,2168220 -1- EARPHONE This invention generglly . relates to an earpnone and
nore particularly, is directed to a conpact earpnone wiich is adapted to be
gngaged with-and attached to a cavumof a concave portion in an auricle
durlng operatlon 5 The | ow frequency range reproduction limt of
a prior arf open air-type earphone is mainly determ ned by a conpliance Cnd
(réciprocal nunber of stiffness S) of a vibration systemand an equival ent
mas€ Ml of the vibration system In this case, the response in the | ow
frequency 10 range in which the | owest resonance frequency is |ower than
[err]is lowered. In general, the resonance frequency [err] is substant
iven as [err] In order to nmake the resonance frequency [e;g] bﬁ?’ﬁéﬁf
conpliance Cnd (cm dyne) of the vibration system nust be d%ﬁ 3 nd/ or
t he equivalent mass Ml (gram thereof nust be increased. There is, however,
alimt in increasing the conpliance Crd. Further, if the equival ent nmass
Ml of the vibration systemis increased, -the-auditory sensitivity 20

becones | ow and the acoustic characteristic in the hi gh frequency range
is deteriorated etc. Accordi ngly, thd#REBONE

This lnvention generally relates to an earpnone and
more particularly, is directed to a compact earphone wnich
is adapted to be engaged with and attached to a cavum of a
':;\/, concave portion in an auricle during operation.
o) | The low frequency range reproduction limit of a
prior art open air-type earphone.is mainly determined by a
compliance Cmd (reciprocal number of stiffness S) of a
vibration system and an equivalent mass Md of the vibration
.eystem. In_this case, the response in the low fregquency
iv range in which the lowest resonance frequency is lower than

f° is lowered. In general, the resonance frequency fo is

substantially given as

In order lggte the resonance frequency f low, the

> compliance Cmd (cm/dyne) of the vibration system must be
made high and/or the equivalent mass Md (gram) thereof must
be increased. There is, however, a limit in 1ncreas1ng the
compliance Cmd. Further, if the equivalent mass Md of the
vibration system is increased, the auditory sensitivity

4U becomes low and the acoustic characteristic in the high



2

naturally a limt in increasing the equivalent mass MI. As is known, since, °,

there is a tendency that the | owest resonance frequency [err] becones

hi gher as the dianeter 5 of the speaker unit becones snmaller, is: ;

recogni zed that re roduced sound in a | ow frequency range is not heard by

t hose who use an earphone of small dianeter. For instance, in the earphone

whi ch is disclosed in European patent publication No. 0064533, a nagnetic -

circuit 10 is formed of a magnet of a disc-shape, a cylindrical yoke and a%%

pl ate surroundi ng the nagnet. A diaphragmis coupled to a voice coil that

Is inserted into the air gap of the magnetic circuit and is incorporated in

the front porti.on thereof to forma speaker unit. The outer peripheral

15portion of the speaker unit is nmountecd to-a housing. At the rear surface

of through-holes forned through the outer peripheral portion of the speaker

unit, therfregueneyi BaB98 3I&nPRNGrifFatesh® thr oudrsndinglky, f bherpe is

t hrough he housing to_therehy control the frequency characteristic. 20

In other vRAERrathE AcdiBifc 18 LRGeS NGhitheH ARG IRt FRST Mexpressed

by a series circui fornEd of an.equival ent ,;ass Ml of the'vibrgﬁion '
)

system a conplianc® ERd“PREPEOFI T4 a'fc TSt it e AR R‘Eﬁé‘é Ynal
Fource, Vo 70Med0 PERRReS! SHRAIGE . MR MGl deTm ol e 0 20
of an agousti £yl eshelRBECuRl tP%elNRes smali:z, it is recocaized that
| rezroduced sound in a low freéuen;f rénge is not.heérd.by -~
those who use an eérphone of small diameter. |
For instance, in the earphbﬁé which 15:613closed in
European paﬁent.bﬁSIiaation No. 0064553).a magnéfic circuit
10 is forméd of a maénet of a disc-shape, a cyliﬂériéal yoke
| and a pléte sufroundingzthe magnet. .A diaphragﬁ iSZEdﬁéled'
to a voice coii that is inserted into'thelﬁir gap.AEIEHé _
magnetic circuit and is incorporatzd in the fronﬁ.poftiod
thereof to form a speaker unit. The outer éeripheréi '
15 portion of the speaker unit is mountedgfq*é hédSihé:ihAt the
rear surface of through-holeé formedEgggbugh7the“qﬁEer ' i_/

ided a

housing to thereby control the frequency;q§§“§ :e-iStic.

