| 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, 2003; and serial nunber 60/478,151, "A Sound
Communi cati on System for e 11, 2003. TECHNI CAL
FI ELD [ 0002] The inventi onwm%ﬁ 'Hlﬁg‘%&i“’é{] whi ch i npl ement

si gnal - processi ng techni ques foCLARM OBeRRIORITY hearing-inpaired persons.
BACKGROUND OF (g 11{NVENTY, 03] yany ' ed with
a device tern% an HAC c}g\% [PQ 3 HearT nm{% gﬁlgio%ke ‘J]‘P%Id%&clz?vﬁrf\g 'eliﬂleg mc coi l
acts as an &M@ oEHd thm@%hea%dﬂ@e bﬁgﬁﬁ%tr efeithed Bl e handset

to a nearby figald N alfbse ‘ﬂ%’o%'ls%%ﬂfai'snisac%ﬂhé&ruﬁ@éf 3sabd@d A o - coi |,
whi ch acts as a receiving antenna Thi arr angement allows the heari ng aid

to receive the sanehidtlonyrgREI6? e‘b@mﬂéd?'b yCORRENF RRAZHEEI? within the
handslet [00]94] bOwe{éyrlrmjhesﬁtgme' IFIveat Qﬁﬁeh@nel noa@t,ﬁrrpt ed to ilrrp(rjove
signal transfer between .the HAC coi T- Thi tenmpt led to an
unexpect ed i npr overféfitdn ?W%ndé%fwm%”r al f%%\%ﬂt ﬁ@ i npai red
persons to nore reldidantundahahard shessth dEkavéngd $Jysttd§re T nproved
handset, wi thout us& 0 fd t-ﬁﬁxe 1ClOI lzo%r tggdassom ated hearing aid. 1

serial number 60/478,151, "A Sound
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-colil 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 invention. [0008] Figure 3 illustrates one type

of magnetostrictive coil 39% Yy G Hee UBENTTONIe apparatus of Figure
2. r [0009] Fi is an electrical s heﬁatic of .inductor, 39 in Figure 2

ure 4 is \ .
in series wt h??(fﬁ%s%peake?nB?nSf HFEy e Bhe[ 6YEPLEPGur &% UL Me- domai n
pl ot of the havapezoirdathlynmiignk@ostpiedicedcbyet he soymadtgenes atly 115 in
Figure 4, and %%ﬁ result%gg_o%&gyt 1%’,egeasured by spectrum anal yzer 112
in Figure 4.5? eﬁ Jl'filgahres FEnT &R % 0strate the frequency spectrum of
the output 100 of Figure 5. [0012] Figure 7 illustrates one formof the
i nvention. [0013] Figur } r ggu y e of a notch
filter, which the inven?ﬁ%ﬁﬁ%g?§ggﬁ 3§P§n§g ?gﬁ P%% gﬁgﬁt. [0014] Figure 9
is a schematicl®09@kt r at FAguradilatildgstagites R YOEBIomE dinrslsEF 38 ustrat es
a tel ephone headsat .+hd 304L]r Rixqure 11 illustrates schematically a generic
hearing i nstrupent 500, 'such,as a hearjgg aidwﬁ#$017] Fi_gure 12 illustrates

one formof th&99%hention. FEEREFLED =y OPeHELPRIUENAT Onb e
invention.
[0008] Figure 3 1illustrates one type of

magnetostrictive coil 39 which can be wused in the
apparatus of Figure 2.

( [0009] Figure 4 is 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
spectrum analyzer 112 in Figure 4.

[0011] Figures 6 and 6A 1illustrate the frequency
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
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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
18 produces a magnetic field 21, which couples with a simlar coil 24,
often terned a T- coil, or telephone coil, within a nearby hearing aid 27,
when the |attef0P38hel d rggurtenel hiahdssitrag.eq 00193 1l apkorne uprideet r dnsfers
the electronjg;shoddheataeehy dulitrbiResPRANS dhd Gdlifidiin’d N0 guy27, thus
all owm ng the hearing ad to recelyg the sane el ectronic signal recéi ved by
t he speaker 8uchhbBapdaptfgahe de@rinnfsh widdl iape G Keidi 48al whbchncear pi ece
30, or otherpdevigthectdd WsEhbt1R hepehReri mpai r eshdrer semni-k§A20hedhe
hearing aid 27 ga% appl¥ S|%£al-process n%.technlques to  the audlo_signal,
to render th82BAGREF nBFE i ALEFPi VI t SR HEGar i 7F- i HBAFEBE peron.

Per haps the gospacobiren TheEC poadessi poodecddi uagretdionitieldnphification
of the signal. but other, re _sophi.sti_cat ed, chpj s, are al so,, used.
These techni%h%ggiﬁgﬁﬁ %F %ﬁ?ﬁbﬁ% Jﬁﬁﬁkgig%ﬁi:3£2i§%gﬁfﬂa%mﬁﬂgr%iE"one or
more frequencygibands tedepdpnencehtd whthipl at nderbunbeahengbgidl 8Zked from
reachi ng thewﬂghsggea&aggggrigrhgi@a+e§gqgﬁél{@aﬁkgﬁ:gglective anplification,
whi ch can be viewe as a type of tiltering, wher el n sel ected frequency
bands are anpl i{fP&8] nor e TigacBRdny: tsm&%%e Shef eilgegtronict Fhgndél ays;
and 5) frequeseyigBHf Uy denahgpehRePNe Ao MPHE hkhequen@idangs ahg@sshifted
I n frequency. hOOZl% Iﬁga ditioon, the signal processing techniques, include
di vi di ng t heat pYER i§ | Bsard nend tRyreeceive the same electronic

signal received by the speaker 6. The hearing aid 27 then
( delivers the signal 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 theilr 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.
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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, to anplify the signal received by the hearing aid 27. One
goal of the a Iiflcatlon was to inprove signal-to-noise ratio. [0023]
Attenpts were EE {0 i nEPEasE MeEen@dnithgddnVenteke hagRdni enbpekad21 in
Fi gur]g' 1t hI t onas @&@gre&d totThaiprtokr@ @aﬁ%a%@ngabe@?eénlahéomd balpnieshandstet
was o e air- e type.. To 1ncrease netic acenen
of the air cGPg %%[anltd Prortb e i i 1St eg% [gazﬁ‘]“p%%

noti vation |ithe isignlad frecteitvedt on thel detarinocwidemy. SLm:hleagoahabfcar ri ed
by the wires _of t I pr.odugces. ne rmed the
H vector. Thg1 ar ?‘g@lg%&caiibauwgglggep % éé‘ahl eéo vneogté a.th ‘"Hvect or
i s nore preci sdPP28ér ned Attembisgwetrec madel dostinemgale F@@ZﬂFgAmbuder vect or
| s associ at ed pwithfy trk@gﬂ'éti’tecfi)éld n@iﬂehﬁ F’i%ﬁr@ vect Ofy {,g5MBHskhgegRINELiC
flux density. The B-vector |s rel at e Hvector_ by the expression B
= H, whereinthes he Rardamlan woi tlﬁ?e £onncriml orp W\P@ﬁe'ﬁh@aﬁ Qéct or
resides. [0026f ldiarcid -egsed CQol indieabevedornig@sétls Eneldi b1, The
perneability, i s rel% §‘§% | ow. However far iron is relatively high,
and can be 165°B38°°¥68 08 BYERCTNR Wih i3gh Ae P98 COREnYERat of
air. [0027] Sixaedned.was found that the coil 18 cont ained an air core,

repl aci ng the gi,r re by ir e cor ea he_,si,ze of t he
B-field by a f ((:)tog(ri?of 10, 8%8 '?Onﬁl%e " les t(r':}é%sg%cftset%agtal n,” the
fact that thelectric current such as that carrled by the wires of the

( coil 18, produces a magnetic field vector, termed the H-
vector. The arrow 21 1in Figure 1 represents such a
vector. The H-vector 1s more precisely termed the

magnetic field strength.

