsabio@dovmniwgla,rlataccmdaee détpiacprefdrred

Fi gure 5.(8 The t fﬁg s nvenss crossover network as depicted in
Figure 5 i fLH?q§§ H@%%ﬁ R0 éﬂhnt resi stor 50 for partlally
bypassi ng a porti oREGAILEB DESE [K RRER : E¥S 52 in a
shunt or parallel co o} W e t ucer
52 is known to thoseAglltlsg&l&QrFl?] fhe ¢ a&?ﬁ&gsfégéf a%&cfe%@é:QPeﬁEdg% mtc %E’lg
woof er 52. Low thQb@ﬁbglcaaahlkﬁéﬂo s@nﬂtbenmn@le@mbllaydm@h geuﬁlefﬂmgmjcphwmfat t he
positive input dry r

conductivel y co%gl@dadsgygéegﬁmm 3 Fhﬁ&rdse?%gén eefke‘aﬁﬁmkq%lléésq @P%rpoévgl t he
second i nput enﬁnﬁﬁkﬁh@U@H@f 46 as well as the negative input of high
frequency driver 48. To conplete the parallel configuration, a second end
of shunt resistor 50 is electrically and conductively coupled to a negative
i nput of |ow frequency driver 52 and the negative input 44 of input pair
40. Possible values for 15 resistor 50 include resistors having a range
fromapproximately 4SZ to ~ dependi ng on




driver characteristics. Typical values for inductor 46 include the

i nductors having a range fromapproximately .1 mlliHenry to a range %f OJV
mlliHenry for a high frequency driver 48 exhibiting an inpedance of 15 NOV 2002
approximately 4 to 10 ohns, and a suggested frequency 20 response of 2KHz
and higher. One exenplary type of high frequency driver 48 is an

el ectro-dynam c done tweeter. It should be pointed out that while the
present exanple specifies a 1 inch electrg-dynam c done tweeter, all known
types of high frequency drivers nmay be enployed. Figure 6 depicts a
sinplified schemati B.s died Geraim thé tedn esemiceSevtoe'rnfefegsubeﬁjappaqaaeifdr@meZg%néretsm 3- way
crossover netwo Cgé:grodsiarﬁ € a%w ref evel n‘qv\?g ne di of t he present
i nvention. Li k8 edfucrtrea { \ﬁa sover Rerore” B¢ f‘g‘ﬂk‘F’é"ye is
depi cted as r ecigndli \mlgalkymldinemetﬂ foabxammh aotestlsgml genkrator.nAutappaiatns fo4 the
However, the t i tional
i d frequency F n‘ré’giég %%68%?%{]%9?—’{;%2 Jé %&% fbgr’(]egn or%nla \Agaéjo%?t%c &1 dr?%jr
driver, for optexamlet qur@nhg@ucélnrﬂgp@@usd”@vbegqnea@ﬁmfgyelpﬁecaﬂm\uiusfnequame
frequenci es of sigh# ﬁ%ﬁ%%?ltgﬁ)gll)erh@cﬁﬁxﬁdapﬁ:ltm@'f&'e?arﬁﬁlgEl?électr_r@ﬁmtap P@ec‘,’iﬁﬁ‘nc

capacitor-|ess crossover network depicted in Figure 6 1s furt
conprised of akerheard r@s%@@r@wsénthecﬂenepwqf@ealept\ywawo &saisnex ?@@I‘ ﬁo@oupl ing

in a shunt or pgjosdet @k pfogRbintd madiaOfr Wamlémpwaye@q@h@wt &ﬁlnﬂa@chhsc

frequency driver 58, and nmd freque driver araIIeI
configuration, p[aPi‘ér Qedy S‘éet’idABfag%aFﬁﬁ‘H)[/fo‘ég‘e lgéréefaé’PBPI%‘b&ch’p‘e?‘@é‘i{} qyy and
conducti vely C@ignhlefﬁbnt oradiorfesgadnicy RIY bebateusty for efampdew funequency dri ver 58.

? 5 NOV 2002 9 SiMI € . f L FLOUE t he

t hr ee- way cr ossover etd%er%ﬁ Qé@%a‘t‘ﬁé/ réfﬂ?f%e% r\éFeEs tggg%ﬁprabat@ W}Péhqg m%eé lﬂic tor 62
coupl ed in shuntecwally Hefvephn $qu@qd@mf;§,6) end wllﬁsﬁs)a@nderfqnms;emrceiuwwm gidunt
resistor 60. AggfRnwigd dogbitidn &wk&%eteeceneﬂ u@&@frecﬁ%nay%;gneddé%pEO&éctﬁgwo' ed in

shunt with md frequency driver  54. Iar nponent 5 values for the
el ements of thé° tthe dervhesf ar aRRlfiFe Ffet W&F"IP °0fse'F?t§’6r Retweqn 8Yiefe d8VitSpi cal
val ue fonsi nduemtaﬁ&)u@meﬁmngsormuking betwo 6@ $nond édirce dlsmgaa Johaf) eshe Yoltfdlver 56

