DESCRIPTION ANTENNA 5 TECHNICAL FIELD [0001] The present invention relates to an
antenna provided with an unbalanced feed member and a conductor tube disposed on the outside of
the outer circumferential 10 surface of the unbalanced feed member. BACKGROUND ART [0002]
There is an antenna provided with a first waveguide 15 section having a predetermined length and a
second waveguide section leading to the first waveguide section and having a predetermined length,
the first waveguide section being formed of a core wire of a coaxial cable and a first insulator covering
the core wire, the second 20 waveguide sec%@&rﬁrﬂo%ed of a first conductor tube fixed to a
second insulator of the coaxial cable and a second conductor tube slidably attached to the first
conductor tube (see Patent Document 1). This antaagdzcan adjust the length of the second waveguide
section in such a 25 way as to enhance the efficiency of the antenna at a communication frequency by
moving the second conductor tube with respect to the first conductor tube in the length direction
thereot5 [OO(PEb?_R‘fzagnt PIOEEBem 1: Japanese Patent Appin. Laid-Open(KOKAI) N0.2002-100921

[ 0001]

The present invention relates to an antenna provided
with an unbalanced feed nenber and a conductor tube
di sposed on the outside of the outer circunferentia

10 surface of the unbal anced feed nenber.

BACKGROUND ART
[ 0002]
There is an antenna provided with a first wavegui de
15 section having a predetermned length and a second
wavegui de section leading to the first wavegui de section
and having a predeternmined length, the first waveguide
section being forned of a core wire of a coaxial cable and
a first insulator covering the core wre, the second
20 wavegui de section being fornmed of a first conductor tube
fixed to a second insulator of the coaxial cable and a
second conductor tube slidably attached to the first
conductor tube (see Patent Docunment 1). This antenna can
adj ust the length of the second wavegui de section in such a
25 way as to enhance the efficiency of the antenna at a
comruni cati on frequency by noving the second conductor tube
with respect to the first conductor tube in the |ength
di rection thereof.
[ 0003]
30 Pat ent Docunent 1:
Japanese Patent Appln. Laid-Open( KOKAI') No.2002-100921



DISCLOSURE OF INVENTION PROBLEM TO BE SOLVED BY THE INVENTION [0004] The antenna
disclosed in Patent Document 1 can change 5 the resonance frequency by moving the second
conductor tube in the length direction thereof, but the working frequency band (the used frequency
band) of the antenna covers only about 10% of the frequency band that can be used as an antenna,
making it difficult to expand the working 10 frequency band and impossible to use the antenna in a
wide frequebcgOa08RRVIDE blaRJENTO@Vver, this antenna cannot move the working frequency band
thereof to a higher b tﬂggw W ncy band thereof to a lower frequency
band. 15[00%%%%&@%}?& o?@\'dé%éns%\ﬁ i nﬁ oFg#)E/ide an antenna that can be used in a
wide band &0 0dih arbitrarily adjust the working frequency band thereof to a higher or lower frequency
band. 20 MEANS I%ﬁ)é? %QtLVINg F(?ljl?g LEM é0006] Pat A é@re ise of th piesgg't,]mv%tlon to solve

. enn osed 11 e umen n
the problems describéd above is an antenna mclqung An 25 unbalanced feed membBer ang a

condué&or tube drmeeammethéroemie@pf/t@/ommv bmqjmfwegm @mdacemxﬂum unbe@labeed feed
member, thfary‘n[bﬂg;\npgq ?%d H}ep%kbetri|%ﬂuglﬂgrae&‘8§dmglﬁecpﬂ% h%lpgi%ggfsllgnt%‘w length and

a passive section leadingto the feeding section and 30 having a predetermin 7] A
feature of thapbséhtiaveriRm Hasedwsnt apand)prarhisé ethanthenduhdaotee tgbedBliyrmed of a

resonant  apout 10% of the frequency band that can be used as an

antenna, making it difficult to expand the working
10 frequency band and inpossible to use the antenna in a w de
frequency band (a wi de band). Moreover, this antenna cannot
nove the working frequency band thereof to a higher
frequency band or nove the working frequency band thereof
to a | ower frequency band.
15 [0005]

An object of the present invention is to provide an
antenna that can be used in a wide band and can arbitrarily
adjust the working frequency band thereof to a higher or
| ower frequency band.

20
MEANS FOR SOLVI NG PROBLEM
[ 0006]
A premse of the present invention to solve the
probl ens described above is an antenna including an
25 unbal anced feed nenber and a conductor tube di sposed on the
outside of the outer circunferential surface of the
unbal anced feed nenber, the unbal anced feed nenber
including a feeding section having a predeterm ned |ength
and a passive section leading to the feeding section and
30 having a predeterm ned | ength.
[ 0007]
A feature of the present invention based on the above

prem se is that the conductor tube is fornmed of a resonant



conductor tube located on the outside of the feeding section of the unbalanced feed member and
covering the feeding section and a ground conductor tube located on the outside of the passive
section of the unbalanced feed 5 member and covering the passive section, the conductor tubes and
the unbalanced feed member are electrically fixed via a fixing unit, and the feeding section of the
unbalanced feed member has an exposed portion with a predetermined size, the exposed portion

exposed fraro it ¢ 0 sesonardieonidactar édbe ontwarlan tbatlen'gjb direction leerepb 00O  As an
example of the resentl ventP n, theg%lftance the inner umfe (?:tlal surface of I-b ground 15

conductor t36& (5 e 08 er c%m'rg?‘ & rfAce 8fetﬂe d se of NE LhBAancad feed
member is inetbdiragges ot 8 it@ .2 aomih. Eﬁ)O@QpAsmnommimxam’ple ubmelmeserudn\mntlbhethe 20

distance from{he mnercrcupﬁgrentg gurface g% eﬁongptc uctorgu.éli)e {ot c rofthe

feeding section of%e uRbalanced feaa hember is in the range o ] s another
exampfe ofmm‘pfﬂfseramﬁt/emmremmglstah@ fioas tevianes ectumlfereritlbesurfamuf:therground

conductor tjibe Iq.t %“tFF@'r%‘HBEq‘E ; UFfRCR o, ‘?S%Yees tlepé‘t?f tbg L\;}Zaﬁr&?&{} feed

member is greater than the distance e inner circum erentlal surface o resonant
conductor tMbé@ to the ddrxémgr thélfédding 8éctiontdfene LiaBdianged f&et inembedf [00LDEAs another

example of thg BreseRLventen. Nfenber has an exposed portion with a

predeterm ned size, the exposed portion exposed from the

10 resonant conductor tube outward in the length direction

t her eof .
[ 0008]

As an exanple of the present invention, the distance
from the inner circunferential surface of the ground

15 conductor tube to the outer circunferential surface of the
passive section of the unbalanced feed nenber is in the
range of 8 to 12 mm
[ 0009]

As another exanple of the present invention, the

20 distance from the inner circunferential surface of the
resonant conductor tube to the center of the feeding
section of the unbal anced feed nenber is in the range of 4
to 10 mm
[ 0010]

25 As another exanple of the present invention, the
di stance from the inner circunferential surface of the
ground conductor tube to the outer circunferential surface
of the passive section of the unbalanced feed nenber is
greater than the distance from the inner circunferenti al

30 surface of the resonant conductor tube to the center of the
feedi ng section of the unbal anced feed nenber.

[ 0011]
As another exanple of the present invention, the



unbalanced feed member is made of at least first and second conductors and a first insulator of the
first conductor, the first insulator covering the outer circumferential surface of the first conductor, the
second conductor 5 covering the outer circumferential surface of the first insulator, and a second
insulator covering the outer circumferential surface of the second conductor, the feeding section of the
unbalanced feed member is formed of the first conductor and the first insulator, and the 10 passive
section of thaenbabalaveed fesstimenrissiis faymendef ajfleast the fisst andrsstcoad ¢osduoiads and the
first insulator of the first and s§condﬁond ctors ar]d tfhe first{ang(ﬁ%c?d iniulators 0%12 15As

ion' O¥thé LhB &

another exa(?’RBl uo%ttl% %re%@ tifive {i{)r?, in IS n%{seg lance émber,a
predetermindtelenigiin sf the firstutamductocisvexposgd duteara troer theclinst instiEt@minithé length

direction therger. 20100431 | die anqthes example of e presant inventign.fo the gl opductor
exposed from the Tirst insulator in the feéding section, a third conductor having a predetermined length
is elecBicallydixedi 25[0014 ouAsanotheraxahesient tdd presarftameentidn, tohtee finst sbnductor

exposed fr he fitst insul in the feedi ectian, ird insul ing ed ined length
is fixed. 30?(5%%@? HIE EXS an?.)%ﬁlrgr egam% e% otﬂtﬁe Jr@%éﬂt%\%ntio%,giﬁéeﬂr?s{g]naﬁtﬁcéon u%rttrc])%r'r':ube, the
ground con@u¢tod idi®y, eintithe exposddgertioniof tHehfeedinga@iatdon aandwvadred withtah&over

member haying 4 Rpdsiermmingd BemikYiItJA9t6hced feed menmber is formed of

the first conductor and the first insulator, and the
10 passive section of the unbal anced feed nmenber is forned of
at least the first and second conductors and the first
i nsulator of the first and second conductors and the first

and second i nsul at ors.

[0012]
15 As another exanple of the present invention, in the
feeding section of the unbalanced feed nenber, a

predetermned length of the first conductor is exposed
outward from the first insulator in the length direction
t her eof .

20 [0013]

As another exanple of the present invention, to the
first conductor exposed from the first insulator in the
feeding section, a third conductor having a predeterm ned
length is electrically fixed.

25 [0014]

As another exanple of the present invention, to the
first conductor exposed from the first insulator in the
feeding section, a third insulator having a predeterm ned
length is fixed.

30 [0015]

As another exanple of the present invention, the

resonant conductor tube, the ground conductor tube, and the

exposed portion of the feeding section are covered with a



As another example of the present invention, the cover member is made of thermoplastic synthetic
resin. 5 EFFECT OF THE INVENTION [0017] In the antenna according to the present invention, in-
tube resonance is produced in the feeding section and the 10 resonant conductor tube covering the
feeding section and resonance is produced in the passive section and the ground conductor tube
covering the passive section, making it possible to obtain a plurality of resonance frequencies, which
allows a pluralitg rof merkiog fremiengies tpliedwxédhito edchetingrtands/inayes it possible to expand
the working, f ncy band in the antenna. The antenna can transmit or receive radio waves in all the
bands of thla{&o%l frequency band and can be used in a wide frequency band (a wide band). Since
the antenna can adstranlytseetheesiaepl e of the present invention, the cover

menber i s made of thernoplastic synthetic resin.

EFFECT OF THE | NVENTI ON
[0017]
In the antenna according to the present invention, in-
tube resonance is produced in the feeding section and the
10 resonant conductor tube covering the feeding section and
resonance i s produced in the passive section and the ground
conductor tube covering the passive section, making it
possible to obtain a plurality of resonance frequencies,
which allows a plurality of working frequencies to |lie next
15 to each other and makes it possible to expand the working
frequency band in the antenna. The antenna can transmt or
receive radio waves in all the bands of the wusable
frequency band and can be used in a wide frequency band (a
wi de band). Since the antenna can arbitrarily set the size
20 of the resonant conductor tube, the size covering the
feeding section, and can arbitrarily set the size of the
ground conductor tube, the size covering the passive
section, it goes wthout saying that it is possible to
change only the size of the resonant conductor tube, the
25 size covering the feeding section, and change only the size
of the ground conductor tube, the size covering the passive
section, and it is possible to change both sizes. The
antenna can nove the working frequency band thereof to a
hi gher or |ower frequency band by changing at |east one of
30 the size of the resonant conductor tube, the size covering
the feeding section, and the size of the ground conductor
tube, the size covering the passive section, and can

arbitrarily adjust the working frequency band to a higher



20 of the resonant conductor tube, the size covering the feeding section, and can arbitrarily set the
size of the ground conductor tube, the size covering the passive section, it goes without saying that it
is possible to change only the size of the resonant conductor tube, the 25 size covering the feeding
section, and change only the size of the ground conductor tube, the size covering the passive section,
and it is possible to change both sizes. The antenna can move the working frequency band thereof to
a higher or nwerdvaguency dpaaddy dwamngling at least one of 30 the size of the resonant conductor
tube, the sie%éié ring the feeding section, and the size of the ground conductor tube, the size
covering th Ve section, and can arbitrarily adjust the working frequency band to a higher or
lower frequency bamd.t he antenna in which the distance from the inner

circunferential surface of the ground conductor tube to the
5 outer circunferential surface of the passive section of the
unbal anced feed nenber is in the range of 8 to 12 mm by
setting the distance in that range, the reflection
efficiency (resonance efficiency) of radio waves between
t he passive section and the ground conductor tube covering
10 the passive section is optimzed, making it possible to
resonate the passive section and the ground conductor tube
efficiently. As a result of the feeding section and the
resonant conductor tube resonating efficiently and the
passive section and the ground conductor tube resonating
15 efficiently, the antenna <can obtain a plurality of
resonance frequencies, which allows a plurality of working
frequencies to lie next to each other and nakes it possible
to expand greatly the working frequency band in the antenna.
The antenna can transmit or receive radio waves in all the
20 bands of the usable frequency band and can be used in a
wi de frequency band (a w de band).
[ 0019]
In the antenna in which the distance from the inner
circunferential surface of the resonant conductor tube to
25 the center of the feeding section of the unbal anced feed
menber is in the range of 4 to 10 mm by setting the
distance in that range, the reflection efficiency
(resonance efficiency) of radio waves between the feeding
section and the resonant conductor tube covering the
30 feeding section is optimzed, mneking it possible to
resonate the feeding section and the resonant conductor
tube efficiently. As a result of the feeding section and

the resonant conductor tube resonating efficiently and the



[0018] In the antenna in which the distance from the inner circumferential surface of the ground
conductor tube to the 5 outer circumferential surface of the passive section of the unbalanced feed
member is in the range of 8 to 12 mm, by setting the distance in that range, the reflection efficiency
(resonance efficiency) of radio waves between the passive section and the ground conductor tube
covering 10 the passive section is optimized, making it possible to resonate the passive section and

the ground pasdilcter telee effwientiyndAsteheesylt otithe: fershoy seottontautskthe ezsomant agnductor
tube resonat'glg. efficiepg/and e passive section and the ground conduct rtubg.r sonati?g 15

efficiently, thie Antdrila can obtalha pIaFgIﬁ/rIBPresgﬁzghceq etq%fe'ﬂcieg, whlch Bitows % pIL?raIity of
working freqesumnes telid neque rack othastanthmakéoivpossilpleuo &xpapd gfeatlyriké mgrking
frequency hand jn the antenna. The antenna can trapsmit,or receive radio waves in all.the 20 bands of
the usable ré§u unecryl/%t')fngd r}'a[lr% lcér% bgéuxstec? i?l) aev%%% f(r)e{qhueernc%/l%%nra%(agvvsld{etbaﬂafibg)‘iﬁ] In the
antenna in Wickxperistgneafroyn theeinmer &rownfieretisd sasfataofithenresbrandoeiogtor tube to

25 the centey, af the,fREAING SEA1QT %%‘E‘@%F‘%P”FSQJ?%”@&H% '%vﬁ}/@se ' ﬁg%Pf 4{@ 40 mm, by

setting the distance in that range, the reflection efficiency (resonance efficiency) of radio waves
between th®dstingodectitie ans &Y sdianwendictbente aoderipghd 80 feethgisection is

optimized, Makinosit gg]?é'p]la;o 6%?&{18(2% the E?@qy%agction and the resonant conductor tube

efficiently. As a result of the feeding settion and the re$onant conductor tube resonating efficiently and
the passivd 88&fln and the ground conductor tube resonating efficiently, the antenna can obtain a

pluraljty of resonange freguengieanWRICH RlQws pIurally af WPHIRETGUSRCIERJO ligAgXt to each

other and makes it possible 5 to expand greatly the working frequency band in the antenna. The
antenna caf tfapdffiesreRbbRk radiol gt diNReBrdb!eRa dushiarfrddiRAch DahB&ind can be

used in a wilg Eeaugncy ianet @nviog basigh s [e0b1OlnHbe ﬁeﬁ'&%ﬁ ReeiNSWAIE &he distange from the

inner circumferential surface of the ground conductor tube to the outer circumferential surface of the

passive seioRARE BALAIFEEdTEER Fheniver & GRERS tHdtPthe BREEEHAN R ihnam
circumferentigésiiiaes oicihedeaeRRIYMONGUCHNr f ace of the resonant conduct or

15 tube to the outer circunferential surface of the feeding
section of the wunbalanced feed nenber, the reflection
efficiency (resonance efficiency) of radio waves between
the feeding section and the resonant conductor tube and the
reflection efficiency (resonance efficiency) of radi o waves

20 between the passive section and the ground conductor tube
are optimzed, making it possible to resonate the feeding
section and the resonant conductor tube efficiently and
resonate the passive section and the ground conductor tube
efficiently. As a result of the feeding section and the

25 resonant conductor tube resonating efficiently and the
passive section and the ground conductor tube resonating
efficiently, the antenna can obtain a plurality of
resonance frequencies, which allows a plurality of working
frequencies to lie next to each other and nmakes it possible

30 to expand greatly the working frequency band in the antenna.
The antenna can transmt or receive radio waves in all the
bands of the usable frequency band and can be used in a

wi de frequency band (a w de band).