[0025] Another vector is 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
;éxpression B = uH, wherein pu 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, u, is relatively low. However, u
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 p. If u 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
i ron- bearing core was fabricated and used to replace the coil 4 18 in a
t el ephone handset. However, during testing, a hearing-inpaired person

di scovered a phenonenon unrelated to the inproved coupling between the coi
18 and the heading atelephaie vagndeehg pliovever, [ GoxgnaTHRstparsone

di scover ed tﬂéﬁriﬂﬁ Kl é Sl P sorf RN AT o r%”}a&@ﬁoﬁ{@ﬂbﬁ & & c?t when

perceived by t unal ear, was nore Intel e than EreV|ous [ 0030]
Further invek®i gdtg ohmpéﬁv?@ Ceupddngl (ReBieen o hﬁelqoéfl tRaPrg sHRRi fi cant

feature of theatking- ggaeﬁhlgwlwagwgéing gdﬁgﬂ&fsence of the iron, which was
used to incre? rne % tg Rat h 5 ﬁund hat the iron _core,
was nagnetostr|§§F§£ hﬁh FﬁﬁPnga c?ﬁ?ﬁ?ﬁ gher | PR audiQcPighdted to
t he nagnetosémanhtvﬂg ﬂhanaﬂkemb@hﬁded[ﬂﬁﬂd¢eﬁkln&gnetxﬁmwanMedvbynaher|aI IS

one which <UAASARSZHEE!RSEILYG! DAL IEN, il digapon Of 2

| nvent ors pursméa30hvestFgathens1nnestdgateognledypestbe conghesbsnrictive

materials. Theyeyemyalin.o proc_%ﬁdégtaatnt U RN SOt hL CLLYR BBLes| Al S0l d

under the trade_ nane erior resu as percelved by the
hearing i npaFPéd papsBARL R/Emmssc%@ca Pﬁa Bfmikonf Whbehl Was waed tgao

Allied DriveintoruaY, pSPidbiaie) | NRathdeA 20548 A3BlHaw Laeconshr uct ed

usi ng NETGLAS mere fabrlcated and tested in a tglephqpe handset . Jhe
was magnetostrictive, the improve

1nte111g1b111ty' was attributed to the magnetostrictive
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 si gnificant features. One feature 1is 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-coil. This person found that the nodified handset provided inproved
intelligibility of the speech. [0034] The type of testing used is described
in the scie€he tkraudimtaipurmes 'speechpdilsedi onateaninesioag, is The term

"profound, " S%ﬁpgfigpt t O?Mqé' Q‘ﬂaili ﬂesiof?n termof-art, and is defined

bel ow. [003 e second Teature was observed in testing a person of nornal
hearing abilit{003%] was foundrhe hateqdnd notkdtwee harsetoksariead (13ndi d not

distort the rspeggeh Prochicsd ctwﬁdﬁ\ahaml@%%ting%b&zxtgny gt Shos tsQm@i d  not
affect intelligibiTity of such speech, as perceived by this person. [0036]

The third febRaf ethRsTPBLEIEE nhande’t eheheBr hbld SH bralF P ¥hR%S ofiffig of a

EeagI i n?-i npag @Qﬁhm{mm%wgﬁ gfa@lfd@égd bgar(hmgahysaigwgﬁ@h n@d .
anaset, used w ut, a near,,ng, al pr uc no asure raln_response I n
such per son.n%i%’l'nfee‘bt '3 Jigﬂ'ﬂoérléﬁé’eogtﬁé&‘t% r PRgPRECRARFS RY of t he

ear in this peitsopersor. deficient in delivering auditory signals to the

brain. [0037] trast, en L.Ag itied et;_cgontaining the
METGELAS cored tg?fgpbrain Pﬁ%ﬁoﬁ§§k§as%g%gg§%tg%% Igggﬁég Ib ?hé?%n erence
t hat the nodPpetrEdrmédndyet bovéncafenatioring suhe aof headslnef inpahceéds in the

heari ng mec | : i I es Lhg th .
auditory bra n£§g§1ﬁggggﬁée?%2§£§E%¥%?ogg%ﬁg%%ddyggﬁbsti%ntggﬁﬁ}%ﬂggp [ 0038]
Figure 2 illp3edaeks waRd eIt tthdeariveheilen. PROEUrephencneRigsed 30

ConFains a CBPHBACL@&bdnse in such person. This led to the inference
( that the hearing mechanisms of the ear in this person were
deficient in delivering auditory signals to the brain.

[0037] In contrast, when using the modified handset
containing the METGLAS cored coil, 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 illustrates 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



avallabl-g-loudspeateer=83-gnd- an i nductor 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
materi al known as METAAS. Surrounding the core 42 are nultiple w ndings of
common magnet wire, as used in ordinary inductors. The nunber of w ndings,
or loops, lies preferably in the range of 150 to 250. The i nductance,
nmeasur ed at miglire {2 egaeneuas, IHﬂgmrdr&thblmﬁn@&&ﬁ 8. botlel 8o the

mlll-Hen“es%(ﬁan O%ncasclles Strémthe ran %be Jofto]%&%ncleoo

sinul ation of" *Fhe ppar at us of |gure Was run ure 4
i | lustrates xesiteinasf tfoe eadbctermpprsker agst giveval uesF‘xguImdLﬁ:t ance

and resist h o SRkgar v g U at
conputed ti ?E@]ﬁbgn%ar}%ot 1%%%% tﬁe e%ggpgﬂggﬁo%%ﬁp&tdd of%ﬂtr hetqlfenventl on

to a trapezo‘?‘%@onﬁi%pu‘?r 109tBEt1, 080 4he f teverktsn BPodudednfzaiidli gnal
generat o Lifnhte Figsirer41, Toe resEeasaenay, mpasaneddaby punisdial n Fi gure

4. [0041] Fi ure 6 is a frequen domali epresentatlon or Fourier
spectrum olSHRATFEHe Lrhpds IS put TRl ASRPONSR PRE ERFHI (i
so- | abel ed, patthtshavg nigh crﬁJgguré r4equenC| es at 11 KHz and | ower . [0042] Fi gure

