WO 03/ 026342 PCT/ EPO2/ 10612 1 A HEADPHONE The invention relates to a
headphone having a lead that 5 functions not only to supply audio signals
to the hewdpisonessear pi eces, but also as an antenna for raaa/ErRgosiadi o
frequency (RF) signals for a receiverl. The use of a headphone | ead as an
antenna is not new 10 Previously this has taken the sinplest formfor FM
broadcast receivers in which the headphone sinply functions as a | ength of
wire attached to an RF input receiver. A disadvantage of such an
arrangenment is that it is inefficient, since the relatively long | ength of
wire (conpared wth the dinmensions of the receiver housing) nmakes for an
inefficient 15 antenna dipole. It is an object of the invention to
overcone the above problens. AcCopdHEADPHRONESt aspect of the present
i nvention there is 20 provided a headphone having at |least two wires, at
| east one of which is an audio wire, said at | east one audio wre being
connected to a jack for input into a receiver/audio unit, and said wires
al so being connEbe eihvemtinc arelates gtouadhbadphorsai badingund lehde tlgagt ends
fromthe jack such that it is connected to the casing of said receiver
audi o uri t DEcliees natenly doksupply emdda sighalh¢o ¢he eadphone eaxpieods,t he
| ength of the .audio wire. CONFI RVATI ON COPY

but also as an antenna for receiving radio frequency (RF) signals for a

receiver.

The use of a headphone lead as an antenna is not new.

10 Previously this has taken the simplest form for FM broadcast receivers
in which the headphone simply functions as a length of wire attached

to an RF input receiver. A disadvantage of such an arrangement is

that it is inefficient, since the relatively long length of wire (compared

with the dimensions of the receiver housing) makes for an inefficient

15 antenna dipole.
It is an object of the invention to overcome the above problems.

According to a first aspect of the present invention there is

20 provided a headphone having at least two wires, at least one of which
is an audio wire, said at least one audio wire being connected to a jack

for input into a receiver/audio unit, and said wires also being
connected to a common ground line, said ground line extends from the

jack such that it is connected to the casing of said receiver audio unit

25 when the.. jack is connected thereto so as to extend the length of the

audio wire.

CONFIRMATION COPY



WO 03/026342 PCT/ EP02/10612 2 In a portable FM broadcast receiver, the
signal field strength is so high, and the antici pated perfornmance m ni mal
enough, twarosthes42antenna efficiency is not critical. 5 Heeavero2ibe?
headphone arrangenment of the antenna typically conprises two ear phones
each having sinmilar configuration of aud2o wres, so as to provide stereo
sound. In such a case a preferred enbodinent conprises two headphones each
connected to at least two 10 wires, at |east one of which is an audio wre;
each of said audio wires being connected to a jack for input into a
receiver/audio unit and at |east another of said wires is connected to a
common transm ssion ground line, said ground |Iine extending fromthe jack

such when connggtpokabid FMdbadBhdt feB8iveeNndid signc?tl {Tgelgégib@%% rég -

extended. 15 Such a headphone arrangenent is” adapt®e into an

adapt er unisb, high, cind ahpr asgsipated Peeforiince hifkmaPruRfigd, that theonnection

to a receiver/audio unit, and connécted to said jack connéctor and

ext endi ng @htansfa effidiensy isindt edtioald f eeds each 20 conprising a wire
connected to left and right headphones respectively, and including a
transni 8sion |ine/screen | ead/ ground feed extending, fromthe connector at
a proximal end, partially along the length of the Ileft and right feed from
sai d connector, fﬁh‘ﬂeV%"r the dicadphepn careanggment of the antenna typically

comprises two ear phones each having similar configuration of audio
wires, so as to provide stereo sound. In such a case a preferred
embodiment comprises two headphones each connected to at least two
10  wires, at least one of which is an audio wire; each of said audio wires
bejng connected to a jack for input into a receiver/audio unit and at
least another of said wires is connected to a common transmission
ground line, said ground line extending from the jack such when
connected to an audio unit the length of the audio wire is extended.
15
Such a headphone arrangement is adapted to be plugged into an
adapter unit, which comprises a socket for a jack connector for
connection to a receiver/audio unit, and connected to said jack
connector and extending therefrom first and second feeds each
20 comprising a wire connected to left and right headphones respectively,
and including a transmission line/screen lead/ground feed extending,
from the connector at a proximal end, partially along the length of the
left and right feed from said connector, and for each headphone, an
earth connection wire extending partially along the length of the audio
25 feeds to a common point connection, said common point connection

being connected to the distal end of said ground feed via an impedance



earth connection wire extending partially along the length of the audio 25
feeds to a common poi nt connection, said common poi nt connection being
connect edwonostohes4di st al end of said ground feed via an i nEdzEre/ 102

