| MPROVED TELEPHONE HANDSET CLAIM OF PRIORITY [0001] This is a continuation
of the followng US. provisional applications, and the benefit of the
filing dates of those provisionals is clained under 35 USC 119. Seri al
nunber 60/478,142, "Content Reduction Hearing System" filed June 11, 2003;
serial nunmber 60/478,152, "Electrically Elegant Enhanced Speech Heari ng
System" filed June 11, 20QHPRAOVEDSTELEPHONETANBSET /3, 151, "A Sound

Communi cation System for | nprov ri . ihed June 11, 2003. TECHNI CAL
FI ELD [ 0002] The invention concgéri'r%slﬁfgﬂ;%ﬁgrqgfﬂﬁgﬁdsets whi ch i npl ement

si gnal - processii@@01kchni Ghés fier at hentbhenation obfhehei Aglilopanged. Per sons.

BACKGROLND. CEy ZiEo| WVENTLOM 0002} bhngobek gahons, Jandsst sk ecegygoed i th

a device tetnmed an I Hearing . e col C coi
acts as an afi@baRaot aflgoPe dakeehIone ddicd aigiegnandescd8pvBECh§Llife handset

to a nearby hearinggétfal Whiddy 68PLasN34 A, SidBt@ntCREBucEabhed a T-coil,
which acts ( as a receiving antenna._ This arrangenent allows the hearing

aid to receive the SadEln@dP e ssBnal LHREiIEE it 299 3ioudspeaker within the
handset. [0004] Ones@ridDrenghbkhe boyeansors2her epneati-eapieg¢ to inprove

signal transfer betyeen the C coi nd the T- coil. This ajtenpt led to an
unexpect ed i nprove T‘g‘?rhp tﬁ@‘%‘?(‘];ses?‘eﬁﬁgcH{eﬁqld}ﬁedsﬁéﬁﬂnng-i npai r ed
persons to nore reftlléd dugerst pnzbepeentd del ivered by the inproved
handset, w t hout usge]g{aihe 1.6 élr or 65?373;5?99,& qu hegghgg aid. 1
Communication System for Improved Hearing,"
( filed June 11, 2003.

TECHNICAL FIELD
[0002] The invention concerns telephone handsets
which implement signal-processing techniques for the
benefit of hearing-impaired persons.

BACKGROUND OF THE INVENTION
[0003] Many telephone handsets are equipped with a
device termed an HAC coil, or Hearing Aid Compatible coil.
The HAC coil acts as an antenna, and broadcasts the audio
signal received by the handset to a nearby hearing aid,
which contains a similar coil, called a T-coil, which acts
( as a receiving antenna. This arrangement allows the
| hearing aid to receive the same audio signal received by
the loudspeaker within the handset.
[0004] One or more of the Inventors herein attempted
to improve signal transfer between the HAC coil and the T-
coil. This attempt led to an unexpected improvement in
the handset, which allowed hearing-impaired persons to
more readily understand speech delivered by the improved
handset, without use of the T-coil or the associated
hearing aid.



SUMMARY CF THE | NVENTI ON [ 0005] In one formof the invention, an inductor
havi ng a highly magnetostrictive core is connected to the speaker in a

t el ephone handset. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] Figure 1
illustrates a tel ephone handset as wused in the prior art. [0007] Figure 2
illustrates one formof the susmMmaryi or. THEOORVENTTONE 3 illustrates one type

of nmagnetostri.gl] coil _39 which can be _used in the_ apparatys of Figure
2. [0009] Fi gur[gbhgfs an &PedMS cﬁ?n‘écﬂgnﬁ fc BIVerHr&ict o n3§ng’ﬁc??5ure 2 in
series w th hheisgeakleigBBy alagrietgpater it M0 HfreFiigurenBersed toneheonai n

| ot of the oidal | , ced by the signal generator 115 in
P sbeaRezoLfal Lopubud0o naieduced by gnal g

Figure 4, an e resulting neasured by spectrum analyzer 112
in Figure 4. [0011] Figures 6 and GA illustrate the frequency spectrum of

t he out put 100 of Fi gur GB%_EI“]{ YR TP E of nHE SRaRrREgone form of the

i nvention. [0013& Figure 8 1llustrates frequency response of a notch
filter, which fABOfhvent itiguky bel HusstRiee 2 Fabtibene . hpodad) #Sgure 9
is a schemat |;gel! tHSthatbRYoFagh@LiNg noise N [0015] Figure 10 illustrates
a tel ephone heﬁgset. [ 0016] ,Fi %ure 11, jllustrates schematically a %eneri C
hearing instruBRP7500, suchHidTE héarhi 2FHALEDO LA FitGiHie ©2 i FRGstrates
one form of theenthwenti on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[0008] Figure 3 1llustrates one type of
magnetostrictive coil 39 which can be wused in the
apparatus of Figure 2.

( [0009] Figure 4 1s an electrical schematic of
inductor 39 in Figure 2 in series with the speaker 33 of
Figure 2.

[0010] Figure 5 1is a time-domain plot of the
trapezoidal input 105, produced by the signal generator
115 in Figure 4, and the resulting output 100, measured by

- gpectrum analyzer 112 in Figure 4.

[0011] Figures 6 and 6A illustrate the £requency
spectrum of the output 100 of Figure 5. ‘
[0012] Figure 7 illustrates one form of the
invention.
[0013] Figure 8 illustrates frequency response of a
. notch filter, which the invention may be designed to
( implement. ‘
[0014] Figure 9 is a schematic illustrating radiating
noise N.
[0015] Figure 10 illustrates a telephone headset.
[0016] Figure 11 illustrates schematically a generic
hearing instrument 500, such as a hearing aid.
[0017] Figure 12 1illustrates one form of the
invention.

DETAILED DESCRIPTION OF THE INVENTION



2 [0018] Figure 1 illustrates a tel ephone handset 3, which contains a

| oudspeaker 6 in the earpiece 9. Many such handsets are equi pped with an
HAC coil 18, which can be connected with the speaker 6. Such coil -equi pped
handsets are often terned type-HAC, or Hearing Aid Conpatible. The HAC coi l

18 produces a rmmui c fimlgued,1 y\i\i@@tﬁ@w& eé Yé L 8pRosé NhéRdsE0i B, 24,
often terned g c0|I ,or teHﬁglo oi | gin a nearb hearing aid 27,
when the | at ForChs GREGFASaA ¢ SF 35 1[rt) R SRR T ng VPR¥sfers

the el ectronsachi paalisetscareedqbippere wiidalkar HAQ actifle IBeawhiighatdn27, thus
all ow ng the, he t cel,ve | ect o hgnal..r I ved by
t he speaker Q #}é&g%(gllﬁd%g%étg‘ E"El7het hgﬁgag |v6grs t%g&gl é:r?%F Fgl‘%ﬁgégrpl ece
30, or otherhdedseéﬁ hue ugbtey a-dwead ngypmpdiAkd wer sdearfeg20Ridhe
hearing aid &fnfBYiaRRlY PhENMAC RAGCIS! PIoLREED! A URRd 1 d e oqudhe Signal,
to render the s more intelligible ot ear| ng-1 npai red pers$

Per haps t he WhH4C (ﬂﬁﬁﬂle%ywyﬁh FPrjdddAmn ke it quetren s %ﬁm@daﬁpﬂrflcatlon

of the signabiilbubrotRekphpBee csophi &t tRaked, nEﬁQB 'ﬂé@%lﬁljea%SQ? used.
These techni ques incl Ede wi t hout Ilmtatlon]EEl g fi terlng, wherei n one or

more frequen®peRakds ar&ey; Fr?’nb%%%dn??r"a%? etan%l t her eby bl ocked from
reachi ng the peosaglat tImig cuipdiinal t&mlslﬂeut@e,th%) edelceebhye anphifli cation,

whi ch b d f f It I f

bands are amBCAiddomne EPanSBEREFS: 53 piBE SRAFAPdg: i T nehis) ays:
and 5) f requaﬁdm&hgf ttiheg, hegremg rmiche: or reve &ve f tbguenuy bé.adsranécshl fted
| n frequency s:.% %%1LeE@19g8 %%Osghmtég;%aﬁéeqn%' PERGESSA NG 4 SR LGUERen! NCI ude

dlvwdlng t he ut signal
dellvers the 31gna1 to an earpiece 30, or other device,

for use by a hearing-impaired person. [0020] The
hearing aid 27 may apply signal-processing techniques to
the audio signal, to render the signal more intelligible
to the hearing-impaired person. Perhaps the most common
signal-processing technique is simple amplification of the
signal, but other, more sophisticated, techniques are also
used. These techniques include, without limitation,

1) filtering, wherein one or more frequency bands
are diminished in amplitude, and thereby blocked from
reaching the person at their original amplitude;

2) selective amplification, which can be viewed
as a type of filtering, wherein selected frequency
bands are amplified more than others;

3) phase shifting;

4) time delays; and

5) frequency shifting, wherein one or more

frequency bands are shifted in frequency.

