2185861 .1 DI ELECTRI C WAVEGUI DE The present invention relates to a
di-el ¥ctric line to be used for trans- mtti ng energy of el ectromagnetic
vvaves*.‘.""g_l‘gih as mllinetric or sub- mllinetric waves and, nore pgrn}eﬁc%g\ﬁ
to a Hi_ré“_[ectri-c Ii ne equi pped with nmeans for emtting el ectroma [
directly fromon€e end portion thereof into space w thout the use of a
metal |ic wavegui de. Wien a netallic wavegui delis used as a guide for the
passage of mcro- waves so that el ectromagnetic waves may be radiated from
the end portion of a dielectric tram‘&é' 9 WAVEGUIDES current practice
to attach a nmetallic antenna having a horned opening to the end portion. In
order to radiate plane waves. systens such as ‘a | ens antenna system are
used, in which the neThé|presentt innentiors relstes a6 & dleemie/ inedid bl Aiked fof Pans-
b .

Y,
es

and a dielectric lens is used in the advancing direction of the

el ect ronagnet i ¢ wamisingorenergyefdfe ciertramegmetic swatesmsunh wak C imilimefri€Chi Ngb-
mrror of nmetal is used, or a Cassegrain antenna system in which two
reflecting mrrorondlimetgegwaves anth| morel particuletlys darecdielécthnict line equipped with
devel opnent of a semiconductor for transm ssion of el ectronagnetic waves in
the mllinmetric wilesnsnéeh emikides eleciremegnetippravest divectdy fraci one end portion
communi cations, radar systens and other applications have increased and a

di el ectric transni'§eresd Intg&rpes Withayt iequsss of avnsdgllicdssvagiides bet ween
apparatus in such app]jcations __The prior dielectric line, as indicated in
its entirety at numer3hen'a metgdlis wavegyide i3 y58q a8 ekpide Tar dbppeasageniemicro-

made of a porous plastic terial havi ng a relativel y,BBi' qh dielectric )
constant, and a clfI§F g DaLSAKFTUPIIERGIIE MAVES PRY PRJRSIAted dramnthecepd pertion

plastic material having .a relativel.y.low die]Jectric constant so that the
el echromagnetic wive® éﬁ@?&g’?ﬁ?'ﬁg’l‘{s Mt i ’{ A §Hent practice to attach & metallic
. antenna having a horned opening to the end portion. In order to radiate plane
. waves, systems such as a lens antenna system are used, in which the metallic
- antenna ig used as a primary radiation antenna and a dielectric lens is used
in the advancing direction of the electromagnetic waves, or a reflector
antenna system in which a reflecting mirror of metal is used, or & Cassegrain

~ antenns system, in which two reflecting mirrors are used, is emploved.
In accordance with the development of a semiconductor for transmission
of electromagnetic waves in the millimetric wavelength range, practical
~ application of radio communications, radar systems and other applications
| -have increased and a dielectric transmission line has been used &s a
waveguide in and between apperatus in such applications. The prior
dielectric line, as indicated in its entirety at numeral 1' in Fig. 15, is
constructed of & central core 2 made of a porous plastic material having a
relatively high dielectric constant, and & cladding 3 coaxially enclosing the
core 1' and made of a plastic material having a relatively low dielectric

,constant so that the electromagnetic wave energy may be confined in and
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2 propagated mainly through the core 2. Reference nuneral 4 indicates an
in- sulating protective |ayer covering the cuter circunference of the |
¢l adding 3. The dielectric |ine having the construction described above "ha‘é )
~a variety of advantages such as ease of working or connection.with oth
parts, and anple flexibility because it has less insertion |oss and a
| arger size for high- frequency waves than a netallic wavegui de. As a
result, such a dielectric |ine has been used nore and nore frequéntly. Wen
el ectromagneti c waves are to be radiated fromthe end portion of the

af orement i oned d| el ectrlc line, it is currefn practice to.connect a

met al | i ¢ wRIRRRSALRS Madply theeugh the oeo2+ ke greficechymeralid,indientesgn in-