03/ 026342 PCT/ EP02/ 10612 3 and wherein each of said earth connections is
connected to the respective audio |line Via a capacitance. The transmi ssion
line is preferably a co-axial cable or it may 5 form along with the other
wires, a twisted three core lead. The invention will now be described with
reference to background principles and exanples, and with reference to the

fol I owi ng fir@urpBein WBAGH: oft Galfd 9&dréh | c'ﬁﬁé&fdrﬁt 98 &8&%@&9{@%@

principles of the invention; Figure 2 shows schematic a practical

enbodi ment sregpedthe aﬁmmmémabapgém@,s shows a preferred enbodi nent of
the invention showing a refinenment of the figure 2 enbodi nent; Figure 4

shows an alternative enbodi nent of the invention; and 20 Figure 5

illustrates the practical dinensions of |eads according to preferred

enbodi nents of t itransmiission Hnguisepreferabhy e ca-axiaploabiepres enhgt i on of a

si npl e di pol e . . ]
5 = form, along with the other wires, a twisted three core lead.

The invention will now be described with reference to
background principles and examples, and with reference to the

following figures of which:

10
Figure 1 illustrates the background principles of the invention;
Figure 2 shows schematic and practical embodiments of the
invention;
15
Figure 3 shows a preferred embodiment of the invention
showing a refinement of the figure 2 embodiment;
Figure 4 shows an alternative embodiment of the invention; and
20

Figure 5 illustrates the practical dimensions of leads according

to preferred embodiments of the invention.

Figure la shows a simple representation of a simple dipole
25 antenna 1 housed in a housing 2 of a receiver transmitter 3 and with
radiation resistance Ray. The antenna 1 is fed directly by a self

contained (i.e. no power or ground connections) and electro-



25 antenna 1 housed in a housing 2 of a receiver transmtter 3 and with

radi ati on

resi stance Rant. The antenna 1 is fed directly by a self

cont ai nedwg@ 03@26330 power or ground connections) and el ect rreVIEP0B304126342
PCT/ EPO2/ 10612 4 magnetically fully screened RF source of natched
In this exanple the antenna #s referred to as a transnitter
rat her than operating in a receiving node and this facilitates

| mpedance.

expl anat i on.

5 1f an RF source is considered to be sufficiently small

t hen

its housing 2 can be included in a |lower part of the dipole as shown in

Figure | Db.

exact | ocatl
i mmat eri al .axh

\ . . : o
ﬂ%gnég{eé?ﬁé ﬁgp'ﬂ%ér&%fearm%&@@&f rﬁmo%aﬁlal &dhridal Sin gfigcept, the

source, wthin the | ower of the dipole,

1Bthé AntdithaL Avelferred ko agaegiahigmithe rhithéofhiaaropdrating | ower
part of the dipole using a coaxial feed 4 (or other extension of the

S

housi ng) ugdntaheceBrihgenede tad thieiciliatds efplahatidhpol e with no change in

el ectro-magnetic radration behaviour of the antenna

Figure lc.

i nvention
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system as shown in

The effective electrical length of this coaxial feeder part of

the systemis immterial to the antenna function. ., 15 Figure 2a shows an
adapt at Son of a I§tanBdF doheeel pheossidetedio be sufficienslyi moell Bren; He

based on the principle . of the invention. Figure 2a shows a
recei ver udiousgngaveay beemclydeddnrg dower PaﬁhﬁifGﬁ Lﬁlﬁﬁ‘?

8

concept, the exact location of the RF source, within the lower half of
the dipole, is immaterial. The RF source can be re-located to the
bottom of the lower part of the dipole using a coaxial feed 4 (or other
extension of the housing) up the centre of the lower part of the dipole
with no change in electro-magnetic radiation behaviour of the antenna
system as shown in Figure lc. The effective electrical length of this

coaxial feeder part of the system is immaterial to the antenna function.