[0021] In addition, the signal processing techniques
include dividing the input signal into two or more
frequency bands, and applying one or more of these five
techniques to the individual bands. Further, different
techniques can be applied to different bands.



frequency bands, and applying one or nore of these five techniques to the

I ndi vi dual bands. Further, different techniques can be applied to different
bands. 3 [0022] One or nore of the Inventors herein enbarked on a project
to i nprove coupling between the HAC coil 18 _ and the T-coil 24 within the
hearing aid 27[00823npl i Ope CRe "GN E B lEHPrEnBeReAR REPATREE7. One
goal of theocanpl ipfdogalitor oMdsmpirevieMebaye isygpakwbennehsenhat £8i1[ 9823]
Attenpts mergﬁgaq%ﬁ%gqanH?%ie tnﬁﬁpaqgét de of the_nagnetic flng 21 in
Figure 1. It 3Rds W ha T HE A s e aringi #1482f ouh8 PRPOAEYhandset
w?s ﬁf the ahe- edg@aly peceliwrddndease theariagnedid 47 el dord, goapba@cenent

of the air c

% e W th a%.lr n-bearing core was _exa 'Q§d§EL0024 One

noti vati on Iib? iﬁmpﬁé SRt PRa8n"C e RIS %iﬁ?%iﬂ,o' ) qqﬁﬁ‘carried
by the wires ofl00R&] coi IAtI®mpmsoderes madeagretincrierekd thecmapgnitedeed t he
H vector. TI& acrﬂeo%%ldéﬂtjjhé: ULy 12{%#1?2‘?%5%&%“ aIt}'@%%grbﬁgg?ﬁ& vect or

IS nore precisely ter . magnetic Strength’ er vector
i s associ at ed#hgitt Fheneartivmdiegr caidnmeld)  faund Biy eerer handsakdwafeofmgneti ¢

flux densityneThe B Otf%gsé._ relrat gdcr@akke the/ epiPieOic t BEe18&XpAESSI ON B
= H, wherein Ii t he %ern%a ility of the material in which the Hvector
resi des. [O00F6PLIRRERRNA PEcbhedat®i Fore HE Gl ARt tidron&§aFddd FOrsi FaSThe

per meabi | ity examifietiel atively low. However, g for iron is relatively high,

a0 can be 10, Wahaaf 00,008k ST {490 4 BRe ger b Lhat o

repl aci ng t helaictrder eubyeah, i swrh tagpehaar earcdnd byrelasevittes sifzehef the

]'?;;it(ﬁe't ﬁat’yt ﬁ ecfo?ﬁt e, Ohrb% 290 of Ra@R8eTh! FiQha TRRcbeasRrhia 2E8! B the
vector. The arrow 21 in Figure 1 represents such a
vector. The H-vector 1s more precisely termed the
magnetic field strength.

[0025] Another vector 1is associated with the H-
vector, namely, the B-vector, termed the magnetic flux
density. The B-vector is related to the H-vector by the
béxpression B = puH, wherein p is the permeability of the
material in which the H-vector resides.

[0026] In an air-cored coil, the H-vector resides in
air. The permeability, pu, is relatively low. However, pu
for iron is relatively high, and can be 10,000, 100,000 or
even one million times larger than that of air.

( [0027] Since it was found that the coil 18 contained
an air core, replacing the air core by an iron-type core
can increase the size of the B-field by a factor of 10,000
to one million. The reason is, again, the fact that the
B-vector equals the H-vector multiplied by u. If pu is
multiplied by, say, 100,000, in changing the core from air
to iron, then the B-vector becomes also multiplied by
100,000.
[0028] To this end, an inductor containing an iron-

bearing core was fabricated and used to replace the coil



B-vector equals the Hvector nmultiplied by A If is multiplied by, say,
100, 000, in changing the core fromair to iron, then the B-vector becones
also nmultiplied by 100,000. [0028] To this end, an inductor containing an
iron- bearing core was fabricated and used to replace the coil 4 18 in a

t el ephone harndsein kowslephoder ilendsest.i ngHowevérear dngingpaiesednger son

di scovered a I tQ. | o) counl.i t he coil
18 and the Aot aAblyed 8hegop B1E0GyLIRE W ThARUE BEETR

di scovered tH®t the duhrevsidynapup biadabetyetromhaecaddi fifdandnddet, when

percei ved by g idinalideditdh, Wwas Ja@ng batalkilgi bl e than previously. [0030]
Further investi ﬂft ion led to the Con%ﬁﬁtjs' on, or belief, that a significant

feature of the {4&ERlcor ed™aloiReRRRn (fbtSIRE5E Lte G G ch was
used to increawgta _tmefgmf&lwmd' | Ehy:m&iﬁﬂ%d r;aindml f _Qg_alel_ p@ﬁteih@dilﬁpghecgf e,
was magnet ostrictive, and the inpraqv i,ntelli ility was attributed to
t he magnet ost‘frfal:ltc#?fg C&ardtt érﬂry) i %eﬁéégiﬁaﬁ Erhﬁﬂe?’é%ﬁ'?lé??¥e material is
one which chanpEB @l gni fireeatritdyy imvelstriyetiiom iTed He dilreeoddmrl wefican

appl i ed magneyicfielg. [AO32L Based RALDi g digcovery ane or, mue ol the

p
| nvent ors pursued Thvestigati onS i ef €Nt types of  rmagnetostrictive
mat eri al s. Thegilkewsas vxtt \tlobgerageheaaf thee Inghetwdsitall otdsyersest érd al sol d

under the tr Vi d ers r.e , [ by the
SRl RTINS Yo A ovee b PR Sl

hearing inpaire is a trademark o .
Al lied Drive, CT8hway ¥aSout hMEEReFPRETCHUSE 295260 oosQﬁemi | ORISR uct ed
using METGLAS WS ELidaiNliadt edasant draphrdd nt@ thkepianee teiasiicivehe

( characteristic.

[0031] A magnetostrictive material is one which
changes significantly in dimension in the direction of an
applied magnetic field.

[0032] Based on this discovery, one or more of the
Inventors pursued investigations into different types of
magnetostrictive materials. They eventually observed that
the magnetostrictive material sold under the trade name
METGLAS provided superior results, as perceived by the
hearing impaired person. METGLAS is a trademark of
Metglas, Inc., 440 Allied Drive, Conway, South Carolina,

USA 29526.
[0033] Coils constructed using METGLAS were
( fabricated, and tested in a telephone handset. The

testing uncovered three significant features. One feature
is that, in one test, a person having a hearing impairment
of a profound degree compared speech signals produced by
the modified handset with similar speech signals produced
by a similar, but unmodified handset, containing an
ordinary T-coil. This person found that the modified
handset provided improved intelligibility of the speech.
[0034] The type of testing used is described in the

science of audiology as speech discrimination testing.



testing uncovered three significant features. One feature is that, in one
test, a person having a hearing inpairnment of a profound degree conpared
speech signals produced by the nodified handset with sim|ar speech signals
produced by a simlar, but unnodified handset, containing an ordinary
T-coi |l . Thi s The starmolmptafioand: e amdapp bitled h&odsetapimsy i bess i npsowed

intel ligibiligd-pf gl ts,p%ﬁﬁ"-is[ R Epyppe of testing used is described

in the science of audiol ogy as speech discrimnation testing. 5 The term
"profound," as E3lkd to hearihfy 1S989NG s fpatiusian ofasar tObsF¥SS digti ned

bel ow. [0035]teldtel 15 sk ARt We nedmalbhesyedgl Abil 6yl Nard wRey s nor nal

hearing ability. It was found. that the mdifi handset ejther (1) did not
distort the gﬁ%c@%r% %Wi"}%eﬁa er ofﬂ(éfidgﬁiptdiésltst}'ﬁritoﬁ}b?d not
affect intel |smidih ignodicealitly sheechhndastpeseeil¥pdaty didicrtiesrsaiid [ 0036]
The third feature s .faund.ihn _a.tes rformed on.brain functioni.ng of a
heari ng-i rrpaiI}ogzd a%‘&gercstoﬁ%g\}:lﬁglglEF%Yocgﬁ lJﬁcéja|*°’|pr‘?§thdsg‘.s %%r%‘?JdY%QIR)g
handset, usedlwig hmetsen hearing ai d, produced no neasured brain response in

such person. Thigod@fl 1o thaydf enepse eddidtd NGaleatd iy Maghall g of the
ear in this person were deficient 1n cfe Ivering auditory Signals to_the
brai n. [0037]pe¥fewrrd asin BwhapnusFwertirningli ofedahdpereing ciamaiiredg t he

METGLAS coredy&midn BIRIMG egPONSSENER dehechgd 1d&adi noat 0 dhe dpker ence
that the nodified handsef” overcane at | east sQnme of .the_deficiencies in the

hearing nechaitdget Brigef Meddivide anisaeagured: UBFAGUERR NASISARHSRH

audi tory br ainsd BN reasmese (ABRchppeteeal. ofhidi 28A08s i thd eicirdiase [ 0038]
Fiowe 2 i11ustiatss, ane form of, Lhe ol NEloT, A LeLEPRope, handsgt, 30
contains a conier i | g p

deficient in delivering auditory signals to the brain.

[0037] In contrast, when using the modified handset
containing the METGLAS cored coill, brain response was
detected, leading to the inference that the modified
handset overcame at least some of the deficiencies in the
hearing mechanisms. Brain response was measured using the
well-known auditory brainstem response (ABR) protocol of
diagnostic techniques.

[0038] Figure 2 illustrates one form of the
invention. A telephone handset 30 contains a commercially
available loudspeaker 33 and an inductor 39 having a
highly magnetostrictive core. Figure 3 1illustrates one
suitable inductor 39.

[0039] A toroidal core 42 is constructed of the
commercially available material known as METGLAS.
Surrounding the core 42 are multiple windings of common
magnet wire, as used in ordinary inductors. The number of
windings, or loops, lies preferably in the range of 150 to
250. The inductance, measured at audio frequencies, lies
in the range of 0.5 to 8.0 milli-Henries. Resistance lies
in the range of 1 to 5 ohms.