Sk and hi hor R R G Bt pdterbiergs oy Sbefmd SR BRI RYIR ue of

1.0 mi |l iHenry swirtdrdeviarisl of compatiie yhagacterietic, Ben hawumgdwmel mpebtaconeeatdd
approxi matel y o OW
frequency dri vgﬁgg}sﬁg\egnﬁugSﬁg?@ﬁﬁelﬁg%%ee%ﬁgée@off mgp%rgg%%ﬁg{%oesaﬁ% ﬁh , and
a frequency respoefifsesde ‘E}E‘GW’O&Q&‘ Sikn 2 seege & F‘G?f‘eﬂrl"vthmsfmﬁmpllﬁéfsl stor 60 in

the threegway confi Q‘dhé’efdlh@ﬂ&mehe Esnguaecu@ aw%uatracgd@&sueiersa@a@wm@rfw val ue

of 8 ohnms. Wile these v exe es for a specific
i mpl ement at i on, % “t°Hé“r“‘P‘é% aé’te?e\?gm%ﬁﬁé P%&ﬂ}g@{’ r}@L éguﬁglfj $%8%lenpl oyed t hat
15 provide uni que bélasédirerdim theternt Hirzer' wefyrs ¢o asdeveracoetivanisdoder hivst
present inventigg,, b Q:%Er?ecl%%lgoetﬂigﬁtﬁut%fglpe%plmy eEﬁJr'dﬁ?c'ugg an% I%E'mcalRL
capacitor-|ess crossover may even b £6 an way
crossover net wmwerﬁlec@bﬁmwemeﬁweﬂﬁeasm‘mmakenvent| on. Figure 8

depi cts asf our - way %@%@é@%&ﬁ%&%%@%&%&ﬂ& alaaﬁaﬁhlst:&e%ﬁg%mm eﬁer an
upper-md frequenc a lower-m reguenc river an

river
frequency driver® OX%#@W@SW 2t SrrpnQe Qn‘ffﬁea“fi%F%‘&F‘cquﬁd’ﬂ%sﬂ‘@rﬁhéhﬂls?@%di st or

val ues for i npligdrein} FiRghé p@bosa o&*ebme&mgqné legumeai @aﬂaamqhefcylseg&ﬁl 6f Q‘&sover
network. It shoul d be 0|nte

t he tor-less cro net wor k
Tay ol 50 be ex CRHIRM PESGH REALP L5 STUh SErF SEh aee GETEr S HTY | ec
circuit diagramwafd mlﬂrmrmagaed 1o iizqpdrtive of the sudible iequarcq spaegup arhidhl thdy
circuitr In th Vi OUS nt of Figure 6, inductor 64 is coupled
in shunt¥%cross ceé? %nﬂP%éﬁ%) g%@ﬁr 54. In the present enbodi nents of
Figures 8 and 9, mducutctdmcx@@, wFiengeéﬁcsbcali)saasmﬂ'étard rdom et teesd onaelsiricak
across the driy | ers
eh o i [ Rl éﬁaﬁ%@ wga&ﬁesorﬂldhct&t fida i1 cgaﬁ{beft&&g#lﬁermerﬁfe}%ug?g X
addi ng such parapliéipr mdrtbmwsfofm@vgr,ghpapurp@wf ghiphyis beateguaaefremee@ees wel |
as the crossovepaphfPAHEREY spRafiDlSver, BRRANS SochiRd WBinREERR ke @ANGG G Me t he
hi gh frequency drlvers and Iom1frequency drivers are wred in parallel, the
overal | gglns ﬁﬁ“@??lClency in those regions are inproved. Likew se, Flgure
9 depicts a four-way systemfor alternatively an N-way series-configured
capacitor-|ess crossover network enploying the alternative shunt inductor
configuration of the present invention. 3 5 Those skilled in the art
appreci ate that capacitors may be added to the circuit, for exanple, for
t he purposes of frequency shaping, and non |inear gain functions. Such -
5 Nov 2002



t.o addition of capacitors are considered within the scope of the invention,
It is further anticipated that extraneous capacitors nmay be added quiﬁmF n
express purpose of "adding a capacitor"™ to provide marginal adjustnents t@
the signals, Such nom nal nodifications are contenplated within the scope
of the present invention. 5 Those skilled in the art al so appreciate that
the shunt resistor across the woofer may be elimnated by neans of driver
specification, An exanple would be a tweéter with sufficient efficiency.
The present invention may be enbodied in other specific fornms wthout
departing from t he Aspised heredp, tessiomm{'qragsover atiebers teraf bepst oe elfetdcallyessivsed

enbodi nents argjo be 10 considered in all respects as only illustrative
and not restrictive, The scope of the inventign is, therefore, indicated by
the appended cl ai mésrgecdiereit jfgriemy "adie syEsmRytstatyiofay dpyign 9oat ofAeTichanges
whi ch conme W tyiiéh ddnRinEspedkes anReplifRAAPrOAmSIHit: Ml £36x¢e Bdvidehe cl ainms are to
be enbraced within, their scope. at, i s, clained and desired to be secured
Patent 1S, 15 20 24 heprealinvastion qsdist i hpeA PR E R doning an

seri es- conf i guilet)caCadciptauml 28 gsnetatabiyoamandio aysmi kmpléfter pas & plurding 6fy by
frequency an ectrical, audi o si gnal rovi by at | ea ne anpliticr
into a plurali fegﬂug*cyg’?rédé? Fitcdl mz’a{%c}i‘?cc)or%r%%qggl cdgg%zsahdassx)g%kr%r i%éel ﬁ%quﬁ?cyl east
one hi gh frequertgionbgrmtosdofothe praseut finvsyticemisactrmpdistiedr thypogle thengpe 2of a

correspondi ng &P@ggs khawoﬂftﬁléd@és%sm@gé%%ﬁ&gf&g%ﬁaﬂ&ggﬁéa&%@ ffa%idfag at

| east one high treduency elcctro-acoustic transducer a oW _fr eguency

el eet r o-18c oustspectiupg r§§ﬂ%}€@?17, thepreentdpsptionsmployg an aehitsatparherein the filker

conpri sing:  a,brafdhésN§itthe RAVsfovEORERWIE @Rkt PartioP Aisd Elbdtteal RIS spddtud iAROat i ve

i nput as receiyed frgnt sai d, ac |.cas oge ﬁanlfler; Ig b. an inductor
having a 1 stTSOHEISE SEHAMEFEEr FIERReg Ot rEans P S rarepson iR bt of

sai d i nput paithe grivd aa Flegorpdsd af getinvemébnfion pawide lamegnsifor raduaing theidombat  Veast
one of said hi . 8l = ' s : unt