Figure 2a shows an adaptation of a standard headphone system
to an embodiment of the invention based on the principle of the
invention. Figure 2a shows a receiver unit 5 having left 6 and right 7
audio output being fed via a socket 8 to a stereo headphone jack 9
connected to left and right headphones 10 and 11 respectively via a
point where the lead divides from which audio/ground pairs continue
to each ear piece. Each of the headphones also has a ground

connection 12 which is connected to casing 13 of the receiver unit.

By breaking ground connection to each ear phone, and placing
RF coupling capacitors 14 and 15 (having low impedance at RF, but

high impedance at audio) across the audio/ground pair feeds to the ear

_ C §8i W%dnvi aa
GRSt oico Phadnone gk S 20 connached Lo L and p



poi nt where the | ead divides fromwhich audi o/ground pairs continue to
each ear piece. Each of the headphones al so has a ground connection 12
which i s wwnosaetad to casing 13 of the receiver unit. 25 Bycimmakoqag ground
connection to each ear phone, and placing RF coupling capacitors 14 and 15
(having | ow i npedance at RF, but high irfpedance at audi o) across the
audi o/ ground pair feeds to the ear WD 03/026342 PCT/ EP02/ 10612 5 phones
they are made into effectively consolidated RF pairs. The resulting |ead
arrangenment is simlar to the end fed dipole systemof figurel ¢ with the
exception t hg, 4. t ' e | & two brgnches

rat her tha ong%agm§ﬁ%§%l?%héi%%?égggggﬁgyf%ﬁggﬁgﬁﬁéd]gﬁzeagﬁo sinpl e
repr esent ati ' ' i 1Bl d | ternative
enbodi ment ﬂg?ﬂ tﬂg% %ér??e%{riﬁg%ﬁlggﬁ 155?%‘1?1?% ﬁethgr gg&ﬁggrare%@g%\%nﬁ@sofm ear
phones each | ® vaitivdhe i a; f each of
the pair of galggi o | eadgh10egéfggﬁgﬁdm%t7gﬁiq§p%gﬂ%gg gg‘ﬂ[l% déﬁ?ta%cﬁ&\;ﬁlstgh S
shown in cafites branokieshathdrethagosie/ad shoivi HBFigtie 1RakdBNEEhign [ n the
socket 19 is such that the |eads 16a and 17a are connected to Teft and

ri ght ot pukesshowsrasimpde dépresentatid, ofethetvindidt of Rigtteelbi npedance 21, 22.
This inpedance is high at RF but | ow at audi o frequencies. The | eads are
al so connected 15 to the receiver unit via capacitances 23 and 24. In this

way t he headphg:nes a&é %s an antenna for input into the receiver 25 of the
receiver unit ad'igire 2dshones yuapemativeremhedimanbofithe invention. As

before the arrangement comprises two ear phones each having a pair of

audio leads 16 a,b and 17 a,b. One of each of the pair of audio leads
10  16a and 17a is connected to a jack which is shown in connection with
the receiver unit 18. The jack connection in the socket 19 is such that
the leads 16a and 17a are connected to left and right outputs from an
audio unit 20, each via a further impedance 21, 22. This impedance is
high at RF but low at audio frequencies. The leads are also connected
15 to the receiver unit via capacitances 23 and 24. In this way the
headphones act as an antenna for input into the receiver 25 of the

receiver unit as well as the output from the audio unit.

Other leads to the headphones 16b and 17b, which may be

20 regarded as ground leads are truncated and connected together to a
common point “A”. Leads 16a and 17a are also connected to this point

via capacitors 26 and 27. Leads 16b and 17b are further connected, via
inductor 28 (which is of high impedance at RF but low impedance at
audio frequencies) to the end of a coaxial cable 29. The coaxial cable

25 29 is essentially a sheathing around the jack and is connected or

earthed to receiver unit housing 30.