15 tube to the outer circumferential surface of the feeding section of the unbalanced feed member, the
reflection efficiency (resonance efficiency) of radio waves between the feeding section and the
resonant conductor tube and the reflection efficiency (resonance efficiency) of radio waves 20 between
the passive section and the ground conductor tube are optimized, making it possible to resonate the
feeding section and the resonant conductor tube efficiently and resonate the passive section and the
ground confloc1 jube efficiently. As a result of the feeding section and the 25 resonant conductor

tube resonating efficiently and the passive section and the ground conductor tube resonating
efficiently, the antgr{haqc‘iﬁ o] 'ir? Erb%rélny meggn;{n & fr aﬁéﬁ(ﬁgs a/%?cth' zﬂn)wg?a ptlalhglity of
working frequdradiestelie hexddoreachenthersaricdmakds df pddsélé 3090 expadd greatlyathe working
frequency hand in the aptenna. T ntenng can transmit or_receive radio, waves in.all the bands of
the usable?ﬁgo%luenftcly/rb%{:ld a{n%sggr% gg Fuse Pn(?a V\%g fre (égnsclyvt?andg (%gvtvfd%érban%s. [Ogﬁﬁ In the
antenna in whizhl the feeldihg sdctimmbicthe iumbatanced fedd mieniberdd farimedfdftisé findonductor

and the firsd%ié‘étiﬁ&m@d}%t&‘@tpc?rséivsh cligr of V\esff ”?ﬁ@@.i‘%%?ee&m?ﬁ‘ge? isifofmeg g at least
the first and second conductors and the first insulator of the first and second conductors and the first
and secondsigglatbrs ahdueéding sabtiort &ed frig’ Bsonatt coREBDr tuRUEALeRIng, thé eeding

section resgnalaiable e dhe RARPIVEHO SElomand theaHaued spndustr s, gayariga the

passive section resonate reliably, making it possible to obtain a plurality of resonance frequencies,
which allowseplUreRgiot dvorkrigf frfue @89 i€ neketo ety etherhd faResRBEEssiSle to

expang the (rkingregiigney, Qa'éﬂ dand thoAHGEN8r THE BRI SANHERNSHEL YA85eHyE radio

waves in all the bands of the usable frequency band and can be used in a'wide frequency band (a
wide band) S@O2LPThe 88@RARSN WRldhal the f8BHhYSettionRITRE PORINbAIaRBE@fdEdanember, a

predetermingd,leaph 9f thefirst Ganglyigtdtde exposed weheaisirom {fg et ingllaienin thg length
direction thereof can move the resonance point of the feeding section and the resonant conductor tube

to a higher Bbir dhhkikg A podiblid REmbUEMENoiGRgt O 11€ next to each ot her

and makes it possible to expand the working frequency band
15 in the antenna. The antenna can transmit or receive radio
waves in all the bands of the usable frequency band and can
be used in a wide frequency band (a w de band).
[0022]
The antenna in which, in the feeding section of the
20 unbal anced feed nenber, a predetermned |length of the first
conductor is exposed outward from the first insulator in
the length direction thereof can nove the resonance point
of the feeding section and the resonant conductor tube to a
hi gher point, making it possible to nove the working
25 frequency band of the antenna to a higher frequency band.
The antenna can arbitrarily adjust the working frequency
band to a higher or |ower frequency band by changing the
| ength of the exposed portion of the first conductor in the
feeding section. In the antenna, the feeding section and
30 the resonant conductor tube covering the feeding section
resonate reliably, and the passive section and the ground
conductor tube <covering the passive section resonate

reliably, making it possible to obtain a plurality of



25 frequency band of the antenna to a higher frequency band. The antenna can arbitrarily adjust the
working frequency band to a higher or lower frequency band by changing the length of the exposed
portion of the first conductor in the feeding section. In the antenna, the feeding section and 30 the
resonant conductor tube covering the feeding section resonate reliably, and the passive section and
the ground conductor tube covering the passive section resonate reliably, making it possible to obtain
a plurality of egsamance fieqegoeinsi wbichwtipwis agdllmlity ef vorkingl frequentiendo kie mgxt to each
other and makes it possible to elx and th Workin%efrequgiﬁey band, in the antenna and.traILnsmit or

n ¢ 'i@%&ﬁ

receive radio WaVES 1 aﬁfsthteona d% JteA 5thsa% Cﬁ’ec? y I&{hdd A Tﬂgsa%'tg fain which,
to the first doodwctpraexposée frovartke higst insalzuen aythitthindulator hawengean pesdeteramed length is

elect_rically {i>§eadn%arxﬁ Ppti(grrlizer %% é/iSY\:(\e/R I(\é%nage \%,g%ed%ingi Vﬁav lrrat_iq)haé a@tj%h dgea#fen?%vgithin the
working frequency band and move theé resonance point of the teeding séction and the resonant
conduéor tulseld e Higresrymyiaty nfzkindy it possible to move the working frequency band of the
antenna to g(grpkgr frequency 15 band. The antenna can arbitrarily adjust the working frequency band
to a higher or lower frequency band by changing the length of the third conductor which is fixed to the

first conductor. In theearaévirgi) niBe ferdigl Betiort and tiee resbsant conductbptubexjeddg the
feeding 20 edfian asanats reliably, aogthe passive secfipp @nd; the graung copdygipgtube covering

the passive section resonate reliably, making it possible to obtain a plurality of resonance frequencies,
which allowRr£pgietiyonadrkingTeduerictes & BE hekec@l dach btheg dnd-dakeant pHdsisle

10 VSWR (voltage standing wave ratio) at a high frequency
within the working frequency band and nove the resonance
point of the feeding section and the resonant conductor
tube to a higher point, making it possible to nove the
wor ki ng frequency band of the antenna to a hi gher frequency

15 band. The antenna can arbitrarily adjust the working
frequency band to a higher or Ilower frequency band by
changing the length of the third conductor which is fixed
to the first conductor. In the antenna, the feeding section
and the resonant conductor tube covering the feeding

20 section resonate reliably, and the passive section and the
ground conductor tube covering the passive section resonate
reliably, making it possible to obtain a plurality of
resonance frequencies, which allows a plurality of working
frequencies to lie next to each other and nmakes it possible

25 to expand the working frequency band in the antenna and
transmt or receive radio waves in all the bands of the
usabl e frequency band.

[ 0024]
The antenna in which, to the first conductor exposed

30 from the first insulator, a third insulator having a
predetermned length is fixed can optimze VSWR (voltage
standi ng wave ratio) at a |low frequency wi thin the working

frequency band and increase the resonance wavel ength of the



25 to expand the working frequency band in the antenna and transmit or receive radio waves in all the
bands of the usable frequency band. [0024] The antenna in which, to the first conductor exposed 30
from the first insulator, a third insulator having a predetermined length is fixed can optimize VSWR
(voltage standing wave ratio) at a low frequency within the working frequency band and increase the
resonance wavelength of the in-tube resonance of the feeding section and the resonant conductor
tube, makingnt pagsible ¢s omuectbe wforking fregeelcyghasddbialowantrequancy ésodambe antenna
can arbitrarily aqjust the working frequency band to a higher 5 qr lower freqyency band by changing
the length oﬁlﬁ]eghﬁrfaoihsma%@ﬁvhiéﬁk f&%d l[ot the ﬂf's?%%ﬁguc%o?. IHhean g'h%a,"{ﬁé & ng section
and the resbnafuznmnclyctoatubet aovaringther feédiageectgn emodateTiedaldnt anthtne qgassive
secti_on and JEEiqr?%rr]q f;()?ndéJ Jt%rstyb? ﬁ%vemigkjiontghefpraga'ig/g S,C(\akciti%r‘\le F]edsop%te ]areli%bﬁﬁeryaking it_
possible to obtain a plurality of'resonance frequencié€s, which allows a plurality or workmg frequencies
to lie nBxt toeatlovtierfareiomekey it pasdiblyy tocdvgragidnthe tvierkingnigé duesicy tdamdtihithel antenna

and ”a”?mitﬁé Q}?%‘“ti‘é‘? raghig 1y wayesgdn Q%&h%%a”i’ﬁé?f ‘PF%?P“ESW&'HSF%‘ band, [OPﬁgl Inthe
antenna in which the resonant conductor tube, the ground conductor tube, and the exposed portion of
the feeding@etatmare dobered egthi agoveeaidndber Badng 420 pesienaniinedqudtttioity, the

working fregugney dapdin My aeNNREXPAAGS O 1WA TeausRcy Banddy tg %ﬁrm%‘dty of the

cover member, making it possible to expand flrther the working frequency band in the antenna as
compared tbREcABRSA WHRCHS 8 tVer AEnbdlas abPUSEl . QBNHHE hRfenhd RaNn GRWSHINGr receive

radio ypves Hba'ng@é%@\?QS oEHS irbleLBtaneY Panfdand,canhatisrfl in@ Wesdigsauency band
(a wide band). [0026]
to obtain a plurality of resonance frequencies, which
allows a plurality of working frequencies to lie next to
each other and makes it possible to expand the working
frequency band in the antenna and transmt or receive radio
15 waves in all the bands of the usable frequency band.
[ 0025]

In the antenna in which the resonant conductor tube,
the ground conductor tube, and the exposed portion of the
feeding section are covered with a cover nenber having a

20 predetermned permttivity, the working frequency band in
the antenna expands to a lower frequency band by the
permttivity of the cover nenber, making it possible to
expand further the working frequency band in the antenna as
conpared to a case in which the cover nenber is not used.

25 The antenna can transmt or receive radio waves in all the
bands of the usable frequency band and can be used in a
wi de frequency band (a w de band).

[ 0026]

In the antenna in which the cover nenber is nade of

30 thernoplastic synthetic resin, the thernoplastic synthetic
resin has a predetermned permttivity, and the working
frequency band in the antenna expands to a | ower frequency

band by the permttivity, making it possible to expand



In the antenna in which the cover member is made of 30 thermoplastic synthetic resin, the
thermoplastic synthetic resin has a predetermined permittivity, and the working frequency band in the
antenna expands to a lower frequency band by the permittivity, making it possible to expand further
the working frequency band in the antenna as compared to a case in which the cover member is not
used. The antenna can transmit or receive radio waves in all the bands of the usable frequency band
and can befusethea 5 wide frequeneygband €2 wetke andhRIEMDES(ERIFANOdhO& DRAWINGS

[0027] FIG. a pers ective view of a enna shown as n 10.exam IG. 2isa
sectional V|8\?/qgﬁlél$é S&r?e [the § of FnGV\fl Iﬁ%agﬁg a%‘?ageram i[1g 5R eQ§rL1pH—J (%cg fixing unit;
15FIG. 4 is Bhdiagreine shawingranotlzersskampie of tedfiixmg vaitti 0 waves in all the

bands of the usable frequency band and can be used in a

5 wde frequency band (a w de band).

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0027]
FIG 1 is a perspective view of an antenna shown as an
10 exanpl e;
FIG 2 is a sectional view taken on the line 2-2 of
FIG 1;
FIG 3 is a diagram showing an exanple of a fixing
unit;
15 FIG 4 is a diagram showi ng another exanple of the
fixing unit;
FIG 5 is a diagram showing the correlation between a
di stance and a worki ng frequency band;
FIG 6 is a perspective view of an antenna shown as
20 anot her exanpl e;
FIG 7 is a sectional view taken on the line 7-7 of
FIG 6;
FIG 8 is a perspective view of an antenna shown as
anot her exanpl e;
25 FIG 9 is a sectional view taken on the line 9-9 of
FIG 8;
FIG 10 is a perspective view of a feeding section
shown as an exanpl e;
FIG 11 is a perspective view of a feeding section
30 shown as anot her exanpl e;
FIG 12 is a perspective view of a feeding section
shown as anot her exanpl e;

FIG 13 is a diagram showing the correlation between



FIG. 5 is a diagram showing the correlation between a distance and a working frequency band;

FIG. 6 is a perspective view of an antenna shown as 20 another example; FIG. 7 is a sectional
view taken on the line 7-7 of FIG. 6; FIG. 8 is a perspective view of an antenna shown as another
example; 25FIG. 9 is a sectional view taken on the line 9-9 of FIG. 8; FIG. 10 is a perspective view
of a feeding section shown as an example; FIG. 11 is a perspective view of a feeding section
30 shown agsnRttiergxeageest anfiGglivisve pettpes)ivangvaolia éediimgl section shown as

ave rato) and a b batd, £10- 241 U AUT CRoNing 1 =l Feth KRty Easbich in
circumferenmabduecobn of the @ntennd; é@énfibad adiiagrath smowihgtthe radfio diefchintensity 5
measured in a circ,yp&er%iall gir%cqﬂna%frtgﬁagﬁ%%aﬁg the radio field intensity
5 neasured in a circunferential direction of the antenna;
FIG 16 is a perspective view of an antenna with a
cover shown as an exanpl e;
FIG 17 is a perspective view of a cover nmenber shown
as an exanpl e;
10 FIG 18 is a perspective view of the antenna with a
cover shown in a state in which the antenna is installed in
t he cover nenber; and
FIG 19 is a diagram showing the correlation between
the VSWR (voltage standing wave ratio) and a use band of

15 the antenna with a cover.