20 ' In other words. the acoustic circuit.df £hi§:prio;.'
étructuré'is.expressed by a series cirduit'férmed'of.an
eqﬁivélént'maéé Md of the vibratién system, a céﬁbii&héé Cmd

;theiebf,'an acoustic tesistance Rd, alsigna1.§6ﬁ£é§HVsyand
anlécousﬁic reéistahée Ra'providéé'by the dampinéliéyeg'o:

25 the like; éﬁd.a.paréiiéi.ciréuit connected to the series

circuit and formed of an acoustic resistance Rb by the



. -35 through-hole of the housing and the conpliance Cb by the back cavity.
However, since the acoustic resistance Rb provided: by.the through-hol es of
sthe housing-.is neglibibly small as 5 conpared with the acoustic resistance
Ra of the‘danping layer or the like and the conpliance Cb can be al so

negl ected substantially, the effects of the acoustic resistance Rb and the
conpliance Cb constituting the parallel circuit are small, and thus the
ateustic circuit 10 substantially becomes a series resonance circuit forned
of the equivalent mass Mi, the conpliance Cnd and the acoustic resonances
Rd and Ra. Accordingly,.the | owest resonance frequency [err] is
substantially given as [err] s difficult 8o-set the frequency [err] |ow.
Further, if the acoustic resistance Ra is small, a peak of acoustic

char act er i $tirpugh-HAMIEE BearnddSidPVERd ££5005R5 €1 LAEGUEHCYy [ ELL] SO
that only the nearby sound is 20 enphasi zed and betones a Fesohant sound,
wher eas if Pale&k aeerisdy.C resistance Ra is large, -the acoustic characteristic
is lowered fromthe frequency higher than the | owest resonance frequency f

so that the reprodBawesrenf s$imed rempensyusedger HSLoPRAce NRYf pebeatq
by the through-holes of the housing is neglibibly small as
5 compared with the aééustic resistance Ra of the damping
layer or the like and the compliance Cb can be also
~_ neglected substantially, the effects of the acoustic
resistance Rb and the compliance Cb constituting the
paréllel circuit are small, and thus the acoustic circuit
10 substantially becomes a serieslresonance circuit formed of
the equivalent mass Md, the compliance Cmd and the acoustic
resonances Rd and Ra. Accordingly,. the lowest resonance

frequency fo is substantially given as

ENL/2 7 /Md.Cmd

{Jggs difficult to set the frequeéency fo low.

: :,ffﬁgéher, if the acoustic resistance Ra is small, a
peak of acoustic characteristic is produced near the lowest
resonance frequency fo so that only the nearby sound is

2V emphasized and becomes a resonant sound, whereas if the
acoustic resistance Ra is large; the acoustic characteristic
is lowered from the ffequency higher than the lowest

resonance frequency f° so that the reproduction of low

frequency range becomes insufficient.



-4- According to the present invention, there is provided an earphone
conprising : a housing having a front opening; a speaker unit having front
and rear portions 5 nounted in said housing with the front of the speaker
positioned in said opening; a cavity in said housing fornmed betweeh a*rear
portion of said speaker unit and said housing; and a duct acoust.cal’ly
coupled to said cavity to lower 10 the_|l gwest resonance frequency, said Ry
duct conprising an opening through said fousing by which said cavity and. i
the rear outside of sacdrhensl Bg ¢ABTHREEBHE WhiBnedch Olhtlce S.as' d duct

being provided with a mesh thereacros I ch Br3C0tst i cal

transni ssi vepréivi@eflr aneehrponBecompiessngl :water into the caVI ty. As will
becone apparent fromthe foll owi ng descrlptlon the illustrated enbodi nment

of the invention canaphousdsgahavanghanérontwopeniwgihout nodifying a

speaker 20 unit, an acoustic circuit provided at the rear surface of the
speaker unit is deV|§e§PFBkPﬁpPBW§ hﬁelﬁﬂeéﬁén@ya@ﬁaﬁ&éﬁeﬂ@ﬁﬁh?&ﬂ the | ow

f As rov e reprodu tion of frequency
r;ﬁg;encnﬁL§$g?§t?8rﬁggggﬁdcgﬂﬁﬁgggaVFgﬂ hEERBtL8Esit é%qéérphone 25
and is used %ﬁsp 8¢snkhei ﬁogggdegggﬁﬁgﬁffron1the rear surface of the speaker

unit to the utS| e and water neans
a cav1ty in said hous;ng formed,between a rear

