EARPHONES Thi.,s invention rel ates to earphones. Qpen-air type earphones have-
a housing‘with a driver unit therein conprising a magnetig¢ circuit and a

vi brati on system forned by a diaphragm and a voice coil. |In such an

ear phone, the response decreases at frequencies 5 bel ow t e resonant
frequency of- the vibration systemand, therefore, the resonant frequengy
needs to have a low value in order to inprove the | ow frequency
characteristic. To reduce the resonant frkquency, it is necessary to

i ncrease the conpliance and/or the equivalent mass of the vibration system
-To increase the conpliance of the vibration system it is necgss ‘yi 10

to select ‘a material for the di aphr a§ARPNONESa hi gh conpl i anc@iﬁ?ﬁ?ﬁ
~decrease the thickness of the diaphragm However, there are |imts to the
conpliance of the material that can be used for the diaphragm  and to the
extent to which thEis fiveRhiPeSelTtes i@ €ar{9ReSgm can be reduced. Moreover,

i ncreasing the equbyed-eiit typessaphoh€ il Orahboding WeiltR 8 GRli@esuriieitRéredh at i on
15 of the sensitivity and the acoustic .éhqg,\q‘cg\e(iﬂgt‘iﬂgﬁoj t he .earphone in
the high frefQ8REFPRATRAIFSTETH- £RS 2aHBTAY DY BT e o We- Rave iPalA®ls! y
proposed, fomndxanpice,cdih laparhesreeditphbné.ythetreeponkpplerccadseont Requ8ndiz®55
(Japanese Ut il I Xanj Publ. 40N 7 7 a
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provi de an equi val ent nass added to tf?f ech val enf nass ag&eﬁ_gn'ej i ance of
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15 of the sensitivity and the acoustic characteristic of the earphone in the high

r

frequency range.

To avoid the above problems, we have previously proposed, for
example, in Japanese Utility Model Application No 58/71055 (Japanese
Utility Model Unexamined Publical;ion No 59/177287) that an in-the-ear

20 earphone or headphone be provided with a duct extending from the housing

- to the rear of the driver unit so that, when the earphone is in the ear, the

duct projects out of the concha. The duct is formed to provide an

equivalent mass added to the equivalent mass and compliance of the

vibration system, so that the resonant frequency is lowered in

25 correspondence with the added equivalent-mass of the duct. Therefore, the

resonant frequency can be lowered irrespective of the compliance and

equivalent mass of the vibration system, with the result that the
characteristic of the earphone in the low frequency range can be improved.

However, such an improvement requires that there be a significant

30 acoustic resistance in parallel with the equivalent mass of the duct, for
example, by providing acoustic resistance material in an opening or openings

formed in the housing to the rear of the driver unit. In that case, a resonant



2 circuit is fornmed by the nass of the vibration systemand the conpliance
of the housing to the rear of the driver unit, which is in parallel wth
tfie above- mantloned\ acoustic resistance. A2 a result of this resonant
circuit, a peak appear s in the frequency characteristic of the earphone at
frequenc s 5 ‘of 3 to 5 kHz, that is, a part of the high frequency
range i scenphasiregit, lsSf@rmndtbynwamq;sCofsmmu@rmmtwandcmstmm}memd

unpl easant t0 hR&moukifgOid the WA SF tHBCANEC uhR)V WHISHUSNRY pdraltef Wit (iRE
ear phone i s extended, an undesirable peak occurs 1 n the high frequency

range -and, - con®BP¥TYEntigRed agqustic é?\sﬁtal'@e'mﬁi’ea fepulluphFhis seganpat girgpit, &
reproduction i pebik@pbéarsfinatsdreguehby chafa’tlﬂaﬂslﬁtaafl%e eerphvhe it efflequengdsdi Ng

to the present inventiqgn there is rov ed an hone _co a, driver
ni £ ne Bt ng el SdaT RS Tt eBert B D EdIRY Fa e T PRz ol co
coi | which.for that wedialic soungy Heeameldver cmsbimusumgmtmnpbaaantgtas:hedr.drlnver

unit and havin ﬁe,SQ,BPdl Qﬁ-{éﬁrﬁ\g 3% %ﬁﬂ%a*%g%r&%eoéar gréx\fgﬁd igh: 2

duct extendi ng rom sal d housi ng  beh river conmmun catl ng
wi th the inter updesifableiipgak @gsursgin thei bigh ufzequenely rmgnae Iaedgpnnwb%wamheal |y

longer than it %nddt@@ﬁbﬁs rr%ge to sdpprads MRisHaRC PGfloddtti #h tHeUSW EelGdlchd

said driver unit; and neans defining a pi pe communi cating, at its ends,
with sai dmlous#‘ﬂ@ﬂ%ﬁ%ﬂ'!?&lba exkended: r espectively, and having a I ength | onger

than its dianeter; VA&opdiRgatd ERENFBEert! FVEALION therd! is GTOURIBH &N ledbpione
formed by an e% |val ent mass forned by said pipe and a conpliance formed by
sai d casing i s “REWESING: 25 be near to a reéesonant frequency which is

det ermi ned - by-sadriessunit ineluding ioeats defisingt £ magndtia arrgit,i andce didpteragm
housi ng to the rear. of r r .ng to the present invention
: SE( s al so &ng vobce dcoslflwgb cqm o¥ﬁ1 a W’Jr&tmﬁ‘%ﬁ&re