Fesi stor havi ig 4 RGNS RENraRE R AE R BpkCor ARBRHE a8l ifpeBeit " of
sai d i ndifct or )cremsevesdteorkecond end of said shunt resistor 15 electrically

coupled to said negafhu&ni ikRHhornFirtiRehdviiiRitosRbmefVatk thfs ioPdiRhhRGed O S
negative input of sald |ow frequency el ectro-acoustic transducer , said

shuns resi st orb¥ e desengrating etiicts| ofr@pachiars i fg Fossaves meorkn he sshlts Plow
frequency el ecdnipd@ipUhd presehiiavetsiciatiudesadntbothigaehliadt <ffes on HeGmpeagse net wor k

ggin Eja; PleaS eﬂgf%hvéﬁgggﬁaﬁe%pﬁf hter?ﬁ’o%e,];agxlz’ver %rrlc}lfntg ' Q0¢iREa Fth g gr%ldgilng of clir%/%%l s into

20 within a speaker is also noticeably improved thereby increasing the overall system
dynamic range.

Additionally, due to the accommodating nature of the crossover network of the
present invention, design efforts traditionally associated with crossover networks, are
greatly reduced, yielding a decreased development time and a lower unit cost.

25 Figure 5 depicts a simplified schematic diagram of a series-configured capacitor-
less two-way crossover network, in accordance with a preferred embodiment of the
present invention. An electrical audio signal as presented at the output of the amplifier
in an audio system is comprised of simultaneous divergent audio frequencies and is
attached to the input of the crossover via an input pair 40 having a positive input 42 and

30 a negative input 44 into the series-configured capacitor-less crossover network of the
present invention. To facilitate the partitioning of the electrical audio signal into
frequency bands, the capacitor-less crossover network of the present invention is
comprised of an inductor 46 having a first input end that electrically and conductively
couples with positive input 42. Inductor 46 is electrically coupled in shunt or parallel with

35 high frequency electroacoustic transducer 48 which is also known as a tweetcr 48 or high

frequency driver 48. High frequency driver 48 is preferably oriented such that the



20 2. An an audio system the capacitor-|less crossover netwrk, as recited
inclaiml, further conprising at |east one first inductor for eoupliné in
shunt with at | east one m d-range frequency el eetro-acoustic t ransdudh NOV 2002
eéach of at least one said first inductors coupled in series with others of
said at | east one inductors, said series of said 25 at |east one inductor
having a first raid-range termnal end electrically coupled to said

negative input end of said inductor and &aid series of at |east one

i nductor also havin6é a second md-range termnal end fnr electrically

coupl i ng to apbsitietinpuhisglectoeally apdicandwetiveleecupled mith peditinstismut Abandghd fost

transducer. 3 I - ] = ..networ Kk,
Qné:?-é Fﬁ%ﬁﬂﬁ%ﬁih& EM«%&%E‘ a{ltué {bggtg\t%ﬁﬁﬁt BPﬁxgh %?@%eﬁfﬁm}’ &8 is

as recited in erein saig one 1 nduc s conprised of
one i nduct c>r cpurediowsesond inpyt e indirtontGherehy ermprigtingahs shagueerpllel

cl ectro- acousrci),gﬂ%u;a@als%grctedslaj:@u@rge i ndtactor havinU a first end
electrically coup %d to said n_e(% tive input end of said ',nduct,ogugand a

second end for el edhgMOaYayFanagiatiess prossoygrngtwork 35 depicted in Figire Sds futherd | ower
frequency el cebmprisad ofltsshing rédistor 50 fuf pahiglgbypassihg DpINGdA cFAREXidnal sdountithean audi o

system the capagitor-|ess ssover _netwerk. . as .recjted.in clajm 3,

conpri si ng; a%)“é grfﬁlefl??d‘%g roér:j %tatsg%’ﬁé)a p?rﬁl\[\és?ﬁﬂﬁgu%n?lﬁ ?‘6 hfrﬁ”%'&ﬁgk&rlo'el eetro

acousti ¢ tr anschusts trdnaducergf2ds krowneto tfosapiskibhin thetagt ag aQov2 Seqriehdyi ddmrores; 5 b,

sai d i nduct or yaf kRENEy BeqBthdD bri W 53s Bledkrdni R AERYS

t ransducer ha\)’l@ﬁge a val ue _qo‘%mgp?)r ox?ﬁg%egﬁrybg&?{nﬁ@'ﬁ?q Siulk}gﬁ%{te%l?&gﬁ%%@ said

shunt rd8i st oof leafreqyensy drivene2 selegipnlly gndeandiclivalneqsmied sexsrallywidis fetdi o

a%st em t h?dcéﬁdi@ﬂsh?{trés?ﬁ%@E&%@&M@fnpﬁ%c}(l\@frikc?(ucﬁﬂcf é‘s%élli‘afé g}eme&eﬁiv@lnamm 1,
erein said capacitor-less crgssover networ cqonpati bl e for

i nt er - operat i ﬁggwﬁtfﬁqgﬁ%am% ﬁgf i@ﬁﬂ'@ﬂ&? thaanFraéfﬁF%PnﬁSWtf“?‘b&ﬁ%Cr?B? end of

el ect r 0- acousishunt tréstsigbdde elscteitally aiy ramductivlyeapled m@mgmegativy figput 6f lown an

audi o system dg ¢ARAG OTod SRS GERRIRNC LA EINEY e 25 PESIICT g5 ! ai nZ

1, wherein sai GOEREAEIYE 21288 SEHBELEIHMT A COSPR P € nh 10t BlYes

i nt er - opér at i mepispirtI9 inchindd résistphs havingureangg lomeappraximately 9€) 1o «t depersithgomr s of a

ni ezoel eetri ¢ gliyBQharhetertsic@N audi o system) the capacitor-Iess crossover

network) as recited 1n claim1, wherein said capacitor-|ess crossover

network is conpati Br@cd ofalueh I ingisiar A6 iglude the ducters davngh repgqfiecy and
sai d | ow frequgpeyindieBell maHideaysb acargt of I ElliHek$ f&fa igh Rt@eidyQsiatdsc type,
exhibiting an impedance of approximately 4 to 10 ohms, and a suggested {requency

20 response of 2KHz and higher. One exemplary type of high frequency driver 48 is an
electro-dynamic dome tweeter. It should be pointed out that while the present example
specifies a 1 inch electro-dynamic dome tweeter, all known types of high frequency
drivers may be employed.