L]

portion of said speaker un1t and said houszng, and
a duct acoust1ca11y coupled to said cav1ty to 1ower \;:}

10 the lowest resonance frequency, sa1d duct comprls1ng an

open1ng through said hous1ng by whlch said cavzty and the

rear outside of said hous1ng communlcate with each other,

said duct being prov1ded w1th a mesh thereacross whzch is
15 ‘acoustically transmissive while preventzng the 1ngress of

‘water into the cavity.

As will become apparent from ‘the following

description, the illustrated embodiment of'the invention can

provide an earphone in ‘which without modlfy1ng a speak&

/""‘-.'

20 unit, an acoustic circuit provzded at the rear surface of \_)
the speaker unit is devised to 1mprove the frequency
characteristic at the low frequency range. As means for-p
improving the reproduction of low frequency range, a duct is
formed in.communication'with-tne,hcusing of an earphone

25 and is used to pass the sound emanated from the rear surface
of the speaker unit to the outside and water repellent means
is provided within the duct so that even if the earphone is

submerged into water, the original acoustic characteristic



°

*is provided within the duct so that even jf the earphone is subnefged into

water, the original acoustic characteristic - 4a - .of the earphone can
be rapidly recovered after it is renmoved fromthe water. The illustrated

t'ear’phone is'of a sinple construction in which the | owest resonance

frequency fican be set at a | ow frequency and which can be used as an all 5
weat her . earphone in the outdoors. These,and features and advantages of an

eakphone according to the present invén#?oﬁ wi || becone apparent fromthe
foll owi ng detail ed description of the preferred enbodi nent taken in - 5-

conjunction with the acconpanyi ng draw ngs, throughout wnich |ike reference
nuneral s designate |like elenents and parts. In the drawings: FIG 1 is an
assenbly view illustrating the present 5 invention applied to a stereo

ear phone sysifenthé| éarphome acamnbear gapli dlpsse ceee rexhad £4¢ 2w & hbsvi nemeved
enbodi ment of the earphone according to this invention;, FIG 3 is a diagram
showi ng an d@ﬁﬂ%tt%eéﬁ%$%§+eﬁ¥he illustrated earphone is of a simple

construction in which the lowest resonance frequency can be
set at a low'frequency and which can bé used as an all
5 weather earphone in the outdoors.
These and features and advantages of an earphone
according to the present invention will become apparent from
the following detailed description of the preferred

embodiment taken in




circuit of

FIG 2; and 10 . FIGS. 4 to 7 are respectively frequency ,

vs. response characteristic, graphs useful f-or explaining tne present

i nventi on.

An enbodi ment of an earphone according to this invention will be

described hereinafter with reference to 15 the attached draw ngs. "As shown,
t he earphone of this invention is used to form for exanple, a steréo

ear phone .as shown in FIG 1. FIG 2 is an enlarged cross-sectional view
showi ng the nmain body of such earphone. -Referring to FIG 2, the earphone

itself will

be described. In this 20 enbodi nent, a speaker unit 1 is

accomodat edoafdnticied with howsidtgohpenGimstardvwildy, throughout wnich
frusto-conical -shape, and within the housing 2 at the rear portion of this
speaker uni tike reéerensel aumed ad sprieteigratiandd aokl etenty 8nd pagust 7,
which is acoustically coupled to the back cavity 8, and 25 having an
opening 7a is formedIkntdgr driayiwiasts t he housi ng 2. The opening 7a of the
duct 7 is covered with a housing cap 9 having a grid of, for exanple,
Y-shape. The grid of FIG. 61- 1\5s@fap%siﬁlbmfde%l@‘helhbustngteap 8hei plresent

openi ng 9a

covers t ﬁe

10

15

20

25

(refer to Fig . At the inside of the housing cap 9 which
bB@ﬁPﬁ§°?aaBPlﬂﬁQ dFcd ?tqqﬁﬂwﬁquﬁﬂﬁﬂn%ﬁﬁF%ﬂhesh 10 .made