BEST MODES FOR CARRYI NG OUT THE | NVENTI ON
[ 0028]
The details of an antenna (a sl eeve antenna) according
20 to the present invention wll be described below wth
reference to the acconpanying draw ngs, such as FIG 1,
showi ng an exanple of the antenna. Incidentally, FIG 2 is
a sectional view taken on the line 2-2 of FIG 1, the line
indicated with arrows, and FIG 3 is a diagram show ng an
25 exanmple of a fixing unit. FIG 4 is a diagram show ng
anot her exanple of the fixing unit, and FIG 5 is a diagram
show ng the correl ati on between distances L3 and L4 and a
wor ki ng frequency band. In FIG 2, a length direction is
indicated with an arrow A and a radial direction is
30 indicated with an arrow B. In FIGS. 1 and 2, the fixing
unit is not shown. In FIG 2, an unbal anced feed nenber 11
is shown in an uncut state.
[ 0029]



FIG. 16 is a perspective view of an antenna with a cover shown as an example; FIG. 17 isa
perspective view of a cover member shown as an example; 10FIG. 18 is a perspective view of the
antenna with a cover shown in a state in which the antenna is installed in the cover member; and
FIG. 19 is a diagram showing the correlation between the VSWR (voltage standing wave ratio) and a
use band of 15 the antenna with a cover. BEST MODES FOR CARRYING OUT THE INVENTION

[0028] The details & aarardamza (@Dsleese otarsw) eiccoittnqad & thecprestotihvestidewill be
described bglow, with reference to the accompanying drawings, such.as FIG. 1. showing an example of
the antennaﬂfncﬁ&len%@/,(kﬂqs. f%bg echibna v%‘@\fr?ark'eﬁ'o tﬁgsﬁhg)z-zegfﬁﬁd.'lr}%e'l edndicated
with arrows| and G d3 rea diagnamahowsmnamP5 eraniptt ofr a fixibg udi HI@. 4ieadegram
showing angther example of the fixing unit, and FIG, 5 is a diagram showing, the correlation between
distances L F‘aéne 43 Emtl‘:f%gwér ?n%(uﬁqéggﬂerlmtclyj/ ean!de% Ii T}I% Pl E%’%Q:fgtﬁalre%tiocnoi%srfr??ﬂgé'?ér& with an
arrow A, andanhdidlatireqtiohde 30%ddicated withra@cirrom B.domIGS, arand Rbikk. fixiddanit is not

shown. In Fﬂgsoa?gwnea'ﬁaaﬁ %Zeg e e Sﬂ“ﬁﬁyﬂcg‘gﬁdﬁ%ﬁ&%}& @Pz?kltészef@ antenna

10A is forme e unbalanced feed member 11 (a coaxi e or a semirigid ca extending in a
length directibg, dicpaantcondudtbetubetloi(desicele)tdrRl sogriotihd ebndubtbeiudatiA(a sleeve),

and a connegfignya CORAUCH Juigienlit EenERNEFHRIY CORAUSLR t40e) A HE Te3PRARE GoRdugtor tube

12 and the ground conductor tube 13 are disposed on the outside of the outer circumferential surface
of the unbala®egtife6dl FRGHHAN 1 and extend in a length direction. 10[0030]  The unbalanced
feed mg:mb[sbégg' made of a first conductor 15 (a central metal conductor), a first insulator 16

covering the outer circumferential surface of the first conductor 15, and a second conductor 17 (an
outer metal The wunbal anced feed nenber 11 is made of a first

conductor 15 (a central netal conductor), a first insulator
16 covering the outer circunferential surface of the first
conductor 15, and a second conductor 17 (an outer netal
15 conductor) covering the outer circunferential surface of
the first insulator 16. In the unbal anced feed nenber 11,
the outer circunferential surface of the first conductor 15
and the inner <circunferential surface of the first
insulator 16 are firmy fixed to each other, and the outer
20 circunferential surface of the first insulator 16 and the
inner circunferential surface of the second conductor 17
are firmy fixed to each other. The unbal anced feed nenber

11 has a feeding section 18A set at a length of about A/ 4
and a passive section 19 leading to the feeding section 18A
25 and having a predeterm ned |ength. The feeding section 18A
Is formed of the first conductor 15 and the first insulator
16, and the passive section 19 is forned of the first
conductor 15, the first insulator 16, and the second
conductor 17.
30 [0031]
Incidentally, in addition to the first conductor 15,
the first insulator 16, and the second conductor 17, the

unbal anced feed nenber 11 may include a second insul ator



15 conductor) covering the outer circumferential surface of the first insulator 16. In the unbalanced
feed member 11, the outer circumferential surface of the first conductor 15 and the inner
circumferential surface of the first insulator 16 are firmly fixed to each other, and the outer 20
circumferential surface of the first insulator 16 and the inner circumferential surface of the second
conductor 17 are firmly fixed to each other. The unbalanced feed member 11 has a feeding section
18A set at 4 lemgthstiabout X6vand agassige sectian 19 lkeadingeodhe ifegdingiséction 18A 25 and
having a prgﬂl%éermined lepgth. Th§ elgding S ?tion 8A is formed of the firsté:?}nductor 15 and the
r 186, e :

f
first insulat and 1" Bassi$ettioR 19 is formed b thte Ir3t coh@ator 15, 1Re fil%ﬂnesrulator 16,
and the secoindcomidectntli7zaBo0®oBLace lo€idehillyan@additioariddlee &irst t@nduddort e the first

insulator 16, g the.sgeqnd qonductar; 17, (g nlalanced fged memper L mav,ngluds a second
insulator (not's OWI‘(I:) covering the outer circumferéential surface of the Second conductor 17. In this
case, the offiter eiryurhiexemtial suréscghofahd eecorahcbriduetop a3 sinceths éaiaraircddfarential

surface of t nd.insulator fir i tq each ot a passive;section 19 is formed of
the first con%%ﬁ';)ﬁ% 5do l'!l;1elﬂflfjk}§t) ir]?srﬁlgt%rr?gr{@g%e%[)ng %bngﬁi?oﬁfi%da]tsﬁey gletiﬁifinsll%ator.
Conductivetriétal Sitetoaslaludiiii o ebppek can brngsedtfbethe Sestard seicoadlcahductors 15 and

17, and 10 germoplasiie sypthaticJgRip (Mspaiiguian, fiospcar BP%‘?S@M"H@ theAerpyfivity of

plastic) can be used for the first and second insulators 16. [0032] The resonant conductor tube 12 is

made of cohfictivd 16 $lhetal d1ith a8 @RAhumM ©PRAPEED ' islformedy mdiding théle a
cylindrigal shagenbpe é%%qf@négwﬂ%&t%tup%éﬁﬂs catedpn fheuputpideaf o geter sgRUMTerential

surface of the feeding section 18A of the unbalanced feed member 11 and covers the outer
circumferert@$ sirfEaVoD thESedffdsbédon 18A. OfhefbadingDeckdi 188 ot§RrUnbalanced feed

member 11igplageddhroyedn thedspenaicongdusios tulke 12. The feeding section 18A is divided into
an exposed portion 20 with a predetermined size, the exposed portion 20 exposed from the resonant

conductor th8935112 outward in the length direction (forward in the length direction) of the conductor

tube 12, and an umay®osed patien 2donidetspdetareingg size, thadwexposedmiten ¢é extending
to the inside of the resonant conductar tube 12 and entirely covered with the conductor tube 12.

30[0083] B groBHE oAU IBE T ¥ mSRBRR chnB0tiVeS mbR TEEHYs RIS or copper)

and is formed blyaneldingcipl hawgra eglindsicapshapend heegyonadcooduetat tuhre 13iisdogated on the
outside of the oHter circumferentia| surface of the pﬁisive section 19 of the unbalanced feekd member

11 and covérs t eo&%fagircﬁ&f& ial A HRLEDf t pa{&%/e QLRI 19 ThEP85RRYeRtion 19 is

placed surface of the feeding section 18A of the unbal anced feed
menber 11 and covers the outer circunferential surface of
20 the feeding section 18A. The feeding section 18A of the
unbal anced feed nenber 11 is placed through the resonant
conductor tube 12. The feeding section 18A is divided into
an exposed portion 20 with a predetermned size, the
exposed portion 20 exposed fromthe resonant conductor tube
25 12 outward in the length direction (forward in the |ength
direction) of the conductor tube 12, and an unexposed
portion 21 with a predeterm ned size, the unexposed portion
21 extending to the inside of the resonant conductor tube

12 and entirely covered with the conductor tube 12.

30 [0033]

The ground conductor tube 13 is made of conductive
nmetal (such as alum num or copper) and is fornmed by nol ding

to have a cylindrical shape. The ground conductor tube 13



5 through the ground conductor tube 13. The passive section 19 is divided into an exposed portion 22
with a predetermined size, the exposed portion 22 exposed from the ground conductor tube 13
outward in the length direction (rearward in the length direction) of the conductor tube 13, 10 and an
unexposed portion 23 with a predetermined size, the unexposed portion 23 extending to the inside of
the ground conductor tube 13 and entirely covered with the conductor tube 13. To a back end of the
exposed parkon|22caxtpasedoiiom the goaitrsl cendudtor tilee 1Suasonngaten2d sr eatiaghed. [0034]
The connection conductﬁr qatfj&de 14 is made of ¢ nductixL me&al (gs}lejch as aluminum,or. C()éjé)er) and is
e

formed by r’ﬁledinabcf% ha ‘?/ano%Pc%ﬂ ¥ﬁap%‘?"r £ Wnnectih 2 Snd{m g?lﬂ&g(hiig etween the
unbalancedfeetienerberadridarcbtherresarent ooh@ductar tuberiPaarehalsallies betveaan thé

unbalanced feed member 11 and the grqund cqnductor tube 13, The. inner circumferential surface of
the conneg[[l@gco%a u?:{ovregwS eccllél %rglgé%nr'icacl@%xéogtsogth\é%u?eeﬁcz%' cireum erér?tiaPi&r%cae of the
unbalabced feedugémbdiel 1g(toe ndtee eirdunterentialisarfdd@ ofthe spemsl vendsietdrilan via the
fixing unit, thg outer cir erential surface thereo rﬁ% jcally fi the,igner gircpymferential
surface of t e6 res‘o%ant?]gcr)wdﬁ%gr tu§b%elf%1 vigﬁhe f%(k? g %%t%nit,e‘agr?ée tﬁ}éﬂout?rgcircﬁm eﬁenteé;ll surface
thereof is elecaitellg fikkd et inder tiduratapestd spefaté on thg@updsemdbic@mntdbie 13 via the

fixing unit. r[gpﬁﬁlnd dohal EamPle gidhe Bxing ik, as ShAWR i FlfGs iy ApCiaVY ée A Pe used. In

the resonant conductor tube 12, the ground conductor tube 13, and the connection conductor guide
14, screw hole&226'BEfetratiridehenothe rétiae stdirklio®thdreef sRMBHGEA! Int et dctew hole

26, a pgrewgrgoys (A SRS NP yichhineserew diyegd of MesEP Frotp fdfesdds frmed. When

the screws 25 are screwed into the screw holes 26, the screw threads of the screws 25 are fitted into
the screw grOERASRAe BEFdW 20 hdRes®6, di BfthkSahitetihBSirdescPéws S gga N enter the

screw holes; 36 @fi tesondustor iupes@ ant 13 ang theogwired 4nhenithe sesMsRR BRter the

screw holes 26, the conductor tubes 12 and 13 and the guide 14 are connected with the screws 25,

the screws 2HBffesk®s tHeP 15 HEE 4 BRHInST thE BRiteF CRESFTer@Nidl sBFace ofehB S Bdlanced

feed member din(theneutey cianafentalizuréace plithe saend gondusaetilothe ayide 34 and the
unbalanced feed member 11 are fixed, and the conductor tubes 12 and 13 and the guide 14 are fixed.

Wherlthey &t 86'&%8d with the screws 25, the unbalanced feed member 11 and the conductor tubes
12 and 13 gredaqight into conduction via the guide 14. [0036] As another example of the fixing unit,

h in FIG. . i i
as shown'in The connection conductor guide 14 is nmade of

conductive nmetal (such as al um num or copper) and is forned
by nolding to have a cylindrical shape. The connection
20 conductor guide 14 lies between the unbal anced feed nenber
11 and the resonant conductor tube 12 and also |ies between
t he unbal anced feed nenber 11 and the ground conductor tube
13. The inner circunferential surface of the connection
conductor guide 14 is electrically fixed to the outer
25 circunferential surface of the unbal anced feed nenber 11
(the outer circunferential surface of the second conductor
17) via the fixing unit, the outer circunferential surface
thereof is electrically fixed to the inner circunferential
surface of the resonant conductor tube 11 via the fixing
30 wunit, and the outer circunferential surface thereof is
electrically fixed to the inner circunferential surface of
the ground conductor tube 13 via the fixing unit.
[ 0035]



25 4, a conductive adhesive 27 containing a conductive filler such as silver powder or copper powder
or carbon fiber can be used. The inner circumferential surface of the connection conductor guide 14
and the outer circumferential surface of the unbalanced feed member 11 (the outer 30 circumferential
surface of the second conductor 17) are fixed with the conductive adhesive 27, the outer
circumferential surface of the guide 14 and the inner circumferential surface of the resonant conductor
tube 12 are fixed wigh the conaluptiee afihadine 27 xantytheruter ciecusiferantinhsFfage @ the guide
14 and the inner circumferential surface gf the ground conductor. tube 13 are fixed with the conductive
% Witk the LinddVe diiEel el

adhesive 27 WHER theyargdkedS Wi ﬁ‘?,st%%toa%%% H%&H member 11 and the
conductor tubes 32 andd 3caredwougit intobeoniiBctiamda ttie goideriel {0@3Y7] ddwedanteoma 10A

allows the sjze Li of resonant 1 n%uc tube 12, the.size Li covering the feeding.segtion 18A,
and the sizgﬂbldo? th%lgrwgr% iea"ﬁdﬁé@? ube 3,pt réesﬁzrea br&%verﬁgg éﬁagsﬁ?/% scrac%o'ngf& to be
arbitrafly seli. tretie amerinzel@ofit gaes withoueshying thaeaddpossibéto lshbrgeshly the size Li of

the resona u , iz Lj ring the feedin ' nd chapge only the
size L2 of tgggfgg%%byﬁc?&%ﬁbg?%%?e s‘i@g\éeZ{@givgﬁng? t%e ggfs%% @sgtft%)e}]algfanﬁ(ﬁ % is possible
to change bt @MheBizdssLi and L2A0038] dodonathnge/MersizEhe of 3its eysdnatft cardictor tube

12, the sizedld caygting e feeAIRg SEFUQN Hifelbe Jenath phthe [psgnant canguctay tuppd2 is

changed, a position in which the resonant conductor tube 12 is fixed to the guide 14 is moved forward
or rearwardSif'Lepgth25aiRclion, R dhd Rhgthtdfehe fdsewarlt @PdestoPtubbN® iSer&tyed and a

positigh in WhicBdhexgsonyy cogdudi@le sane time, the screws 25 gradually
enter the screw holes 26 of the conductor tubes 12 and 13
and the guide 14. When the screws 25 enter the screw hol es
26, the conductor tubes 12 and 13 and the guide 14 are
connected with the screws 25, the screws 25 presses the
15 guide 14 against the outer circunferential surface of the
unbal anced feed nenber 11 (the outer circunferenti al
surface of the second conductor 17), the guide 14 and the
unbal anced feed nenber 11 are fixed, and the conductor
tubes 12 and 13 and the guide 14 are fixed. \Wen they are
20 fixed with the screws 25, the unbal anced feed nenber 11 and
the conductor tubes 12 and 13 are brought into conduction

via the guide 14.