[0040] A simulation of behavior of the apparatus of



avai | abl e | oudspeaker 33 and an inductor 39 having a highly

magnet ostrictive core. Figure 3 illustrates one suitable inductor 39.
[0039] A toroidal core 42 is constructed of the comrercially avail able
material known as METAAS. Surrounding the core 42 are nultiple w ndings of
comon nmagnEigwukee2 amsusethi n Bidunar ¢ iidductorsesTize wadederobf thei ndi ngs,
or |oops, |ienaprebelaBluxlp tBEstange ofyi0eko o250indhecLpouct ange
nmeasured at audio frequencies, Ties in the range of 0.5 to 8.0

mlli-Henri e§eSREERBEANCECT i e@pch n cORPOongRge 8FS1 967! ohns FipUwao0] 5A

si mul ation ofi1bghevheesofat heomppesdt usingd-ddnfirguiaot wagor ugs Frgure 4
illustrates a nodel of the .in uctqg-ggeaker system_ Val ues of inguitance
and resi st ahEE8PPBPCeadt OHPBHentOar E0Gi VAIVEIELIGH &% 2 FFaREraLdal,
conput ed ti méngohmilesSplodt 11,00 0fHZ hErequespons eproducad pby , thé shenahventi on

to a trapezoidal .. _inpu 05_oft,. 0,Hz q r ce e_signal
gener at or 11ggﬁﬁrﬁkégrglﬁ.§?hélﬁgg%oﬁée &é% #%géépgg g?g B%?%%r%§5a?n Fi gure
4. [0041] Fi poiet6liis anfFégueacy-domain representation, or Fourier

spectrum of b e tr %ﬁyg ak i fﬂg} 1 p I
so- | abel ed, angbgﬁg\?\d ng PgL y gr %Su%?cifee at%%oﬁﬁghagégfg%?ﬁ%ggﬂ Fi gure
6A i |l ustrate¥ FRETpEBtSRECHITeXx PinBegh §hal erapezdidalerimipydl aadi sheto show

frequency cogpepaRts &ddieh 8e@nto0 sdEldbdxedepi ghal N SRy 6. oRELt her,
the frequencies at 7.0 KHz_ and abow& fre depicted at a still™ greater
expanded scalf&SORRPERSPsaFndt cXHEPEY tPES¥Fight side of the plot. [0043]

Figures 6 and Ghoekear| yrshavet bmtididdst sremniles plott be aut pubandedr educed,
compared with the JNRYL (2R98aT QUiES @.20f. A adheats Lhat fige,

\ which are too small to depict in Figure 6. Further, the
frequencies at 7.0 KHz and above are depicted at a still
greater expanded scale, which is indicated at the right
side of the plot.

[0043] Figures 6 and 6A clearly show that odd
harmonics in the output are reduced, compared with the
‘input. Since Figures 6 and 6A indicate that high
frequencies are attenuated, these Figures indicate that
the coil in Figure 4 acts as a low-pass filter. Further,
the low-pass filter 1s constructed of a single element,
namely, the inductor wound about a magnetostrictive
core.

( [o044] In addition to the features outlined above,

. the invention provides benefits to users of hearing aids
who are located in the vicinity of computer monitors or
cell phones.

[0045] It is known that both computer monitors and
cell phones generate electromagnetic interference (EMI) in
hearing alids and other stray radiation. Other sources of
stray radiation, such as fluorescent 1lights, motors in
cars, and computer chips 1in cars, also produce

interference in hearing aids.



frequencies are attenuated, these Figures indicate that the coil in Figure
4 acts as a lowpass filter. Further, the lowpass filter is constructed of
a single elenent, nanely, the inductor wound about a nagnetostrictive
core. [0044] In addition to the features outlined above, _the invention
provi des benefil094fd userThbf HREPTHGFERER PHPRUGee POdHPEY PAledetQicinity
of conputer mhei ey, Orwhich | ipbenesred 0Q4bh thd suddwvn sdhedmbos hteonput er

nonitors and, cell ,phones generate electro netic interference ( ) in
hearing ai ds PSR4 of’ﬁ‘é?mé?gays? At | on.%ttOc Hgg g%%‘?%e O&ndes%%g rggl?at i on,
such as fl uodeseattohi glidiceamnt aris ehimimatses antdhtsnmidiler echipwsll nasars,

al so produce_.inte ren L+hearing aids. 7 [0046] This interference
produces audpgbg&hg&gggtgﬁ Fﬁ%'user, which interferes with the user's

attenpts to hd@047hconi Agggvendsillusticatdmedhe handsetaoft Féguiravant i on
reduces, or eliai-AAteSy hithsn EMy g VAl s@§nd9§:aerheta¥{?.ﬁ§ of; £Mia &92471A

Figure 9 illusfrates the handset of Figure 2, adjacent a human ear
standard heaPFR§SRtd 1A FBe magsent A FaUEeea? . oA Bl c&S sivdicRteds
indicated, togethetr with radiated electrical nudiske N\ The kAventers have

found that the arrangenment of, Figure 9 reduces EM in the hear|ng,aid HA
at | east as E’@P’@e@&ggbglﬂ?ﬁet}ﬂ%@%rmﬂﬁn%d?g Podurs| 2 &Mcsta #’%anor t he
noi se reducthenhearthg taldl HA, ngt leabti &f, péhisiexdl@natieomsexant enpl at es
two routes of ry.for the.ngise N t.0 the ring aid HA, .One rqute is

t hrough t he heﬂ“ﬁ? okul | . B8, Bosktdlg, ExpagRakign? ‘g%lfcr’%hr?aynSFSSk this
route are setedusttbni meeditd efglbetiowy. Thénsbroad, r bhie espilhnatghn the ear

cangl, and tRigRith8eks ROZSIAYELY WKt 8 the noise N to the
hearing aid HA. One route is through the head, or skull.
Some possible mechanisms which may block this route are
set forth immediately below. The second route is through
the ear canal, and this route is possibly blocked by the
invention, as explained later.

[0049] In Figure 9, dashed line T represents the
human tissues surrounding the ear A, and these tissues
represent the human head generally. These tissues are
composed largely of water. The water contains numerous
electrolytes, and is thus electrically conductive. Being
conductive, the water, in theory, will reflect
electromagnetic radiation, since conductors, in general,

(» are treated as reflectors of such radiation. Since the
noise N takes the form of electromagnetic radiation, the
electrolyte-bearing water, in theory, reflects the noise
N. The reflected noise N does not reach the hearing aid

HA.

[0050] However, the electrolyte-bearing water is
probably not a perfect vreflector. Some noise N is
expected to enter the water. The electrolytes in the

water may dissipate the entering noise, and two models

explainihg the possible dissipation are the following.



I nvention, as explained later. [0049] In Figure 9, dashed line T represents
the human tissues surrounding the ear A and these tissues represent the
human head general ly. These tissues are conposed |largely of water. The

wat er cont ai ns nunerous electrolytes, and is thus electrically c¢conductive.

Bei ng conduct L8851 he watterisifewRobhat welPCrEPTATRSL LF ¥ RALABLAR i ¢
radi ation, ssﬁen camduma_orzsolsen genetsht aimd ettnbeaf:e@ucaSVreeftloe@toranof such

radi ati on. ce. the 0 kes t he f ic ragiation,
the el ectro? ?gtﬁégrlér}ge]v(\gt e?n i i t B8Py, l?eoﬁj % %e
refl ect ed nodsgrékedodase ndther eatéict hic hedelny aldTh¢$e E&MEMM VBQEQES, t he

el ectrol yte- QSHEiHQaT@%eéséf 1&g@bably not a perfect reflector. Some noise N
is expected to ente The electrolytes in the water gn
e

di ssipate the éAP821ng noi ?éatanidslt wearbdelieldxPrarar nd nareasessi|
di ssi pati on ghgnt BEGLOWPVE NGocB ch 0B Hedi b81400MERAl G REIdTBggeL | C

radi ati on, such as the noi sée N, contalns two vectors: an electric
field, and aZfgnetThen ithesfiglfangraraes on dfé@céé@q,oapﬁeléqzé%@??% field.

These field E@CTaorrﬁega&QRié noedit yveseel | atare O0HcHiRRf tise Bagativel d
vect or mcreasei ld: n@gmtude to a positive gﬁk val ue, then decreases to
re

zero. Then tHg2 TSRS ntyi rorPGn§hPHc 1E5TEE 5SS, P nEld&t i ve
peak val ue. ﬁbbetlveaphahgvah@ene@mﬁimhe pmnﬂesstrataaﬁ@ases to water and

then increasgs taodt 120514 e xPaetaé‘f"r%‘oi’e%u %Q@a ne g, osfgeééf vat er

I's a dipole: 8ach Water ‘nol €cul € corit al As- a pos I'vVe rge end and a
negativel y chhaygddeand, B@Mh@.neg@te§61Ythhama¢@nﬂnbleBaheg depdles,allgn

Y“nth the el eghii Gabbe! lo1¥8G10L  cA G Bl SALY the £9BEEPYA! kYo £hangi ng
vector. Since that vector is continually changing in
direction, the water molecule also continually attempts to
change in direction, in attempting to remain aligned with
the electric field vector.

[0053] That continual movement of the water molecules
represents thermal energy, and the oscillating electric
field vector may cause the movement to increase. The
agitation of the water induced by the oscillating electric
field causes a slight rise in temperature. The rise in
temperature absorbs energy from the electric field vector
in the noise N. 1In theory, the absorption reduces the
magnitude of the electric field vector, thus reducing the

Q noise N reaching the hearing aid HA.

[0054] A similar analysis can be made with respect to
the oscillating magnetic field vector, which may generate
eddy currents in the electrolyte-bearing water, also
absorbing energy.

[0055] Thus, it may occur that the energy absorption
modes just described serve to block part, or all, of the
noise N from reaching the hearing aid HA, through the
tissues of the skull. [0056] The second route to

the hearing aid is through the ear canal (not shown).



direction, the water nolecule also continually attenpts to change in
direction, in attenpting to remain aligned with the electric field vector.