FIG. 2 is an enlarged cross-sectional view showing
an empodiment of the earphone according to tnis invention;

s,

FIG. 3 is a diagram showing an.acoustic equivalent g;;;
circuit of FIG 2; and
FIGS. 4 to 7 are respectivély frequency'vs;'responée

characteristic graphs useful for explaining tne present

invention.
An embodiment of an earphone according to this

invention will be described hereinafter with reference to
the attached drawings. As shown, the earphone of this
invention is used to form, for example, a stereo earphone as
shown in FIG. 1. FIG. 2 is an enlarged cross-sectional view
showing the main body of such earphone. Referring to FIG. ;:}
2, the earphone itself will be described. 1In this
embodiment, a speaker unit 1 is accommodated and fixed in a
housing 2 of substantially frusto-éohicai-shape, ané within
the housing 2 at the rear portfbﬁ.of.thiéisdééker unit 1,
there is formed a predetermlned back caV1ty 8. A duct 7,
which is acoustically coupled to the bacs cav1ty 8, and
having an opening 7a is formed 1ntegrally with the housing

2. The opening 7a of the duct 7 is covered with a housing

cap 9 having a grid of, fcr example, Y-shape. The grid of
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5 of stainless steel of 100 to 200 neshes per inch having a relatively
gdod ventilation property and which is subjected to a water repellent
treatment such ‘as a fluorine treatnent or silicone treatnment. It is also
possi bl e to provi de such nmesh 10 in the ducts 7. Further, through the
housing*2sat 10 its portion corresponding to the outer peripheral portion
of.. the back cavity 8 there are forned a | arge nunber of through-holes 4
whiich serve to communi cate between the inside and the outside of the
housing 2. In this enbodinent, at the inside of the through-holes 4 that
are 15 fornmed through the hou5|ng 2 there is provided a danping filter 11
which is nmade, for exanple, of a water ﬁxﬂlent nyl on screen and a
material into which urethane resin as a danping naterial is polynerized.
Further, af-sheper @rovdfdeshe hepdmiumingiaarn,? twicte 20 opepinyi Yed(pefer
de of a netal plate which has a Iarge nunber openings through which the
sound enan&Ped ifromlt-he di ameter of the speaker unit 1 is passed. At the
front side o hls§%&hi e 12 , there are |lam nated a water repellent,

urethane resin 1 "’(,enll”s“&?ed’fast"é A IF RARe SfR b FRFETHrifee

or d SuppoPEBAIBF T4 SF %o Ao ol hATS. 15 U LLMgeE RS nUSTHE 2 of

the 5 of stainless steel of 100 to 200 meshes per inch having a
'reTaulvely good ventilation property and which is subjected
to a water repellent ‘treatment such as a fluorine treatment
or silicone treatment. It'is also possible to provide.such
mesh 10 in the ducté 7. Furthe:; throtgh the housing 2 at

10 its pottion éorresponding to the outer peripheral portion of
the back cavity 8 there are formed a large number of
through-holes 4 which serve to communicate between thé
‘inside and the outside of the housing 2. 1In this |
embodiment, at the inside of the through-holes 4 that are

15 formed.through the housing 2 there is providéd a.démping
filter 11 which is made, for example, of a Qater repellent
nylon screen and a material into which urethane resin aé a
damping material is polymerized.

Further, at the front of the speaker unit 1, there

20 is provided a made of a metal plate which has a

rough which the sound emanated
e Epeaker unit 1 is passed. At the

2, there are laminated a water

. 1&&3 23
repellent uretaig?

23 material and a grille screen 1l4. 1In FIG. 2, reference

3 which'is.used-as a damping

" numeral 5 designates a cord holder and 6 a cord supported by



earphone is inserted into the auricle. The acoustic equivalent circuit of

t he earphone of such structure when it its inserted into the auricle becones

5 as shown in FIG 3. In FIG 3, reference letters Ml, Cnd and Rd

desi gnat e an equi val ent nmass, a conpliance and an acoustic resi stanhce of
the vibration systemof the speaker unit 1, respectively. Reference letter
Ra desi gnates an acoustic resistance provided by the openings or the like -
10 fornmed at the outer peripheral portion of the speaker unit 1 and in this=
case, Ra = 0 is established substantially. Reference letter Vs deignates a - -
signal source. Mup, Ccup and Rcup encircled by a circle G respectively

desi gnate an equi val ent mass, a conpllance7and an acoustic resistance of 15
a coupl er used when the earphone is neasured. -“Further, reference letter Cb
desi gnates a conpliance presented by the back cavity mhen the housing 2 is
formed as atkeustéeohotdersisape Upoel arsages |tid diodding Aroficehetic

resi stance presented by the urethane resin 13 used as the danping 20
materi al ; aesrpkbreciseihsktréerd lidtandthe duwmidlwluct ance (nass) and an