t he dh "ea f phone™ conpri a driver unit; a
housi ng cbwtai i hapsing dontainieg saidi dnmmum\mq@%\n@mawguwgmmtlen Qﬂﬁ@mgng

in front of said driver unit;
a duct extending from said housing. behind said driver unit and
communicating with the interior of said housing, said duct having a length
substantially longer than its diameter;
20 - - a casing attached to said housing behind said driver unit; and
means defining a pipe communicating, at its ends, with said housing and said
casing respectively, and having a length longer than its diameter;
wherein a resonant frequency of a resonant circuit formed by an equivalént
- mass formed by said pipe and a compliance formed by said casing is made to
25 "be near to a resonant frequency which ns determmed by ~8_mass of said

vibration system and a compliance of said housmg to the rear ¢ 8 aid driver
unit. e ' .

According to the present invention therels also -_lprov-ic-i'e"d aip’:'.jarphone

comprising:

30 a driver unit; o
a housing containing said driver unit and havmg a sei’md generatxon opening
in front of said driver unit;
a duct extending from said housing behind said driver unit and
communicating with the interior of said housing, said duct having a length
35 substantially longer than its diameter;
- a casing attached to said housing behind said driver unit; and



in front of said driver unit; a duct ext endi ng from said housing - behi nd

said driver unit and communi cating w the interior pf said housing, said
duct having a length 35 subst anti al longer than its dianeter; a casi ngx
attached to said hou5| ng behind said driver unit; and means def| %ng a

pi pe conmuni cati ng, its ends, with said housing and said casing |,

_respecti velryeamfimvu ’cpipe: |cerrggm¢m¢ammarattlhaan¢sr, avith seidthousing/jand eaid %ai d
driver unit.gg ﬂ%‘dﬂégﬁéctﬁ/éf?%t Jﬁ'lﬁd £@éHdthqa§E&~'tﬁhﬁ‘9tsadxﬂn§Eé? ex'élendl ng across

sai d hou5|n 1vid Housi ng i nto rear_cavity a
front cavi t‘th,"GPﬁn?ﬁ}dceS'F i"ﬁﬁ Wit Hnelydes %W”@EﬁeFHﬁP'&ncﬂbﬁlﬁ?’ﬁ@ a d’l‘h"&gnet and

a yoke andea@eﬂéxhg AktdRe sEIIHOUBING INATdiGidire) $aid hdlslng INtoaX e Walityandoss sai d
housi in said fropnt cavi \VOI G a coi . connected wi,th said

di aph agm 3 "M’é?’ WrF°5”"F"é‘é8ﬁtAﬂ? with.8gjd soynd generebiog napaning) rac"L'?F‘E”q‘tor. med by
an equi val edrid d 9oke, M%vmmsmemdﬁwwﬁg maaahmgnpbxmdmgfmmd by

sai d casi ng_ de to be ant fre ch i.s determ ned
by a nass 0 l@al s\ﬂgbfrétsla §/ g}ﬁ 3on5ﬂc ﬁ%g %ngg#e& e Ezgw ty,
and sai d pldiaghragmglaeddri ver unit- has ‘unobstruct ed hol es ‘therethrough for
communi cat '\Dﬁ%r%g'l d Je@&fbtnt Eﬂé’qvfeﬁé{' o‘f%vi‘ésb t dircuit forme% by 3R ddilaiddeon Wil |

now be descr exa e Wwth reference € acconpanyl ng

dr awi Ags, trnpemtmm?ﬁ mﬁeeq]mpieke@dpvamrgplawer tormedyy said i9psingie madedioences,

and in wlhl He nebdUbCa Lebanaihwfreq&er&@cwwmahs \aeeavnﬁhsa\nwgaaﬂaﬁxamhﬂ of a
previ ously

psed ure ivalent circuit
di agr am of ‘?h@ﬁ g 86‘8 *F%’UPB‘T"‘* of &}F'é'e r F§V‘§Y’C?Q£§a'§gi tepfatheyi ew
showi ng anodriwer enarrpése vabbstructedr iinles Lthksethrayghs ésk earmphurieating gaide 4 is. a

di agr ammat Iﬁ-aRFar?d)FeaH‘I 91tYé ew ShOWI ng the nounting of __ \J
15 : The - invention will . now be described by way of example with
reference to the accompanying drawings, throughout which like parts are
referred to by like references, and in which: '
Figure 1 is a cross-sectional view showing an example of a prevnously
proposed earphone;
20 Figure 2 is an equivalent circuit diagram of the earphone of Figure 1;
..Figure 3 is a cross-sectional view showing another example of a



t he earphone of Figure 3 in the ear of a user; Figure 5 is an equival ent
ciycuit di-agram of the arphone of Figure 3; 5 Figure 6 is a graph
showi ng characteristic curves of previously proposed earphones; Figure 7 is
a cross-sectional view showing an embodi nerlig of ear phone according to the
present invention; Figure 8 is an equivalent circuit diagramof the