[ 0053] That continual novenent of the water nolecules represents thernal
energy, and the oscillating electric field vector may cause the novenent to
i ncrease. Th&owsyefat WbaAnofhe Heangdaalr lisnaddageny the aeil | ahengiskectric

field causesya shh@htalldosethd (M a@ﬂreur’éb,e (hse uabeu%@perfﬁ uggeabsorbs
ener gy fromthe@&eectrlc field veci 2 in the noise N. In theory, t he
f

absor ption r S®GEEET hd3 ' mafRft ugel 0 elaRd rithS | BRGRREOSSEICtRYS

reduci ng t he ind@icserN3vgactiynhdtheadepstaving e ddS4] aAdsbiitkanpanal ysi s
can be nade mnth respe t to the oscillating magnetic field vector, which
may generate h@d&? ents in the electrol yte-bearing water, also

absor bi ng ener (;{3005[70055] Thes ,magnetms todeti viehatoitlhe3 @nergy extpdaripeidon

nodes just d be r |, th rom
reachi ng the%%gi’lrl nq”}ﬁ (51 &é (%}l é<th&?htt’ao |%§%eglg% fhg‘azk%ll%%lPS%%] The
second routeem@IQWhénhébﬁlm@FQﬁ(Nd aﬁﬁﬂéﬁgﬁftthEé%ﬁskﬁ%ﬂﬁ€=Gﬁ@@eghéﬁﬁ) 9

However, whenp,st t&@lehﬁﬁg@ggttotsgrgghgggng;ﬂaggglg@r E, the wires W and also the
coils of Wi res\;&not abel e %@I n the speaker 33, the coil 200, and . the

magnet ostri cti S8dduct or itny eBphagsZedc &lAtngthAt aPrRceding dlck up
the noise N p&%%%ﬂteﬁheagag@etwéélmé vexpQhhaBlonast&xplai neghsez@ye, Which

of the resi SENPEBRGEENt | dlie GRS SeGHERCEERPE: L e CHEoFTR ToF888] It | s
enphasi zed t bat, twmmrpmmotm@elds adgeesant ellecasas pEssi Pexrsexphadatingn for an
obsgrved phenguenon. Thg oRSSIMEAANGHOTRRGD LS. thal LDeDand3ely o

by the hearing aid HA, when near a computer monitor or a

cell phone. The preceding discussion is presented as a

plausibility argument.

[0059] Two points on Figure 9 will be addressed. It

seems unlikely that noise-energy will be dissipated in the

_magnetostrictive coil 39, if that coil 39 faces an open

circuit. One reason 1s that no current flows through the

colil in such a situation. Thus, it may be necessary that

the coil 39 face a completed circuit, zrepresented by

resistor R, in order for the noise suppression described

above to occur.

. [0060] The second point is that the coil 200 is not

Q necessarily required. It may be omitted in some
applications.

[0061] The Inventors have discovered another

application for the noise-suppression features just
described. It has been found that, when the handset 30 of
Figure 9 is fashioned into a headset, which includes the
magnetostrictive coil 39, this headset can benefit persons
having normal hearing.

[0062] Specifically, as shown in Figure 10, a
telephone headset 300 incorporating the magnetostrictive

10



30, when positioned adjacent the ear of a person wearing a hearing aid,
suppresses interference otherwi se picked up by the hearing aid HA, when
near a conputer nonitor or a cell phone. The precedi ng discussion is
presented as a _ plausibility argunment. [0059] Two points on Figure 9 will be

addr essed. 1901k ehmausescaiipedhabonsi 8- saed gyl 13 Rl Minhinsat3d$in the

nmagnet ost ri cid VecCeiah138, hdnddatr&oi ncd . f acer rdrePeRavEhg CYidrma@ne reason
is that no current flows thr coil. in such Thus, it my

ough t he sj t uation.
be necessar f‘??i@tngtﬁé‘@oﬁe%@g? e tRALonphet e&‘ocﬁlrfg&‘ﬁdt,h?%ﬁ?%gerﬁoéh by
resistor R inprxeey doamd kganditse suppression described above to occur.
[ 0060] The sec oint_is that the coil 0_is. nqt _ necessaril equi r ed.
It may be omtte :ﬁn SO usap%’?cl}ﬁa} o 3? ngfv+ﬁgsl%§ n'is%lfese H%D\f%es
di scovered arbtéreratpl i dsadmibddraldie noiawlsuppilds ST-oroifleatups y ust
descri bed. | ]p@ég_rg iy t hady, 1#]? lggngﬁlet [ s
fashi oned i n%%$2§hea.ser{g?%'ch?él)nc ud(rabs};:% mgne%%%%t{v}%%% 39, this
headset can dkheint mperephenehawidag @&cmal3)hesse ngf [rbeceagseti 3%%l |y, as

shown in Fi M&é,O,%a a Ligd ephoge; headset dGHP A AN fhsently
magnetostrictive 10 coil, K 39 as, described above is used wth a cell” phone
305, in so-¥H1%d hahBdrirge Ffle. PéRsoMHaRhg Adenaleafsatri P have

reported thajréPideddhbievdedeadseld 3QMalitpr o¥es Spergofuali tnornd063]
Thus, the headset 30%@:'%“ des the three nodes of operation described
above, nanmel 35289 ®¥0ii*Ysupport for a hearing aid, (2) use by a person
wearing a hearing aid in mcrophone node, and (3) use of the headset 300

alone, by a hearing-inpaired 09t 398 4"8ch81 A8k REEREN ! Y
‘ [0064] 1. It was found that a single, electrically
passive device, namely, the inductor 39 containing a
magnetostrictive core, when added to a telephone handset,
improved intelligibility of speech to a hearing-impaired
person. It is believed that the magnetostrictive inductor
39 performs one, or more, of the signal-processing
functions ordinarily performed by hearing aids. These
functions include
1) filtering;
2) selective amplification;
3) phase shifting;
4) time delays; and
(‘ 5) frequency shifting.

[0065] 2. 1In one form of the invention, the inductor
containing a magnetostrictive core is used in addition to
an HAC coil present in the handset and used to couple with
a T-coil. Figure 7 illustrates one embodiment, wherein a
telephone handset 150 contains a prior-art speaker 155, a
prior-art HAC coil 160, and the magnetostrictive inductor
165 as described herein. Such a handset allows a person

desiring assistance of a hearing aid to utilize the coil
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using a hearing aid. In addition, the headset 300 provides inproved sound
quality to a person of normal hearing ability. Additional Considerations
[0064] 1. It was found that a single, electrically passive device, nanely,
t he i nductor .39 containing a nagnetostrictive core, en added to a

t el ephone haﬂ@get?ndiﬁﬁbﬁge@eFﬁP FIFSiB??iY@eg#?né%%%c WF a

heari ng-i npai r §80668r son3 .|t ohe hpprexei tdaledivm irrgretRsiddett whad chnduct or
39 perfornms Qne, _or_nor of. the, signal -proc i ng. _functions ordinarily
performed by ABAFTERCS fbe TRYSELIPHNLr: B TREITNED) il tering; 2)

sel ective anpl ilftio6dli on; Fi¥stphade siediredyoptratiing ddleapsiteanidtis)s
frequency shifd ifg tﬂa(i%%ﬂtor% HahdRae fa(zfemggfta’iﬁgg!.w%%&l U HEA' Rguct or
contai ning a nmagnetostrrctive core 1s used In addition to ah C coi
present in tesiasdsecoraratigel tagasyesiniins acancobe Meggramined

illustrates qigREPOALEBIhg ¥PES §idarangiehgRheRE Hapdse! doGetii@nas a
prior-art speaker "155, a prior-art_HAC coil /160, and t he magnet ostri ctive

i nductor 16%508& REEAHR RefFn. BFch SBMdest eXIRECa per¥8Y Desiring
assi st ance ofdedch@dhiedd tdad tz0 dpddiifie teeson hasl HitG0ished eidgiinger sons

L9, upe the hagdoet aonee LO9REL. Sur Qe capBEonch ke Sosiannp adandeel
operating chahzctaetiestistdc ofotrhethat epeamerhandyet cale afbni hedstledr
footing of  TEAH RS Mo T Harat oo 1180 min CRst S3Eese; tHds. “As
a specific exdmibation.may be
( [0068] The desired output characteristics can be
| specified by the transfer function of the handset, which
is sometimes termed the frequency response. The latter
term refers generally to a type of output spectrum, such
as the output spectrum in Figure 8, which is produced in
response to an input spectrum.

[0069] In the example of Figure 8, it is seen that
the input spectrum is uniformly distributed across all
frequencies from F1 to F20. However, the output spectrum
diminishes frequencies in the range of F7 to F10. 1In this
particular example, a notch filter is the desired
operating characteristic, with the notch lying between F7

/ and F10. Of course, this characteristic is exemplary, and
( the particular output spectrum desired will depend on the
application in question.