~acoustic resistance presented by the duct 7. In this case, the acoustic

resistance R d is vBhg srsemisticAegwidiadging Qﬂﬂ;&kﬁnﬂﬁmﬁhﬂ edephene gdrface
of the di aphragm of the earphone beconmes a parallel resonance 25 circuit
formed of t®echcshsursureswieandd ¢ inserdedlintrctid apniche beedserc

resistance Rd. _ This“circuit i s added to _
5 as shown in FIG. 3. 1In FIG. 3, reference letters M4, Cad

Lo—ia,

and Rd designate an equivalent mass, a compliance and an
‘acoustic resistance of the vibration system cf the speaker
unit”l; respectively. Reference letter Ra designates an
acoustic.resistance provided by the openings or the_like N
10 formed at the outer peripheral portion of the speaker'unit 1
and in this case, Ra:= 0 is established substantially.
Reference letter Vs delgnates a 51gnal source. Mcup, Ccup
and Rcup encxrcled by a c1rcle G resnectlvely deszgnate an
equlvalent mass, a ccmpllance and an accusc;c re51stance.qf
15 a coupler used when the earphone is measured. Further, —
reference letter Cb de51gnates a compliance presented by the -
back cav1ty when the housing 2 is fcrmed as a fruseocon;cal
shape; referenc° letter Rb is an acoustic resistance
presented by the urethane res1n 13 used as the damnlng
20'mater1al- and reference 1etters Ld and R'd .an 1nductance
(mass) and an acoustic reszstanca presented by the duct 7.
In thrs case, the acoustlc reSLStance R'd. 1s very snma-l,
Accordlngly, the damplng at the rear surface of the
diaphragm of the:earphcne becomes:a_parallel resonance
25 circuit formed ofdthe acoustic resistance L&, thedcomp;iance

Cb and the acoustic resistance Rd. This circuit is added to



*-8; the series resonance circuit fornmed of the equivalent mass M, the

’ conpllance Cnd and the acoustic resistance Rd. Accordi.ngly, as shown in
JFIG 4, the. | pwest’ resonance frequency on the whol e of the acoustic circuit
‘of the 5 earphone i s decreased by the inductance (mass) Ld of the duct 7 so
as to becone a frequency [err] lower than the | owests resonance frequency
[er+] of the speaker unit 1 itself. - Sinilarly, as shown in FIG 4, the
aéqustic resistance Ro, which is in parallel to the acoustic resistance Ld,
is made 10 small,the frequency [err] beconmes high, whereas if the acoustic
resistance Rb is made | arge, the m ddle frequency range becones | ow.
Consequently, it is necessary to select_the acoustic resistance Rb to be a
proper value relative to the acoustic resistance Ld. 15 - Wth

respect 10 i du.Ofkd rﬁ,l,%glﬁﬁ‘ c&aP8-uil EQEnB5045! £ﬁer8§h§§:§’.‘rgﬁtRR 3 made

| arge, the level I1n a requency range necessary for the reproﬁuctron

by the headphoned&asbmeliswseashd dfgVisy gkotbe leuelés%xa gaseg,As will be
clear fromthe above-descri bed results, 20 if the I ength of the duct 7,

and/ or t he xeudwiiddlypdes oghewet DRNEIEESED e5et NEwE3EPLEgoRBRER al are
varied, it is possible to carry out the acoustic control. FIG 5 is a gra

resul ts of fummeerayy dhetiesphode o5. theeqoeasyichaiacteei 6 €ha of the

prior art.25 earphone and the response vs.frequency characteristic b of
S earphone is decreased by the inductance (mass) Ld of the

.duct 7 so as to become a fregquency fo lower than the lowests

k\s/ resonance fraquency fo of the speaker unit 1 itself.
Siﬁilarly, as shown in FIG. 4, the acoustic resistance Rb,
which is in parallel to the acoustic resistance Ld, is made

10.small,the freguency fo becomes high, whereas if the acousti
resistance Rb is made large, the middle frequency range
becomes low. Consequently, it is_necessary to select the
acoustic resistance Rb to be a proper value relative to the
acoustic resistance Ld.