ear phone—of -Figure 7; 10 _ Figures 9 and 10 are graphs show ng
frequency chaPa@Yigvslyprepasedearphopeiones according to the invention as
conpared with pr evlmgnsﬂeyapsr9w@aﬁdmaadtmnga@gécmwvi%wwoe,ﬂglmém%unrn of
cross-se(;tlo___na“1 view sho\yFn&J arBoI h?{e. enbqdi nent of ear phone accordl%g to
the inventi on.t"d§arphone of Figurg yin the par ofifeussFobl ems to be overcome by
enmbodi ment s of -t he Figereehis amemutvdlent ciryuibdidgrhmybfluhe &lashiape, of I EreE3ICE
will first be madeg; | guELe l,.ch, shows revi. qusl ropqQsed qpen-air
“type earpsthone 10. ﬁ%gm{;;a?pﬁsonae g\f%l'hcc?h ‘P’.‘”sgegﬁa*pﬁ‘?g‘iféﬁh"g é./t‘_fe%sorﬁqapﬁ?vﬁg“sé\y
driver unit 1Propdsed@srphonesinit 12 includes a magnetic circuit forned by a

magnetic plate 13, pgoyake 1d aocms@r&caoﬁ&g;w%milgwﬁng & Vil ai%nggtfg?tem

formed of a diaphragm 16 and a voice coli [ W I's® acconmodat a gap
bet ween t he y&REPhERe Acgording ktfiecRresent imMentdersver unit 12 extends across

the housing 11 adj #ugute & B dh SRINEleAICHPERE RYraRST thE RboHdAB diFagireof; the
housing 11 so as tq.di ws?e tge nterior of the housing 11 into a front
cavity 18# and a r%é?”"@é {#pd 1'8h are sgaphsawing fesquenty qharntgristies ebntre
of the driver earpHona® acesrdir@Cctnishe invedBioRtaNEmpEEe With pPékiodsdy propResd €,

pol yur et hane, éa&h%%&%@d in the hole 19. A plurality of holes 21 extend

t hrough the .plate and are covered by acoustic resistance material 22. A
plugality of hol es Figurer bl fip enespss-aec tenal edew ofhowirg hoetbengnibbdimentt be r ear

cavity 18b co@g].m{ fettsofdiset 0 ol es 23 with the surroundi ng
at nosphere. A pr_(?t ec?t ?(\J/e“gv%%ézﬁwgéet?@?]ds across the sound generation

openi ng a5 t he frod® asfer Kaathghes Preplemsfiey by oworaemenhy crinkasémeotst pibthe
di aphragm 16, pagséntranyeiohomBP beOfulBNudderfiooBUREBRGCEBL A fishiest maR havi ng
relatively I_ﬁrgqe hgl: eg_cﬁ_hh%‘rnel n, . an_ouier unched netal sheet. 24b havi ng
relatively smal$“TRol ¥8! ¥sif PLEYIPUS!Y: PrAPRseshopensis dyPo £8TRNONE 1fe dT it e

bet ween t he  meagphonb det cordpiisearsih@sbing DI cpheNsing iangrivdreur@nley Dhe duskr and
the like. Le_a%nw ff?nc%?de%xat r%QSthEcOE‘?rE&? fglrl'i1g(?5y lélanr'j1$gn]é%ic plate 13, a yoke 14
20 - and a magnet 15, and a vibration system formed of a diaphragm 16 and a
voice coil 17 which is accommodated in a gap between the yoke 14 and the
‘magnet 15. The driver unit 12 extends across the housing 11 adjacent to a
sound generation opening at the front of the housing 11 so as to divide the

‘interior of the housing 11 into a front cavity 18a and a rear cavity 18b//P;

25  hole 19 extends through the centre of the driver unit 12, and aé’bﬁg;tic

Y resistance material 20, for example, polyurethane, is embedded in ‘the hole

19. A plurality of holes 21 extend through the plate 13 and are cd"\.glered by &

acoustic resistance material 22. A plurality of holes 23 are forme‘&;&i’n_‘ the
X3

rear of the housing 11 and the rear cavity 18b communicates freely th

30 the holes 23 with the surrounding atmosphere. A protective cover 24
~ extends across the sound generation openini; at the front of the houéing‘ 11

for preventing damage to the diaphragm 16, and may be formed of an inner

+ punched metal sheet 24a having relatively large holes therein, ‘an outer
punched metal sheet 24b having relatively sméll'holes therein. and a cloth

35 '+ sheet 24c intermediate between the metal sheets 24a and 24b for preventing
- the entry of dust and the like. Lead wires 25 extend from the driver unit 12



and are led out of the housing 11 through a bushing or gromet 26 in a
suitable hole forned in the side of the housing 11 An -gcoustic operating
circuit of the open-air type earphone %ﬁ of Figure 1 can be expressed by
the equivalent circuit shown in Figure More 5 partitul arly, the

vi bration systen1of the driver unit 12 is represented by tHe series™Circuit

of an equi [@s lia nd AN .acoustic resi stancé‘ﬁd A
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Cb and an acqustic resjstance of the rear cavit eover, in
Figure 2, CRE®XGHSHEHCE SaHYA |‘\T/'3?semd’ r?aggmphﬁ’bcet Ré ancoamtaceustisi st ance

of an ear 1:5s1stantd§1tR11 WA dbrdehto eafqabcraaua;@ biSd bBSBLAr@tmavéamémPrLasNt ed as
ce no resj stanc mat eri al covers or