[0070] Once the desired output characteristics are
ascertained, different coils of the ﬁype shown in Figure
3 are tested, each coil having different (1) numbers of
windings, (2) core diameters, and (3) core materials, for
example. The test is done, for example, by substituting
each coil for the existing HAC coil in a telephone
handset. 1In the testing, each coil is assigned a figure-

of-merit, or metric, indicating how well the coil-handset
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determ ned that a specific person has dimnished hearing in a specific
frequency range. The desired output characteristic for that person nay call
for boosted anplitude in that frequency range, to conpensate for the

di m nution. [0068] The desired output characteristics can be specified by
t he transferca%mmsm&oﬂoﬁf t hgppavaskts \A,hitﬂte i s Gemietddres toyared e

frequency re ons Jatte er refer eraI e, of. out put
spectrum suc oucfsp'ut é‘ét{r:‘@t‘rm St urle g8tlhéh|£’%ﬁ€| @g%r o%lt?csed in
response to @lrrp?oerput spectrum [0069] In the exanple of Figure 8, it is seen
that the input spectrumis unifornly distributed across all frequencies

fromFl to F20. However, the output spectrum dimnishes frequencies in the
range of F7 tol@®OBLl |n trhs FRet ilaveaFossafpRRast 2ottt | SReaking he

desired opﬁ Shd M GPAT QBkEr | $t GEven td@etﬂaeﬂ@t cehéyaeeepﬁéﬂ\f@noﬁ and F10.
O course i s _chargcteristic,Is exenp articul ar out put

an
spectrum deslil‘?%‘ti.fs%l Ilsder?BﬁHlSﬁe he t}};?ppPF‘Egt‘-Fb‘ aFn EORLTIPOR Once
the desired mmtmﬁoﬁhﬁéeaéeruet ne% afiferedyC efdtdmeth cli v espadi£xdd s of the

type shown | ure 3.,are.tested, each cqil_having different nunber s
of "t nai ngsont o5 a8 AR EEREr ST aRpRate QU e PAFRE ORI o, The
test is done:,ndmtcerxajmtera@tyssaﬂ)ettrmahhy wath tbel speakere cefitdte ng HAC
coil inat gsting, each coil is assigned a
figure- of- ?rlllerrtjél? or Jl'?c?rr C, i n%m‘&&tr 1rfrlg%how wel | the coil-handset 12

conbi nati on appf®&thes t he s etthgper e trgi cahamusmpertseiscsoL THaE t he
coi | having ghesbes! BRHN idtHer @anouhfﬂueﬁee ltheenb 9k saefmpasi ze

tha<t speaki ng eneral |y, when ,a given _operating characteri stl c of " a
aracterlstlcs Since different speakers in different

handsets have different electrical characteristics, the
coll used must be matched to the particular handset in

question.

[0073] 5. The Inventors point out that the acoustic
signal delivered to the user of the handset is not
necessarily produced exclusively by the speaker of the
handset, but may be also produced by the magnetostrictive
inductor. That is, the magnetostrictive inductor coil may
act as an auxiliary speaker.

[0074] In addition, since the magnetostrictive
inductor will, in general, be fastened to the housing of

Q; the handset, vibration of the coil may be transferred to
the housing. The housing may, in effect, act as a speaker
cone, and couple this vibration to the air, or to a human

ear in contact with the housing.

[0075] 6. Additional Consideration 3 assumed that a
pre-defined output characteristic was generated during the
design process of the handset. 1In another approach, no
pre-defined output characteristic is used. Rather, a cut-

and-try approach is taken, for each different person.
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handset is specified, the particular nagnetostrictive inductor needed is
not thereby automatically specified. One reason is that it appears that the
magnetostrictive inductor interacts electrically with the speaker of the
handset, and other conponents. [0072] Thus, the electrical properties of the
speaker, and Iba:ﬂf@‘rec@rrpGﬁeﬂaSs aref | ingretade inper ati ngandselr acteerd sw@i cs.

Since differepls, SRRAKGS 1R adi Oﬁ@féﬁﬁ hangsats hawrdi fhehgnls el e%;,rlca' ,
characteristics, the COI| used must be matched to the particular handset in
question. [0GASEERInehES] hfentTis BESiIsRE §6LeEhEt thpd P& oddiCd gl

del i vered to die Bésy Rftgulte handset is not necessarily produced

excl usively by the speaker of the handset, but may be al so produced by the
magnetostrictive inductor. That is, the magnetostrictive inductor coil may
act as an auxilleopslspeaker7. [ 00#4] ohe addiddimentsi ncket hereagoft adferictive
i nductor will, eral, to-t 4 N f e handset,

vi bration of JtrhdeL{Ect%ﬁ{] “%S %%P];sg%égggrged&g hﬁ?%ougﬁl%goy Hhot |r’?g may,
in effect, acltac_msetap%qzm&t@on cédaetoandexsoepfitny hi B0 vigpmat i antcs t pexair, or
to a human garqjis£ontact with the housing. [0075] 6. Additional

Consi deration 3 assuned that a pre-defined output characteristic was
generated during the design process of the handset. |In another approach, no

pre-defi ned Outmﬂqhar agter]!tStl'sCrleéogﬁQQedF@h&'@rma@y Glton -t idRPr oach
is taken, for each d fferenéﬂlpers 13 Different, cojls are |nserted into a

handset, and Cé’m ShGTOh AL P¥E 'B%Ys%‘ﬁ B R B ¥Rindsdt 15189 st eni ng
toit. The pefeecﬁgrs]ﬂeei:thathﬁlhaéw@@trqomdudlzag inhee beshoritgiidten]s0076] 7.

In ¢ne enbod| h Eif%é%geagé Egnstructed of resistors, capacitors,
and inductors. It is further recognized that some of
these inductors, in having ferrite cores, could be, in
theory, classified as magnetostrictive.

[0078] Thus, 1t could be said that prior-art
telephone systems contain magnetostrictive inductors in
the signal path leading to the speakers in the handsets of
the telephones in those systems.

[0079] However, such magnetostriction is de minimus

in nature, and is not seen as providing the improvements
in intelligibility for hearing-impaired persons, as
discussed herein. '

[0080] Further, magnetostriction is a source of loss.
For example, it is well known that magnetostriction in
electrical transformers (which contain inductors) generate
heat, which is a type of loss. Designers of the filters
described in the preceding paragraph seek inductors and
capacitors having minimal losses.

[0081] Further still, it is quite likely that the
magnetostriction of the inductors used in the invention
introduces resistive properties to the inductor. That is,
the magnetostrictive inductor behaves, to a first

approximation, like a perfect inductor in series with a
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I nductor was constructed of Metglas alloy having a magnetostriction factor
exceeding 10 ppm parts per mllion. [0077] 8. It is recognized that many
i ron-containing conpounds and all oys may be magnetostrictive. It is

recogni zed t

recogni zed t
in theory,

al so

hat filters are utilized in tel ephone systens, which filters
are const r uctRaFIsicl eegssiadiar . ¢ deciHT S Lo MENLRARREs 11 PaxE f (rheher

hads 5 0fBe Ok o WRRERLIRUNELRADN.I N AV BHal §ELET BneOTRS 1P

cl assified as nagnetostrictive. [0078] Thus, it could be

[
that prior- aRUTR¥ESH oM@ SELEGAVEI ARARERSY 03 r FERTSRET IRAIAD AR
liapdlidtpit pdied pdakess reitherhandsets of the tel ephones in

natur e, and i s MTAben SEGH B FAFHH-ERELPREFbVERBRESIST 3 P11 e

signal path

for hearing-
magnet ostric
magnet ostric

ibpaa réss pmeonst e U kpisyed fiditsirs {r00REstHort .hergne

ul d be,
sai d
in the

n
lity

LS & $AULCERAf o aSS i%u%%ﬁ%oégﬁ%%gﬁé¢e ghsi L that

tioni1n electrical transforner arnin

ors)

generate heat , PWhRchNdgickopypanst {9saorpesiigidenlst themedelers Fadescri bed

in the prece
| osses. [008
of the induc

PR 204 S?Hré egkalpeyet Q&S AR ERRBAGHL At WA Y11 1Y

1]. Furt her i, it is é%gie likely that the nagnetostr

ok S el 485491 RE THherth

mal
i ction

1R gk ASdHRESIPRSIRITY CRRHGHE /i es t 0
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"R ESESN G AS AN 1hAGUCEPT RAISE b EDBE S SR v juL,
wherein R 1s the resistance in ohms. This is now a two-
element complex quantity, in the sense of complex-variable
algebra, which increases complexity of the algebraic
computations.

[0084] Still further, as just stated, the algebraic
computations have been made more complex, yet no benefit
from a filtering perspective is seen from the addition of
the R-term. )

[0085] Therefore, the Inventors submit that, despite
the fact that filtering inductors have been present in the
signal paths of telephones in the prior art, the following
conclusions seem clear. One, those inductors do not
provide assistance to hearing-impaired persons as does the
present invention. Two, those inductors, in many cases,
are used as parts of audio-frequency £filters. Adding
magnetostriction would add loss, and also a resistive
term. The latter makes computation, and thus design of
the filter, more complex. Three, the added complexity
caugsed by the magnetostriction is not offset by any
benefit conferred by the magnetostriction.

[0086] 9. Two types of frequency shifting should be
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[0082] Such a circuit elenment would not be preferred by a designer of the
tel ephone filters in question. One reason is that the overall inductor no
| onger behaves like a pure inductor, and is nore difficult to nodel. For
exanmpl e, a pure inductor is expressed mathematically in filter design as
jwL, wherei n §15SinAE §hady ndity oBgeERPSY ; AN Wi RBUBNELR FICHTIE RRBMAPSSTL t he
signal appliefh i$ sndfess t8ek HeGOFFeqaBHcl in e icwdprtane@icH mdienries.
[ 0083] Additigon of _the.resi s%or causes the nagnetqstrictive |nductor to be
exprossed as H | FAE LRRUFoF RERIPRCY ROTRRAU aride AnR8hnESURh i ihow
two- el enent earmpltex udants tyepliavddheysénse of conpl ex-variabl e al gebra,
whi ch i ncreases | exit f the,algebraic__conputations. 084] Still
further, as jusE&% ed, Iﬁ]g:héa] 825’% gyp%()rrﬁﬁ?g{}ig%ﬁ% %%%orb‘léré% dénor e
conpl ex, yet paxrtbembfit, fisomlaof fbtedi ng péespedipure iis sekiitHicomtde

addi tion of - [ 0085] Therefore, the Inventors submt that,
despite the %%’E-{L%trﬁfg r%jijl'teri ng i nductors have been present in the _signal

paths of tel ephtHRE&8] n t he The oin¥pntieme copitiegmlagesc rRGustBRsSsedm cl ear .