15 With respect to the high freauenc; range, if the
acoustic resistance Rb is made large, the level in a high
frequency range necessary for the reproduction by the
headphone can be increased in view of the auditory sensa.

As will be clear from the akove-described results,
201if the 1ength of che duct 7, and/or the member 1l made of
urethane resinhas the damping material are varied, it is

possible to carry out the acoustic control.

FIG. 5 is a gra %é.fcm‘_,g\fesults of comparlng the

‘Aﬁgrarggtisfiﬁia of the prior art
fliod WER %
¢5earphone and the res epséW@§- ﬁeequency characterlstlc b of
'!M A% i
the earphone having the duct of mefiln diameter) x 6mm

response vs. frequenc

.\ /
e

:.._?\;__"rl e
il [T

A



t he earphone having the duct of 2mm.in dianmeter) x 6nmm -9- (in length) .
according to this invention, Fromthis graph of FIG 5, it w,l | be seen
that the | owest resonance frequency [err] is |lowered from 220Hz ,t @ 160Hz
and also it wll be seen that the |level in the high frequency range near 2
to 6kHz 5 necessary for the headphone reproduction is increased. Ih this

case, the speaker unit 1 is I6mmin dianeter. Further, after the earphone L&_

was subnerged into the water, for exanple at 15cm deep for one mnute, the%:
wat er in the earphone was wi ped out by a cloth and the acoustic 10 '
characteristic thereof was neasured. The neasured results are shown on a
graph of FIG 6. As shown in the graph of FIG 6, it can be understood
that the original acoustic characteristH @ of the earphone is recovered
after about 5 to 10 minutes follow ng renoval fromthe water.. -In-the graph
15 og FI G {7 kerathk aceanféncesot hgiécéagtemi@mm &hom i th i crapedf -
before the earphone is subnmerged into the water, a curve c the acoustic
charact er iB¥Gc drekenvillvhRenSeRe kagsr tg dR¥ess RRFRRARES W TRINNRY by
the cloth,_a curyve d the_acougtic characteristic presented .5 mnutes after
the water B9 1% 19¥eesd phonB @40HZ ﬁ@dei@fgpzaﬁ&da aFv e e el RO1EIR
Smhgregcf)ﬁ[ 'Sl HESPNNET 1R ThaUhEEn ek ehube,"Yatlgd hddl® FALNGE, Vs

5 necessary for the headphone reproduction is increased. In
this case, the 'speaker unit 1 is 16mm ih:diaﬁeter.

Further, after the earphone has'Sﬁbmergea infb-fhe
water, for example at 1l5cm déep'for_oﬁe minute,'thé watéﬁ in
the earphone was:wiped out by a cloth and’ the acoustic “

10characte£istic thereof was measured.’ Thé'mea§ured.résuit§.
are shown on a graph of FIG. 6. As shown in the graph of
FIG. 6, it can be understood that the original acoustic
characteristic of the earphoné is recovered éfter éboutss to
10 minutes following removal from tﬁe_wéter..'ln the'gréph

1509 FIG. 6, a curve b indicates the acoustic chacteristic

PR

presented before the earphone is submerged into the water, a -/

curve ¢ the acoustic characteristic presenféd-éhen Ehe'wéter
in the earphone was wiped out by the clétﬁ, a curve Q'thé
acoustic characteristic presented 5 minutes afte? the water
20 in the earphone was siped out and a curv; g ﬁhé'écoﬁstic'.
characteristic presented 10 minutes after thérhatéfﬁinléhe
earphone was wipéd out. | | '. |
Furthermore, the éarpﬁéﬁéggf'thisﬁinveﬁtiqn was set
in an ear model and was subjeétediés the water shower for
25’thirty’secbnds._'Theh, the water in the eérphone &és wi?éan

out by the cloth and the acoustic characteristic thereof was



N

Furthernore, the earphone of this invention was set in an ear nodel and was
sibj ected to the water shower for .25 thirty seconds. - Then, the water in

* the earphone wds wi ped out by the cloth and the acoustic characteristic

s

~

t her eof was -10 neasured. The neasured results are shown on a graph of
FIG 7. As shown in FIG 7, the original acoustic characteristic of the