Figure 6 depicts a simplified schematic diagram of a series-configured capacitor-

25 less 3-way crossover network, in accordance with a preferred embodiment of the present
invention. Like Figure 5, the three-way crossover network of Figure 6 is depicted as
receiving an electrical audio signal via input pairs 40. However, the three-way crossover
network of Figure 6 includes an additional mid frequency electro-acoustic transducer 54,
also known as a mid-range driver, for optimally transducing to acoustic energy the mid-

30 range frequencies of the presented electrical audio signal.

The three-way capacitor-less crossover network as depicted in Figure 6 is further
comprised of a shunt resistor 60 for electrically and conductively coupling in a shunt or
parallel configuration with the series connected low frequency driver 58, and mid
frequency driver 54. To complete the paralle]l configuration, the second end of shunt

35 resistor 60 is electrically and conductively coupled to a negative end input of low

frequency driver 58,



1 5 NOV 2002 13 8, An audio system conprising; a. at |east one high
frequency el ectro-acoustic transducer; b, a | ow Crequcncy el cctro-acgustic
transducer; and c, a series-configured, capacitor-|ess crossover netﬁgﬁwvzmﬂ
For 5 partitioning by frequency an electrical audio signal as provided by
at least one anplifier into a plurality of frequency bands conprising at
| east one high frequency band and one | ow frequency band for driving a
corrcspondi n~ plurality of elcetro-acousbic transducers conprising said at
| east one high frequency driver and said | ow frequency driver, said
capaci tor-| ess crostimiiarto dettworvkay conypversietwdrk diFigure athe thpastwqyadrassenpr i sed
of a positive | ive 1. S: i ai.d .at..l.east one
anplifier; ii .n%ﬁglitknoglr}g%uor @Esga\e/}%on%) a?lrlgﬁi% Eiftagi lﬁ%&?&e@rﬁl%gléélgedg{yrsﬁgglwlé hé%hupl ed to
sai d positive frequancydfiveg &b dnd inparies pidh shuaimesistor §@cHlselsaripihucoupladitofinductooupl i ng
in shunt with : i ; 1 ; - ic 15
@.lﬁfuctgladé%gﬁéled iR 3Rint wﬂ@rﬁgf fu nEﬁ%P?MeEéégﬁg%o?m:ﬁ%f y

transducer; and i1il. resi st or ving a first . _

coupl ed td sai vrluss &t slempats obtha these-veayi cepstoven nebrk effdeyra firsluse adywrah second
end Ie! ect [ i cal {/Mu&{b_ﬂ Rldgélort @t @fwfzss xﬂﬁl‘éﬁ%nki!ﬁ;vitlﬂ@%igh%eq%@a’cg diifb‘?ls% hBdhg ad ort _
coupling to a negative_input of sai 0 equenc an ctro-;acoustic
20 transducer,‘“%a?i‘c%ﬁﬁ?ﬁpr?"é@?tﬁlﬁ'cﬁ'o rmg ?qlﬂﬁtlj’yd¥SpP'é9§§f %EglFtanIhlggeri n shunt
wWith said | ow Firethens indloRe 64 frapaouisd dnexénifas dulcest, 1. CailiHaey wika eadf i 6ur cd
bar i ti oni ng SR eE G 15 RO PERIEHEGY BARES o8 TBHiEhe. audi o
system &3 recresmhsd of SODKHzBandwhiewdrequeney drieapddiaving altgssl onmedace of
network furthe i beRs i NG 4 nt with
at | east one né%ﬁ&gﬁé%§$§%g%%ncy g?@%ﬁ 5&§§%ngP@?%ﬂ%ﬁgﬁh%é%ﬁdgggﬂﬁbf sai d
at (cast one i statresistor G6uUpIthel threp-wayseanfigwatign; of Bigwer® may absgi assume preast one
i nductors, sai gkepfldrf9alfé of RoBmat Wi SesOMuck 6L My Baviphdy dallidststa
termnal end elecfrically coupled to said, ,negative input 30 end oi'said

i nductor and ssheaifigdmpleaicgiption, ofhgntepistiyecand h‘liﬂ‘&‘t‘vc?rva&ie§8‘aﬁ§\9icﬁﬁ’l°é’e‘ﬂ Bhi nal
end for gfectrpeaide unigedlzhavigr ih theahrbe-way crogspuet n@ivorkaif thel poaveittligHgonCy

el ectro-acoustic transdycer.. 15 . 200 D,. e audi o system as
Ceci ted in oraiti - BRRENGRirya Sirelotriestafiedita ongtiokiiGs B feoler ot

capaci t or - | cssthet meg evenrberrytendable toandbmpy Frossdvesfnetyraek imeapgerdance potphed i n

shunt wi th onepfids {ABSRN EEIE B Cpitts @ISRy CPbbkbl §slehPRPRERT of SRkl One
i nductor having n first end electrically coupled tg said second | nput end

of said i nduct BPAYRRYSFNE, aYPRATERIE TRIUeReYSIiKsr gHO v rrapid divayenel driverand adRy a
fsecond epgl }‘or fréduRadyr drovet. | yigompgismgemti Ew&ﬁi;iighlfiﬁdusﬁor itptesisof valadsdrot gw
requency eleeirqg-acoustic transducer, . The.audio systcrrt. . as recited in
claim 10" wher BAEBETHE bich e b AGRH EE e i e SRS R e BT S o - 10
a, an i nduct or pantahew thatithe naps¢itondessyrosiovei netwdrk sapelse Ye eltended waodMiway ¢
transducer sai gysle?rgUCt or having a value of approximately 0,25 mlliHcnries;
b. an inductor ‘connected in shunt with md-range frequency clectroacoustic
transducer, said i ndeweoB-Sndepichg smrlifiedoirait dipgrmxatms diepiae embodimanticnri e
~ 15 angsc, SaicGhpsiktipt pafaRel ckb@ry. A \ihd Jevioul @bEdiREnt 3P Pigtrel T RdBY: d4Qs OhnTs,

coupled in shunt across mid frequency driver 54. In the present embodiments of Figures