One, those i npk«@q@r%ﬁosmt_iﬁ.ovi de %%ﬁi?tti%@ﬁe itt0 d}ﬂﬁﬂjd"gsé By dBPer sons
as does the resent i nvention. Two, those inductors, in, n%i_é:a,ses, are

used as part sSSRAC autf PFF eGMERRYAT | PR Ut Bt FRECHETh gt R i3dPYhoul d add

| oss, and al sgpect@sh sbf ve fiedimendresHisftderY gradcesl caaitfHtndmn,siafthl hus
design of the filter

nore conplex,, Thre he_added conpl exi_t caused by
the magnet ot BTt REF=SHT 068 b)S aRyCOBbngPRr CEURT STPSR BTG AL
magnet ost ri ctpesetD086l Lhelwdnpypes spectregquenogmshyftitmge shehilfitdse 15
di st(i ngui she i ype, i f negueneyy conpone fl asqnﬁiﬂ ed to a
new frequenc%ollhnlgbtrﬁééﬁ%%'t put ,ﬁguc asd el d Hew ! 2 &
components are added, and appear in the output.

[0089] 10. The magnetostrictive inductor is a
passive device. One definition of passive is that output
power does not exceed input power. In contrast, in an
‘active device, such as a transistor amplifier, output

power can exceed input power.

[0090] 11. Magnetostrictive materials are found in

magnetostrictive transducers used in sonar work.

[0091] 12. The preceding discussion was framed in
( terms of a telephone handset. The invention is also
applicable to any system which transmits sound to a
listener, including Theadsets; headphones; earpleces
connected to communication devices such as telephones and
consumer audio equipment; portable hand-held telephones
and cell phones; hands-free telephones and other headsets;
and telephones in which substantially all working
components are contained within a single housing, which

may resemble a handset.

[0092] Also, the source of the audio signal reaching
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f11. But input frequency conponent fl is not found in the output; it his
replaced by fll. [0087] In the other type, frequency conponent fl, or part
of it, is also found in the output, in addition to frequency fll. [0088]
The invention contenplates both types of frequency shifting. In addition,
it shoul d bé&hebsezadskt t hat ndtf neeeswampialescoheidergdt sdgedfiganti.t h t he

| nput  specijumdia. Al IEaNHCYe S Al 0Rla pOfeildSnahnpl ~ gemponents
present in the output spectrumwhich are not present in the I nput spectrum
nanel y, the<ahi prégipaggnpendhgital tfegirty i WP Faoinekingedtiency
conponent s ar emasitled cpansk appear d Ncéepishdubighf08YUakkdy Fhém the
nagnetostrl%tlve i nduct or, |% a pﬁsslve devkggt One definition of passive is
that out put TA5§FEE o8BS fBt VEXEeelCt ARuPV bW ST HIHRICL i n an  acti ve
devi ce, such d90a3fr ansistaie dmin bfethe olhpenit i opwathe dmvencdet Leput

power. [009 11. NMagnetostrictive terial re found.in _magnetostrictive
transducersq%§@§'iﬁnSo%argégFépanﬁgaj ﬁ%ﬁaﬁﬁé’pﬁgﬁ% iﬁa’dﬁscg§§?§ﬁ was
framed in tiediwidfuad ,t ehephioneahdmesidtet , Thendnvent inmt | Sowhdo irappl i cabl e
to any systemwiehdtansiis, satifd LbsiEneheatdc! 4di ngheadset s;
headphones; earpreces connected to communication AeVi ceS?such 'as t el ephones
and consungnddidioyadgui pnent ; portabl e hand-hel d tel ephones and cel

phones; hands-free tel ephones and ot her headsets; and tel ephones in which
substantially all workin conponents are contained within a single housing,

which may res@P4d a hardset . {F0882fre£PgB 2eRe W6k dd%iCohe A/8di® signal
reaching 1lGiwrchendaah be n@nswearsed idfy qbpsedenedmatgnibdleanbs The

si%nal can %ﬁffé%gﬂgtéﬁ§£é£ %n.réﬁfgg,n%?@ﬁrdﬂéferent numbers of

| windings. For example, inductance of the coil may be

found to be a major contributor to the intelligibility
enhancement described herein.

[0095] It is known that increasing the number of
windings will increase inductance, and that decreasing the
number of windings will decrease the inductance. It is
also known that increasing the permeability of the core
material will increase inductance, and that decreasing
permeability will decrease the inductance.

[0096] Therefore, considering only (1) number of
windings and (2) permeability of core material, a given

level of inductance can be obtained in numerous ways.

[0097] 14. In one embodiment, the core of the
magnetostrictive coil 39 in Figure 3 1is constructed of
high-saturation material. High saturation is defined as
having a saturation level exceeding 5,000 gauss. Many
Metglas alloys have a saturation level of 20,000 gauss, or
higher.

[0098] 15. The term "profound hearing loss" was used

in the discussion above. This is a term-of-art, and is
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.can originate in digital format, as when originating from a nusic CD or
froma tel ephone signal taken fromthe Internet, as in VOP, Voice Over

I nternet Protocol. [0093] In one formof the invention, the invention is
found in a personalized speaker, used by a single individual, as in a
headset, andohe aft fivendeins aof | itk etk dro Weissir ipeodieeedngoabdlhewmr d by
several indiyi ﬂﬁﬁllaﬁs.[OQ'ﬁélsel%'y t tb$mEeCagA 26M h@@bcagfe g%lea%%ngn

Figure 3 can_be constructed of &[ ferent materials, of |$ erent shapes and
si zes, with dPffer 8kt RBADEPSLIOVING ndi ngs. For exanpl e, inductance of the
coil may be found herhgla-mpjes gonds}butor to the intelligibility
enhancenent descri bed gerein. %0095& I't is known that increasing the nunber
of wi ndings wll i Btt€ase2Pnbidctan %5 and that decreasing the nunber of

wi ndings wi |l decreasdetrheei Rdyetanceo dB;is al so known that increasing the
perneability of the_core materjial Ll increase inductance, and that

decr easi ng perneab? ¥F§emilkgdé r%gg%éth%nénductance. [ 0096] Therefore,
considering only (lpronfiebed of 91wiRdamgsowed. (2) perneability of core
material, a gi evel (AfTeli(ea it Talel-We i j.R AU u ys. (
[0067] 14, "1 QoRoEhboai Hanei e e aan B, Peroll Bl Mo bl RER SRS 1
Figure 3 is fegdbedctrager uaffr S uehe i aniekest i apundj ghesavuedt ivn is

defined as bawiRg1a,SahtEAt hOPe8YE! coX ootk NY 0% %S,-a'\/g@¥soNEt9| as
al l oys have a saturation |evel of 20,000 gauss, or _ higher. [0098] 15. The

term " prof ould theBPTRELI BSariREsCRAR AT AHIRE HVBNETGRIAPEVESEYRPE i s a
termof-art, zand asd 3% ape obrféyerder nEnid i ta pepdlae idesevikbaghearing
abilfity .

\ not every normal person can hear sounds in the lower end
of that range.

[0100] Thus, the person suffering profound loss,
discussed above, can hear no sounds quieter than 91 dB.
As a frame of reference, ordinary conversation is measured

at about 50 dB.

[0101] 16. The invention has been found to provide
assistance to persons having wmoderate, severe, and
profound hearing loss, as those terms are defined in the
science of audiology, and outlined in the preceding
section.

[0102] The invention should be distinguished from
another apparatus which provides assistance to hearing-
impaired persons in the use of the telephone. That
apparatus is the familiar adjustable volume control.
However, such controls only provide assistance to persons
having mild to moderate hearing loss, as those terms are
defined in point 15, above.

[0103] 17. The Inventors point out that the

invention offers three modes of operation. Assume a

hearing-impaired person utilizes a standard hearing aid,

18



I n humans. Those five terns, and the associated hearing |oss, are the
followng: normal - 0 to 25 dB;, mld - 26 to 45 dB; noderate - 46 to 70
dB; severe - 71 to-90 dB; and profound - 91 dB and over. [0099] The
abbreviation dB refers to decibel, and the decibel ranges refer to_the

qui et est souftticReabafed® | HWigehi bl Sowily cBed 85diesn ehn Helar T-Fedlexanyl e,
a person W ipeiaiAehn,hqani nfdceapnbaar (b etom@indsogeangike behweRn zero
and 25 dB. O caqurse, this is. a %opul.atlon aver age: not every nornal person
can hear sourdSIiGFEREN Y Thifd NG {19 @ 1Pa RFERS] GRoGRCPIY SRENSSr son
suffering preamurtpldfdes dheaysard dBdvpossiivlpeathew sotmidsgHui eter than

91 dB. As a fr f reference,. ordinar 0 sati.on i s .neasur at about
50 dB. [0101] 1@%‘?ﬁe i n Ef’ft”?%ﬁ"”‘r?aos%ea%n%f g%ﬁ%g{l%n%r}b% Ll gt?’g‘ﬁfe to
per sons havi Wgvimdger dse equépped, wahl (bl oflseimbdrestrosiy iladsise amitlhdde terns
are defined ijn t ciencg,yof aé.kq:i r-ad jout] [ h i ng
section. [01631 e I%nv%nt?zo)n ashou rgiab:lgyﬁ 2% ndu}asnlhdgggf)r&%te %r?(%%h%%?%

appar at us whisEeafregyicded hgs PEPAREE -t 0 hearing- inpaired persons in the use

of the tel ephongioBhat appar aiusti fodbeof adpdiatri ) UHa Lo waescontrol .
However, such _control % onl yq%;ng de assisfance to persons having mld to

moder at e heari%g 9 ad t g fi¢ ‘R disFRhione -esttabsve.
[0103] 17. Thad nuebldzéespaet aidédat aghea paveshi adudfd ewBot Nae&smodes of

operati on. ASUTE 3 fiearng:lPalyed person ulid 1428 3.3 Adard ear i ng

the speaker in the handset and amplifies it for the

( person. In the first mode, the invention eliminates much
annoying acoustic feedback often perceived by a person
wearing a hearing aid. Such feedback is often perceived
as a whistling sound.