O her leads to the headphones 16b and 17b, which nay be 20 regarded as
ground | eads are truncated and connected together to a comon point "A".
Leads l6awanab/i2@mzare al so connected to this point via camavirienss126 and
27. Leads 16b and 17b are further connected, via inductor 28 (which is of
hi gh i npedance at RF but | ow i npedance ab audlo frequencies) to the end of
a coaxial cable 29. The coaxial cable 25 29 is essentially a sheat hing
around the jack and is connected or earthed to receiver unit housing 30.
WO 03/ 026342 PCT/ EP02/ 10612 6 The inpedance of a dipole S typically
hi gher than the tesf r
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| npedance transfor a sul tab t wo- el | ng networ S
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schematically In Figures 3a and 3 A practical 1nplenentation |s shown in
Fi gure 3c. tHMefei,aRG8NE Ruitabl® twolslenient thalchdhg 'ﬂeWbﬁk 25 piRRS? that it
I ncl udes for each earpiece, a parallel arrangerrent of %am tance 31,
and i npedanee adhievieot had drlimded tperfoirpanee.3c Tlﬁsrelsemhﬁ lemsHtedi ng
circuit. 10 As far as the length of the wires (used as head set leads) is
concer ngd isthématiosHy bine Figurest Bacarich&ib. | &nptdetical fimplementation dal
headphone SﬁSt emfor Digital Audio Broadcast (DAB) apﬁ)l i cation. The DAB
VHF band i showanim Figute 8e. ZBbe Mivangetnénd isesimidar tonthat of Figure 2¢

except, that it includes for each earpiece, a parallel arrangement of a
capacitance 31, and impedance 32. Dotted line in the Figure 3¢
represents a métching circuit.
10
As far as the length of the wires (used as head set leads) is
concerned it is possible to extend their length to form a practical
headphone system for Digitél Audio Broadcast (DAB) application.
The DAB VHF band is from 175MHz to 239 MHz and is centred on
15 208MHz which has a wavelength of 36cm. Whilst this length is ideal
for an individual ear-piece feeder (comprising a top half of a dipole), it
is too short to be of practical use, as the lower portion of a headphone
lead set includes the radio device itself. Pocket radio product headsets
typically have an overall antenna length in excess of 1m.
20
An embodiment of the invention incorporates these practical
requirements and uses an asymmetrical dipole, in which upper half is
approximately A/4 but the lower half is closer to around 3A/4. This is
shown in Figure 4. The resulting load impedance change in this design

25 step is simply absorbed in the choice of value of the matching



15 208MHz which has a wavel ength of 36cm Wilst this length is ideal for
an individual ear-piece feeder (conprising a top half of a dipole), it is
t oo shortwaooospeesat practical use, as the |ower portion of rTnerdpbxane | ead
set includes the radio device itself. Pocket radi o product headsets
typically have an overall antenna length7 n excess of Im 20 An enbodi nent
of the invention incorporates these practical requirenments and uses an
asynmetrical dipole, in which upper half is approximtely 2J4 but the

| ower half is closer to around 3k/4. This is shown in Figure 4. The

resulting | higgada | LS; | gn en i ] bsor bed
i n the choice df) val ugﬂgfﬁgﬁ%pﬁla%}gmdggﬁﬂ%e%3%0%@@&%/ %ﬁgﬁ 7
conponent s.off¢ad $engths vaglbeatEdtftbdiged. s appropriate, a wde range of

| ead | engths can be accommpdated. As nentioned in the above enbodi nents a
co-axial feeder is 5 used as an effective extension of the casing. However
the invention is not limted to the use of a co-axial cable as the
transni ssi on (f deslmentiened Anf the abovprembodahentivanteaxialf fédderigventi on
is that (it requires relatively |ow cost conponents. Although the end-fed
di pol e ant aied ascametlieetive extiersion afdtheicalsira e Brweverether invenpioa isf i ts
operation doei, not (10 rely on this. As |long as the feeder behaves as a
transni ssi dWtlimiedto ﬁfx@ UsRp1ta eQraxialicadle an the trensmission fesd) lire.

ascertained, b asur enent f the loss . per. unit length of, the [ine), then
the field vt ﬁ}rrpﬁqrhgragé@ér aavantage of “tHe invention 1sg that it requires )

relatively low cost components. Although the end-fed dipole antenna

classically uses a coaxial feeder, the principle of its operation does not
10  rely on this. As long as the feeder behaves as a transmission line at the
RF frequencies concerned, (which can be ascertained by measurement
of the loss per unit length of the line), then the field within the feeder
structure is “locally-contained” and the end-fed dipole principle
applies. Thin, flexible twin core coaxial lead is expensive and

15  alternatives may be used.