6A il lustrates pIot at__an xpan sca n the vertical XI to show
frequency conpgﬁnﬁp wWhi R 2r% %8 gﬁ%ﬁPengd et | 5?35%ﬁﬁ3§%% %ﬁnther
the frequencr eowatiek GpkEZramd aﬁd&@:kartélajemapteedldalampmt landyrged er

expanded Scaéd&%pd@”:h Spl n?ﬁ?’ﬁ?ﬁ gaigﬁe%ght a'%ldjet%fxo%kfﬁ%pl Y1+ 0043]

Figures 6 an 1ear y sh arnohics I'n e output are reduced,
conpar ed w tfredieengigritat SilnddiZiagdr d9werand 6A indicate that high

[0042] Figure 6A illustrates the plot at an expanded
( scale on the vertical axis, to show frequency components
‘ 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 Fiqure 4 acts as a low-pass filter. Further,
the low-pass filter is constructed of a single element,
namely, the inductor wound about a magnetostrictive
core.

[0044] 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 aids and other stray radiation. Other sources of
stray radiation, such as fluorescent lights, motors in
cars, and computer chips in «cars, also produce

interference in hearing aids.
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frequenci es are attenuated, t hese 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 i nduct or wound about a magnet ostrictive
core. [0044] In addition to the features outlined above, the invention
provi des benefits to users of hearing aids mho are located in the vicinity
of conputer nonitors or cell phones. [0045] i s known that both conputer

moni tors and &%@45bhone§'k§@n@rré1@f@r@tq€om@@étqe@ igncdrler el B ) i n

hearing ai dstg@dugbber «3iildy It Ad @y HEder UGy of atﬁternﬁa\téat%at Ion,
such as fluorescent lights, nmotors in _cars, and co uter Wlflg\: %ars
| fe

al so producel®®ht eIEERE SPURES-i ng AF Fgdhasy [b(?@%] PHRE

produces audifbentibisertQuctbs wserelimiineitdsnt efiias eBMYY t Bst heeluseds s
attenpts to ear Jincom nds. It has been found that the invention
reduces, or BTFnf nafRes ?ﬁ @Q%\/I as wel | as other types of EM. [0047]
Fi gure 9 |IIust®%'E]s theFthmdsa MﬂuﬁtgameSZtheaHpadset afhmimnreaﬁr E. A

st andar d heagaggc EA SnarP &Lk i n A hgtﬁf‘iar& ﬁgﬁ#fﬁ%saﬁnvgﬁ% ors have

i ndi cat ed together with radi ated el ectri noi se
found that theegerBngemdite ofaFigurk gousdacSs &M EMA isheim@beatefai d HA,

at |east as pggeehdLAvidn thgILReIa H1QR48]icGhenB9ssi kl e expl anaddeo-d or the
noi se reductlon is the following. in brief, this explanation _C

cont enpl at esPR%® 'ﬁi?ﬂﬂ%stl%ﬁt é?lll’terﬁ‘rffé‘}‘lg?ﬁ%nﬁo?%gll@{-’%? th&eABSRFnGMAi B HA. One
[ﬂOUtE i rs] t hrah@hhéélﬁlﬁ@a&il?mikad |leas®fé|& @é&@l éih@ghwwh@ﬁesgsewhl ch may

ock this rou set forth i i.at e el ow, ec route is
t hrough the egﬁogéﬁal 5 £ Fﬁﬁ% %%g PRt %Ig%ﬁédggﬁ tHhetse

reduction is the following. In brief, this explanation

( contemplates two routes of entry for 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 reflector. 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 expralned rater. [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 conposed |argely of water. The

wat er contains nunerous electrolytes, and is thus electrically conductive.
Being conductive, the water, in theory, will reflect electromgnetic

radi ati on, since conductors, in general, are treated as reflectors of such
radi ation. Sinoesaje noiseibl kabesn thatl elacxfromkgatrdrngretiatioagdi ation,

the electraqlyte-bearing water, nthe rflec e noise N The

refl ected noglyfgl Ngﬁoeeshe?\o O%g?\cr‘}\&’t he© ggrymﬁgetal d tfiﬁﬁg[ 0\6%?) “F eV t he

el ectrol yt efeamtinig whietdi s angr obalagnestica peeidct arre*ralner@ﬁorat S@r@e noi se N
| s expect eqid 0 LAl e ot h@héNafeq 5}% ekf&L?ol yt @Bekg tf‘fela}qgtv%%t@%

di ssi pate the entering noise expl aining t possi bl e
d|55|pat|onQQn§Hﬂ%@hiﬂIQ§ﬁ1%§at8 -[0051] It is known that electromagnetic

radiation, sugpszy the nomss lecorgaaimem@df 'v%dio\teciﬁéﬁeaéé‘s ghectric
field, andanagnet cfleld arra,nged at_ 90 ere% ot he el ectric field.
2]*

These fi el d RASEISUSE clont BnRASE 108 Peake valyss t dpsre@ses el d

vector increases | TheflBghétfideld aerdiQfis ivnedpeedt Veh Heand Heirrdegkeases to
zero. Then the field éeverses i n |rect|£€té%and i n reasgg\8 to a.negative
S

peak val ue. A t2rPEAEAYRigPERE NEJAS ve B e § [ 9+H'E, and
t hen i ncreagesalit,0 1hedepasbtere tpeakeval uandarheirhel yooeesss rEpeath:e Wat er

negat i vel y ey o adetet A e Br e BB e s e Cen e alTgn
with the el gctra cdipele: veachr wasemcacliggulee comtaiissc entdamidlive lyhangi ng
in charged end, and a negatively charged end. Being dipoles,

( the water molecules tend to align with the electric field
vector. Since that vector 1s 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. In theory, the absorption reduces the
magnitude of the electric field vector, thus reducing the

( 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 1in the electrolyte-bearing water, also
absorbing energy.

[0055] Thus, 1t 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. The agitation of the water induced by the oscillating electric

field causes pwahicdht whepethd hLARSLALWY Qa4 hbent! SBel art®MalALMFRsaDSOr bs
energy fromthe elgctrl c field vect

or _in,fhe noise N .In theory, the
absor ption r&Guc@’9t fe-sqrafhet RIS Phe WarESt r (RO &Ia@e\rj@éit)or%nt fr
reduci ng t he speeikea N3zgachhag tbelheaoong @idl Hhe [ Olftletdhiviidtdiveanal ysi s
can be made wi_t regﬁp%(r: to_ the oscillatin c field vectgrlu whi ch
ur o P

i
may generate® < E}e'ntr%aylr P thedg| BEEFPHY %Tig]ggﬂllﬂas\’/vaﬁﬁfi, PafF
absor bi ng enarhgy ndi@@5%. Thus, it nmay occur that the energy absorption