[ 0036]

As anot her exanple of the fixing unit, as shown in FIG
25 4, a conductive adhesive 27 containing a conductive filler
such as silver powder or copper powder or carbon fiber can
be used. The inner circunferenti al surface of the
connection conductor guide 14 and the outer circunferentia
surface of the wunbalanced feed nenber 11 (the outer
30 circunferential surface of the second conductor 17) are
fixed wth the conductive adhesive 27, the outer
circunferential surface of the guide 14 and the inner

circunferential surface of the resonant conductor tube 12



tube 12 is fixed to the guide 14 is moved forward or rearward in a length direction. To change the size
L2 of the ground conductor tube 13, the size L2 covering the 30 passive section 19, the length of the
ground conductor tube 13 is changed, a position in which the ground conductor tube 13 is fixed to the
guide 14 is moved forward or rearward in a length direction, or the length of the ground conductor tube
13 is changed and a position in which the ground conductor tube 13 is fixed to the guide 14 is moved
forward or repewdrixed ledgtin dirdrtioe.de0a8} Swmehadnhesinacl 0A7 petategn thesinoert er
circumferential surface of the ground c;}onductor tub{a 13 and .trgge ouie circumferﬁntial.surface of the

passive section“d b theUrbEancey e%(aemeﬂ{ber ﬂe(th%%'u I circ m%}gntig SurfAd8'6f the second
conductor 1)y predtetarennedbpace 2ad 6 isforniex, gindy bdtvweamdihetionert citveinifdreatial surface of

the resonant.conductor tube, 12 and the outer circumferential surface of the feeding sgction,18A of the
unbalance fe)éggmgmmgér H‘ ?thg N gr%?ir'c‘ﬁ?nf@%h%%’ %’l?rf:écz of?ﬁg ﬁrsﬁ ﬁ%la%rg 1 )', )p()Fe%etermined
space 29 1®iid forinee. AHbekstsec2 (3 fitdne thenipakavicarmfezedtiaisotface bt ttangrouimel conductor

tube 13tot ter, circumf tial ug th S$ i0 ft d feed member

11 (the outet;rgcrﬁdlcﬂ%r:%%rin%gﬁ%gfa%g o] taees‘ief%or%ép gor?é/l?%:@rﬁ%?;ﬁiﬁn%he@ Sr%élﬁ)?rgﬁo VZ%% 12 mm,

and is most prefegbbel Olthm. In the antenna 10A, the distance L4 from the inner circumferential

surface of tE@@ nant conductor tube 12 to the center of the feeding section 18A of the unbalanced
rii(

feed memb he center of the first conductor 15) is almost the same as the distance 25L3. [0040]
The antenna 10A allows the size L1 of the resonant

10 conductor tube 12, the size L1 covering the feeding section
18A, and the size L2 of the ground conductor tube 13, the
size L2 covering the passive section 19, to be arbitrarily
set. In the antenna 10A, it goes without saying that it is
possible to change only the size L1 of the resonant

15 conductor tube 12, the size L1 covering the feeding section
18A, and change only the size L2 of the ground conductor
tube 13, the size L2 covering the passive section 19, and
It 1s possible to change both of the sizes L1 and L2.

[ 0038]

20 To change the size L1 of the resonant conductor tube
12, the size L1 covering the feeding section 18A, the
|l ength of the resonant conductor tube 12 is changed, a
position in which the resonant conductor tube 12 is fixed
to the guide 14 is noved forward or rearward in a |ength

25 direction, or the length of the resonant conductor tube 12
is changed and a position in which the resonant conductor
tube 12 is fixed to the guide 14 is noved forward or
rearward in a length direction. To change the size L2 of
the ground conductor tube 13, the size L2 covering the

30 passive section 19, the length of the ground conductor tube
13 is changed, a position in which the ground conductor
tube 13 is fixed to the guide 14 is noved forward or

rearward in a length direction, or the length of the ground



By setting the distance L3 in the range of 8 to 12 mm, preferably at 10 mm, the reflection efficiency
(resonance efficiency) of radio waves between the ground conductor 30 tube 13 and the passive
section 19 is optimized, allowing the antenna 10A to resonate the ground conductor tube 13 and the
passive section 19 efficiently. Moreover, the reflection efficiency (resonance efficiency) of radio waves
between the resonant conductor tube 12 and the feeding section 18A is improved, making it possible
to resonatedbe desarant calucts tuke IChamd e feeading sensivint i1&efficienthy. dhcidengally, when
the passive section 19 of 5 the unbal nceiéeed mbe J%oisf rmed of heﬁi st.and second
conductors 45° 1?8”86%& Rlst %\Hagese nd ths la)fc?r(i 16, tﬁ;})]&is%wc L3418 the siZ8 YoM the inner
circumfererftial sanfaceoof theagraand condactbetnudpehl ta thetouwdear circumferential surface of the
second ConﬁUB?é]lo:L?' [0041] When the distance L3 is less than 8 mm, resonance of the ground
conductor tub and the passive section 19 of the unbalanced feed member 11 becomes insufficient
and 155resonancelof thdeesanteneendlotsr tiisd 12 end tthe feetivey sedtivauldeotthiel @balanced

feed memb omegs i ici ing 1 imﬂgs jble.t taina plurality of res e
frequenciesggrﬂ‘ gfgar%iheq%%ueiﬂé@ﬁd g]d:?le antgr‘f:]atl%ﬁ. wW g’; t%ﬁatlis)i[a?ﬁ%re §§'n§>g(§eeds 12
mm, the 20Giddient g bantiiathesantémce 104 istsaeurdad sn westae ot ibith 19e équiehey band is

the widest, pyaidnajt inapossitlg jo expapsbihe faduenpy band gf e antepna 4P ary mare-

Furthermore, when the distance L3 is increased too much, it is sometimes impossible to resonate the
ground 25 cofiduets tQbe Bk phssRadEEction 1970, theLpBalRCEl fest Fiasifer2Bl and

produgg in-jubeggopance ghdne isspirRiopHECPhivee 1eiand thedpedingaectian £gaof the

unbalanced feed member 11. [0042]
of the resonant conduct or tube 12 and the outer

circunferential surface of the feeding section 18A of the
unbal anced feed nenber 11 (the outer circunferenti al
surface of the first insulator 16), predeterm ned space 29
15 is fornmed. The distance L3 from the inner circunferenti al
surface of the ground conductor tube 13 to the outer
circunferential surface of the passive section 19 of the
unbal anced feed nenber 11 (the outer circunferenti al
surface of the second conductor 17) is in the range of 8 to
20 12 mm and is nost preferably 10 mm In the antenna 10A,
the distance L4 from the inner circunferential surface of
the resonant conductor tube 12 to the center of the feeding
section 18A of the unbal anced feed nenber 11 (the center of
the first conductor 15) is alnost the sanme as the distance
25 L3.
[ 0040]

By setting the distance L3 in the range of 8 to 12 mm
preferably at 10 mm the reflection efficiency (resonance
efficiency) of radio waves between the ground conductor

30 tube 13 and the passive section 19 is optimzed, allow ng
the antenna 10A to resonate the ground conductor tube 13
and the passive section 19 efficiently. Moreover, the

reflection efficiency (resonance efficiency) of radio waves



30In the antenna 10A, as shown in FIG. 5, as the distance L3 becomes greater than about 0.2 mm
(point a), the working frequency band expands steeply, and the working frequency band becomes the
widest when the distance L3 is about 10 mm (point b). The working frequency band of the antenna
10A becomes almost constant even when the distance L3 becomes greater than about 10 mm.
Moreover, as the distance L4 becomes greater than about 0.2 mm (point a), 5 the working frequency
band exparisist steeply, ahd theegaking frequadcycband iegbeed the andest Wweenftbe diisignce L4 is
about 6 mm %point br?' gg;bworki.nﬁégre%ency balt(wd of the antenna OéA Fecomes afl?{xost onstant even
4N 4

when the di o rhgs'g 48 t%%lm dBott B, 16&)':(?43? ntheaeMsE 1b ?the

ce
distances LBeswhlah aire cotivucinge ot 8 be 121dm aauad in-hebe fresahange saetialay prb8aced in the

feeding sechP.lglAe%rt\q the rF%%ri\a%t nctogppctor %Jg 12t%0é/eriré% g?evgeegigg siecHo §8A nd 15
resonance IS re|iably proXthed in the passivé/SectlonrHQ and the ground condtucf’or tube 13 covering
the passivetdeetiomb) making itf mesdibebetaih la plsralitgrofeesoptindentreduensiesawtlich allows

a plurality o ing f Sﬂwn jes to lie pex a t n kes it pQssi 0 %)Eﬂﬂﬁ‘d the
working freéug\é%é@qoar% Int (g{a{?r{tgnn%r%okﬁfe?rﬁe%a&mi@gn tfékgr%it ol%r!ﬁé‘iei\glog radio waves in
all the bandsnsfuh@ueable ¥aquehey ibhrsd ang eart-Be iused hea dlideefrédumcy and taeide band).

The antenng; 104, gan pHiracly naQue tQ@éNQfFi”QHEe‘I’_Q‘FHE}GHa%Hb?ISPBP 3 gb&iopgr pplower

frequency band by changing at least one of the sizes Li and L2, the size Li of the resonant conductor
tube 12, the 8ige PHESSerifil tiee! FdeRfity s @lonSIgA, ape t19d sit& €2 SearNgroarMEBREQEtor tube 13,
the sizg L2 gevering the passive section 19.

[ 0041]

When the distance L3 is less than 8 mm resonance of
the ground conductor tube 13 and the passive section 19 of
the unbal anced feed nenber 11 beconmes insufficient and

15 resonance of the resonant conductor tube 12 and the feeding
section 18A of the wunbalanced feed nenber 11 becones
insufficient, making it inpossible to obtain a plurality of
resonance frequencies and expand the frequency band in the
antenna 10A. Wen the distance L3 exceeds 12 mm the

20 frequency band in the antenna 10A is saturated in a state
in which the frequency band is the wdest, nmaking it
I npossi ble to expand the frequency band of the antenna 10A
any nore. Furthernore, when the distance L3 is increased
too nmuch, it is sonetines inpossible to resonate the ground

25 conductor tube 13 and the passive section 19 of the
unbal anced feed nmenber 11 and produce in-tube resonance of
the resonant conductor tube 12 and the feeding section 18A
of the unbal anced feed nenber 11.

[0042]

30 In the antenna 10A, as shown in FIG 5, as the
di stance L3 becones greater than about 0.2 mm (point a),
t he wor ki ng frequency band expands steeply, and the working

frequency band becones the w dest when the distance L3 is



30[0044] For example, when the size Li of the resonant conductor tube 12, the size Li covering the
feeding section 18A, is made longer than the size shown in the drawing, the resonance point of the
feeding section 18A and the resonant conductor tube 12 moves to a higher point, making it possible to
move the working frequency band of the antenna 10A to a higher frequency band. On the other hand,
when the 5 size Li of the resonant conductor tube 12, the size Li covering the feeding section 18A, is
made shortabthan the simensligwin im the)drawing, the vkavelenotie qlidvedn-tizanesonanckef the
feeding sectiog 18A ar!bd%t e resonant coEducttor tube 12 is Increased, makiq\ﬁ itp ssible to move 10
i

the Workingafp (ﬁm{%y nd %??I?ggﬁteﬂ T9%9 6 '?tfrea\lﬂSHcQ/\Qgrpd. ebVE , HNeR the size
L2 of the gro8ndbmwivesor gbedt3e the tsizenl 2 aovating 1be passivévbea®mret9, isavadeHenger than

the size shown jn.the drawing, the resonance , wavelength qof the passive section 19 and the 15 ground
conductor té?)lg 3§ nc?;ﬂasgg,crﬁggég%rp%%%ﬁale t@rﬁéve %uvt\f)or ih\é fr'é%ﬁugrﬁ:?/'bng[nd%the antenna
10A to%a lowdefrequdrioyddrde Qretheyothanbaesk paets thet siee LR, of anel gtdierdnesriduagor tube 13,

the size L2 ppueying e ARzl peetinR 4o iRnfehartentian ik sizg oy in 30,ne drawing,
the resonance point of the passive section 19 and the ground conductor tube 13 moves to a higher
point, makig R os$bled rapee tHe idrking hequendsi tieghdfor eitrianenn®aoA teh higher

frequency bande 5] AT IGe i PHSRBSHVE RN AN alUERNaHRR SPRAWN dsanglier example,

and FIG. 7 is a sectional view taken on the line 7-7 of FIG. 6, the line indicated with arrows. In FIG. 7,
a length dirb&idieINEISa@ieRitie n v ADBHE a6ralifal direction is indicated with an arrow B. In 30
FIGS416 an(ﬁ @Ogji]xing unit is not shown. In FIG. 7, an unbalanced feed member 11 is shown in an
uncut state. The antenna 10B is formed of the unbalanced feed member 11 (a coaxial cable or a
semirigid cable) eXtBnéiRg iARLIBAGH dikdtiohhg rédciianesadlcoPibel? B Sleble) &% a ground

conductor tuhe da8 (flegye), gndia C‘Pﬁﬁec%‘mcoﬂﬂUg@b@”@%éér@ﬁ@é‘nqcéioﬁ %‘P’i‘q}lﬂt‘gf tube). The
antenna 10B differs from the antenna of FIG. 1 in that a 5 step is formed in the radial thickness of the

connection BbAGYGBHguide 14, Mhd bfRfsRHctFES hiPthe A osk R thé SRRAMMAL10A of FIG.