Ccup, Mup 4 ect iV

ot her vii se i© n %r(@g 'sq%ﬁretsﬁ%t §%Ysa<}8 5PC SBUTRE ﬁ-rﬂl?gﬁat‘ﬁéhﬁ(ﬂcégs@% in the
rear of t hee:hsnascmgo the pasragefisounds thesight tiecacdubtiofredibtaince esdtesiavi ty 18b
I'S So%ﬁmal |20t1hatthe'ﬂolé:qg Q‘ﬁi a‘gou%h E@Qéﬁgtfcd?%&??ﬁe%gper\{\éltﬁ tc?;\ a%U§;|nC

resistance Ra. Sim]arl ng rear. cavi
al so be i gﬁ'@ﬁ Bﬂleﬁezéalﬁs*@ecﬁr ivemainitc 15t dmtle equivaleat wircoitesfeliguos @5 tias.

Therefore, bbaeasm*éadyemm%f pedentdd )}Q'-H'a?aﬁelcépcnﬁﬁ/ﬂf %Qﬂ{nﬁlﬂ ?ébse“ es

resonant CIféUIt consi sti.n -1 he eq ul val ent iance Cd N

and the acB80SENAPHEIE e §°??5ba9foth25331‘ ety 18k, Mogpeyes: l"b'ﬁlgyygﬂem 9
Thus, the thsnnapllatﬁcfaacmermm\fdﬂer&amabbi‘ aﬂﬁpﬂTﬁSMSQS rebiStdnke ¥ an ear | h/

t he opgn- ai A9 e res nse_ decreases at
frequgﬁm eytge?oﬁ?vh?% Q%@ 'F éa%éma¢ed?ﬂ"ef% 2B (RYPo Mapsandn

Ther ef or e, Roupi eesgectivelipl e that t he resonant frequency fO be made as small
as possible in gfggrnd Peéxémlr\&é/ﬁ'nattpﬁall Oberk o@%ﬁgﬁrxsgh& IS WitH fhe 7S 's

passage of sound through the holes 23 in the rear of the housing 11, the
acoustic resistance Rb of the rear cavity: 18b is so small that it can be

20 ignored in comparison with the acoustic resistance Ra. Similarly, the
compliance Cb of the rear cavity 18b can also be ignored because of the
existence’' of the uncovered holes 23. Therefore, the equivalent circuit of
Figure Z can be regarded as a series resonant circuit consisting .of the
equiVale__nt mass Md, the compliance Cd and the acoustic resistances Rd and

25 Ra of the vibration system. Thus, the resonant frequency fO can be _

. expressed as: : : L _ o o l. \J

0 = YewdMa. CH .

30 In the open-air type earphone 10.of Figure 1, the response decreases -
at frequencies below -the Tesonant frequency fQ of the vibration system.
Therefore, it is desirable that the resonant frequency fO be made as small as

- possible in order to improve the low frequency characteristic.- As is
apparent from equation (1) the resonant frequency fO0 may be decreased by

35 increasing the compliance Cd. and/or the equivalent mass Md of -the

~ vibration system. In order to increase the compliance Cd of the vibration



apparent “from equation (1) the resonant frequency fO may be decreased by 35
i ncreasing the conpliance Cd and/or the eguival ent mass Ml of the
vibration system Inp order to increase the@:onpl iance Cd of the vibration
system it is necessary to select a material of high conpliance for the

di aphragm-16 and/ or to decrease the thickness of the diaphragm 16. However,

there are || ms%@tetn? 1% FRARkLANEE Rledihs MBL Edla{gl anEwgp P:ﬁe qg,eqhgor

t he di aphragm 16 and to the- extent to which 't ess
di aphr agm 16 dippyaame déc @ad/ %ﬁ‘eo‘?ﬁ?rfeaﬁenéh'eamlﬁg‘eﬁheﬂfedhﬁf veiephragmasks- Ml of
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characteristic of h-frequency ran Referring
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probl ens,> we hﬂmrpgmvl&)usd pe pemmeﬂedmfed/anames@sugu dhetegul\ﬁadfrit ni&ss Md

Unexam ned Pub t on a. . duct, 2

ext endi ng fronéfttl(iu‘% lg%sd\%g?y%ﬁ% gses n?nfﬁiiogr}l’ 8}\%{1? ﬁe?slﬂ%vﬂ;eaﬁndcadc\? ?'S}c 18' b
of the housi nghatactepisticiofhe earpRogeid@ id the highetregurmee radge.i s i ntended to
be inserted in the l@éfe?ﬁﬂe'no@% IgQPe 5NR Wiifbe sgfébﬁlom t Conc\ﬂﬁ‘ t%ose

term nal portion-of the duct oj ects outward
parts of 15 aboNe @&Pﬁmewgoha\«ﬁhprﬁww%y sH“ﬁP‘P%Eﬂ t"bJﬂﬁﬁnﬂe dotilibe Mededhone

10 previ aosly Jgs@mihed P/ubtuhaﬁeif. em@nsmmdil @H' Barphéane lodagth f & edldhy 29 he
sane reference nurrﬁral S anﬁl h h?'lﬂ'éﬂ descriptjon thereof wll fé]
repeated. |t VP09 FERTR 4N RYysing EUPPWBIRETING: with fae Fear AV {8 e
plate 13 are uwfcthechoadingt HAt Assshotheindtiqurst & CtheesarphareC D' imireehded E2bef