In a particularly preferred embodiment a twisted three-core lead
is used. The inventor has determined by measurements of the
transmission line properties of a commercially available headphone

20  lead wire with twisted three core, that it gives a reasonably low loss
per unit length. The cable has a characteristic impedénce approximate
to 50Q. An embodiment employing this cable is shown in Figure 5.
Transmission feed line comprises a three-core lead, using one of the
cores as the RF “ground” and the other two to function collectively as
25  catrier of the RF signal. The principle of using a three-core lead as RF
feeder works equally well with signal and ground lines reversed but

the particular orientation chosen is most api)ropriate for integrating



structure is "locally-contained" and the end-fed dipole principle applies.
Thin, flexible twn core coaxial lead is expensive and 15 alternatives my
be used. Wo @/peti cul arly preferred enbodi rent a tw st ed RdwEm2acdie | ead
is used. The inventor has determ ned by neasurenents of the transm ssion
line properties of a commercially avail &l e headphone 20 lead wire with
twsted three core, that it gives a reasonably low loss per unit |ength.
The cabl e has a characteristic inpedance approximate to 5052. An

enbodi ment enploying this cable is shown in Figure 5. Transm ssion feed

e ‘erploying tt |
" gr ound" =ik RGO ERET PEBo TR of B Merd udlq EBfineCROR The MBIl the re
i . Th L AGHRI i Aot i f k

caval |y wel PO B R e L (hepar o1 cul ar

orientatiopeh fifie BSthp8RGHRPareaidentieal toithosetinBigdfe G, 02iRA2
PCT/ EPO2/ 1@%%’2&%% t% addPti onal functionality of a stereo audio

connect i oneffgbEvaidierof thiwaptagthent swrscamparst with that dfeatsitched to t he
jack. Apart from this, remaining conponents are identical to those in

Fi gur e 3c. difide teéf anténmenend afmatuhedaideah gomial-basedc engafeddwiia h t hat of
a matched 5 dipole test antenna and a matched i deal ,coaxi al -based, end fed
wire di pobiipolehe Theatiphdplonetanienns ywystam apiad imatohed idrall ceddal al  based

5 e et e i £ 0
both had a gain of —10dB with respect to the test antenna in the centre
of the band, dropping to —13dB the band edges.
10
The invention has been described by way of examples only and

variation may be made to the embodiments without departing from the

scope of the invention.



of the band, dropping to -13dB the band edges. 1 The invention has been
descri bed by way of exanples only and variation nay be made to the
enbodi nenwo asvoebsant departing fromthe scope of the invermdmrro2Ed12
03/ 026342 PCT/ EP02/ 10612 9 CLAIMS 19 A headphone conprising: an earphone
connected to at least a 5 pair of wires, at |least one wire is an audi o
wre, said at | east one audio wire being connected to a jack for input into
a receiver/audio unit and contact with a casing thereof; at |east one of
said wires being connected to a common ground |ine, which ground line is
al so connected to the jack, so that when the jack is in contact with the
10 casing of the receiver/audio unit, the length of the audio wire is
extended. @1,AI§f§reo headphone conprising: two earphones, each connected
to at leasta palr of wires, at |east one of each pair of wires is an audio
15 wire, each of said audio wires being connected to a jack for input into
a receiver/audio unit and contact with a casing thereof; and _at | east one
of each pailr of Asheddphores doenpigsingnraec earphomeacenneiadgicoehdeastrie,  whi ch
ground line is also connected to the jack, so, that when the jack. is in
cont act5 wi phirtdfewires; atlesst ohe wireds varaudigiwiransaid athleaseane #Udio t he 20
audio wire i s extended. ] . . . . .

wire being connected to a jack for input into a receiver/audio unit and

contact with a casing thereof; at least one of said wires being

connected to a common ground line, which ground line is also

connected to the jack, so that when the jack is in contact with the

10 casing of the receiver/audio umit, the length of the audio wire is

extended.

2. A stereo headphone comprising: two earphones, each connected
to at least a pair of Wires, at least one of each pair of wires is an audio
15 wire, each of said audio wires being connected to a jack for input into
a receiver/audio unit and contact with a casing thereof; and at least one
of each pair of said wires being connected to a common ground line,
which ground line is also connected to the jack, so that when the jack
is in contact with the casing of the receiver/audio unit, the length of the

20 audio wire is extended.

3. A stereo headphone as claimed in claim lor 2 wherein said
ground wire includes a circuit which is of high impedance to audio
signals and low impedance to RF signals.