nodes just descfy serv 0 L G all  .of ghe __nal N_from
reachi ng the he@lrl ng aid ﬁ&{,e tﬁ%%%%&%%wtﬁvsesu%%l%B%heagklﬁ’iﬁafﬂﬁﬁ] The
second rout e awveyhevhiezh i by apunectedr baghhohe wiresanalay( itssspame) 9
However, whenddiehandsgl 48 84IRCPucdlte 82 the fé?ié’\‘!{_\?éfﬁé/pe%%%' so the

c
coils of wires (not labeled) in the s eaker 33, the coil 200, and the
magnet ost ri ct9fy&heg MREEGOSEFLchrayeaBataEiadeei vi ng ant ennas, and pick up

the noise N [O@p&siThe magmet osd riemph¥eicel! St a_&h@prﬁéwn%b%e, whi ch
i's connected to thagse wires, mag/ dj ssi pat e ener,g¥l |9 t he noi se N, because
of the resi sERARPSHGTEr PPes® FOTTER Mg FePISRATLPRY et Fht 37 aloPSea(E It is
enphasi zed t ieridienpraceditty dksseireds @ctdmasion PesiHate theplhihdisedn for an
observed ph%rboma on. The obserdyed .phen(%mEnon i s that the handset .

/ , whern positioned adjacén he ear of a person wearing

( a hearing aid, suppresses interference otherwise picked up
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 is that no current flows through the
coil in such a situation. Thus, it may be necessary that
the coil 39 face a completed circuilt, represented by
resistor R, in order for the noise suppression described

above to occur.

[0060] The second point i1s 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 noilse-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 K 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 argument. [0059] Two points on Figure 9 will be
addressed. It seens unlikely that noise-energy will be dissipated in the
_magnet ost r ictilv® T @isl dB88¢criibetihabovei 1s 3@sdédoetiam omEdil pianeui3tos,One

reason i s thﬂ,} _a._ gg?%g?t l{%]rgdgcofll{gegggpdghe %%'rlsohg dygglﬁ%m t% on. Thus,

it may be necessar ace conpleted cITcC represent ed
by resistorheRring ohgee fltﬁrpf-’elﬁeeéloitbétsJﬁp?%s@@éﬁfélé%rh%@@lse*ab&i’é’ to

occur. [0060]y ‘Iik&e,es_:et‘sg,@qlldp atlllt that the coil 200 is not necessarily
required. It e omtte nme . applications 0061] .The Inventors have
fiﬁa*ra

di scovered ano appT}i“&%ltl da5& RGP sBrg’t’]b‘B‘?%s"s]i‘%rFl'freeﬁ HOLES ust
described. Idf hﬁp?eﬂlﬁﬁl’brf Qida@l:xhhﬁd alfesre thﬁn@&&dsqt].)?:@.[‘-(ﬁ01llzlsgiﬁgﬁ>l& i s
fashi oned | n%o r}?adset )ncl ud the magnet ost.ri ct i cai | this
headset can %&Pgoﬁsl 'ha d’sr?o Hal® AT g. ﬁa(ﬁ%’ﬂ éjeeﬁ I I y, as
shown in Fi guird ihﬁ) macrophephonedheadsdt (300 useorporhei hgatiset 300

nmagnet ostri ¢ oXe] e e l.l,, phone
305, in so- %:1a?\41 and ﬂef ree@og@%aggiag%eg@%éw@% lrif(s)sr qn%ﬁ\% Ld%f%reﬁﬁll have
reported thaISJtImsarmhﬁmre@ghe@d%et 300 adﬁjr@ms sébrd kerdsel. 3[0(9063]
Thus, the headsglael00; psavralgs sbnedt hfge imAes, gf ;%_Eé@}&' 8R desefiibed

above nanmely, (1) T-COI| support for a heéaring aid, (2) use by a person
wearing a heé¥anigd &8 54§ Ynmi crophone node, and (3) use of the headset 300
al one, by a hearing-inpaired person who is not presently

{ Additional Considerations
‘ [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. In 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,
the inductor 39 containing a nagnetostrictive core, when added to a

t el ephone handset, inproved intelligibility of, speech to a

hear i ng- i npaiened andevsber berisenbekbeusd tﬁ@th&ﬁmsmgam:@él rictive inductor
39 perfornms one,..Qr nore, of the si esSi functions ordinarily
per formed by ﬁ@gﬁgﬁg aigs. %HSSQPP¥%%€? % %ﬁhQQéhg %ﬁqqﬁgﬁ m&?c%)

sel ecti ve anpiplfemeattisonhe ahvphaiensmsfthagﬁoﬂ&oWim@ delays and 5)
frequency shi [00 l.n o ve t|on duct or
containing a n@lgne ostric ]f%te cé(}}eer}?esglﬁéee@d% BS ag:d'n% F5OS q%l&&%cm I
present in tdfe Hhendsdtepdhoheaidedidsetc ansl ebniatiheda Tﬂomlexaﬁpg@nethe
iIlustrates Qng. & &Y er, aceleppane handsget aigns a
prior-art speaker 15gJ a 6¥¥grf§F?aHA8 c% ? %GOC ghd%% JCII;ﬂé(%eqsqjgl:?s;tr|ctlve
i nductor  16hresigheseptbag %Er%lh‘ﬁar&ljl@h1§}Pﬁaﬁ§§ePe~'é$q>@wstQa 3B nedesi ri ng

assi stance @haa Wes¥ddio sﬂ' ﬂeé@sutl hisze tdecidiic ddaddle, apd ahhebeper sons

to use the ndset, alon 66 3. Cne approach tgo desi gning a handset

whi ch i npl gl%é?rﬁlé“ g SR i %%W]S%ﬁ ARG desi r ed
oper ati ng cHay aat eépé&iﬁ$c ofréd{weztcg} epfm@e.handmé adess M AR raﬂﬂ;pulEor
exanpl e, the des%red erag acteristics can fﬁ qgter % hrough
testing of & HEZFRGAEI& r&8%p RY ¢ ePAYne“2that r?@r? Feeds.

a specific emqﬂpkadelumnnhdnafrequency range, to compensate for the
diminution. (

( [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 1s 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. In 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

Q the particular output spectrum desired will depend on the
application in question.

[0070] Once the desired output characteristics are
ascertained, different coils of the type 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 coll in a telephone
handset. 1In the testing, each coil is assigned a figure-
of-merit, or metric, indicating how well the coil-handset

12



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
the transfer function of the handset, which is sonetines terned the

frequency respense: i |ata1lf?p’roécq{ég ref ehs 9eNgLdhikal 0 aobupgrehgout put

spectrum such as the out spectrumin_Figure 8, pr.o uced in
response to rﬁﬁ’ﬁ@ﬁ“ﬂ%@ﬁr un?hf@oéfé]e Icﬁ’ltlhéagk&ﬁpﬂée d?eﬁi'r g‘tﬁtéflé? igt is seen
that the inrpdsespectrumis uniformy distributed across all frequencies
fromFl to F20. However, the output spectrum dimnishes frequencies in the
range of F7 to F10. In this particular exanple, a notch filter is the
desired oper a[toiong]char acdt.erishe clnmémﬂnoréleempha!aitgi npabet wpeaking and F10.