Figure 1 is Zonsertgcp}_éﬁﬁe Exée?n%lhg%‘oég% &%O&%E_ s{’gr?l S'% ere?éﬁabgﬁegmml i ed

substantial Iy zero resi s ance na
to each of t hepdrtiopofaBeatuct B2 projestaintivedrdly froos tie comctaal Themr parts blie

housi ng 3% Qhér@rpﬂ&% f@'O\HﬁnEher Eeﬁgﬁ ?'}%epms' ¥ tﬁ'ugeéa‘?@g e %0 1i:ng%\?lously

sufficient valu a reason ein descri ed in
An el astic ri rigsexibed wabeﬂerwetWeF@Re 1| arepideptified by Simgamperefensnge

gener ati ng: 0p%rﬁ&aﬂstaﬁdl‘ﬁefcfe%ﬂed)&eskﬁﬁtﬂaﬁltﬁé%f%ll rfoQ'be%Sé’ﬁ@&' ng | ea Of
sound between the plate 13 and t he:housing 1: bet ween_ t he

and the protective %W@rbwteﬁﬁ?ﬁ’ H@éh%(?aﬂ?@”ﬁr](gvﬁaédm?% ihip 'eWcPlﬁEﬁ tl?on of

~ aré uncovered, that is, the acoustic resistance material 22 of Figure 1 is
20 _dmitted so that the acoustic resistance Ra is substantially zero. However,
_an acoustic resnstance matenal 28 is applled to each of the h les 23 at the

25

: _and the protectwe cover 24, Opemngs 30 are provnded m r:he end portion of

_the duct 27 remote from the housmg ll‘ The duct 27 has a length
3o substantxally larger than its diameter, for example, a length of 12 mm and a
: :_dlameter of 2. 2 mm, in which case the duct 27 can be represented by an
equwalent mass Mduct added to the series cxrcurt of the equivalent mass

Md, the comphance Cd and the acoustic reslstance Rd and Ra of the
vxbratmn system. Therefore, the resonant frequency fO is reduced by an

35 amount’ correspondmg to the added equivalent mass Mduct. Such reductlon
- of the resonant frequeney f0 is achieved irrespective of the comphance Cd



t he duct

substantially larger than its dianmeter, for exanple, a ,Jength of 12 mm and

27 remote from the housing 11'. The duct 27 has a length 30

a dianmeter of 2.2 mm in which case t he t 27 can be represent ed by an
equi val ent mass Miuct added to the series fcircuit of the e§uivalent; ,;rass
Md, the conpliance Cd and the acoustic resistance Rd and Ra of the

vi bration system Therefore;

the resonant frequency fO is reduced by-zan 35
anount corangds plm ciquiyalentt h@sadldlddoeqbevalbeauomassemjtfot m@nohngerdhactlon of
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ent - nmass he vibration s
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order to
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mat eri al
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6, so that metallic sounds become over consprcuous and unpleasant to hear
Thus, in the case of the earphone 10' of Flgure 3, as the low frequency range
of the earphone ls extended downwardly, an undesirable peak occurs in the
hlgh frequency range, ' whereas, " when the peak is suppressed the
reproducxble low- frequency range cannot be extended .

Referring now to Fxgure 7, it will be seen that the first embodlment

of earphone 10A accordlng to the present invention is generally similar to
the earphone 10' of Flgure 3, and has its correspondlng parts ldentlfled by

the same reference numerals. As before, the houslng 11' has an

approxlmately frusto-conlcal rear portlon ‘and, m the case of the earphone
‘10A, an approxlmately cyllndrlcal casmg 31 is suntably attached at “the
centre of the frusto conical rear portlon of the casing 11 The casmg 31
and the rear cavrty 18'b of the housmg 11' communicate with’ each other
.' through a plpe 32 whlch extends centrally into the casmg 31. An opemng 33
IS provxded through the centre of the rear wall of the cas:ng 31 and an

acoustlc reslstance materxal 34 for example, polyurethane, extends across '

the opemng 33. _
 Ina pract:cal example of the earphone 10A the magnet 15 of the

S

]



Referring nowto Figure 7. it will be seeh that the first embodi ment 25

of ear phone 10A accordijng to the present igyention is generally simlar to
t he earphone 10" of Firgure 3, and has its rrespondi ng parts identified by
the sanme reference ®nunerals. As before, the housing 11' has an

approxi nat’el y frusto-conical rear portion and, in the case of the earphone

10A, an ‘appr oxived ahit ml.s marm&abf @as.hngnséouast SéHdt e maaﬁﬁaaﬁhezd iglortshe 30
centre of the frusto coni rear portion of ﬁa3|ng The casing 31
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by Febon”or HAbSuACP| SR 1Rl 3. GUSELART ol hEalthS B ecthimte 1
 mass Mtt formed. by the pipe 32, the compliance Ctt formed by casing 31
20  and the acoustlc resistance Rtt formed by the openmg 33 covered by the