8 and 9, inductor 66 (Figure 8) is instead connected in shunt across the driver at hand as
well as all other higher frequency drivers. Such an implementation improves the gains
of the network. Therefore, by adding such parallel circuitry the signal levels may be

30 adjusted as well as the crossover frequency points. Because in the present embodiment,
the high frequency drivers and low frequency drivers are wired in parallel, the overall
gains in efficiency in those regions are improved. Likewise, Figure 9 depicts a four-way
system for alternatively an N-way series-configured capacitor-less crossover network
employing the alternative shunt inductor configuration of the present invention.

35 Those skilled in the art appreciate that capacitors may be added to the circuit, for

example, for the purposes of frequency shaping, and non linear gain functions. Such



12. 'fhe audio system as recited in claim8, wherein said capacitor-|ess
crossover network is conpatible for inter-operating with said high

frequency clcctro 20 acoustic transducers ~tnd said | ow frequency 15 NOV 2002
el ectro-acoustic transducers of an eleetro magnetic dynamc type. 13. The
audio system as recited in claim$, wherein said capacitor-less crossover
network is conpatible for inter-operating with said high frerlucncy

el cctrn25 | coustie transducer of a piezodl ectric type, 14. The audio
systctn, as recited in claim8, wherein said capacitor-I|less crossover
network is corndditiohloé cammtqrma@rcooq@@r@tmﬂgn thetsaorsadfdhaingéntibn.e dfuie figtheand sai d

| oW f requency (hGEliAnASOUebE: dbpRNREILE 8¢ Rl f&@heeéxs&gsr&a;oéé boaldiRe, 30

15 NO V 2002 . I'n an audi o system a_ series-conf

capaci tor-| esd cewggromrowé% méﬁgwalraéwstﬁﬁam@ fathesignis By wwéﬁ@g}lﬁawons

el ectrical au%@coﬁtmtedmtmna]ersbdp@ahhwregémfrfv@ﬁwancy bands corrprl sing a
hi gh frequency ban and @ Iom/fre uenc

pband to ive.a hi ncy
driver and a low fr Qaﬁ’eﬁl? lpd it thg aet 15?@%? ofs e the s q@%ﬁrﬂmé%f ’g’ﬁ%
crossover net widykbelimomnedbg ineays ofidrivar sperifidatiore Ammhplamiula bé\bg&tﬂekl‘&lth nput
formng an inpu s pa &gfjgycrece|V|ng said electrical audio signal an audio
systenlanpllflerlfﬁ gﬁ MAduct or connected in shunt with the hi gh frequency
driver, having a fiThspresenpuventintimey keembidied inpticospstielforms wighodt ¢eparting ve
i nput_of said 1t the 5}9 lpaf kasertfl) @har&%& & 7l 1650k é}ﬁo‘é? %badlﬁﬁﬁ@g% ipt end,
sai d |nductor or co fing in s sal requenc rrver via
sai d firk andﬁogﬁé@iﬁ‘ﬁ in ﬁlgbmsp@%l@s O%mdluar@ﬁa apd ﬂ@slieétf‘@#"ehé'iherﬁgom qfithet end
electrically th&ﬁlst thefedir€, xﬁa@@éad) yithPapeied cRimS At thlﬁiyﬁl{érf&reéﬁhg shunt
resi stor aIso(FaV|ng quond electrléall .coupl ed to sai.d ne tlve

hatlte

i nput of sai d 9eFfpIRH anges which gome withir) e geaningand gangs efgquivalenchpfihe 15 wi ¢ h
sai d | ow frequttiny a@drno beembrcedssthih their Rbpeand second ends, said
capacitor-less cro i nj crete capacitors for
partitioning said 3’8%\(%rcsl%]%%%\?éque%ﬁ%ttogiég{g&ag?d;pﬂglﬁEy bands. 16. In an audio
system kShe series-contigured) capacitor-less crossover 20 network, as
recited in claim15, conprising; a, an inductor connected in shunt with

hi gh frequency driver, said inductor having a val ue of approximtely 0.25
mlliHenries; and b. said shunt resistor having a value of approxinmately 10
ohnms, 25 17. In an audio system a series-configured, capacitor-1less
crossover network for partitioning by frequency an elcctrie;al audio signal
info a plurality of frequency bands conprising a high frequency band, a

m d-rang® frequency band and a | ow frequency band to drive a H gh frequency
driver, a md-ran6a frequency driver and a | ow frequency driver,
respectively, said capacitor-lcss crossover network conprising,:

25

30

35



30 a, a positive input and a negative input formng an input pair far
receiving slid electrical audio frequency Signal frown an audio syst%@
anplifier; b, a first inductor having a first input end electricaily NOV 2007
coupled t0O S~ild positive input of said inrut pair, said first inductor

al so having a second input end, said fir Z i nductor for coupling in shunt
with said high frequency driver via 35 é id first and second input ends;