O course, 5%Iﬁm,ct‘%é3tl c exegg ?5 ndchatrféect%%rltgtgul a%7%] pOnce

spectrum de depend o on I'n “question.
t he desi redb@mﬁp@tt char aspecifieds &he B@Uexcc\alwed nagirfeftersdmictdivies of t he

type shown i, Qld?\é:)@érxe n@éd@éae 1&shed ¢ 5@%%)90%&'8%‘5%'1%@?? ngp%lr_‘].ttlf(l%h number s

of w ndi ngs core aneters, core materra exanpl e. The
test is don@nef greasaipi e, ttﬁtsmbsﬁppa@rﬁgthéacﬁf@mmaqr@tqatem@kllyﬁ ng HAC

coil in a tahgphere Handsfics Ié&é&teﬂtc%atlryngumcthéogbeaﬁeeséfg%@ a
figure- of-nerit, or netri %8 i ndi cati ng%how wel | the coil-handset 12

conbi nat i on %’&S@&h@'%ldt CPEHCBBRFEti ng characteristics. Then, the
coil having th@oyedt netri crhrus, cﬂ@@erele[di&m:]am pIbgekoyent s emehasi ze

that, speakifa.,ggner g4y o fIen @nioheRcdner Aling.char aRkerdali ik @
( characteristics. Since different speakers in different
handsets have different electrical characteristics, the
coil 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

( 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. In 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 ot her conmponents. [0072] Thus, the electrical properties of the
speaker, and ot her conponents i nfl uence the operating characteristics.
Since diffe S ker s ffer nd rent,_el ectri cal
characterispﬁgg Eﬁg COI%QUSG mTs egtgﬁat% 8 to ﬁhgk%%a |CUP§T flandset in
questi on. [txeax]ms ifbeiradentersogoi nexauinehat el adwvusidar, si pal

del ivered tq;khenys rtaflt he ”gé%ohssé‘ éct-b etqfes%%aaétpg%aﬁgstn

excl usi vely % ﬁe peaker handset ut may be al so pro ucgd by the
nagnetostrlEbﬁv@eSthHEPBF That is, the magnetostrictive inductor coil may
act as an aUX|I|ary speaker. [0074] In addition, since the magnetostrictive
i nductor wi ||l eneral, be fastened to the hou5| g of the handset,

vi bration of t[HQ &di 1 may The trIQns‘?%‘?r@H'%Pélm?ﬁE hdﬁ'ﬁ ﬁor?hé)fhoﬁlélleng may,

in effect, daduasoa swaakeeonsﬁﬁ@ct@d]d @ﬁ)umee:gﬂm§ wllogt | daviagt ha air, or
to a human _ear in ;h t he housin 75] 6. Addltlonal
Con5|derat|gﬁg§e§?§ ﬁé& ﬁﬁﬁt aChPe- d%??ne g‘t PRL ac PEFIESt | B%Fas
gener at ed dmiildgonhe design process of the handset. I n anot her approach, no
pre-defined output characteristic is used. Rather, a cut- and-try approach
is taken, for each different person. 13 Different coils are inserted into a
handset, and d00R8ari ngdi np&i iedrpergdhzes diate Hagachrrangdsetaibyngl i st eni ng
toit. The E%h%%ﬂn%%'ﬁﬁasai@§¥54ﬂQ§QBeFMé&HHHdE%rlkﬂﬁm%@5tI%UEQUElsBOO76] 7.

I n one enbodi nént,, the core
) recognized that filters are utilized in telephone systems,
(

which filters are constructed 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, it 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] S. It is recognized that many
i ron-contai ning conpounds and all oys may be magnetostrictive. It is also
recogni zed that filters are utilized in tel ephone systens, which filters
are constructed of resistors, capacitors, and inductors. It is further

recogni zed ﬁé@feé@”ﬁe@lstéﬁeserhé‘df@é%@@r'fb%@é’éé}&é er{i 1a:60r eshe coul d be,
in theory, classified magnet ostrictive Thys, it. could be said

that prior-t9%S tEpefitorfed IR n nﬁ@ﬁe@é‘ﬁlﬁsétgl W4 ndRRiPts in the

si gnal pat hohepdsag &Qnééteetsdmﬁii@ts.waw indedtardset septeséhtedichephones in
t hose systens ver,,. such s%netostrlctlon is de mninmus in

%007Qé Ho
nat ur e, and-FEURLYT SRR YﬁQRnahﬁ$ Jt §)|nprovenents inintelligibility
for hearing-i i9pe82kd pmﬁunhua cixcudits elemedtheveild. nbﬂOB@]pféiéfmﬁd

nagnetostrl n e r e t hat
magnet ostric %l%nd%%l %E % %Qfé %$%E$Sf?§g cﬁn aln |nd55¥%?s)
generate hesasomhig H’—hast éflteygﬁeball obrdugiesy gw@erlgnerrert heh#aieselske descri bed

in the precsd}oﬁgep A AR Segkq | RIUGIRIES & laap@Cté%%dQ@v' Ngpgini mal
| osses. [0081] Further still, jt is quite l'ikely that the netostriction

of the i ndRX®FBIEsed PHIEhdTINEERE diF Q’Fﬂl’rﬁfcﬁﬁ%smﬁ”é%@‘%%trw WpERties to

the i nductOflliéatde@gntahaengnﬁhgﬁémcj iep tlh@duﬁlagﬁnbe’g}aagéra&@ra first
approxi mation, like g?gerfect I nduc n_seri % erfect
uett

or
resistor. Thelfe@Pdt EpPEUERTYE, © tB%r?lg?% a?% e adlans
magnet ost r i pérogecédnd; ammdyslfseﬁhh(ﬂndqmtanmmrpameﬁemrﬁagnetostr|ctlve

inductor is regpgsgnted as ang;{ PUYCLOE PRhLed, WLE DL & M e8LSLOk -

( magnetostrictive inductor to be expressed as R + jwL,
wherein R is 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
caused 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
exanple, a pure inductor is expressed mathematically in filter design as
JWL, wherein j is the imaginary operator; wis angular frequency of the

si gnal appl dedeihduisde@ns rpeinsespRd; aandnpbuks FrEgubRBYCESNSEhent) Henri es.
[ 0083] Addlglon ?u resi stor causes the %agn ostr|c¥|ve i nductor to be

expressed atiR'E F‘RE e\%hé'rloelan RY S H9RSEY) sith % #% now a

t wo- eIenenflmonnhﬁx:qqaniE&¢guencyheoﬁp@ﬁen@ffrqnphex faunabiﬁ tld gebra,
whi ch |ncreas .ng%eﬁi gflthe qagggralc conput ati ons. [0084] Still
further, as fug staredr®the? ? conputatlons have been made nore
conpl ex, yet ﬁ@O&%hefitInfthﬁnthaﬁtuﬂgengfpequpacylcempeneaénfironrthe

addi tion of patheR berms d 0083 FRGLENO Gnd NS OHEN K Sa gt dn that .
despite t hBF act thaf Iltering |n uctors ave een present 1Tn the signal
pat hs of tefepepesyiflihe prior art, the following conclusions seemclear.