1. Thereforg,gnaieseriptipnigé the anteaia A0APT Fle lisadeiey ase e samelierense
characters as those used.in FIG. 1 are 10 assigned, and the descr.iqption,s of other structures of the

antentr 10BSAABRGRitted. [664]3R e AHEANS 48B! Bbokdén tRRSRATIERYBhtial 0

and the ground conductor tube 13 covering the passive
section 19, nmaking it possible to obtain a plurality of
resonance frequencies, which allows a plurality of working
frequencies to lie next to each other and makes it possible
20 to expand the working frequency band in the antenna 10A
The antenna 10A can transmt or receive radio waves in all
the bands of the usable frequency band and can be used in a
wi de frequency band (a wide band). The antenna 10A can
arbitrarily nove the working frequency band thereof to a
25 higher or lower frequency band by changing at |east one of
the sizes L1 and L2, the size L1 of the resonant conductor
tube 12, the size L1 covering the feeding section 18A, and
the size L2 of the ground conductor tube 13, the size L2
covering the passive section 19.
30 [0044]
For exanple, when the size L1 of the resonant
conductor tube 12, the size L1 covering the feeding section

18A, is made | onger than the size shown in the draw ng, the



surface of the ground conductor tube 13 and the outer 15 circumferential surface of the passive
section 19 of the unbalanced feed member 11 (the outer circumferential surface of the second
conductor 17), predetermined space 28 is formed, and, between the inner circumferential surface of
the resonant conductor tube 12 and the outer 20 circumferential surface of the feeding section 18A of
the unbalanced feed member 11 (the outer circumferential surface of the first insulator 16),
predetermineskgpraec2O sofonnedf Intthe doswdctign serduaior g@de ddd thehedial dbickiness LS of a
front part 30 to which the reanan% 5 conductor tube 12 iﬁf‘.ﬂﬁ%g is smaller than ttglal radial thickness L6
ixed:

of a rear pa?t H)C\R/chh tthlé ound cdRAEtor the s ILI'h(el?&’o?tl,;,’in tHBnthna 0B, the
distance L3pfomnithé énrten cirovafdaraetiaMsukiaog of theqgrenog cbadudctorf tubkel 3anttba mater

ckcunﬁemw&@k to a higher frequency band. On the other hand, when the
5 size L1 of the resonant conductor tube 12, the size L1
covering the feeding section 18A, is nade shorter than the

size shown in the drawi ng, the wavel ength of the in-tube
resonance of the feeding section 18A and the resonant
conductor tube 12 is increased, making it possible to nove

10 the working frequency band of the antenna 10A to a |ower
frequency band. Mreover, when the size L2 of the ground
conductor tube 13, the size L2 covering the passive section
19, is nmade longer than the size shown in the drawi ng, the
resonance wavel ength of the passive section 19 and the

15 ground conductor tube 13 is increased, nmaking it possible
to nove the working frequency band of the antenna 10A to a
| oner frequency band. On the other hand, when the size L2
of the ground conductor tube 13, the size L2 covering the
passive section 19, is nmade shorter than the size shown in

20 the drawi ng, the resonance point of the passive section 19
and the ground conductor tube 13 noves to a higher point,
making it possible to nove the working frequency band of
the antenna 10A to a hi gher frequency band.

[ 0045]

25 FIG 6 is a perspective view of an antenna 10B shown
as another exanple, and FIG 7 is a sectional view taken on
the line 7-7 of FIG 6, the line indicated with arrows. In
FIG 7, a length direction is indicated with an arrow A,
and a radial direction is indicated with an arrow B. In

30 FIGS. 6 and 7, a fixing unit is not shown. In FIG 7, an
unbal anced feed nenmber 11 is shown in an uncut state. The
antenna 10B is fornmed of the unbal anced feed nenber 11 (a

coaxial cable or a semrigid cable) extending in a |length



30 surface of the passive section 19 of the unbalanced feed member 11 (the outer circumferential
surface of the second conductor 17) is greater than the distance L4 from the inner circumferential
surface of the resonant conductor tube 12 to the center of the feeding section 18A of the unbalanced
feed member 11 (the center of the first conductor 15). [0047] 5When the resonant conductor tube 12 is
fixed to the guide 14 or the ground conductor tube 13 is fixed to the guide 14, the fixing unit of FIG. 3
using the selenezd bothe fixingesitrefitlG céd ndingt tbe condisctit adhkesisiest/is)usaddThe distance

L3 from the innerq?#rcumferengal 10 iuréace the rouud conductor tu@e 13 to the ou

er
circumferentiaP¥(facé 8?91% &sive ¥ (?tioéE 9 cS heXUnbaladced R%d m2msS e &thé Witer
circumferertiahgdurdace of thei skrontldcor(ductarnhifdas in the rangedaf@ r 12 murbeand isTmest

preferably 10 mm. The. disfance L4 from 15 the inner circumferential ace, of.the resgnant conductor
tube 12 to tﬁgtcgﬂpea} 011 % f@é%iﬁsrs%gécgnoéé& EF thgrlljtn%% a%hcgé fe@c]i%e%bérnll{?ﬂ% cénter of the
first cobducsdrelb) issin tloer reedyeioh 4 @0 had] ahd ishostesteraily 6 hen. QDIO@48]iBynsetting the

distance L3.g ihe, (ange %Iolﬁ tt?elzlr%,m’ Breierablyat 19@?%5*1% "e%'e%ti‘? & '6%{45958123”9
efficiency) of radio waves™between the passive section 19 and the ground conductor tube 13 is
optimized, &lltedgg ties 25 taltenren1 @B farestPate tfe pddsive sdctionTieaed aie, the

description of the antenna 10A of FIG 1 is quoted and the
same reference characters as those used in FIG 1 are
10 assigned, and the descriptions of other structures of the
antenna 10B will be omtted.
[ 0046]
In the antenna 10B, between the inner circunferenti al
surface of the ground conductor tube 13 and the outer
15 circunferential surface of the passive section 19 of the
unbal anced feed nenber 11 (the outer circunferenti al
surface of the second conductor 17), predeterm ned space 28
Is formed, and, between the inner circunferential surface
of the resonant conductor tube 12 and the outer
20 circunferential surface of the feeding section 18A of the
unbal anced feed nenber 11 (the outer circunferenti al
surface of the first insulator 16), predeterm ned space 29
is formed. In the connection conductor guide 14, the radi al
thickness L5 of a front part 30 to which the resonant
25 conductor tube 12 is fixed is smaller than the radial
thickness L6 of a rear part 31 to which the ground
conductor tube 13 is fixed. Therefore, in the antenna 10B
the distance L3 from the inner circunferential surface of
the ground conductor tube 13 to the outer circunferenti al
30 surface of the passive section 19 of the unbal anced feed
menber 11 (the outer circunferential surface of the second
conductor 17) is greater than the distance L4 from the

inner circunferential surface of the resonant conductor



ground conductor tube 13 efficiently. Moreover, by setting the distance L4 in the range of 4 to 10 mm,
preferably at 6 mm, the reflection efficiency (resonance efficiency) of radio waves between the feeding
section 18 and the resonant 30 conductor tube 12 is optimized, making it possible to resonate the
feeding section 18 and the resonant conductor tube 12 efficiently. Incidentally, when the passive
section 19 of the unbalanced feed member 11 is formed of the first and second conductors 15 and 17
and the first ame sekond dstlators 61 e distanced 3fie i sige ent therinreg Airafmfetantial
surface of the l9‘,;‘j>und co uI;torciube 13 to the lﬂste EII‘ umferent al surfa e of t@e sef:ond conductor
517. [0049] aMNe5%n he HE@r?cre L3 f%e acbove rangé’ S thte me ag ﬁ%e reason
given for the @mterotaotOA Bf FIG. 1. When the distance L4 is less than 6 mm, 10 resonance of the
resonant c r tube 12 and the feeding section 18A of the unbalanced feed member 11 becomes
insufficient, maklrﬁ; it impossible to generate a plurality of resonance frequencies and expand the
frequebcy band in\the antehra 16BoWATEN tio® dibtarice L4 edaeed? 10 snd,ithed 5 frequidrecy band in

the antennteﬂag)laés iaz{ur% ed LIR& § et&me{vh %ﬁgf%}uep%ga%ls t}%e \vaeéB rqaéqn[gnlélmpossmle

to expand the frequency band in the antenna any more. Furthermore, when the distance L4 is
increased t@olnflehlitis $draetimas rgposdidle & rdsbatedhalZONgsdrimt SORANEE5UBE 12 and the

feeding sedfigg lﬁﬁ(‘?fﬁge yRPelageedfegd memben 1, INgideptaiyc Py dHOWHHEL? 2 the description

of the correlation between the distances L3 and L4 and the working frequency band is omitted. [0050]
is used. The distance L3 from the inner circunferenti al

10 surface of the ground conductor tube 13 to the outer
circunferential surface of the passive section 19 of the
unbal anced feed nenber 11 (the outer circunferenti al
surface of the second conductor 17) is in the range of 8 to
12 mm and is nost preferably 10 mm The distance L4 from

15 the inner circunferential surface of the resonant conductor
tube 12 to the center of the feeding section 18A of the
unbal anced feed nenber 11 (the <center of the first
conductor 15) is in the range of 4 to 10 mm and is nost
preferably 6 mm

20 [0048]

By setting the distance L3 in the range of 8 to 12 mm
preferably at 10 mm the reflection efficiency (resonance
efficiency) of radio waves between the passive section 19
and the ground conductor tube 13 is optim zed, allow ng the

25 antenna 10B to resonate the passive section 19 and the
ground conductor tube 13 efficiently. Mreover, by setting
the distance L4 in the range of 4 to 10 mm preferably at 6
mm the reflection efficiency (resonance efficiency) of
radi o waves between the feeding section 18 and the resonant

30 conductor tube 12 is optimzed, naking it possible to
resonate the feeding section 18 and the resonant conductor
tube 12 efficiently. Incidentally, when the passive section

19 of the unbal anced feed nenber 11 is forned of the first



25As is the case with the antenna 10A of FIG. 1, the antenna 10B allows the size Li of the resonant
conductor tube 12, the size Li covering the feeding section 18A, and the size L2 of the ground
conductor tube 13, the size L2 covering the passive section 19, to be arbitrarily set. In 30 the antenna
10B, it goes without saying that it is possible to change only the size Li of the resonant conductor tube
12, the size Li covering the feeding section 18A, and change only the size L2 of the ground conductor
tube 13, theaside s2condringotineyrassive sestiaml9, Bnd drig possible ite sharmedootie obting sizes Li
and L2. The antenna 10B arpjtrarily move the wgrking frequency band thereof to.a higher or lower
frequency Ba'ﬁ%%ffﬁa(nsgir?g%at I b& g'oﬁ%%??ﬁe ggeé E?a{rTE%LZS It|¥ee Si é(l)_ﬁnor?t & réggh%rnt
conductor tabe d@nfher ne Latovsuninhabe feddindsedioout8A, amddbetsoze Lt21bEth@3yroend
conductor tylﬁ% 1%91128 Siz il_rzccgﬁeéirng 'gule aﬂaS%i\df FSE%O”O%Q' {%0651% Ign dgi&? dtchJ Ctp radvantages
of the antenna’of . FL the antenna 108 has the ollowing advantageés. 1n the antenna 10B, by
makingthe Histance L3 from the inner circumferential surface of the ground conductor tube 13 to the
outer circugt]f@é%fr@t'al surface of the passive section 19 15 of the unbalanced feed member 11 greater

than the distance L4 from the inner circumferen'_[ial surface of the resonant.conductor tube 12 to the
center of the feedihf @edtRASIBA dfftkie Uhigalalicsidaaed mednbied 15 @he téntdhst trabfiréeconductor

15), the reflegfin efficieppy (resppange 20RINGIBAGHOT (AR Waves beieen he ipeding aection 18A

and the resonant conductor tube 12 and the reflection efficiency (resonance efficiency) of radio waves
between th@%asEhe section Mhand thégroghtamdifctot-thbd $3 ar€9BtintiXdN mA&kingM possible to

resongie thede@MAfce of the resonant conductor tube 12 and the feeding
section 18A of the wunbalanced feed nenber 11 becones
insufficient, making it inpossible to generate a plurality
of resonance frequencies and expand the frequency band in
the antenna 10B. Wen the distance L4 exceeds 10 mm the

15 frequency band in the antenna 10B is saturated in a state
in which the frequency band is the wdest, nmaking it
i npossi ble to expand the frequency band in the antenna 10B
any nore. Furthernore, when the distance L4 is increased
too much, it is sonetines inpossible to resonate the

20 resonant conductor tube 12 and the feeding section 18A of
t he unbal anced feed nenber 11. Incidentally, by quoting FIG
5, the description of the correlation between the distances
L3 and L4 and the working frequency band is omtted.

[ 0050]

25 As is the case with the antenna 10A of FIG 1, the
antenna 10B allows the size L1 of the resonant conductor
tube 12, the size L1 covering the feeding section 18A, and
the size L2 of the ground conductor tube 13, the size L2
covering the passive section 19, to be arbitrarily set. In

30 the antenna 10B, it goes w thout saying that it is possible
to change only the size L1 of the resonant conductor tube
12, the size L1 covering the feeding section 18A, and

change only the size L2 of the ground conductor tube 13,



25 section 18A and the resonant conductor tube 12 efficiently and resonate the passive section 19 and
the ground conductor tube 13 efficiently. [0052] In the antenna 10B, the distance L3 is in the range of
30 8 to 12 mm and preferably 10 mm and the distance L4 is in the range of 4 to 10 mm and preferably
6 mm, and the feeding section 18A and the resonant conductor tube 12 covering the feeding section
18A resonate reliably and the passive section 19 and the ground conductor tube 13 covering the
passive sedtioa 18iresona® relimbdy,imagkindhié poeside @ oldaiotd pluraliy, of easdnance ifrequencies,

which allows a plurality of woyking freguencies tq lie next 5 to each other.and.makes it possible to
expand gregﬁf egj/lvglji)ﬁg ﬁé&ﬂ%ﬁcﬁggﬁd %?th?e hiShis iog?an%lnt?!;ﬁ‘s%it ﬁ?ec%weg&% waves in
all the bands(B tbanisablei ftequanicy bande [A053] WOF Kb .y isf & pgrepeciivd ety ofhar anfenna 100
shown as angther ex le, and FIG. 9 is a sectional view taken on the line 9-9 of FIG. 8, the line
indicated W|{t1§ aﬁo@éﬁn%ﬁG%é, al |§‘r“189{h irrecﬁg(r%@ %dei%g e(g V\lI)I aér?1 Ao %Ag a%td aq;rg il direction is
indicatéd withan afroi® lisil3eBIGSL 8amd 9.-2, fixingeungiig aotishowh. IhIRGr@samanibalanced

feed membephi %49 [ban #50uL At The anienas 40Py ared aldhe wpbaiagced feed

member 11 (a coaxial cable or a semirigid cable) extending in a’length direction; a resonant conductor
tube 12 (a sI€éve) and & 2@ giune coAd@dtoit iiBe ABEWecsen it @icohndiohTonttiéor guide

14 (a connegtiog q_ogdegg%'nilg% The aﬁé%rg]avgogg@fleir%ﬁogbt_he antenna of FIG. 1 in that the radial

thickness L7 of a part 32 of the resonant conductor tube 12, the part 32 fixed to the guide 14, is
smaller thah ©8%fé radial thickness L8 of a part 33 of the ground conductor tube 13, the part 33 fixed

to theyguide 14, and giigr ITHAIUFES RiftNERAIME 4583035 OfTHE afieithA000Of i@, 11Therefore,

the description of the antenna 10A of FIG. 1 is quoted and the same reference characters as those 30

used in FIGL Nearedd¥sRiHER, ahBBheMtScripfiéhs bPbineWsirdct Y BN Ro8ftennAN00WR be

omitted. antenna 10B, by nmaking the distance L3 from the inner
circunferential surface of the ground conductor tube 13 to
the outer circunferential surface of the passive section 19
15 of the unbal anced feed nenber 11 greater than the distance
L4 from the inner circunferential surface of the resonant
conductor tube 12 to the center of the feeding section 18A
of the unbal anced feed nmenber 11 (the center of the first
conduct or 15), the reflection efficiency (resonance
20 efficiency) of radio waves between the feeding section 18A
and the resonant conductor tube 12 and the reflection
efficiency (resonance efficiency) of radio waves between
t he passive section 19 and the ground conductor tube 13 are
optimzed, making it possible to resonate the feeding
25 section 18A and the resonant conductor tube 12 efficiently
and resonate the passive section 19 and the ground

conductor tube 13 efficiently.