15 NOv 2002 16 c. @ SquQqaddgqykgnf?Es 895%| %rédncaﬁﬁgérqegss%%&e?ﬁét\gmfc' rst

i nductor via a first input end elcetrical to salrd second input
end of said fi d&tParipuEedy, lrgadngy seeentipel ﬁtﬁi@c&lw! &l myovidrs\Viiyray leasifdrest i nput

end, said Secoﬂﬂp!lmm@ﬁuﬁﬂ?o%@xﬂl&%dﬂ% qedAbNGandd bRpRial l@wsf@n@hfpﬁnge
frequency drlvgr S vi aid first and sec i nput ehds nd d unt

resistor havi ngeaepey @Pié’%ﬂ)o“él%{“rqp?f‘éf ‘Wd2‘2511?61"%"6‘@@60%‘553‘%1"‘1@%@@%‘}' ‘ﬁput end

of said fisrst Iemaw&h@nstanﬁhnﬁi@te@ls fobihglsink AP 1Ast 8AChiH fddiekly2REGALoLYEUCT OT
sai d shunt resist al so ¥ a second end electrlcally coupled to sald

negati ve i nput "6’?*8%%? di “H‘b‘ﬁ CQYECY FledrgRepugs iqRsdpess salg @Pacft?fr’“i@'oﬁfﬁtf’él i ng
partially in shuaordotprisiag:d | ow fzequency dri ver sai d second i nput end of
sai d second inductor and said .secon ffgf shunt mai stor for
electrical l'y coupling with B¥1'BPY B rcf’?‘%’& ?féwwve\flﬂ?f‘“é’g?ﬂcg&%lvﬁé‘@%ﬂér- | ess

era-' ssover networ krecovdddioni sag anbasdors@melifter,capaci tors for pariilioning said
audi o sigpals into said&qu r t ho
scries-~conf gored, capaC| togpﬁé‘?@?gggﬁgsao@%%m %nd E%trﬁq@ cou@&f %T}jn claim
17, conp-~singr a. aPdsitive inpytiediaidipnut kel ardroseentid inputehdifer canpling ithibgit Withequency

driver, said in~ uetgrleabtadﬁbagsamhmlmmgéy@&Qmoﬁmlceqm%eﬁ%nc{n||IchrleS to
b, a sacond i nductor connected in shunt Cquency driver,

sai d i nductor having a al ue? SPunbrFstPY li“’lylé‘ﬁral firg "“Qr"r@“‘é'ca Iy gpeplediaitidy esi st or
havi ng a val ue of appemxinputrend ef yidlifduetonand &% $cBondlend ansaUBUQ r&yssrem

Sor et onng by freclodied Sy RORRBLLR I S Sl R R IBlP Ly o
frequency bands con&p?HﬂBYWQP%OHﬂg’HO\fJlfre@mw@%cwamusﬂa tmﬁumanxgei shiequency

band and a I ow {1 eqneRGyfoPaiidg disk Kudhy ka]ntfvﬂxﬁlck‘dﬁ@&yfrgd'uh% elecif T dr @ango
frequency driver and a | ow freq uc>&%wg§ver res ective| dl

capaci tor- | ess cros¥GVUF TREEGeY #'4¢ 11‘@°55°é’e"§ és‘iof‘iﬂ‘\?é‘lﬂ"ﬁﬁlﬁfrc‘énd a
negati ve i nput foni eapgeitars forpanitionisg sidfaudio sigiexts inoRgd frequancplb@@lsri cal audi o
frequencygsignal fromfat audio systemanplifier; 5 1 5 NOvV 2002
2. An an audio system, the capacitor-less crossover network, as recited in
claim 1, further comprising at least one first inductor for coupling in shunt with at Jeast
one mid-range frcquency electro-acoustic transducer, cach of at least ane sald first
inductors coupled in series with others of said at least onc inductors, said series of said
25 at least one inductor having & first mid-range terminal end electrically coupled 1o said
negative input end of said inductor and said series of at [east ane inductor also having a
second mid-rapge terminal end for clectrically coupling to a first input of said low
(requency electro-acoustic transducer.

30 kN In an audio system, the capacitor-less crossover network, as recited in
claim 2, wherein said at least one inductor is comprised of onc inductor for coupling in
shunt with one mid-range frequency clectro-acoustic transdueer, said onc Inductor haviny
a {irst end electrically coupled (o said negative input end of said inductor and a second
end for clectrically coupling with said first input of said lower [requency electro-acoustic

33 transducer.



17 b, a first inductor having a first input end electrically coupled to

said positive input of said input pair, and to positive input end ol" Emﬂv
frequency driver, said first inductor also having a second input end } 2002
electrically coupling to negative input end of high frequency driver, said

5 negative input eud of high frequency dé%ver is also electrically coupled

to positive input cud of md- range frequ cy drrver c, a second inductor
having a fiat end eIectrhcaII% ) @ g R §|t|ve i nput @f sai d

i nput pair, and the sai d"s8&S 8S¥Hﬁh Fdﬁ”ﬁ %6“85%‘%8ﬂ8“5hﬁféré frically
coupl ed to the dwegat cargprisinput end of said md-tango to driver; and d. a

shunt resistor hlving a firs nd, el aII y 0 sard S cond~

i nput end of said |nduct%r) 3%%‘%““8F3%%% quﬁQ¥Bluq1B-rm%§ st or

el ectrically coupl edcquetlcsandfuwega/ung\ne/aiunpim)pmrmalyd) A5SnilltH epradsy and for
courting to a negative ipnput

transducer f5 said shun? reé?i?%%t?%%aﬁ%nSﬁﬂyﬁﬁ1’dﬁhgai QU%%%(ﬁ%V:rn Shunt
with said IOM/frequéﬁ@%u@T@%F@@Vd9bM§PW@mmmdm§deéhnm§amd capaci tor-|ess
crossover nehvork contaiding <esihSedelfadAPALhEOL Hol@lmdbfy fd duni ng sai d
audio signals into salt frequency bands. zo ) n audi'o system the
series-configured, capacitor-less crossover netmork as recited in claim