One, those indggéays do nohe Fiﬁ'ﬁb‘é'n(@goﬁssd&{@’hgﬂétfééw%tﬂg‘ﬂy@é@ reg persons
as does the resent |nvfnt|on hose 1 nductors,_in na case are

used as parngg?e%ﬁﬁlﬁ Hed@ncy 113 L 1gtydi Hy S?%ﬁh%t%%t? 22788 woul d add

| oss, and atkata ﬁESbﬁélwempheéﬁltHbeoha@merspﬁhﬁﬁumOﬁpuhath@nlnpwﬂ t hus
deS|gn of the % £ OF eeco gfgg t he dded cgq&é g gaused by
the magnet oSPFf FP%nols *ndt SF SY 5§1 %%%%? 2Onf el %§ h
nagnetostrlcbmpaneﬁﬂﬁS@keSenEwnnIymesoutphteqq&m&wuﬂnﬁhmqn)ammumdtbe 15
dlstanU|sh§g skRrone type. agﬁpégnusﬂga§yﬁ%ncyng&g&ggen£hefIsh§f§gafted to a
neF/frequen yIn the out put, such as .

components. It could be said that new frequency

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 headsets; headphones; earpieces
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 should be observed that, if one conpares the output spectrumwth the

| nput SPe‘E@%Wﬂ adkt rf&“ﬁ%‘v‘:y' V#ééhseaqcisﬂyg”?&nsa‘?@eeréci ”gig-{iiri_]@%knt‘?o”po”em S
pr esent In e QU put spectrum | C' are 'no pr esent In e 1 nput spectrum
nanel y, th&hshisfivaal campdrermranamitted dber seltelenas muwmdr equéhcy

conponent s -gheoadgefat 8Noh aRReAFal NEd AR OULRULHeh0889L1 29r 1 A from

magnet ostrictive, inductor s a passjive device. qu definition of passive is
that outpuf PHEF HBeLMotTeRceddIfRROBOVEIINdh LakeRadtzon ntha  active
devi ce, [Sggg]téi“nétt,r apsift voxarrp*{rcbid:@rommltnwenmfu/\&rrgtmoaxceed i nput

power . Magnet ostricctive terjals are nd,in netostrictive
t ransducers Jgéé:al]n s oA o fer 863%“3 1321?‘V@Irhtel°d}’e2:§’(ﬁ ﬁ&vaf‘ggg‘é‘s?‘ﬁn was
framed in foends ah aat epepbonal haerilsedpealtesr i nwertd obyi saal sdngappl i cabl e
to any systgmyhlghtragsmis soundddia LLstener poknckydiqg faeagsets;
headphones; ‘earpi eces connected to comfunicati’on devi ces such as tel ephones
and consurfeudspéaberquivitviellt ; Qradugislse remihdel kbard epbynesevandlcel |
phones; handsrfregahel ephones and ot her headsets; and tel ephones in which
substantially all working conponents are contained within a single housing,
which may resenble a handset. [0092] Al so, the source of the audi o signal

reachi ng 16 [olh@4headsetisi.s npg Decessaghi¥eaonrBhbere@ ddni faganh. The
signal canghe transmited in R ML etess B keeddnt materials, of
( different shapes and sizes, with different 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 is 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
Internet Protocol. [0093] In one formof the invention, the invention is
found in a personalized speaker, used by a single individual, as in a
headset, and is not found in a |oudspeaker which produces sound heard by
several individuals. [0094] 13. It is recognized that the coi]_39 in

Figure 3 cafP®erkdnists damatf Gt @rtr Beeft tﬁa&@??ﬁ}g‘? Bear g rah it ¥hapes and

sizes, W thigi higses! nRGSs SEOFe WéNEk NOSnd Felie e8Pt Batdddbeiange of the
coil may be, found taq be {§i3g<1r contributor to the intelligibility
enhancenent 1388 crifed He S oW BYs] 1t is known that increasing the number
of w ndings wll haooiehse ¢ noducdmant®;, and that decreasing the nunber of

wi ndi ngs wil | decrg?ﬁ§ ;rftingﬁ§qﬁ£e. It is also known that increasing the
perneability of the Core na&erlal Vi Il increase inductance, and that
decreasi ng perneahdderaten 1 |4@dny edsalBihe i nduct ance. [0096] Therefore,

considering only ( vé%%ﬁﬁ”7fﬁﬁﬁﬁ§§Qﬁﬂg%ﬂH"i(2) perneability of core

material, a given evel of 1 nductance can be obtained in numerous ways. K
[0097] 14. |n one k¥dkeMment 9% HB 81k Bfef-he magnetostrictive coil 39 in

Figure 3 is cepgyspct ednafl apbirahiselen ads o falLicalieckbah, Saharaid on is
defined as haylng a saturation |eve exceedln% 5,000, gauss. Many, Metgl as
al | oys haved8CBelir 5EPERS| EEPTOO26AG0THARSST Gtound g HFasYRIbei 15. The
term " prof oaedibeas| nghl @5 a p@sdisedn heatrhe dogcufamphe abovieerddnis is a
termof-art .aﬂd IS f? one, of fiv%lterns.o art Hsed to.deﬁgribe heari ng
ability with normal hearing can hear quiet sounds ranging between
zero and 25 dB. Of course, this'is a population average:
{ 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 moderate, 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 1s the familiar adjustable wvolume 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. Agssume a

hearing-impaired person utilizes a standard hearing aid,
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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 etest sound, neasured in decibels, which a person can hear. For exanple,

a person WARROWA BeatiNa.ganihenn AU gb1solnds @iy betygen zero
and 25 dB.. course, thrs'is a popul ation average; t. not every nornal
person can fearatbemds(3n nivrdpheae di¢. oPrifal echpgetipuioghemdir, the

person suf ferjng-giREQENT, | RS he ML $64S8E4 BPONE uSAInESRInG OsSQMALS qui et er

than 91 dB. As a Trapme of reference, ordinary conversation is neasured at
about 50 dB?n?Oﬁﬁﬁ}lﬁﬁ?s1?R?W¢nﬁﬁﬁi(ﬁ?IR%?%%Q%Y'HG@@& £6thi8PFde assi st ance

to persons haypngaodengemeSgy8berhanth H¥IbsNeE haarked, | 88Sot@srt hose
terms are defiped ip the . science of %Ud%%|08§ and out]lined in_ the
preceding S8EtTON. 1§ AGHP Yifentd ok henBaBhieheshr SEFhYGi Shed 37 om

anot her appanariguwndi gh pebvadesandardt anceilp aedr (»Y-thepataedap®r sons in
t he use of the_telepho That. paratus is the famliar adjustable vol une
control . FBR%%%?? @%c %d%:%%e§§ghly provi de assi stance to persons having
mld to noder 80®05kar i nkn looss,reds ndiss @ft eprsasien, dehenpdrson peetngs 15,