[0106] It may be thought that the person can avoid
the feedback by using a T-coil with the telephone handset,
as described herein, and thereby eliminating. acoustic
coupling between the speaker in the handset and the
microphone in the hearing aid. That coupling is a primary
cause of the feedback.

[0107] However, T-coils are not found in all hearing
aids. About two percent of hearing aids are of the in-
canal type, which are very small. In today's technology,
T-coils of sufficiently small size to fit into an in-
canal hearing aid have not been developed, or at least are
not widely available at a reasonable price. Thus, persons

using in-canal hearing aids remain exposed to the

feedback. As stated, the invention reduces or eliminates
this feedback in the first mode.
[0108] In the second mode of operation, the person

sets the switch to the T-coll-setting, and places the
handset adjacent the hearing aid. The person hears the
telephone through the hearing aid. 1IN the second mode,
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whi ch has a switch allow ng selection of (1) T-coil operation, (2)

m crophone (ie, normal) operation, wherein a mcrophone in the hearing aid
pi cks up incom ng sounds and anplifies them and (3) possibly other
settings. [0104] Assune also that a tel ephone handset, or other device, is
equi pped wi t lacplsttilee feadbetbstipi sllsvesuppred9edin Figure 3, (2) a standard
T-coil, and (3)qt st andard : e.earpi r 01 irst
mode of operatﬂgéﬁ%ghe pe?éo#hggﬁgﬁg#%g&g%?t%ﬁ ?ﬁé?ﬁgl%%ér?ﬁg §?5%P% t he

m cr ophone- s&lfiMigategnd the | ibariee aklisetard aupes sofhfoubhandget! acks

hearing i npaidxm@mlsivENe heaki 8pah th&@CEAMES, SUNhaawatr tiheygpeakey in the
handset and gnplifies it fg&_the ferson. In"the first node, the invention
el i m nat es mith FIGNEYi g 2oustFelF echBiicPesht SiEgitr ERFGeashyL &Y p&¥son

wearing a hegedragnd dhabing fleesibhok 19ef t eRcpedifgVvethatas kot Stals ng
sound. [0106 Idﬁ%%? be thought that the person can avoid the feedback by
using a T- coi® She t el ephone handset, as described herein, and thereby
elimnating. acoustic coupling between the speaker in the handset and the

m crophone in t aring aid. t ' s ri - t he
f eedback. [010 ra)\a/ev.er, -boiﬁ?ﬁﬁre, cnﬂ#%iﬁ%?%?ﬁgéVﬁgﬁ%awgﬁgfga? S. About
two percent GMAWEXOMMGNErESuUaEs dPsEhenta-araalsignpel amtldiedate ey snal |

I'n today's taclnQitedy. ank €dukscah suf theheat hyosapld size to fit into an
in- canal hearing ai d have not been devel oped, or at |east are not wdely

avai l abl e at a reasonable price. Thus, persons wusing in-canal hearing aids

remai n exposed foaitf]le feedbacik wWAs Jtaited dbid MRkt ittiR HeRe®S ofY,
elininates this feedgagk én the first node., [0108], In.the sec%ﬁ& de of
operation, tH& pePsont®iePe°%fe HAHET 0 Ple T2coi1e:H G i ng, 8T hces the

electromagnetic interference from sources such as computer
monitors and cell phones. Interference from other types
of stray radiation was also reduced, such as radiation
from fluorescent 1lights and radiation £from arcing in
electric motors.

[0112] Because electromagnetic radiation of all types
has a common property, namely, electromagnetic radiation
at multiple frequencies, it is believed that the invention
will be successful in suppressing all types of if EMI,
regardless of source.

[0113] This includes EMI in which the frequency
components are randomly distributed. This also includes

Q, EMI 1in which frequency components are uniformly
distributed. Thisg latter type is sometimes called "white"
noise, by analogy to white 1light, which contains all

colors, which are actually frequencies.

[0114] 20. One type of toroidal magnetostrictive
core which has been tested is that designated by the
Honeywell/Allied part number 0803 MDGC, which refers to a
bare toroidal core constructed of Metglas material,

lacking any windings. Another core which has been tested
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handset adjacent the hearing aid. The person hears the telephone through
the hearing aid. IN the second node, 19 acoustic feedback is also
suppressed. [0109] In the third node of operation, the person elimnates
the hearing aid, and uses the handset exclusively. As explained above, the
handset il uder &he§ spddrpyupmopechy agspaft %%b%e@%%g"l)successful ly by
persons having hearing | oss exceedi ng that known as noderate. [0110] 18.
The magnetostrictive core within the inductor intyroduces |oss into an AC
si gnal applied VUJ§§e i ndtrtt or Ond¥RRIsCEar S5 1R TERESDsERE [Fde11] 10
It was stat edrakoid dhhasrédecasivantive, of n faeyakaphonshifanidset oroa
headset, reduced -.electromagnetic interference froms urceﬁls%ph as conputer
i t o4 pds L

nonitors and eecea\lr}plﬁnongg_ FREQPHBP ence EY 5T Ht he llodf st rzay YA8di ati on

was al so redwded tesuclroapleseilat ponpatrtoalliuotestéekiloilggnttsz and radi ati on
fromarcing in l.egtric tors.: 4.0 I QFRI I cJadiation of
all types has [aﬁg%ﬁmmn. &?%p'sgrstsﬂyl,ﬂtn;r% ﬁ%ﬁ%ﬁ%&%&%ﬂl ¢ %gllic%tslsg%faat

mul tiple frediencivgention s ipel pPeveddinmt at Helanhane ovhigh| imperoygscessf ul

in suppressingAling YBes Olieht ENbrson89ardlGss QdxSiHASod 0413] T S
includes EM in whiich the frequency conponents are randomy distri buted.

This al so inQQA$9¥1qﬂw in which frequency conponents are unifornly
distributed. Thigaiztter mtypes ivelSOMBidwEEA |Qdi it elumaROiheRrikyy anal ogy

S O hcontal B oLl Cl S MC AL B, Trogyenst o=
is that desi guid.edHowevbe, Hanepdel! At éckmoo bagy, nvhiara§8a2 IMPESnewhi ch
reers to a have a bandwidth of about 2,500 or 3,000 Hz. Thus, a
telephone only passes the lower 2,500 or 3,000 Hz of the
range of human hearing. Frequencies above this range are
blocked.

[0118] Thus, for example, if a hypothetical person
cannot hear frequencies below 5,000 Hz, then, in theory,
that person cannot use a telephone.

[0119] The invention, in performing the frequency
shifting just described, can be viewed as restoring part
of the bandwidth suppressed by the telephone system. That
is, without the invention, the user of a telephone will
hear a bandwidth having a ceiling at 2,500 or 3,000 Hz.
But with the invention, a component at 4 KHz 1s added.

[0120] Thus, the invention may be viewed as expanding
the bandwidth of a telephone, or adding frequencies
outside the bandwidth of the telephone. The invention may
be viewed as (1) synthesizing one or more information-
containing frequency components, which lie outside the
bandwidth of a telephone, and (2) adding the synthesized
components to the acoustic signal delivered to the user of
the telephone. This can be viewed as reducing the effects

of backward masking.
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bare toroidal core constructed of Metglas material, |acking any w ndings.
Anot her core which has been tested 20 is that sold by Anptech, as part
nunber C0715(M . [0115] 21. One type of test indicated that the invention
produces a type of frequency shifting. For exanple, an incom ng frequency
of 2 kilo-hertzlQ¥&L] shifeed, &bheplicventieon gar tap@ligabile 4fkihentiara z.

[0116] This shidd, By SRafildtt vexXBledtibekhewAEERES Seferdd® dVBIMd k1l N
provi ding a tel((fphone whi ch i nproves . hearing_for deaf persons. One

expl anation ¥4 HE HHTRG AGSHBIEALS OSRETRLLY - known that ordinary human
hearing occupi pELZR]Spectigiirkr am aboukt bt &R schatticdbl Kz qanedc KHz.

However, in today.' s technolo or di nar el ephaon d have a bandw,dth of
about 2,500 d°F KD I}I?.Sg;ﬂ"iﬂg?éta é’(?de'l eSﬁShe %%I A S@%@Jéjanh@ll wer "2:%00 or
3,000 Hz of thearirangsmsafrumemin Sh@aciontjaikseguspealesr abhdve tBiliack &0 are
bl ocked. [01 r if h i e ear
frequenci es E)]g‘%%%vé%ibtﬁ%%k@q)&%h%nﬁh g ﬁgo%@?w?%%%@%%?s%%g a%ﬁ%y%é}g a

t el ephone. [Odijuilivy i nemniested wigdr tbenppgakee 50egiery inhidtamg j ust

descri bed, camde vigped gz rest NggRaEkinel t hRePandW dih, Suppressed by
the tel ephone system That is, W thout the invention, the user of a

t el ephone wi ITRIMREGStEISHHIA R having a ceiling at 2,500 or 3,000 Hz. But

with the inventigim3ja conpoResatstdtdd ioves t@a@@eﬁin-&gﬁamtﬁ@%eéfﬁg
i nvention may be vi ewed as eﬁ%?ndl ng the bandw dth of, a tel ephone, or
e

addi ng frequett?2 LT IHHHR i REHEPST THE tqéWCébﬂcﬁve% Rt i on
may be vi eneth@ssn(all)l idches dnrgamre bearbhg abier MEHdweEve oM A KN g
frequency conponents, which.lj utside the. bandw,dth of a.tel.ephone, and
(2) addi ng tgeesryl/n%h%%?‘f%ﬁed LHaP t’c%e magnetos%rlctlve Yordida1®PIE

available from Amotech, and described in point number 20

above, may be small enough to fit into an in-canal hearing

aid.