:'-:acoustlc resxstance matenal 34 the peak tha O otherwuse be caused in

18b is suppressed
25 More specifically, a resonant ci
U Mtt of the plpe 32 and the compllance
lmpedance across the circuit consnstmg :
'.'compliance Ctt and the acoustlc resistance Rtt decreases at the resonant
_frequency of such’ resonant circuit.  Thus, by selectmg the resonant
30 frequency of the resonant mrcuxt formed by the equwalent mass Mtt and the
"compllance Ctt to be a value near to the resonant frequency of the circuit
formed by the equxvalent mass Md of the v1bratlon system and the
| _comphance Cb of the rear cavxty lB'b, ‘the peak that would otherwxse be
'.caused by the equwalent mass Md and the compliance Cb in the frequency

35 range of 3'to 5 kHz can be suitably suppressed

o As w1ll be apparent from Fxgure 9, in which the sohd hne curve Dl
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represented by the curve DO. It will be apparent from a comparlson of the

curves DO and D2 that, if the peaks in the frequency range of 3 to 5 kHz are -

permltted to be nearly equal for an earphone accordmg to the lnventlon and
as prekusly proposed respectlvely, the lowest resonant frequency 0 can
be made lower for the earphone accordmg to the present mventlon than for
the previously proposed earphone, for example, 100 Hz as compared thh
150 Hz. .

Although F'xgure 7 shows an- embodlment in which the caslng 31 has a
hole 33 in the rear thereof covered by acoustic reslstance materlal 34 it is
to be understood that the: mventlon may also be embodied in an earphone
IOB as shown in Figure 11, and in whlch the casing 31’ defmes a closed
chamber commumcatxng only wnth the rear cavity 18'b of the housmg 11
through the plpe 3 Apart from ‘the foregomg, the earphone IUB is
substantlally sxmllar to the earphone lDA. _

In the case of the earphone lUB of Fi lgure 11, when the volume of the _

casing 31 is 70 mm3, and the value of the acoustic res:stance Rb is
mcreased snmllar!y to that in the earphone represented by the curve DZ in
Figure 10, the frequency characterlstlc of the earphone 108 is represented
by the curve D3. In other words, removal of the hole 33 from the casing 31

#



10'. ‘Thus, for exanple, in Figure 10, the curve D2 indicates the frequency
15- characteristic of ,an earphone 10A i ich the acoustic resistance Rb
has been increased beyond t he correspondr? gqacoustl c resistance Rb of the
ear phone 10' of Fi gUre 3, and having the frequency characteristic
represen{ed by the curve DO. It will be apparent froma conparison of the
cur ves - 00 and gfné hﬁﬁ'phdnE mnehee@ﬂfesemct e sﬁrfquqnexbeamg&n%e FrddlenckHz
are 20 perm tted ég f? arly ﬁgual or agt e%epgone cor g to the

i nvention and F3%95,9%7i'8 s'\ns BP GpTERYENCY NEFE Gik uch ﬁ'e‘ ‘F'BQVB&" ¢ BB iht
frequency fO the Beqoenty |chessctéristic heergiar phomakec e d-hatgallti@ wmadpr Rsent

i nvention tha pr; u osed hene Qr exa 0Q Hz as
conpar ed vmth%fégiﬂsz&g 1% th8"'3bilir %ﬁ §h CI% grgp7ins ﬁ/se%rﬁ‘gg meht in
whi ch thg caS|1'r¢g‘ess.edhms3@D mohe @@ fmqtﬂeyr@araqthelseofbecwes ¢ioh thipdixaverst | C
resistance rratb'?rth@lcu?v“e Dhlin 'ﬁ%dﬁ 1€ W&Eﬁ%@@dtﬁehﬁéakt1@%%@:‘%%ﬂ%@ﬁ”§9{d al so

be enbodi ed i n"an ear phone as shown 1n Figure 1
casi ng 31' defthhdsequenry hgragignipide 'écﬁ?mﬂ‘t{h@&tﬂ?fgeféﬁﬂ'y"wweﬁehh@er e2singavity

18'b of the h(}msisﬂﬁ\dééirab'iﬁenlatrﬁéd)t’(gbrd\)'@e BvBRInof WA, from the
f oregoi ng, the earphone éﬁg i,s substantially simlar to the ear hone 10A.

In the case of the e A5EeHOHhR Peemdescrined apave in, e gRelicatigte 3
casi ng 315 i's ezaimaneg pf anel in-dtbe-cat uepe)ﬁ;vriidﬂeam:puatmﬁed asmstt&nnﬂed?bf itBe

| ncrease S' m L@e{ th %gonp%t megt%hqt g?flp@eo{aﬁ%tregrgt?%etnég g?ﬁl%’ﬁ B(éuci[a\éebem in