above. 0108he 1dys bR 1AVERLOhIaPPLA! 22! chNEhe! REc LOHSALLOG LLALr S Lhree
nmodes of operation. Assume a hearing-inpairéd person ufilizes a standard
heari ng ai dandjgitilizes the handset as a person would who lacks
hearing impairment. The hearing aid receives sound from
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-colls 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-coill-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}1 Assune al so that a tel ephone handset, or other device, is
equi pped 0043124e nagnet ostrictive coil 39 in Fi gurREHUS2PH018408¢ andard
T-coil, and (3) the standard speaker of the earpiece. [0105] In a first
node of oper2@PWH: 1¢ heeghadh sedd s KEPBREESRY n the hearing aid to the

hm' crophone- set to1@9] ﬁnd 1H i&}hge&ﬁdb@ haagdser @ea&a%teb&()n t\ﬁ@ulggﬂgl;cml acksh
earing inpaiyment. The heari ald recei.ves_saqun rom_.the .speaker in the
handset and THIERE 1 Hor B%grlﬁ%rsgﬁd'lnapﬁe'ﬁﬁ%ﬁ ﬁgﬁé,Q4h§%%Rention

el i m nat es nercdil usiwely Ng 2ac @xpiliai nededbavk , of henhaedseti viedl ust ea et son
wearing a heari i.d. Su f k s of p [ ' i ng
sound. [O010 IFgﬁg;%gbezs'th Etﬁg?%gf tl"%leS p]5e$%6n8%§§ \aé\?lgﬁc&%%tfﬁéw;éd%ack by
using a T-caperspns theying eproeménfianbiees , expeaddadr i bRathekrdwn &% t her eby
el i mnating,,a¢otstdc coupling between the speaker in the handset and the
m crophone in the hearing aid. That coupling is a primary cause of the

f eedback. [0107] However, T-coils are not found in all hearing aids. About

Twot pgrcenttof[dﬂexlaaj ng ades.alr em% ﬁla??@eﬂpsﬁaﬂ@tiwP@or@hﬁ{&ha]gletmgé%/ smal | .
n today's technol ogy, -coils.of sufficiently small size, it .nto an
- canal eI o AR oS dave shenC 550he LI uafied &S i dely
avai |l abl e atirmducasonat@ tdrusezanlngs tepamesofdoseyi.ng i n-canal hearing aids
remai n exposed to the feedback. As stated, the invention reduces or
elimnates this feedback in the first node. [0108] In the second node of
ope(r ation, thel@Etlbn st¥s the wastshatedtakoTe cohat sthe i myertridipl aces t he

in a telephone handset or a headset, reduced
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
EMI 1in which frequency components are uniformly
distributed. This latter type is sometimes called "white”
noise, by analogy to white 1l1light, 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 WD 2004/112430 PCT/ US2004/ 018405
acoustic feedback is al so suppressed. [0109] In the third node of operation,
the person elimnates the hearing aid, and uses the handset exclusively.
As expl ai ned above, the handset illustrated in Figure 2, by itself, has

been used suggeshhtl ¥18Yby PERSOESh Nayd NEh e aiunk@d @oy1exepedi ng that known
as noderate. [0110] 18. f%e magnetostrictive core within the inductor

i ntroduces loss into an AC signal applied to the inductor, and thus can be
termed "l ossy. 'T0L@511] 19.21t wasestatped @botresthdmdilatiedveridtonthei n a

t el ephone handset . or_a_headset, reduced | ec ett Gl rfergnce from
sources such HYSBE5h ﬁt€F°|ﬂﬁ%%césg§88 & IEE%%%gggylﬁbgﬁkgbgﬁce Fom ot her
types of steapmpad; ataon wecomliny riamedicysuct a@ r &dilathentzf r wvas

{1 uorescent Ligptsqandofpdbali g%érgsgﬁgpgp,eis& £heald e mot ors. [0112]

Because el ectromagnetic tadiation o has a conmon property,
nanel y, el ectrdfAdhbtic ThdrashdRt BRYNRRL SYeexpéaa@nEh@s?uc@eﬁg ®&l i eved

that the invepki ofhveMdilorPeisuGaRASding Na S¥RRESHSHRY wilicH YPRBrelesf EM,
regardl ess of source. éOllS This includes EM 1n which the frequency
conmponent s aP&3F&Rdonfyt di S8R b RFEECTHi s alfdE | FPIAEETIRM A whith

frequency coma(_nmefyiﬁgar? uniformy distributed. This latter type is _
SPTe e col | AT 9o OBkl OIS Wi iEhisgnt e
magnet ost ri cbceepiesre syrctrimsEdeeaboast 6d Hs tdadbagsilgnEHedolay20 he
, KHz. However, in today's technology, ordinary telephones
(. 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 is added.

<~ [0120] Thus, the invention may be viewed as expanding
the bandwidth of a telephone, or adding fregquencies
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.

21



Honeywel | /Al l i ed part nunber 0803 MDGC, which refers to a bare toroidal
core constructed of Metglas material, |acking any w ndings. Another core
whi ch has been tested 20 is that sold by Arotech, as part nunber CO715(M.
[0115] 21. One type of test indicated that the invention _Pr oduces a type of
frequency ¥ 2004/R3430ror exarrpl e, an inconing frequency BfV/PS0PYYEHErt 2 was
shifted, conpleteI{ or partially, to 4 kilo-hertz._ [0116] This shift may
partly expl ai n [PR&13uccest? of T%%elPﬁﬁﬁﬁ%?%nlﬁnaBP%y?ﬂ?%g Bot BraghBHe whi ch

| nproves heaﬁa@g B@raggaétpeémlc@e wddnatkesrng it Be ihekkawing.

[0117] It is own that ordi nary human ring occupies a spectrum
f r om about SG“EE 8356?915n§FEu%?n%% 9?@E¥§fﬁﬂever, in today's technol ogy,

ordi nary telepﬂoneal havRigubani O Tugfratesutsched@@ ionlldy @0Geherid¢hus, a

t el ephone on asses. t he | ower 00 or .3,000 Hz.of t.he ra ge of,,.human

hearing. Fr ekfég% Fes % a%rc}tveu‘?eﬁls %0 ge Salll’Ch B oc?e&‘ea[rdf%] %h

exanple, if aehypnghenstaum@atsbﬁo ceamirrin $ ea rsHeaadgure 30i5e s Bébow 50800 Hz,

then, in the t 1 Lavention,
3%?ﬁ %B@E Qe&§8¥bg éﬁéféhﬁescgﬂﬁﬂgm Bk gLoIESsh§§

in performn requenc i'ng | ust can be Vi ewe
restoring palcﬂrcﬁﬂttfﬁe bﬁ‘ﬁmﬁ@éﬁds‘ﬂb@é‘sﬁ%cﬁnﬁﬂ]ﬁ% 508 dsheme injuesar That

i's, wthout the,i nvg@t | Ofpet het%%@r HedotBi&phonRsilhl, heariagbandw dth
haV|ng a celllng at 500, or But with the invention, a conmponent

at 4 KHz is g‘éﬂéétoﬁéﬂé]tl‘fﬁugorﬁhe |hvent|on may be viewed as expandi ng

the bandwi dth qbiasgel ephongs etagddi anfrée@uu@mclresCarmlt shie hharbagdw dth
of the telephogﬁ The inven

a nve 3& y bg Vi ﬁSTgl)fiﬁ?tpeEIZIng ne or
nor e i nf or mafit EEn PR Vr@& e 108 oWéﬁ s ®RTCR/ | PECBUHPSI @& t he
‘ the small size of in-canal hearing aids. However, it has