[ 0052]

In the antenna 10B, the distance L3 is in the range of
30 8 to 12 mm and preferably 10 mm and the distance L4 is in
the range of 4 to 10 mm and preferably 6 mm and the
feeding section 18A and the resonant conductor tube 12

covering the feeding section 18A resonate reliably and the



[0054] In the antenna 100, between the inner circumferential surface of the ground conductor tube 13
and the outer circumferential surface of the passive section 19 of the unbalanced feed member 11 (the
outer circumferential surface of the second conductor 17), predetermined space 28 5 is formed, and,
between the inner circumferential surface of the resonant conductor tube 12 and the outer
circumferential surface of the feeding section 18A of the unbalanced feed member 11 (the outer
circumferengias suace ekibeifwst ing@atcaurid), priedetegminactispacna®dOos formese Thezadial
thickness L7 of the artﬁ‘i% of the resonant conductor, tube 12 thet part 3i.fix% to the quide 14, is
smaller thaﬁWeethﬁgl thifkneR81 Y élﬁhessg 't the ér%ﬁﬂa%oﬁdtﬂc% R0 eyIS, bé}g 33 fixed to
the guide 141t Tiperesorb| i the avierman1@0 phardastange b8 IiSefsamahe enrferepcamieresfial surface
of the groun c rp]duaclt rotu e 13 o tpglolu_tter %r u\%f(la einrliiﬁl 1Wr(fe cee%fctlhg Soqsgivpiseecggln 19 of the

u .
unbalanced teed member 16& e outer circumferential surtace or'thé second conductor XIS IS greater

than the distancedchfromithe irared 20@keamidremizd Sukfhee bbthexpamthngceatiligtort tuee 12 to the

center of th ing secti f b; f e (? e 1e first conductor
15). [0055] @ék?é%r? th% rﬁgﬁéﬁgdﬁgﬁzuﬁﬁﬁg fixe t[é(])ﬁta}ﬂge) quég%ui eﬁ?c4 gﬁe#rggg&c?ung Fc:onductor
tube 13 is fixed &b Vite guiddi 1, th@siging unit of HIG. 3tudeng thanstsewds ot the fixiisRbhieof FIG. 4
using the cqqc&g@igﬁ hgsiyg 27 is used. The distance L3 from the inner circumferential surface of
the ground conductor tube 13 to the outer 30 circumferential surface of the passive section 19 of the
unbalanced fé@8Fhember 11 (the outer circumferential

10 FIG 8 is a perspective view of an antenna 10C shown
as anot her exanple, and FIG 9 is a sectional view taken on
the line 9-9 of FIG 8, the line indicated with arrows. In
FIG 9, a length direction is indicated with an arrow A,
and a radial direction is indicated with an arrow B. In

15 FIGS. 8 and 9, a fixing unit is not shown. In FIG 9, an
unbal anced feed nenmber 11 is shown in an uncut state. The
antenna 10C is fornmed of the unbal anced feed nenber 11 (a
coaxial cable or a semrigid cable) extending in a |length
direction, a resonant conductor tube 12 (a sleeve) and a

20 ground conductor tube 13 (a sleeve), and a connection
conductor guide 14 (a connection conductor tube). The
antenna 10C differs fromthe antenna of FIG 1 in that the
radi al thickness L7 of a part 32 of the resonant conductor
tube 12, the part 32 fixed to the guide 14, is smaller than

25 the radial thickness L8 of a part 33 of the ground
conductor tube 13, the part 33 fixed to the guide 14, and
ot her structures are the sane as those of the antenna 10A
of FIG 1. Therefore, the description of the antenna 10A of
FIG 1 is quoted and the sane reference characters as those

30 wused in FIG 1 are assigned, and the descriptions of other
structures of the antenna 10C will be omtted.

[ 0054]

In the antenna 10C, between the inner circunferenti al



surface of the second conductor 17) is in the range of 8 to 12 mm, and is most preferably 10 mm. The
distance L4 from the inner circumferential surface of the resonant conductor tube 12 to the center of
the feeding section 18A of the unbalanced feed member 11 (the center of the first conductor 15) is in
the range of 4 to 10 mm, and is most 5 preferably 6 mm. [0056] By setting the distance L3 in the
range of 8 to 12 mm, preferably at 10 mm, the reflection efficiency (resonance efficiency) of radio
waves betwagnfthe goassive shetioglduitianddhe geowrd condector 3ubardd ist dimzedeallowing the
antenna 100.to resgnate the passive T}ection 1? ag% the ground conductor tubeg 3 e?‘ici?ﬁtéy.

e n?'the reflection

Moreover, t%} §&H %eeafs& ce 14 ih36E ra?]g gt %rﬁ?pré?e?éﬁl?%t
efficiency (resbairceefficiehegdf Iisenaller wavds betivieen tlveifemdingeseationf 3 eand #he resonant

conductor tube 12 is optimized, making,it ible to resgnate th ding.section 18A ang.the
resonant cognlérufiﬁncr%ut% 15%e iégict?y'?%rh§§§§%8% Whyjstzg ’diﬁér‘%éjegs? £3 ﬁahﬁ%l asrggsce? in'the above
rangesiis thessahty a®the Znrbasbe giveanfort the ainteretas dioAcamd 0B nif iFGS suahdee

Incidentallyopy C]l{CHié'lg F}%s%,ntgﬁtdes%%sis&]q (géé\ e cct)?r][%%tion Pftwegrqothe giﬁ@nc%ﬁﬂlﬁgnd L4 and

the working frequency band is omitted. s is the case with the antenna 10A . 1, the
antenna 100idllewsftee e 1alof t fezomamfcohbiectbeeden, srcsiveni ddAring tHehfeeding

section 18A, _r%‘g_l the sizg L4 althe %mpon%tor(tylﬂ% 130t@feesrize Icg_pgyﬁﬁrkg(_%p%ﬁsive section
19, to be arbitrarily set. In 30 the antenna 100, it goes without saying that it is possible
surface of the first insulator 16), predeterm ned space 29
10 is fornmed. The radial thickness L7 of the part 32 of the
resonant conductor tube 12, the part 32 fixed to the guide
14, is smaller than the radial thickness L8 of the part 33
of the ground conductor tube 13, the part 33 fixed to the
guide 14. Therefore, in the antenna 10C, the distance L3
15 from the inner circunferential surface of the ground
conductor tube 13 to the outer circunferential surface of
the passive section 19 of the unbal anced feed nenber 11
(the outer circunferential surface of the second conductor
17) is greater than the distance L4 from the inner
20 circunferential surface of the resonant conductor tube 12
to the center of the feeding section 18A of the unbal anced
feed nmenber 11 (the center of the first conductor 15).
[ 0055]
When the resonant conductor tube 12 is fixed to the
25 guide 14 or the ground conductor tube 13 is fixed to the
guide 14, the fixing unit of FIG 3 using the screw 25 or
the fixing unit of FIG 4 using the conductive adhesive 27
Is used. The distance L3 from the inner circunferential
surface of the ground conductor tube 13 to the outer
30 circunferential surface of the passive section 19 of the
unbal anced feed nenber 11 (the outer circunferenti al
surface of the second conductor 17) is in the range of 8 to

12 mm and is nost preferably 10 mm The distance L4 from



to change only the size Li of the resonant conductor tube 12, the size Li covering the feeding section
18A, and change only the size L2 of the ground conductor tube 13, the size L2 covering the passive
section 19, and it is possible to change both of the sizes Li and L2. The antenna 100 can arbitrarily
move the working frequency band thereof to a higher or lower frequency band by changing at least 5
one of the sizes Li and L2, the size Li of the resonant conductor tube 12, the size Li covering the
feeding secting lisAn@nddhe sirefls? ehthieedrosod cavduabr tuhe 13 gbesine Icdndvaring the passive

section 19. [0058] 1QIn addition to the advantages of the antenna of F|G. 1, t ntenna 100 has the
following a \}éqﬂ?agi : Iﬁ%e{ﬁﬁen%%niﬁd, b9frlna eg t?‘lg %Igs'tgtgceﬁ_%p#rb%r}h eﬁ%etoéircijjprﬁerential
surface of thelgadwarteahducemdubergBtieithe ddter Cirtlemfecemiat surface ot the palSsivetsection 19

15 of the unbalapced feed member.11 greater than the distance L4 from the inner.circumferential
surface of tfie rr‘?gjoérelta%‘tracgn uctor ttljtpe%f%o tth'?a”s?1 %te?%ft eﬁée wég rsﬂe‘gtioaﬁm.L(fA'osftﬁré)a‘:ﬁlbalanced
feed membpr &1 ethabbfle@iomefficiency (resonance efficiency) of radio waves between the feeding
20 section 3[7 the resonant conductor tube 12 and the reflection efficiency (resonance efficiency)
of radio waves between the passive section 19 and the ground conductor tube 13 are optimized,

making it possible &y ré&iriaitd thd fe@ddi_gswmm 181 and the resomg@t edbndudtor tibemn 25
efficiently aaBP' EEINALE g‘rtheai?asﬂye tiqn, 19 ang fhe-grogRd EP?‘%‘?t@hggf ﬁe%fgﬂﬁﬁﬂ% [0059] In

the antenna 100, the distance L3 is in the range of 8 to 12 mm and prefer 0 mm and the distance

L4 is in 30 ®kfrafhedeWito @0 nirddine prefeesblPei@eand fife feagisig\ctReL8AMNd She
resongit COYCIAdURR ddnd conductor tube 13 is optinmized, allowng the

antenna 10C to resonate the passive section 19 and the
ground conductor tube 13 efficiently. Mreover, by setting
the distance L4 in the range of 4 to 10 mm preferably at 6
mm the reflection efficiency (resonance efficiency) of

15 radio waves between the feeding section 18A and the
resonant conductor tube 12 is optim zed, making it possible
to resonate the feeding section 18A and the resonant
conductor tube 12 efficiently. The reason why the di stances
L3 and L4 are set in the above ranges is the sanme as the

20 reason given for the antennas 10A and 10B of FIGS. 1 and 6.
Incidentally, by quoting FIG 5, the description of the
correl ati on between the distances L3 and L4 and the worKking
frequency band is omtted.

[ 0057]

25 As is the case with the antenna 10A of FIG 1, the
antenna 10C allows the size L1 of the resonant conductor
tube 12, the size L1 covering the feeding section 18A, and
the size L2 of the ground conductor tube 13, the size L2
covering the passive section 19, to be arbitrarily set. In

30 the antenna 10C, it goes without saying that it is possible
to change only the size L1 of the resonant conductor tube
12, the size L1 covering the feeding section 18A, and

change only the size L2 of the ground conductor tube 13,



covering the feeding section 18A resonate reliably and the passive section 19 and the ground
conductor tube 13 covering the passive section 19 resonate reliably, making it possible to obtain a
plurality of resonance frequencies, which allows a plurality of working frequencies to lie next to each
other and makes it possible to expand greatly the 5 working frequency band in the antenna 100 and
transmit or receive radio waves in all the bands of the usable frequency band. [0060] FIG. 10 is a
perspectivet\iew of a éeeding seoténn h8B theshpep sisvan exaotplern E8;. 1&ndnly pari of the
feeding section 18B and a resonant conductor tyhe 12 is shown, and other parts are pot shown. An
exposed po‘?f?ér? 28%0? tﬂeofe% geccl%%frj]Hlég :t}%%xﬁbgeeé pn/jgtio%% gzpose Fo n{;?&ﬁgrward)
from the reddiant aondudipt tudnei 1% imaengtin & Swhinelctio, Haseg frent pati@ddoted eofy of a first
conductor 15 and a rear part 35 formed of the first conductor 15 and a first.insulator 16. Therefore, in
the feedingl[sfgztct?lor?hlI ,%aprgdﬁetﬁ;rorﬁ\f%{ed Tern%g%gp E?%é fllf?sat%c%n dctor 15 15 e :ggd]g)l?ﬁs}vsgrd from the
first insulat@res 20 inthe leagthedirecfioratheéreo?, Inditlentallyz @s bthepbtrudigres esanantenna

having the feed] io , {be stryctu f any af th n 1 : FIGS. 1, 6,
and 8 can b(ggﬁsag%i[%%%lq U;tgﬁ tfhae' a%t}é%néi%l%é 0 ogr%q{]é% r?aq\f‘?ng %%%&%g?r%de s?:e({)c?igﬁ 18B of
FIG. 10, as tdMmpaded td Heasd mewihieh te whele of erenftedpigdiection 18A0€ fokhedtdighe first
conductor 13 and the first insHlator 1 t %é%?%@écﬁqi@rf)ff@‘? feeding section 18B and the

resonant conductor 30 tube 12 moves to a higher point. Incidentally, when the

[ 0058]
10 In addition to the advantages of the antenna of FIG 1,
the antenna 10C has the followng advantages. In the

antenna 10C, by meking the distance L3 from the inner
circunferential surface of the ground conductor tube 13 to
the outer circunferential surface of the passive section 19
15 of the unbal anced feed nenber 11 greater than the distance
L4 from the inner circunferential surface of the resonant
conductor tube 12 to the center of the feeding section 18A
of the unbal anced feed nenber 11, the reflection efficiency
(resonance efficiency) of radio waves between the feeding
20 section 18A and the resonant conductor tube 12 and the
reflection efficiency (resonance efficiency) of radi o waves
between the passive section 19 and the ground conductor
tube 13 are optim zed, nmeking it possible to resonate the
feeding section 18A and the resonant conductor tube 12
25 efficiently and resonate the passive section 19 and the
ground conductor tube 13 efficiently.
[ 0059]
In the antenna 10C, the distance L3 is in the range of
8 to 12 mm and preferably 10 nm and the distance L4 is in
30 the range of 4 to 10 mm and preferably 6 mm and the
feeding section 18A and the resonant conductor tube 12
covering the feeding section 18A resonate reliably and the

passive section 19 and the ground conductor tube 13



length L9 of the exposed portion of the first conductor 15 in the feeding section 18B is increased, it is
possible to promote the movement of the resonance point to a higher point; when the length L9 of the
exposed portion of the first conductor 15 in the feeding section 18B is reduced, it is possible to
suppress the movement of the resonance point to a higher point. 5[0062]  In addition to the
advantages of the antennas 10A, 10B, and 100 of FIGS. 1, 6, and 8, the antennas 10A, 10B, and 100
having the teeding sertiohd 8P dswe ke todlowinghadvaniagssnaine antehnadLPA, heki angd 100 can
move the 10 resonanceg point to %)r?i her oinr by e Egsin%fa predetermined length of the first
(!I nté}/i?g

conductor 1'5tin%8§é iﬁg tsgct? é@, R SibR'to MV HE WorKirk Hsaﬁér?cif bands of
the antennashl @A, H)B,camsd B0(Mtaua diightey fiefquenck bagdf Tleg asteninas 104\, 1108, mext100 can 15

arbitrarily adjust the working frequenc nd to, a higher or lower frequency ban changing the
length L9 og ée%@%@sgﬁ |IE)?§rrtioF?l %@ the %P co'ntdugtaé)sr%'SBlL (%)he %e%?n%%sneac/tigrrl %@?3}{ YOS}Q? 20FIG. 11
is a pebspeativekviay of adgeding\sebidnd18MsHdven antieother éddinpladintFl@nda bnlgpart of the

feeding secti : n n ductqr t 12 \..SI ﬁpo other pants,ar wn. An
exposed po'trt%?néfge; t?]re3 #je%(;ingnégcg[%n i&ﬁ) muggelexposed Q%@ﬁ%o et}fpos?eﬁ%%qé@%vttgr (forward)
from the reddremyedadudtdntibe 12 in a length direction, has a front part 34 formed only of a

[ 0060]
FIG 10 is a perspective view of a feeding section 18B

10 shown as an exanmple. In FIG 10, only part of the feeding
section 18B and a resonant conductor tube 12 is shown, and
other parts are not shown. An exposed portion 20 of the
feedi ng section 18B, the exposed portion 20 exposed outward
(forward) from the resonant conductor tube 12 in a length

15 direction, has a front part 34 fornmed only of a first
conductor 15 and a rear part 35 formed of the first
conductor 15 and a first insulator 16. Therefore, in the
feeding section 18B, a predetermned length of the first
conductor 15 is exposed outward fromthe first insulator 16

20 in the length direction thereof. Incidentally, as other
structures of an antenna having the feeding section 18B,
the structures of any of the antennas 10A, 10B, and 10C of
FIGS. 1, 6, and 8 can be used.