35 Figure 16 Fequenc Taracteri s
represent ed bypirnilerly apwleeoDB: CIOned}ltm egpphones. rRrbiver} the desicabile leéfe@ss bf om

the casing 31yne Bfedtitn %f‘% %%uﬂa@@ RBSikdle \Amcet'\eﬁ';e ‘iﬁveﬁpi'o;ntfs %}&lggug‘ﬁak

fromthe frequency range o Hz to a requencg ‘near
shi I ng of: t [kengeponi, %F@WP%M%WEMP%G@Q withcbethnthe !"@hﬁnsﬂ('é leffie
metal i c_sounggrd @sg,ecmg,pércuous I f the vol ume of the casing 31' in the

earphone151OB is 5 i ncreased to 300, heéf] e freguency characteristic
becones t hat. .i ndi czﬁyed"adth%’"&@ﬂ/ye B Wi 'Eﬂtg 152t fhes fefpragt eeirgyle peak

is | ess pronowsasistin@ruf tive eﬁuwancpha@hawactfefmsd ity ipfpejareVs@tarid aké ened.
However, the caS| ng ,
compliance Ctt formed by the casing 31 or 31' has its resonance frequency
set to a value near the resonant frequency of the compliance Cb of the rear
20 _' cavity 18'0 and the mass Md of the vibration system. By reason of the
" foregoing, the peak in the frequency characteristic caused by the resonance
between the rear cavity 18'b and the mass of the vibration system is
relatively suppressed. Thus, the high frequency characteristic can be

improved and the acoustic resistance Rb can be increased for reducing the

o5 . lowest resonant frequency fO. o )/;:T"fr,/\\\




31' is undesirably enlarged to provide a volune of 300 8. Although the:

i nvention has been described above in its application to 10 ear phones of .
thé in-the-ear type which are positi onaq near the inlet -of the external 3
acoustic neatus, it will be appreciatedithat the invention®can be s¥nilarly

applied to closed-type earphones. Further, the desirable effects of :the

I nvention are particularly obtained &lﬂgﬂmhe I nvention is applied to-=

st er eophoni ¢ ear phones which are assoctrated with both the right and left 15
ears of the listener. By way of sunmary, it will be noted that the resonant
_Circuit congistiAf eaf Hohgcgmgriéﬁ{ggnt mass Mt forned by the pipe 32 and the
conpliance Ctt, formecta b}/_ the casing 31 or 31' has its resonance frequency-
set to a vl EVRR AP inglyding mesns defipingne ynagneticccizenipy anchacdigphregmt he rear
20 cavi tghdlibibe 60 wHilerEF® 8 VibkaBlonidysterhbr ati on system By reason of

t he foregoin the peak .in the frequency characteristi-c caused by the
resonance baeﬂ%séﬂg tcﬁ@?ﬂ"éiap seﬁﬁf'yerlgnﬁ %ﬁ’dp‘i‘ﬁﬁg Refoynd geperatignpeningn syst em
i s rel ati vdhyfrentpgpf seid driver Ghits, t he hi gh frequency characteristic can be

i nproved a a td c resist e, Rb .can be.increased for reducing the
25 | owesnéitj _ pg@on%ﬁ%%irn qu@ﬁ@y %88 h°9{§ﬁg| I\'?gﬁfdn sal n__déié(thb'Hg BWhri si ng:
a driver urfommygicatingyvitiedhe interioniofgsaid heysieg) saidiductilavirand langtihaphr agm
and voi ce GRbitattiaf) 16MeMtRar il dimRtbrsYSt em- a housing containi-ng said
driver unit and having a sound generatf{on opening in front of said driver

unit; a ditt2¥5q sHarhry tq saifhhodsing behind spigydriveshunits and d  driver unit and
comuni cat i mgensi deFirihg ol flpé oAimticdig] diaes bhdb, it Shid WobeiRg¥hgary | enoth
subst anti al I%. I onger th?n it dLaneieg}rq; a casi.ng attached to”sal. ousi ng
behi nd sai FEANAEFPERHVEY: inga drngthlenpes thap s digmetaréat i ng, at its, |
ends, W th wherdirhaussorgntiftequendy of 2 regonartsisédiy fbmed By aRBquiNilént! engt N
| onger than,l ' : rei resonant frequency of, a.resonant
ci rg git f Opnn%%%ggﬂngﬁ%g%%}dvgﬁgﬁﬁh% gbrﬁgl?ange ftormegqay §alg casing is m'adg to

be near ‘to a resonant frequency which is determined by a mass of said

- vibration system and a compliance of said housing to the rear of said driver

unit. ' o R '

2. An earphone according to claim 1 wherein said housing has an ‘opening -
therefrom to the rear of said driver unit, and said opening from said housing
has acoustic resistance material extending thereacross for lowering the
lowest resonant frequency determined by said mass of the vibration system
~ and said compliance of said housing to the rear of said driver unit whiie said
resonant circuit formed by said pipe and said casing suppresses a reiatively - -
high frequency peak that would otherwise be formed in the frequency v/
characteristic of the earphone. ' '

3. An earphone accordiﬁ_’g’ to claim 2 wherein said casing has an opening
to the atmosphere, and said opening has acoustic resistance material
extending thereacross.

4. An earphone according to claim 2 wherein said casing defines a
closed chamber communicating only with said housing through said pipe.