19) conprising: a. sal d Ifnlab&bdrb @ﬂt&ﬁi et cbamdmesacwabuenatvoaparrearremﬁrely 0,25
mlliHenrjes; second i nduct or avr%a val ueg Ili Henries; arui

id
25 ¢, said’ resi %at”dq WIS g5 e aRAR QT e ProsSRyS XY TR 1S &Pt °(§‘H er-operaling
A A A ALyL. A AvithAkdid high. rkaﬁhnéy AndAsall _RwAfrdnencAGeeIR)-atahsBK trAnsduddrsTof a

' 13- $$$9@8ryt01 néhd GRE @Jca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca
]ca]ca]c“a]ca]ca cAa]cAﬁi ?E fc Aa]c:a]ca]calc(alca!l & B(f,|///0 1| 778887::
? @DDg DDHGEOTOVOMTe T~2Z22° {qugb]X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] Ca% ca] Ca} Ca} calca] clalaaalidio a}s@ﬂ @u&la&@&&@ds@&@}sm} ﬁa}v&@] &a!ecue@in}‘ >f ]Af Q]XJ [

a u} xsn al.cal ca] ca] ca]ca] ca

] cja] chj] cjaig(a] caTAE] caﬁ‘)‘%@} ?(?‘ad]r 3&%%{] ‘ééﬁ’%ﬁ?@éﬁ%“}%L‘]CB'B}%‘E;’ ofjigter-operaling
a] c&a] ca] ca] ca! wifhvsawibtxftdgTanvy vi¢dtb(aYoudfiotrdhxdaterdo 2] pik-dtelric &fpca] cal ca] cal cal ¢
aJ cal cal ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]lcalcalcalcalcalcalcalcalcalcalc
al g" QC&TH| } xsni d_ Z]c]]c éca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] calca] cajas ardiapisiee dlecaneciir¢s OPieBT n@YOKDBIAded jn
Ség'()/(isog/‘d((Y) Slof:%“&g]‘( \)/hdMl:O&é& cﬁ@a‘cuor {ess Cr0<sover mlwork 18 com?atlblc for mter-opuramigO(y& >
| 10%& () - %&(123%82“8 * %gyﬁ}cﬁ‘ﬁf‘eyﬁ”%d% ‘%‘7 ffF"i‘*““éZ Wéf)@/&“’cif“c@a“%“g s ofan o
& " 109 () - @ [ Letdctro9Bic(ypeg! 10%&' ()-S S&&10%&' ()-DA B
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10$>109%&' ()-! 21 10%&' ()-% 1.5 Moy
wWU3~_ =1i " 110%& ()-y2! " 110%9& ()-y2![ 110%& ()-y2!'V 1109 ()-y2! 1 H%/@UZ
g& ()-y2!Q 1109 ()-y2u$%&' 13r S1! 4ss! 10%@& ()- 10%@& ()- (10%@& ()- 10 10
10!'s” "110%&' ()-y2!n "110%& ()-y2-; wJ3rS1II[' 1109 ()-!'V 1 109& () -
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9" #$$$$$%$} oP1sFs109%&' ()- (yl0%&' ()- 10 10

10! | "' 1 109& () -!i " 8.10%&&n(audib fysterm oogprisng:$98R' B( (zX60P1! dLs! 10% | & () -! RMLO
u& ()-SIC 1 10%& ()-S! , at least onc high frcqumclectro;aggustictransduccr;

MLOY&' ()- & 109& ()-!& 109%& (?-(4*+f, - - oP1lli " -1109& () -

1d - 11098 ()- ! - 1098 ()-8low frequency electro-acoustic transducer; and

I's"Ls!10% " & ()-!i Ls!1QY& (3 -deries@hAQVAR, (kpackdraésh/ bibdsbQOURMoR! 1H%@9& () -
1109109 () - o . o .
5 partitioning by frequency an elcctrical audio signal as provided by at least one
amplifier into a plurality of frequency bands comprising at least one high
frequency band and onc low frequency band for driving a corresponding plurality
of electra-acoustic transducers comprising said at least one high frequency driver
and said low frequency driver, said capacitor-lcss crossover network comprising!
10 i, an input pair comprised of a positive input and a negative
input as received from said at Jeast one amplifier;
it an inductor having a first input end electrically coupled to
said positive input of said input pair and a second input end for coupling
in shunt with onc of said at least one high frequency clectro-acoustic
15 transducer; and
iii.  a shunt resistor having a first end electrically coupled to
said sccond input end of said at least one inductor and a second end
electrically coupled to said negative input of said input pair for coupling
to a ncgative input of said low frequency band clectro-acoustic
20 wransducer, said shunt resistor [or coupling at least partially in shunt with
said low frequency clectro-acoustic transducer, said series-configurcd
capacitor-lcss crossover network containing no discrete capacitors for
partitioning said audio signals into said frequency bands.

25 9, The audio system, as recited in claim 8, wherein said capacitor-less
crossover network further comprises at least one inductor for coupling in shunt with at
lcast one mid-range frequency eleciro-acoustic transducer, each of said at lcast one
inductors coupled in a series with others of said at least one inductors, said series of said
at least one inductor having a first terminal end electrically coupled to said nepative input

30 end of said inductor and said series of at lcast one inductor also having a terminal end for

clectrically coupling to & first input of said low frequency electro-acoustic transducer,
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2MB34<5wWU3uS1!! " 9! 10%gg& ()- 1!'[79'10%& ()- 1! 9!'10%g& ()- 1!V 9! 10‘V§ -
1'Q9'10% ()- 1! 9110% [ & ()- 1<556|77888wUX1!! 10gg 10gg!! " 9! 10%gd éav 200
11191 10%& ()- 1! 9110%gg& ()- 1!i 91 10%& ()- 1!1d 9! 10%& ()- 188887::;