~earphone is substantially recovered after, about thirty mnutes to one hour

fremthe wiping of the water. In 5 the gﬂ hof FIG 7, a curve b indicates

the original acoustic characteistic and the acoustic characterjstic
present ed Fﬁ?F iFBer & IﬂﬁﬁSUEfﬂnﬁ%ﬁ¥¥t§rﬂf%*ﬁﬂ%ﬂﬂeﬂ?sﬁi%r%P%s%ﬁt%EGmhen

t he wat er the cloth, a curyve t he, acpustic

h d b
characteri fIC Eréggﬁpgggh#%§¥ﬁﬁg 6 3&9%5rﬂﬁPQ§ﬂ¥%wﬁZQr$%F?ﬁhstl

ear phone vvg;‘f %geg ggthoe‘réd & (‘#{P eﬁ?&%ﬁ cou%sé#%e%da %gt erl?sl?] pr esent ed

30 mi nutes-af ter t SWater in Ioth As

set forth ghoye, ﬂﬁq lidng u%télg%o% gégrcargrg rgie r%gvlps 44;%99% wStAFE tPfs

openi ng portlon the e ure ane 1esin

provi ded i eaahﬁrébanbfofrﬁ@e 9 id |k andid %ﬂéé'e Cél.efé"l&é are

subjected to the Wwater repellent treatnent, ere I1s t en an.advant age t hat

when the egepligrecokhiziadiedsiilc léﬂ@"é‘i@%dcﬁ:éﬁ@%él@é’cté&&“@éer its
original acoustic characteristic

presented just after one hour, a curve £ the charac.-rlstlc

presented when the water in the earphone is wiped out by the

N cloth, a curve g the acoustic characteristic presented after

10 10 minutes since the water in the earphone was wiped out ané
a curve b the acoustie characteristic presented 30 minutes
after the water in the earphone was wiped out by the cloth.

. As set forth above, according to the earphone of
thié invention, since the opening portion 7a of the duet“7,

15 the member 11, the urethane resin 13 provided in the front
of the grille 12 and the grille se:een 14 are subjected to
the water repellent treatment, there is then an advantege
that when the earphone of the present inventzon is
surbmerged 1nto water, its original acoustic characteristic

20will be reCOVe:ed.tapidly.-

As desctibed above, according to the present
invention, since the duct 7 is provided in connection with
the housing.z to pass therethrough the sound emanaged from
the rear surface of the speaker unit 1, the lowest resonance

25 frequency on the

decreased by the




~ 20wi 1 be recovered rapidly. As described above, according to the present ,
Il nvention, since the duct 7.is provided in -connection with the housing 2 to
pass therethrough the sound emanaged fromthe rear surface of thg:speaker
unit 1, the | owest resonance 25 frequency on the whole of the [err] .
equivalent circuit is decreased by the inductance (mass) of the dutt to
the * - 11 - frequency lower than the | owest resonance frequency of the ¢ :
speaker unit 1 itself, while with the respect to the high frequency range, >
the level in the high frequency range is increased by the resonance of the-
conpliance by the back-5 cavity 8 and'thq1eqyivalent mass of the
virbration systemso that the response in the |ow frequency.range and the
response. in Lok f{reqye e ot Ny 0 SEurt her .
Cinee the ofEPayenSY TeRiTiRed THE LAIG feSinaRa EFdnus i g e
t reat ment, pat.er Gan |be VAL RS o { O Ol egl reuolwthe sduct 7
and the |i k%sggwta a?ng'\e/!:gr% %néeg%]ﬁﬁ S eafépj)h%%%g} gﬂésu{)%regaég ?%t Igh%/a?lé%?& t he
original aceHsbhenelaranefd Slte Aedd® GRMEAORidh | ErbaubheyY eade 3 dl Y.
The above desc??p?i nre afes.tOjfpnpferreq 15?%%boﬁ?ﬁgnt  faphg I-nvention
but it willjherapeeEehy Wl rEddhdAxl fd £ RO Sompyi¥AaEbabiyOtheC Hadke
ef fected by one ; - o S e AR