( been discovered that the magnetostrictive toroidal core
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, 1is 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, wmounting 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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bandw dth of a tel ephone, and (2) adding the synthesized conponents to the
acoustic signal delivered to the user of the telephone. This can be viewed
as reducing the effects of backward masking. 21 WO 2004/ 112430

PCT/ US2004/ 018405 [0121] 22. The invention is applicable to hearing aids,
or assistive devices, whether external or internal, and to hearing

i nstrument s tgdrphainkey hdfifldts Arguperddns | | sathatss hechemi-iapaliyed generic
hearing instr 5 a Ld, T i.nst nt 500
Cont ai ns o Gstiede oibo GRS oIRT, R sfuty AafaecEll A% Y WP
anplificatiGwdé@dq@wxhﬁndngSC|rcuAl$9L Cbhﬂecueﬂe@rﬁheﬁhesyp@éh@r 505 is

an i nduct of sep}Anagicrihe skypecdesanBehdiensia. Vi actREDes 0 | ctive

core. [0123] It. was stated above t i n-canal type hearing aids are
general ly n n@&@Fﬁpe&nwFPﬁl? @éﬁﬁgblbeEﬁﬁg%S%f the snmall size of in-canal

hearing aids. [daa®vger, Izt Imas oBQEBlQlﬁl@@ﬁ/Qi &Qatd)@tthﬂatrmm&pstohmctl ve
toroidal core avai.l bIe

AEDE scrlbed in i er 20
above, may BETSAS AR ﬁE&&ﬁlﬁE Wﬁ?% 4%? 124]
Thus, the heqidakgrdiithdud® ocaf damhmnaﬂﬂxnan Thh501he nﬂ&enbtackeprésent an

i n- canal heay i wi th_.the. indu of 510 I n p riat I smal |

si ze. [0125fi%ﬁ?% dq&?emffn Iﬁﬁs?r%tg = %%tfor gétﬁ% 534%#%%% dﬁ %A speaker
550, of thelﬁymevws@md supploephthe shealset andi sndhowwy . and is conmonl y
termed a capsule or speaker capsule. The speaker 550 contains nounting

el enments 555, |nd|cated schematically, such as appropriate ('- bosses,
recesses, bol tI{&%s, nount?thg poiThes, déﬁﬁBSSFPBt|¢E@Ne(NfQﬂHﬁQQnﬂ@nnatlon of

the precedi %gn@%%strm@&tweg SherBRd Ss Sedntkektedl NiWeRRLAls bRigesizgned to
{ speaker. However, a series connection is not necessarily
1 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 (IrTC),
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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correspond to the particul ar tel ephone handset (not shown) into which the
speaker 550 is to be nounted. [0126] The invention attaches a
magnetostrictive inductor 560 to the speaker 550. The attachnent is

i ndi cated by dashed line 570. [0127] The integrated speaker-550/inductor-560
is sold as a single product, or capsule, for insertion into 22 telephone
handsets by persons, such as hearing-inpaired persons, who wish to nodify
exi sting handsé®%33hnd uBumexeusnsubftéubberseard PPdblieakions egrmt ed
speaker - 550khé NGHEELEaREY §EFLEGLS 0dbSaSELL D SR LT Sp PF i+ haRgsets, in
their assenbly process. [0128] |t is _possible that a bracket, not shown, can
act as inter #eePar 9t pebSebwaHe At eﬂﬁﬁﬁélﬁaﬁﬁ§éfe§nﬁoth% SEPRER@rPY i nduct or
conbi nati on. n.dbeérss, Pdbentdr ackettHes idRengAed t asnogeEih880 anhasgset. |t
is also designgf to regeive and support the speaker and inductor. [0129]

24. The di sctSst83%ove*+Btused on nmgnetostrictive inductors connected in
series wwth a speaker. However, a series connection is not necessarily
required in order for the magnetostrictive inductor to influence the signal
reachi ng the speaker. For exanple, a parallel connection may be suitable.
[0130] In addition, the magnetostrictive inductor described above can be
viewed as a single, discrete elenent of an electrical filter. A nore
conplex filter can be envisioned, in which one or nore nagnetostrictive

i nductors are used, in a network configuration, with other elenents

possi bly added. The other el enents can include resistors, capacitors,

i nductors, and active elenents, such as operational anplifiers. [0131] 25.
The invention is applicable to the follow ng types of hearing aids, and

ot hers: behi nd-the-

{
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ear (BTE), in-the-ear (ITE), in-the-canal (ITC), conpletely-in-the-canal

(A C, and bone-anchored devices. [0132] The invention is also applicable to
the fol'lowing types of devices, and others: mddle ear inplanted
receivers, brainstemauditory inplants, cochlear inplants, and assistive
devi ces such as hard-wired, FM infrared, and | oop systens. 23 [0133]

Nunmer ous substitutions and nodifications can be undertaken w thout
departing fromthe true spirit and scope of the invention. Wat is desired
to be secutleithshy Letters Patent is the invention as defined in the
following claims. 24 Clainms 1. A nmethod, conprising: a) operating a

tel ephone havingia bancw.giy BW,ng ggSlgé usi ng apparatus within the
t el ephone, shifting frequency of sounds produced by the tel ephone outside

the bandwi dth BW) 2oMethachqaaceedeploh® KiRidY la paM6/iGih BRe apparatus
conprises a toroidal inductor having a magnetostrictive core having a

magnet ostri cti om)f actigingxcaedivagukl wiadHis fiey telépidhe 3 Ahiiet hogl,

conprising; a) operating a tel ephone having a bandwidth BW b) within the

t el ephone, | ) s yitehpinziyn @ foseunds npreduce drhpatihen-tedephanai ogt $idguency

conponent s, li.e ut si.d he bandwi dth BW and ii) adding the
compotr it i B

synt hesi zed co coustic signal delivered to the user of the
t el ephone. 25
2. Method according to claim 1|, wherein the apparatus
comprises a toroidal inductor having a magnetostrictive

{ core having a magnetostriction factor exceeding 10 parts

per million.

3. A method, comprising:
a) operating a telephone having a bandwidth BW;
b) within the telephone,
i) synthesizing one or more information-
containing frequency components, which lie
outside the bandwidth BW; and
ii) adding the synthesized components to an
acoustic signal delivered to the user of the

telephone.
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