. n earphone comprising: . -
Ry M



rf%lss formed by said pipe and a corrp] i ance’ f or med by said casing is nade to
be near to a resonant frequency which is q%grm' ned by a nass of said
vibration systemand a conpliance of said using to the rear of said
driver unit. 2. An ear phone according to claim 1 wherein said housing
has an G_ggni ng therefromto the rear of said driver unit, and said opening
from sait housa drjvemeniagoust i ¢ resi stance materi al extendi ng thereacross
for lowering t 0. faLe Y .11 e ' S f the
Vibration systoreiis SntaRatia shige EREwRChER 35sbuBY ARBLIR GheRling
dri.ver unit whinlfeostaptisaid doivenunidi rcuit formed by said -pi pe and said casing
suppresses a rgl aubveb¥ididity f HofUeRGY ModkinkhHenil! shi®t REHVBE SGnfte med
in the frequency char ac_terlg_{sqic g}] ﬁje ear%}ﬁgng% ]:IBMJ '&l'An egrphgﬂg i
accordi ng to Aramynizaiing with theiigterios; ofgsaid hoysingpesid rdyct Having atlepgither e,
and sai d openigufistantialyqQuiddrcthal $issdiameteriat eri al extendi ng thereacross. 4.
An ear phone according to, claim, wher ei n, sai d, ¢casi ng .defi pes a cl osed
Chanber  conmurd CEANG gLisehsd §p Faid Bepeina deBinicpeid POHEhURE 7 pe. 5. - An
ear phone conprmeamgdefining slpipe domimuniicatindg)catSits gnds) with Baid thossing asid isdiz)

unit and having a sound .generation. i Lo frqot of 1 river unit; a
duct extendi ng&sﬂgo SPE%t?quyhgws'?%végéjggﬁ'Fﬂa ‘°%%ﬁ’8‘ﬂa'a?ﬁ’v°§$ﬂ"§%%f and

comuni cat i ng wherein rsaid wriver ounibfincluides o Bagrgtics girduitucemprisingga splatengt h
substantially 3,3806ha dAndks!shit ALAIFE! g ididiAg bdld rBLAIAG AR 4 PesrdlalitiOlind NG
behind said driver unit; and nmeans ~defi ni ng pi pe cofmunicating, at Its
ends, with said® frRalsaviyeammynigating iwith seisireund gensratisndopriinG? Bapesfgt h

| onger than itgndla 36R4,Hnd aWRIr8tibn SpdtamibompFisingid diaPRfddfe Extendi@ dirbss

Ci rgﬂt conpri sLng'Pa | at e s?,i(éjefndl ng acr oss, sai d. housj n‘g and cy[w_alhng,ial d
houstg into =Sai@dousing iy sont GRYILY 809 P ¢BisTuRPE S5INRGCHRS MihisEi% ound
gener ati on opediepliragi;adgnet and a yoke, and a vibration system conprising
a di aphragm ex&v ndiirp acros

ﬁere resonan%: frequency of a resonant circuit formed by an equivalent
mass formed by said pipe and a compliance formed by said casing is made to
be near to a resonant frequency which is determined by a mass of said
vibration system and a compliance of said rear cavity, and said plate' of the
driver unit has unobstructed holes therethrough for communicating said

front and rear cavities.

6. An earphone according to claim 5 whérein said housing has an opening
from said rear cavity with acoustic resistance material extending
thereacross for lowering the lowest resonant frequency determined by said
mass of the vibration system and said complian/q_e#_pi\said rear cavity while
said resonant circuit formed by said plye\’gﬁa“séaldaasmg suppresses a

E\xformed in the

relatively high frequency peak that w ’u;d ot‘ﬁex_'\yg__ge
frequency characteristic of the earphon{&%;{ T - v

B
7. An earphone according to claim 6 /x ein sai
to the atmosphere in which acoustic resistahi’e’natepi

8. An earphone according to claim 6 wherein said casing defines a
closed chamber communicating only with said rear cavity of the housing
through said pipe.

|



said housing in said front cavity and a voice coil connected with said f
di aphragm and wherein a resonant frequeacy of a resonant circuit fornmed byg
anfequi val ent mass fornmed by said pipe gd a conpliance forned by said.  *
casing is nmade to be near to a resonant frequency which i § determ ned, by a
mass of said vibration systemand a conpliance of said reat cavity;# Znd

said plate f the drbngie %giaﬁ%ilwwﬁééiﬂﬁ%?%@ §¥3bRbed t&ﬁ{rﬁw(e?ml {or

‘comuni cating said front and rear ‘cavities. 6. An earphone according to
cl ai m 5 whdrigure £af ghe\BERAMRANYARI dPAYWIBSHi ng from said rear cavity with
,acoustic resistance material extending thereacross for |owering the | onest
resonant freguen det.erm ned, by.sai d ss, of _the vihratiqgn system and said
conpl i ance ](ta?r saiE% %aé%f?c’"fa?/fq{’)tlar\}//ﬁ‘ﬁslﬁ'e ag g]%ae‘f’ggftﬁ’ﬁ%rﬂes‘&‘i“?%‘{]ﬂ'”? Gg?Fé”‘Eﬂ/ sai d

pi pe and saodigars Ijot thpacssaparyingdmwingd. y hi gh frequency peak that woul d

ot herwi se be fornmed in the frequency characteristic of the earphon 7. An
ear phone according To crarm 6 Whererm sard casing tas—an opening to the
at nosphere in which acoustic resistance material is disposed. 8. An

ear phone according to claim6 wherein said casing defines a closed chanber
comuni cating only with said rear cavity of the housing through said pipe.
9. A ear phone substantially as hereinbefore described with reference to
Figure 7 of the acconpanying draw ngs. 10. An ear phone substantially as
herei nbef ore described with reference to Figure 11 of the acconpanyi ng

dr awi ngs. -
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