25
4. A stereo headphone comprising a jack connector for connection

to a receiver unit, connected to said jack connector, and extending



3. A stereo headphone as clained ' in claiml or 2 wherein said ground
wire includes a circuit which is of high inpedance to audio signals and

| ow i npedwc®/2a4RF signals. 25 4. A stereo headphone conmdEERUg/1661pack
connector for connection to a receivér unit, connected to said jack
connector, and extendi ng WO 03/ 026342 PCT/ EP02/ 10612 10 therefrom a left
and a right feed conprising audio |ines connected to left and right

ear phones respectively, and including a transm ssion |ine/screen and
ground feed extending fromthe connector partially along the |ength of the

eft and «URRGAHEL A6 AARORe CORPRAL mudio ek dorpaseacar phone. an

earth conn to a col ol nt connection, said connpbn

poi nt connpgt i g Igﬂﬂﬁﬁ- t it ynehidiag, a Viransaissimpedance,

and wher ei %cffee%@@ ggmsg? ear?hf\%gtn%ﬁtel‘g??gnf{?s connegt ed to the respective
audi o |1 nefiytActeert ABACHIGNI® fodd Sxtefdiigeromdas mvmector phriathd in claim
4 wherein sal transm Ssion line is a coaxial cable. 6. A stereo headphone
as cl ai medaiogcitrl tertief tienleftiardd rightt awdiontises drothisaed sodneetiod, audi o
wires are in the formof a twisted three core |lead formthe distal and
proxi ne§ eand for tdaeht earphurssi an edrtlneconnection wire extending to a

common point connection, said common point connection being
connected to said ground feed, via an impedance, and wherein each of
said earth connections is connected to the respective audio line via a
capacitance.

10
5. A stereo headphone as claimed in claim 4 wherein said

transmission line is a coaxial cable.

6. A stereo headphone as claimed in claim 4 wherein said
15 transmission line and said audio wires are in the form of a twisted
three core lead form the distal and proximal ends of the transmission

line.

7. A stereo headphone as claimed in any of claims 4 to 6 wherein a
20 further parallel arrangement of a capacitance and an impedance is
arranged in each audio line, at a point between the connection to the

first capacitance and the distal end of the transmission line.

8. A receiver unit comprising: a housing containing a receiver unit,
25 and audio output and connector means for receiving a headphone
connector jack, wherein the audio output and receiver unit have a

common connection point, and filtering means wherein there is an



7. A stereo headphone as clainmed in any of clainms 4 to 6 wherein a 20
further parallel arrangenent of a capacitance and an inpedance is arranged
in each awd @/kéxae, at a point between the connection to tHGE/EFR2N6412
capaci tance and the distal end of theittransm ssion line. 8. A receiver unit
conprising: a housing containing a receiver unit, 25 and audi o output and
connector neans for receiving a headphone connector jack, wherein the
audi o output and receiver unit have a common connection point, and
filtering neans wherein there is an WO 03/026342 PCT/ EPO2/ 10612 11
i nduct ance: j j U | &hig UYLt ' a
capaci tancﬁ@%ﬁ%nﬁgg‘?%é?g%% %lgérhgan%tﬁggia c%‘r%ﬁectl o%hggi Iﬁ?wg.néA@r ecei ver
unit as cl gj j e i j NNEEHIRS ofmtan earth
connect i onegg%ﬁt%r%aeféV\hen%t%?é@ggélér}g%l?%@d?ack IS icr‘ﬁis?)’ehrs ed therein, a
connection is made fromone of the lines of the jack to the receiver unit
casing. 10. A receiver unit as clained in clains 8 or 9 wherein the audio
unit 10 i 9, a shefeeivel tntawiolginhedin thiitn &wheieghspidooomectorehah having a
separate line connected to said connector via an inductor, and each of
sai d oufputinl earth defmepticrolsachdtiat owheni ther eonneetorujack by inssrtest fir st
and second capacitors. . )

therein, a connection is made from one of the lines of the jack to the

receiver unit casing.

10. A receiver unit as claimed in claims 8 or 9 wherein the audio unit
10 is a stereo unit having two (left and right) outputs each having a
separate line connected to said connector via an inductor, and each of
said output lines being isolated from said receiver unit by way of first

and second capacitors.