[0124] Thus, the hearing aid 500 .of Figure 11 can
also be taken to represent an in-canal hearing aid, with

the inductor 510 being of appropriately small size.

[0125] 23. Figure 12 illustrates one form of the
invention. A speaker 550, of the type used in telephone
handsets, is shown, and is commonly termed a capsule or
speaker capsule. The speaker 550 contains mounting
elements 555, indicated schematically, such as appropriate
bosses, recesses, bolt holes, mounting points, snap
fittings, or any combination of the preceding. The
mounting elements 555 will, in general, be designed to
correspond to the particular telephone handset (not shown)

into which the speaker 550 is to be mounted.

[0126] The invention attaches a magnetostrictive
inductor 560 to the speaker 550. The attachment is
indicated by dashed line 570.

[0127] The integrated speaker-550/inductor-560 is

sold as a single product, or capsule, for insertion into
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conponents to the acoustic signal delivered to the user of the tel ephone.
This can be viewed as reducing the effects of backward nasking. 21 [0121]
22. The invention is applicable to hearing aids, or assistive devices,

whet h ' nd h | 0122
Floure 111 IPELtPart bEnaRete o BFI pg=Girer Fecthan | st Tadr i $bo. such

as a heari ngoarsnghevhcheeishngoi medi fiyreeri S0 bandsrs sa apéakae'5m5 Bl ock
508 repres cr and anpl..fi cat cuitry.
N e 0

Connected wit pea is an inductor scri bed
herei n, havi pg0AinGeier vxt¢ i eanvalas ebe[ oeed] by %B@U§ﬁ§$@§e§§OVEfthat

i n- canal tyPRah@SEt 1T i e BF LIRS -JeRlsgequi pped with T-coils, because
of the small S|ze of in-canal hearing aids. However, it has been

di scovered t hatV}#& nagnt ost rEQﬁﬁ%et 5PBEdal PERFEET aVRPT aBReWR r FRTNDE ech,

and des?:rlh bedct rh@@r[ﬁefhtﬁdlﬁrﬂ%et&ié@hethgﬁ}iemépﬁﬁﬁé|h@ﬂ@é@ﬂﬂ dfdfeheinto an
I Nn-cana earin

t he hear ald 500 of Figure 11 can
al so be takeﬁp‘?%k?%}pjr%%‘iﬁtto% CPﬂg{;%?{‘é} “Rear |% ai nggﬁ iStdut? or 510
bei ng of appdepigméd|to smait simen d GbhABEe23. FrgisealRoi diéslﬁgmaﬂem one form

of the |nve9éégfveﬁé§£e i}he %féy% Ey%%dUEEQu @o&elephone handset s,

is shown, and 1S connonly € of = SpeakKer "capsul e. The speaker
550 contai ns nounti ng elenents 555, |nd|cated schenatlcally, such as

appropriate begfgsy recessgg, boI@héuﬂ&§§cdggyaﬂ ”QbBQE”tfocﬁgéﬁm‘% ttlngs

or any conbi nati on of the p recedlng mounti ng el enents
general , be HRINYHRIC¥rtien r dopHsEOrS tq@r‘pﬁﬂ'tteidcuﬁar ﬁ’t%lﬂe%ﬁ]ofﬂ\’étﬁan@set (not

shopn) i nt ogpbikér | henspanker HHerivd @ohfeBRBYBhHs not necessarily
required in order for the magnetostrictive inductor to
influence the signal reaching the speaker. For example,
a parallel connection may be suitable.

[0130] In addition, the magnetostrictive inductor
described above can be viewed as a single, discrete
element of an electrical filter. A more complex filter
can be envisioned, in which one or more magnetostrictive
inductors are used, in a network configuration, with other
elements possibly added. The other elements can include
resistors, capacitors, inductors, and active elements,

such as operational amplifiers.

( [0131] 25. The invention is applicable to the
following types of hearing aids, and others: behind-the-

ear (BTE) , in-the-ear (ITE), in-the-canal (rTC) ,
completely-in-the-canal (CIC), and bone-anchored devices.

[0132] The invention is also applicable to the

following types of devices, and others: middle ear

implanted receivers, brainstem auditory implants, cochlear
implants, and assistive devices such as hard-wired, FM,

infrared, and loop systems.
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[0126] The invention attaches a magnetostrictive inductor 560 to the
speaker 550. The attachnent is indicated by dashed |ine 570. [0127] The

i nt egr at ed ¥PEMAA24360/ i nduct or-560 is sold as a singl e PSTOHIN/01§4pS
capsule, for insertion into 22 telephone handsets by persons, such as
heari ng- i npai r elP133dr sonsNumngieryd st dpiifopseanst ineflifdedddions ama use t he
modi fi ed handsetgnaderd Mo d¥RY AL 1SRk 23R/ NIy ,580 £ap al so
be used by manufacturers of handsets, in {heir assenbly process._ [0128] It
i s possibl e t3AP% U ddenVeHtioRown hainis sdes ixed i ki fegdraskiieen t he
t el ephone handggierdnd Haientspaakethel ndyetAtispNbanatdofinddatin s,tHee
bracket is igned to nmount into a handset. It is also designed to
recei ve and Wind & :3%er and i nductor. [0129] 24. The di scussion
above focused on magnhetostrictive inductors connected in series with a
speaker. However, a series connection is not necessarily required in order
for the nagnetostrictive inductor to influence the signal reaching the
speaker. For exanple, a parallel connection nay be suitable. [0130] In
addi tion, the magnetostrictive inductor described above can be viewed as a
single, discrete element of an electrical filter. A nore conplex filter
can be envisioned, in which one or nore nagnetostrictive inductors are
used, in a network configuration, with other elenments possibly added. The
ot her elements can include resistors, capacitors, inductors, and active

el ements, such as operational anplifiers. [0131] 25. The invention is
applicable to the follow ng types of hearing aids, and others: behind-the-
ear (BTE), in-the-ear (ITE), in-the-canal (ITC), conpletely-in-the-canal
(G C, and bone-anchored devi ces.

24



(0132] The invention is also applicable to the follow ng types of devices,
and others: mddle ear inplanted receivers, brainstemauditory inplants,
cochlear inplants, and assistive devices such as hard-wired, FM infrared,
and | oop systenms. 23 WD 2004/112430 PCT/ US2004/ 018405 [0133] Numerous
substitutions and nodifications can be undertaken w thout departing fromthe
true spirit and scope of the invention. What is desired to be secured by
Letters Patqﬂ&ngs the invention as defined in the following clains. 24
Clainms i An-apparatus, conprising: a) a tel ephone handset containing a
speaker; and b) a |l ow pass filter connected wth the speaker, and
consisting essentially of an inductor wound about a nagnetostrictive core.
2 . An apparatus, conprising: a) a telephone handset; and b) neans for

al l owi ng persons having profound hearing inpairnent or deafness, and

per sons havi ng no}naIAnhéBPﬁﬁgthﬁiI¢@W@r#ﬂ}n@3e t he tel ephone in two-way
comuni cation. 3 . A nethod of reducing influence of electromagnetic

interference, EM?) iR 5SREBPPRY BREPesitqadRdd et i APakRbmad @ar ,

i si ng: [ t el eph ' ' t_th , d
ai nt i i ng & col hBVHAY ERRRGHELEet FREEErEoCoPor A, HA Rtk o WL h a

speaker within tangggg%ﬁﬁeSﬁ%entQEEEQdO%cgggghﬁgﬁ%ggf%%%gh3abag@egpin t he

EM is produced by one oOr coirpu
magnetostrictive core.

2 . An apparatus, comprising:

a) a telephone handset; and

b) means for allowing persons having profound hearing
impairment or deafness, and persons having normal
hearing ability, to use the telephone in two-way

communication.

3. A method of reducing influence of electromagnetic
interference, EMI, in a hearing aid positioned within a
human ear, comprising:

a) placing a telephone earpiece adjacent the ear; and

b) maintaining a coil having a magnetostrictive core

in connection with a speaker within the earpiece.

4 ., Method according to claim 3 , wherein the EMI is

produced by a cell phone or a computer monitor.
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5 Method ‘according to claim3 , wherein the nagnetostrictive core has a
magnet ostriction factor exceeding 10 parts per mllion. 6 . Apparatus for
reduci ng i nfluence of electromagnetic interference, EM, in a hearing aid
positioned within a human ear, conprising: a) a tel eghone ear pi ece whi ch

i ncludes a speakér; andMebhod nagretdiig i did veleadid i#,combeskiion wheh t he
speaker. 7 . Apparatus according to claim6 , wherein the EM is produced
by a cel| phoneagreogorpeiie norepior . has | sppperataiessedetdiong fecePaim 6
wherei n the magnet strictive core has %_rragnet ostriction factor exceeding
10 parts per nf FEOPINGal0 parts per milliont

6 . Apparatus for reducing influence of electromagnetic
interference, EMI, in a hearing aid positioned within a
human ear, comprising:

a) a telephone earpiece which includes a speaker; and

b) a magnetosgtrictive coil in connection with the
speaker.
7T . Apparatus according to claim 6, wherein the EMI is

produced by a cell phone or a computer monitor.
8 . Apparatus according to claim ¢ , wherein the

magnetostrictive core has a magnetostriction factor

exceeding 10 parts per million.
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