[ 0061]

25 In the antennas 10A, 10B, and 10C having the feeding
section 18B of FIG 10, as conpared to a case in which the
whole of the feeding section 18A is fornmed of the first
conductor 15 and the first insulator 16, the resonance
poi nt of the feeding section 18B and the resonant conductor

30 tube 12 noves to a higher point. Incidentally, when the
|l ength L9 of the exposed portion of the first conductor 15
in the feeding section 18B is increased, it is possible to

pronote the novenent of the resonance point to a higher



first conductor 15 and a rear part 35 formed of the first conductor 15 and a first insulator 16. Therefore,
in the feeding section 180, a predetermined length of the first 30 conductor 15 is exposed outward
from the first insulator 16 in the length direction thereof. To the front part 34 (the first conductor 15
exposed from the first insulator 16), a third metal conductor tube 36 (a third conductor) having a
predetermined length is electrically fixed. The third metal conductor tube 36 is made of aluminum,
copper, or theilike; Ingidentaliyha@s bthegtstru¢taresfof ameanterpa hading the feedingfsectian 180, the

structures qf .any.of the antennas 510A, 10B, and 10Q.of FIGS. 1, 6, and 8 can be used. [Q064] In
the antennas {g,& 1%%?%%1 Yo ria in'gnth eeecﬁﬁage é&%nsl%%éfqﬂGf_B}, ésscorrﬁéélr%éao acasein
which the exposesl ppossi 20 & foonesbLpipthe disst theduntarelfeand b theHestriesdatndé and a
case in Wh'ﬁ%the[ e>t<%osedhpogr§%rr1n gﬁ is }‘]?r_med only of the first conductor 15, the in-tube resonance

point of the'teeding s&cfion Reesonant conductor tube 12 moves to a higher point.
Inciderftally[ B GRJreasing the length L10 of the third 15 metal conductor tube 36 fixed to the front part

34 (the first condpgtor 15),. 1t i SSi 0 aptimjze the V f ahj u partign in the use
band. [0065] In 5 ité)(rﬁg)ttllg rf&xgn?a?‘gés %@%@ﬁt@%ﬁa@vx&%oéfwgﬁzﬂu&d@ T F?C@g.' 1,6, and 8,
the antenna@ oA, AGBPENd-LES hating the faBding .settith E8U eavEthe ¥0owid§ Bdvaansges. The

antennas 1%C10ﬁa9f‘ﬂ%oq sk ”?%’@o‘ﬁﬁ%esg%‘i“?eqHOi”i%th% Sgrdling irectipg 180, anggthe

resonant conductor tube 12 to a higher point by exposing the first
advant ages. The antennas 10A, 10B, and 10C can nove the

10 resonance point to a higher point by exposing a
predetermned length of the first conductor 15 in the
feedi ng section 18B, making it possible to nove the working
frequency bands of the antennas 10A, 10B, and 10C to a
hi gher frequency band. The antennas 10A, 10B, and 10C can

15 arbitrarily adjust the working frequency band to a higher
or |lower frequency band by changing the length L9 of the
exposed portion of the first conductor 15 in the feeding
section 18B.

[ 0063]

20 FIG 11 is a perspective view of a feeding section 18C
shown as another example. In FIG 11, only part of the
feeding section 18C and a resonant conductor tube 12 is
shown, and other parts are not shown. An exposed portion 20
of the feeding section 18C, the exposed portion 20 exposed

25 outward (forward) from the resonant conductor tube 12 in a
l ength direction, has a front part 34 formed only of a
first conductor 15 and a rear part 35 forned of the first
conductor 15 and a first insulator 16. Therefore, in the
feeding section 18C, a predetermned length of the first

30 conductor 15 is exposed outward fromthe first insulator 16
in the length direction thereof. To the front part 34 (the
first conductor 15 exposed fromthe first insulator 16), a

third nmetal conductor tube 36 (a third conductor) having a



25 conductor 15 in the feeding section 180 and fixing the third metal conductor tube 36 (the third
conductor) to the front part 34 in which the first conductor 15 is exposed, making it possible to move
the working frequency bands of the antennas 10A, 10B, and 10C to a higher frequency band 30 and
optimize the VSWR of a higher frequency portion in the use band. The antennas 10A, 10B, and 10C
can arbitrarily adjust the VSWR of the working frequency band by changing the length L10 of the third
metal condpeterittber 36 whith énfipad iosthelfemstt pactad4 (theé ifixgicontbetor Ab).dOG@SGJlal FIG. 12
is a perspective view of a feeding section 18D shown as.another example. In FIG. 12, oply part of the
5 feeding s&&fb%“fg rar?ﬁ%g e;%ﬁahﬁcg%%%t&l?tu% 4 igg%wﬁ?gﬁc#)rothecfrpéﬁ%earre' r&%‘shown. An
exposed partian gemf #id fgedary section 180y, tht axpssedf patoradd erpasdthoutagrd (ferward)
from the resonant conductor tube 12.1n g length direction, has a front part 34 formed gnly of a 10 first
conductor fSe garl\dc!l ﬁaegrep?gr&é] fc#gn%d%ﬁ e itrsftuc%:tn%gt%rgg a%aya wét an%la?onrql%?%serefore, in
the feedling 5@8tiord @BD, amted&Ermindd IERgthlof the fizstofdaator 16 ise&gosed outward from the
first insulatir i the length direction thereof. To the front part 34 (the 15 first conductor 15 exposed
tins

from the fir ulator 16), a third insulator 37 having a predetermined length is fixed. Thermoplastic
synthetic resin (in partichir, dnjbeduzasonl 4in ABng trdoel@iitiigrvoidadtiep cdreediuged for the

third insulatgg 3¢'; cidpgiallys agpeger siructices: 200k ap anfenna haydng ihe IgRHiog seghon, the

structures of any of the antennas 10A, 10B, and 100 of FIGS. 1, 6, and 8 can be used. [0067] In the
antennas 16XP9SB JariPLO0 BBVIAG thé fde@lintpds abctidte1dD bf I o Wt mpdred@ sl a case in

which fhe expeseinagtion;aikig faeped ay ¢fihe fystceadudiey 1pnihenwavglengthpidag in-tube

resonance of the feedlfr?g) section 18D and the resonant conductor tube 12 is increased. Incidentally,

when the [eR@EH 16T tHDthird insalBd3 7080 Whith id fiedftbtBé freRNskie B2 théd Jirst tBRductor 15)

is increasgql,r{.t iﬁmsibéesmaﬁ@%évwﬂerdheﬂemgtfﬁ @émenr@ssa@m%wa&@@n@tﬁdwhﬁe the_ I(_ength
Il of the third insulator 37 which is fixed to the front part 34 (the first conductor 15) is reduced, it is

possible to FERRRBAAE lefGAB thFesdnidhte wriieldMR)ES0068] InfaddMid® theRRiVAhtages of the
antennas 1pAci@Bntal Iy, by increasing the length L10 of the third

15 nmetal conductor tube 36 fixed to the front part 34 (the
first conductor 15), it is possible to optim ze the VSWR of
a higher frequency portion in the use band.
[ 0065]
In addition to the advantages of the antennas 10A, 10B,
20 and 10C of FIGS. 1, 6, and 8, the antennas 10A, 10B, and
10C having the feeding section 18C have the follow ng
advant ages. The antennas 10A, 10B, and 10C can nove the
resonance point of the feeding section 18C and the resonant
conductor tube 12 to a higher point by exposing the first
25 conductor 15 in the feeding section 18C and fixing the
third nmetal conductor tube 36 (the third conductor) to the
front part 34 in which the first conductor 15 is exposed,
making it possible to nove the working frequency bands of
the antennas 10A, 10B, and 10C to a higher frequency band
30 and optimze the VSWR of a higher frequency portion in the
use band. The antennas 10A, 10B, and 10C can arbitrarily
adjust the VSWR of the working frequency band by changi ng
the length L10 of the third netal conductor tube 36 which



5 and 100 of FIGS. 1, 6, and 8, the antennas 10A, 10B, and 100 having the feeding section 18D have
the following advantages. The antennas 10A, 10B, and 100 can increase the wavelength of the in-tube
resonance of the feeding section 18D and the resonant conductor tube 12 by exposing the 10 first
conductor 15 in the feeding section 18D and fixing the third conductor 37 to the front part 34 in which
the first conductor 15 is exposed, making it possible to optimize the VSWR of a lower frequency
portion in theswbikirgifrequemey hanghtTheaantesrag 104, 10Bsand dédwandS arbjtrarily adjust the
VSWR of the %%jing frequency band by changing the length Il of the third conductor 37 which is fixed
to the front}t)g\ﬁ (the first conductor 15). [0069] FIG. 13 is a diagram showing the correlation
between 20 VSWKF(\@Itahe standingevaeeratioy and iaavseobaral, fameldt &P . edcand b5 B8&diagrams

shou % R K S eSSy aRing STETesialiec e e Y P

0 ennas 10A, 10B, and ows the resuﬁs of
measubemdre@di sfghesieclio field kBEhsandf XY pdsenanteneo oldaratteristiostia a thcursferential

direction (O ), FIG. 15 s e_resu f rement in field intensity of Y-Z
plane or Z>%?[]) anée aar‘;j{t}eqrr%n:(;lgi cﬁéaﬁ@tgﬁf g cpli?%ﬁm e%él%ﬁecﬁ%ﬁa&é%d%%ﬁio%o It is
clear that, &3fsHowh iheadi. ng, secVSWR WBRagé kearekipaade patid)iodRadk ofHieostennas 10A,

10B, and 100 shayed I {5 HEAANOs ISodrPk IreS WESHRRUSEJFRAENGIES{}Bre 0f a7§ frorg about 2.0

GHz to about 6.0 GHz, and the antennas 10A, 10B, and 100 have wide working frequency bands in a
state in whit® R&HVSIVIReGItage stBAGindwdveliitio)Rdhaintdindd® Migrdoven] i is efea®s that, as

showndn FIG. /14, theyiagiin figlf! iIntsnsifyeef &Y danepaiitenns chaypaiedisias i gecincHmfgrential
direction (0 to 360) forms a virtually perfect circle and, as shown in FIG. 15, the radio field intensity of
Y-Z plane St R AR arkenrNéhafactdristits ins bir@lrfferekftial T6tFRtBA €0 td $60Y A&ms the

shape of a bgigeyflgansidbeiantentap 104, 108 @dekia have gaskdireckenalie (0Pt  FIG. 16
is a perspective view of an antenna 40 with a cover shown as an example, and FIG. 17 is a
perspectivecondUCt or 15 is exposed outward fromthe first insulator 16
in the length direction thereof. To the front part 34 (the
15 first conductor 15 exposed fromthe first insulator 16), a
third insulator 37 having a predetermned length is fixed.
Thernopl astic synthetic resin (in particular, fluorocarbon
resin having the permttivity of plastic) can be used for
the third insulator 37. Incidentally, as other structures
20 of an antenna having the feeding section, the structures of
any of the antennas 10A, 10B, and 10C of FIGS. 1, 6, and 8
can be used.
[ 0067]
In the antennas 10A, 10B, and 10C having the feeding
25 section 18D of FIG 12, as conpared to a case in which the
exposed portion 20 is forned only of the first conductor 15,
the wavelength of the in-tube resonance of the feeding
section 18D and the resonant conductor tube 12 is increased.
Incidentally, when the length L11 of the third insulator 37
30 which is fixed to the front part 34 (the first conductor
15) is increased, it is possible to increase further the
| ength of the resonance wavel ength; when the length L11 of
the third insulator 37 which is fixed to the front part 34



15 view of a cover member 41 shown as an example. FIG. 18 is a perspective view of the antenna 40
with a cover shown in a state in which the antenna 10A is installed in the cover member 41, and FIG.
19 is a diagram showing the correlation between the VSWR (voltage standing wave ratio) and a use
20 band of the antenna 40 with a cover. The antenna 40 with a cover is formed of the antenna 10A
and the cover member 41. The antenna 10A is the same as the antenna of FIG. 1, and therefore the
description thereof wilt be omdtedu (A®F2] AB)heicover eaeraber 41iis mage piobsimbelagtic synthetic
resin having a predetermined permittivity and is formed by molding to have the shape of a cylinder with
a closed tip? g\é{é‘ﬁ%m&n i Elen%%mh%ycgﬁ? mMémBEALE % %l‘f ?r?t% I?\%E?b'arts (split into halves) in such
a way that the@iB¢ircumference thereof is nearly halved. In the cover member 41, a first support
section 42 suppqring, g fesgpaptcqnduicior iube Az and e graung canducton be pf the
antenna 10A and a second support section 43 supporting the exposed portion 20 of the teeding
sectiorb18Aaoicthd @6tedha R0GSare formed. @hel didmetdreof amd firsngappiditsectioB,42dandlimost the

same as the gjam . e feson ndyct a e d dugt 5oris
slightly greggﬁhaﬁrﬁhg égn%réﬁ[%r oT%%@e%be%%%@n%ﬁlBﬁ%?e c%%mefrﬁ%ert fﬁ;@ﬁ; ength that
allows the coeanicrgies: 417bgn aov@nhaseddhdel PBithaBAtehD& 10RNekdupt éassart bethe

exposed PagHon.Pe Oh 1 BASSIMESEGHOP di7e0f 1S GRIFTIE 1RA- 1E0G73 4i ngS SBRWNdR FIG. 18,

when the antenna 10A is installed in the cover member 41, the resonant conductor tube 12 and the
ground cond8oralBe 13 6f thieanftana 108G Gt intd' R fils? sUppo®¥BesdMNE2 dfethe

exposgfl Porfierst conductor 15 in the feeding section 18D and fi xing
the third conductor 37 to the front part 34 in which the
first conductor 15 is exposed, nmaking it possible to
optimze the VSWR of a l|lower frequency portion in the
wor ki ng frequency band. The antennas 10A, 10B, and 10C can
15 arbitrarily adjust the VSWR of the working frequency band
by changing the length L11 of the third conductor 37 which
is fixed to the front part 34 (the first conductor 15).