/[ <oP11'1'109%8& ()-F 109%&' ()-!'M 10%& ()-S' "109%& ()- @s10%& ()-3(mO%& () -

10gg/ <=, ??7@BWMIBLL s(! 109%&' ()-! s(!10%&R'1¢)-!& 10%a& ()-'i " 1109k ()-F'd !
109&' ()-F!'" " " 1109%& () - FBDDDDDDgDDVWS VLI MLO%& g}) -@10%& () - &

s10%4&' ()-' f 10%4& (§ . ilhe qugio system, as recited in claim 9, wherein said at least one inductor

of said capacitor-less crossover network is comprised of one inductor coupled in shunt
with one mid-range frequency electro-acoustic transducer, said onc inductor having a first
end electrically coupled to said second input end of said inductor coupled in shunt with
5 high frequency driver, and a second end for electrically coupling with said first input of

said low frequency electro-acoustic transducer.

11, The audio sysiem, as recited in claim 10, wherein said capacitor-less
crossover nctwork is compriscd of:

10 a. an inductor connecled in shunt with high frequency electro-
acoustic transducer said inductor having a value of approximately 0.25
milliHenries;

b. an inductor connccted in shunt with mid-range frequency electro-
acoustic transducer, said inductor having a value of approximately 2 mitliHenries;

15 and

c. said shunt resistor having a value of approximately 10 ohms,

12, The audio system, as recited in claim 8, wherein said capacitor-less
crossover network is compatible for inter-operating with said high frequency c¢lectro-
20 acoustic transducers and said low frequency electro-acoustic transducers of ai electro-

magnetic dynamic type.

13, The audio system, as recited in claim 8, wherein said capacitor-less
crossover network is compatible for inter-operating with said high frequency electro-
25 acoustic transducer of a piezoelectric type,

14.  The audio system, as recited in claim 8, whercin said capacitor-less
crossover nctwotk is compatible for inter-operating with sald high frequency and said
law frequency clectro-acoustic fransducers of an elcctrostatic type.

30
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1099J& () - 10%& () lrc%gw/mgsa(lg el cmcaﬁzaudlg signal an audxo system amplilicr;

b. an inductor connected in shunt with the high frequency driver,
having a first input end clectrically coupled to said positive input of said input
10 pair, said inductor also having a sccond input end, said inductor for coupling in
shunt with said high frequency driver via said first and second input ends; and a
shunt resistor having a first end electrically coupled to said second input end of
said inductor, said shunt resistor also having a second end electrically coupled to
said negative input of said input pair, said shunt resistor for coupling in shunt
15 with said low frequency driver via said fitst and second ends, said capacitor-ess
crossover network containing no discrete capacitors for partitioning said audio
signals into said [requency bands,

16. In an audio system, the scries-configured, capacitor-less crossover

20 network, as recited in claim 1S, comprising;
a. an inductor connecied in shunt with high frequency driver, said
inductor having a value of approximately 0,25 milliHenries; and
b. said shunt resistor having a value of approximately J0 ohms.
25 17.  Inanaudio system, a scries-configured, capacitor-less crossover network

for partitioning by frequency an electrical audio signal into a plurality of frequency bands
comprising a high frequency band, a mid-range frequency band and a low frequency band
to drive a high frequency driver, a mid-range [requency driver and a low frequency

driver, respectively, said capacitor-less crossover network comprising!
30 a. a positive input and a negative input forming an input pair for
receiving said electrical audio frequency signal from an audio system amplifier;
b, a first inductor having a [irst input end electrically coupled to said
positive input of said input pair, said (irst inductor also having a sccond input
end, said first inductor for coupling in shunt with said high frequency driver via

35 said first and second input ends:
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a shunt resistor having a first end electrically coupled to
sald second input end of said first inductor and said first input end of said
second inductor, said shunt resistor also having a second end clectrically
coupled to said negative input of said input pair, said shunt resistor for

10 coupling partially in shunt with said low frequeney driver, said second input
end of said second inductor and said second end of sald shunt resistor for
clectrically coupling with sald low frequency driver said capacitor- less
croisover network containing no discrete capacitors for partitioning said nudio
signals into said frequency bands.

15

18. In an audio system, tho scries-configured, capacitor-less
crossover network, as recited in ¢laim 17, comprising:
a, a first inductor connected in shunt with high frequency
driver, said inductor having a vahie of approximately 0.25 milliHenries;

20 b. a second inductor conneeted in shunt with mid-range

frequency driver, sald inductor having 2 value of 2 milliHenries; and

c. said shunt resistor having a value of approximately 10
ohins.

25 19.  In an audio system speaker, & scries-configured, capacitor-less
crossover network for pattitioning by frequency an cleetrical audio signal into
a plurality of frequency hands comprising a high frequency band, a mid-range
frequency band and a low frequency band to drive a high frequeney driver, a
mid-rango frequency driver and a low frequeney driver, respoctively, said
30 capacitor-less crossover network comprising:
a, a positive input and a ncgative input forming an input
pair for receiving said electrical audio frequency signal from an audio system

amplificr;
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10 driver; and
d. 2 shunt resistor having a first end electrically coupled to
said sccondminpul-'end of said ir;ductor, am:l said second end of said shunt
resistor ¢lectrically coupled to said negative input of said input pair and for
coupling to a negative input of said low frequency electro-acoustic transducer,
15 said shunt rcsistor for coupling at least partially In shunt with said low
frequency electro-acoustic lransducer, said capncitor-less crossover netwark
containing nio discrcte capacitors for partitioning said audio signals inlo sald

frequency bands,

20 20, In nn gudio system, the serics-configured, capacitor-less crossover

network, as recited in claim 19, comprising;

a. said first inductor having a value of approximately 0,25
milliHenries;
b. said second inductor having a value of2 milliHenries; and

25 c. said resistor having a valuc of approximatcly 10 ohms,