5 cavity 8 and the equivalent mass of the virbration system so

KT P

e

that the response.in the ldw frééqehéy rangg and the
:eSponse'in gﬁe high fﬁéquénéy_fénéé_can botﬁlbe imp;ovedf ;;2}
| “Fﬁfthérmore, since the duct 7_aqd the like are |
subjected to.the'wate: répellent #;éatment, the water can be
10 prevented from énteriné'éh:ough_théiaﬁ6t 7.agai;§e 1ika SO
that éven:when tﬁis eaf?honé?ié suﬁﬁgrged intd water,'fhe
original'écoustic éharaééiistié.bf fhe earphone_will be
recovefed rapidly. | ._ o
| The:ébbve aescription reiatés_ﬁo a preferred
15 embodiment of the inveation but it will be appa;ént that
many modificationé.and'variations can bé'effected by.ong -
skilled in the'éft ﬁithout.ééparting”f:om_the scope;of

ﬁhe invention és defined by the appended clai@s.
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skllled in the art without departing fromthe scope of the invention as

de ined by the appended cl ai ns. .- 12 - CLAIMS 1. An earphone conpri sing
a housing. haV|ng a front opening; a speaker unit having front and rear
portions mounfed in said housing with the front of the 5 speaker

positioned& in said opening; a cavity in said housing formed between a rear

‘partion of said speaker unit and said housing; and a duct acoustically

CQgpIed to said cavity to | ower the | owest resonance frequency, said duct
conprising 10 an openi ng thrqpq%néald housi ng by which said cavity
and the rear outside of said housing co nicate with each other, said duct
being provided with a nesh thereacross which is acoustically transm ssive
whil e preventing the ingress of water into the 15 . cavity. 2. An
ear phone according to claiml1, in whicdhars d nesh is treated with a water
repellent. 3. An earphone according fo clTaim1l or 2, in which said nmesh is
of 100 to 200 nmeshed. 2Bn earphond. compréaipfone accordlng toclaim1l1, 2 or
3, In

a housing having a front opening;
a speaker unit having front and rear portions
mounted in said housing with the front of the

5 speaker positioned in said opening; a cavity in said

1 housing formed between a rear portion of said

speaker unit and said housing; and
a duct acoustically coupled to said cavity to lower
the lowest resonance frequency, said duct comprising
10 an opening through séid housing by which said cavity
and the rear outside of said housing communicate
with each other, said duct being provided with a
mesh thereacross which is acoustically transmissive
while preventin§ the ingress of water into the
15 ' cavify. _
KV/ 2. An earphone according to claim 1, in which said
mesh is treated with a water repellent.
| 3. An earphone according to claim 1 or 2, in which
said mesh is of 100 to 200 meshes.
20 . 4. An earphone according to claim 1, 2 or 3, in

which said duct is £ormed integrally with said housing.

1N AN



which said duct is formed integrally with said housing. - 12a - 5. An
ear phone according to claim.4, in which said duct has an opening. and said i
opening is termnated wth a cap having a through-hole. 6. An ear phone :}
according to claim5, in which the 5 nmesh is accommopdated in sai dscap. 7.

An ear phone according to any preceding claim further including a pﬁvrallty
of rear facing openings in said housing adjacent the perlphery of the ;”‘
speaker unit comunicating with the reajsguiside of the housi ng, each of 1@,;
said rear facing openings having acoustics danpi ng neans positioned

therein, and being treated with a water repellent. 8. An earphone
constructed and arranged to operate substantially as herei nbefore descrlbed
with reference to 155andAaseakpbotieatedordinbetaccdapanygi,ngndwhiichgsaid A
stereo or nonaural headset conprising a pair of earphones accordln% to any
one of the p¢%€§dhﬁ§ apagppgning and said openlng is terminated wit

cap having a through- hole.
6. An'earphbne'accordiné to claim 5, in which the
5 mesh is accommodated in said cep. |
_ 7. An eerphone according'ﬁo eny'preceding claim,i
further including a plurality of'teer'facing openings in
said housing adjacent the per1phery of the speaker unit . \_/)
communicating w1th the rear outside of the housing, each of
16 said rear facing openlngs hav1ng acoustzcs damplng means
posxtioned there1n, and belng treated thh a water
repellent. | |
| 8. An eafphdﬁe conetructed and etrenged to operate
substantially as herelnbefore described with reference to
15 and as illustrated'ln the:accompanying drawings.
9. A stereo'drlmonau:al headset ccmprising a pair

of earphones according to any one of the preceding claims.
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