[ 0069]
FIG 13 is a diagram show ng the correlation between
20 VSWR (voltage standing wave ratio) and a use band, and FIGS.
14 and 15 are diagrans showing the radio field intensity
measured in a circunferential direction in three planes (an
X-Y plane, a Y-Z plane, and a Z-X plane) of the antennas
10A, 10B, and 10C. FIG 14 shows the results of neasurenent
25 of the radio field intensity of X-Y plane antenna
characteristics in a circunferential direction (0° to 360°),
and FIG 15 shows the results of neasurenent of the radio
field intensity of Y-Z plane or Z-X plane antenna
characteristics in a circunferential direction (0° to 360°).

30 [0070]
It is clear that, as shown in FIG 13, the VSWR
(voltage standing wave ratio) of each of the antennas 10A,

10B, and 10C shown in the drawings is 3 or |ess when the

- 34 -



15 20 is fitted into the second support section 43. After the antenna 10A is installed in the cover
member 41, when the halves of the cover member 41 are turned, the halves of the cover member 41
face each other and form the cylindrical cover member 41, and the entire area of the resonant 20
conductor tube 12 of the antenna 10A, the entire area of the ground conductor tube 13, and the entire
area of the exposed portion 20 of the feeding section 18A are covered with the cover member 41.
[0074] 25Inubearitesgadfioiigs atdogesthfeirnas dincomferiential urtaoerdf the fisti suppertGection 42
rmember 41 makes contact Wi;tgpt eo circur%feiﬁgga}lgsurfaces f the resonant

e

of the cove
conductor t

12 3% t}w‘aro%'%e&'ﬁ%ﬁc Ube 1 and K

S

35 0 15 28K to the

first supporf sedioad/of tieedsver membestddt, and the sbcaid shipport 34BN 48 olf tleyeover

member 41_mak ntact with the.exposed portign 20 of the feeding section,18A _and the exposed
portion 20 igTéQ%s'tgﬁ e'second %ﬁ'ppc)) rt éesctigpﬁlll%?al"hgep%rtiof\?\‘%rv?/ er%erthe 'htalv{ag 0 tlh%gcrover

membér 41trhake castashaih e_ialah Iﬂtlﬁ‘gr dré, fixeblebyr adladhésied @nmtrm@mm)t gnd)fh@(eyﬁndrical
shape of the cguer memer 4 1is maiptainerMoteover, the  halves arg redwith scres

shown), and the cylin

al shape is maintained. [007 It is clear that, as compare

(not
e antenna

10A alone, di sbowinday & dotted iB60R)FIGodasthe wdableutietyermsr f ect circl e and,

10

15

20

25

30

as shown in FIG 15, the radio field intensity of Y-Z plane

or Z-X plane antenna characteristics in a circunferenti al

direction (0° to 360°) fornms the shape of a butterfly, and
t he antennas 10A, 10B, and 10C have good directionality.
[0071]

FIG 16 is a perspective view of an antenna 40 with a
cover shown as an exanple, and FIG 17 is a perspective
view of a cover nenber 41 shown as an exanple. FIG 18 is a
perspective view of the antenna 40 with a cover shown in a
state in which the antenna 10A is installed in the cover
menber 41, and FIG 19 is a diagram show ng the correlation
between the VSWR (voltage standing wave ratio) and a use
band of the antenna 40 with a cover. The antenna 40 with a
cover is formed of the antenna 10A and the cover nenber 41.
The antenna 10A is the sane as the antenna of FIG 1, and
therefore the description thereof will be omtted.

[0072]

The cover nenber 41 is made of thernoplastic synthetic
resin having a predetermned permttivity and is formed by
nol ding to have the shape of a cylinder with a closed tinp.
As shown in FIG 17, the cover nenber 41 is split into two
parts (split into halves) in such a way that the
circunference thereof is nearly halved. In the cover nenber
41, a first support section 42 supporting the resonant
conductor tube 12 and the ground conductor tube 13 of the

antenna 10A and a second support section 43 supporting the

- 35 -



10 band of the antenna 40 with a cover expands at a lower frequency, the VSWR (voltage standing
wave ratio) is 3 or less at the working frequency thereof, and the antenna 40 with a cover has a wide
working frequency band in a state in which high VSWR (voltage standing wave ratio) is 15 maintained.
Incidentally, in the antenna 40 with a cover, the antenna that can be installed in the cover member 41
is not limited to the antenna of FIG. 1, and the antennas 10B and 100 of FIGS. 6 and 8 may be
installed in thepesved member i toZptaif thet ditenhaekd wigh aseamer o20[008A] of In theeantenna 40

with a cover, the working frequency band in the antenna 10A expands to a lower frequency band by
the permitti\%ﬂygpt'ﬂ% c%%é} r%é%bcgp ﬁﬂer%akiﬁeg?t p%'sgfﬁ?et of egang??ﬁrtk?érrtﬁi W%Hgtri)é’ it guency
band in 25 gecantennad®dA ias cahpared ta deassamwvhiels the ltevedneamiber4l e not bised. The
Band and chd B4 ULH 10 O B S et bl e B G HONSTEE terrers.
OR NUMERALS$ $06517] 4ol antgnesat 0B aienna 10 dinkeraizel 1nfbaldrese fead esemider
12resonant gondycfor tuhg S13grund.capdpctantupg J4connerien candictos ouiles ¢ e
cover menber 41 can cover the remainder of the antenna 10A
except for part of the exposed portion 22 of the passive
section 19 of the antenna 10A.
10 [0073]
As shown in FIG 18, when the antenna 10A is installed
in the cover nenmber 41, the resonant conductor tube 12 and
the ground conductor tube 13 of the antenna 10A are fitted
into the first support section 42 and the exposed portion
15 20 is fitted into the second support section 43. After the
antenna 10A is installed in the cover nenber 41, when the
hal ves of the cover nmenber 41 are turned, the halves of the
cover nenber 41 face each other and form the cylindrical
cover nenber 41, and the entire area of the resonant
20 conductor tube 12 of the antenna 10A, the entire area of
the ground conductor tube 13, and the entire area of the
exposed portion 20 of the feeding section 18A are covered
with the cover nenber 41.
[ 0074]
25 In the antenna 40 wth a cover, the inner
circunferential surface of the first support section 42 of
the cover nenber 41 nmakes contact wth the outer
circunferential surfaces of the resonant conductor tube 12
and the ground conductor tube 13 and these tubes 12 and 13
30 are fixed to the first support section 42 of the cover
menber 41, and the second support section 43 of the cover
menber 41 makes contact with the exposed portion 20 of the

feeding section 18A and the exposed portion 20 is fixed to



15first conductor 16first insulator 17second conductor 10 18A feeding section 18B feeding section
180 feeding section 18D feeding section 19 passive section 1520exposed portion 21unexposed
portion 22exposed portion 23unexposed portion 36third conductor 2037third insulator 40antenna with
a cover 41cover member 42first support section 43second support section 25L3distance L4distance

the second support section 43. The portions where the
hal ves of the cover nmenber 41 nmake contact with each other
are fixed by an adhesive (not shown), and the cylindrical
shape of the cover nenber 41 is mintained. Moreover, the
5 halves are fixed with a screw (not shown), and the
cylindrical shape is maintained.
[ 0075]
It is clear that, as conpared to the antenna 10A al one,
as shown by a dotted line in FIG 19, the usable frequency
10 band of the antenna 40 with a cover expands at a |ower
frequency, the VSWR (voltage standing wave ratio) is 3 or
| ess at the working frequency thereof, and the antenna 40
with a cover has a wide working frequency band in a state
in which high VSWR (voltage standing wave ratio) 1is
15 maintained. Incidentally, in the antenna 40 with a cover,
the antenna that can be installed in the cover nenber 41 is
not limted to the antenna of FIG 1, and the antennas 10B
and 10C of FIGS. 6 and 8 may be installed in the cover
menber 41 to obtain the antenna 40 with a cover
20 [0076]

In the antenna 40 with a cover, the working frequency
band in the antenna 10A expands to a |ower frequency band
by the permttivity of the cover nenber 41, neking it
possible to expand further the working frequency band in

25 the antenna 10A as conpared to a case in which the cover
menber 41 is not used. The antenna 40 with a cover can
transmt or receive radio waves in all the bands of the
usabl e frequency band and can be used in a w de frequency
band (a w de band).

30
EXPLANATI ONS OF LETTERS OR NUMERALS
[0077]

10A antenna



CLAIMS 1.An antenna comprising: an unbalanced feed member; and a conductor tube disposed on
the outside of the outer 5 circumferential surface of the unbalanced feed member, the unbalanced feed
member including a feeding section having a predetermined length and a passive section leading to
the feeding section and having a predetermined length, wherein 10the conductor tube is formed of a
resonant conductor tube located on the outside of the feeding section of the unbalanced feed member
and covering the fee@dngsectamand a ground conductor tube located on the outside of the passive
section of the unbalapced feed member and covering 15 the passive section, the conductor tubes
and the unbalancgclél edMerbefare electrically fixed via a fixing unit, and the feeding section of
the unbalanced feéd meruhbiahashae @xpesel pertivarwith a predetermined size, the exposed 20
portion exposed fr therrgggrrl]%nt coggIHator tube Pldtx\)'\éard in the length direction thereof. The antenna

according to claim™™L; wheréin theno}istance r%tmo{he iInner circumferential surface of 25 the ground

condudior tube to k2 outgr omcwmfapantiad tsarfate loé the passive section of the unbalanced feed
rnembeHshwﬂmrﬁﬁgeoégﬁﬂégﬂpgh conduct or gui de
15 first conductor
16 first insulator
17 second conduct or
10 18A feeding section
18B feeding section
18C feeding section
18D feeding section
19 passi ve section
15 20 exposed portion
21 unexposed portion
22 exposed portion
23 unexposed portion
36 third conductor
20 37 third insul ator
40 antenna with a cover
41 cover nenber
42 first support section
43 second support section
25 L3 di st ance
L4 di st ance



The antenna according to claim 1 or 2, wherein 30 the distance from the inner circumferential surface
of the resonant conductor tube to the center of the feeding section of the unbalanced feed member is
in the range of 4 to 10 mm. 4. The antenna according to claim 3, wherein the distance from the
inner circumferential surface of the ground conductor tube to the outer circumferential 5 surface of the
passive section of the unbalanced feed member is greater than the distance from the inner
circumferential surface of the resonant conduct@Lisb®®o the center of the feeding section of the
unbalanced feed member. 10 5. The antenna according to any one of claims 1 to 4, wherein the
unbalancedlfeed m%gi ' M8a& TRE ledst'irst and second conductors and a first insulator of the
first 15 conductor, dine firdt dmsanated coesrthgrmebmrter eincimferential surface of the first conductor,

the second condugtop gayring fhe auler chcumierential syrface of i it insulatar, g g second
insulator covering the outer circumierential surface of the second conductor, 20the feeding section of
the unibalartieddesd erembeais feumddottheffirdtiwndobal andehle fieethsotbeandt hethe

passive secti f balange risf f the first and ond conductors
and the firs?iﬁfs}taﬁa%c})ﬁr% 0 .aéh?e1 ﬁ?sat a%%@ﬁ%n%hﬁ%?ng Et%téj E _#rs%%éﬁs@gorﬁlﬁsﬂ até)rs. 6. The
antenna acPoreliie) & ¢thined, weagih and the fpeding\secti®tdi e undakinegd feedtmember, a

predetermingdblengi Qe 5t CONAUGIRYiHEXROSi %L det er mi ned | engt h,
wher ei n
10 the conductor tube is forned of a resonant conductor
tube located on the outside of the feeding section of the
unbal anced feed nenber and covering the feeding section and
a ground conductor tube l|ocated on the outside of the
passi ve section of the unbal anced feed nenber and covering
15 the passive section,
t he conductor tubes and the unbal anced feed nenber are
electrically fixed via a fixing unit, and
the feeding section of the unbal anced feed nenber has
an exposed portion with a predeterm ned size, the exposed
20 portion exposed fromthe resonant conductor tube outward in
the length direction thereof.

2. The antenna according to claim1, wherein
the distance fromthe inner circunferential surface of
25 the ground conductor tube to the outer circunferential
surface of the passive section of the wunbalanced feed
menber is in the range of 8 to 12 mm

3. The antenna according to claim1 or 2, wherein

30 the di stance fromthe inner circunferential surface of
the resonant conductor tube to the center of the feeding
section of the unbal anced feed nenber is in the range of 4

to 10 mMm



30 outward from the first insulator in the length direction thereof. 7.The antenna according to claim 6,
wherein to the first conductor exposed from the first insulator in the feeding section, a third
conductor having a predetermined length is electrically fixed. 5 8.The antenna according to claim 6,
wherein to the first conductor exposed from the first insulator in the feeding section, a third
insulator having a predetermined length is fixed. 109.The antenna according to any one of claims 1 to
8, wherein  the resonant conductor tube, the ground conductor tube, and the exposed portion of the
feeding sec&ion arercovered with a cover @embir havigana p. edrﬁﬁrmin.ed permittivity. 15 10. The

antenna according {?Jeclgi% 5P@vﬁe%fﬁor % \%r% BePis MAGE o ﬂ]ermoplastic synthetic resin.

the distance fromthe inner circunferential surface of

the ground conductor tube to the outer circunferential

5 surface of the passive section of the unbalanced feed
menber s greater than the distance from the inner
circunferential surface of the resonant conductor tube to

the center of the feeding section of the unbal anced feed

menber .
10
5. The antenna according to any one of clains 1 to 4,
wher ei n
t he unbal anced feed nenber is nade of at |east first
and second conductors and a first insulator of the first
15 conductor, the first i nsul at or covering the outer
circunferential surface of the first conductor, the second
conductor covering the outer circunferential surface of the
first insulator, and a second insul ator covering the outer
circunferential surface of the second conductor,
20 the feeding section of the unbal anced feed nenber is

formed of the first conductor and the first insulator, and
the passive section of the unbal anced feed nenber is
formed of at least the first and second conductors and the
first insulator of the first and second conductors and the
25 first and second insul ators.

6. The antenna according to claimb5, wherein
in the feeding section of the unbal anced feed nenber,
a predetermned length of the first conductor is exposed
30 outward from the first insulator in the length direction

t her eof .

7. The antenna according to claim®6, wherein



10

15

to the first conductor exposed from the first
insulator in the feeding section, a third conductor having
a predetermned length is electrically fixed.

8. The antenna according to claim®6, wherein
to the first conductor exposed from the first
insulator in the feeding section, a third insulator having

a predetermned length is fixed.

9. The antenna according to any one of clains 1 to 8,
wher ei n

t he resonant conductor tube, the ground conductor tube,
and the exposed portion of the feeding section are covered

with a cover nenber having a predeterm ned permttivity.

10. The antenna according to claim9, wherein
the cover nenber is nade of thernoplastic synthetic

resin.