connect or uncher". The_ re son th.erefg%r&are s follows: (1) It
I
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metal li c waveqguil 486t horn via

diel ectricgliofe f&%ﬁblh?\’ ek Hise, {t Ree1e8E $APGorn fossSarld é(qgrﬁ%} %L Ift?roﬁlctrl on of

e
t he rretalllc gui tube. The el ectronagnetic waves in I C®gui de

tube are nefeqilesdWa0es RHEN & fneTtE!l‘?mQWbd@glﬁ&@e 8% MoWiRhdg &éf&%@lnpy

means of a fixture, because there is no ectromagnetlc wave present

out si de of JihBehagubetd LsdE mdrk @ndRicre! frequ@Bgui de i s connected to the
dielectric line, however, registration o? the transm ssion constant at the
connecting ponfm@neleetﬁﬂnsgrfeiiccwht/esaaré Qo GrUkidtRarfeametheNehd pEFtibwBS | 0SS,
~the deterioration of attenua- tion due to reflection, the displacenent of ,
phase pl ants sforkre¢rntionedr didleetric line, it is current practice to connect a

_)

metallic waveguide and a metal horn to the dielectric line through a
connector called a Mauncher”. The reasons therefor are as follows:

(1) 1Itis possible to use existing and completed electromagnetic wave
radiation techniques which use a metallic waveguide and a metal horn;

(2) In the radiation or transmission of electromagnetic waves, the
launcher preserves the phase center that is to be transmitted from dielectric
line to a metallic waveguide or horn via the launcher;

(3) The end portion of the dielectric line can be firmly fixed because
it is fixed at the position of the metallic guide tube. The electromagnetic
waves iﬁ the metallic guide tube are not disturbed even if the guide tube has
its outside fixed by means of a fixture, because there is no electromagnetic
wave present outside of the guide tube.

If a metallic waveguide is connected to the dielectric :line, however,
registration of the transmission constant at the connecting  portion is so
difficult as to cause increase in insertion loss, the deterioration of attenua-

tion due to reflection, the displacement of phase planes, and other problems.



-3- If the dielectric line is twisted to change the plane of

pel ari zation, there arises anot her problemin that registration wth
the ~nmetallic wavegui de deteriorates making the frequency band
narrowet . | nvesttigations of means for radi ati ng

el ectromagnetic ° waves from the end portion of a dielectric line
have led to the present invention, which i s characterized by the ability of
the line to transmt the waves into free space w thout connecting a :
metallic waveguide as in the prior art. According to the invention there is

plrovi ded a dielectrigf cgehra!iamrbaewa dline"!i@ae twiEQédd cérmmgtetigee
el ect romagneti c. waves an vi ng_one end portion, arranged to emt, said.
el ect romagnet i cﬂ?%?ﬁes °gi r%?:f?’iquﬁbo'?’r eé“gﬁﬁcé?fﬁ%s t P§H§H1e§siwq]i% in

conprising a cothatnuousegdiseraft ionpandeiittpol yitber af | metakl /| eneasaguade

non-retal |i ¢ cl el figye SUY QU0 cdd'Feiidhiey Mol oGdeBuednd sai'd

cl addi ng bot.h havi ng 5: ] | t ant asing in the ‘axial
direction proceedi nkpveshigatsionsmid e ended@dsti on dPrthe traddaringon

line. Said one gnéepdhagiefc t hRadks! eclrdes t EBBSM &Rd ONpbkBgoABY dFVEaa
convex face, or,a concave face

, | d f Ay d t
a predet er mi nedd 1& c??%ﬁn.19$tBF%&?R%@PQ§$H§%$r%ﬁ%%ggéﬁgﬂbg$ﬁ§°%;§w8ig :gg

i n conbi nat’i on 18 t bharaoter $zed hy aHeensbility ref| ¢teorl ine ebmatranspated
from said -onehendayB8 lindd Pfee!BBace without connecting a metallic
"' waveguide as in the prior art.
| According to the invention there is provided a

\/  ' ‘dielectric transmission line for transmitting
electromagnetic waves and having one end'portion arranged
‘to emit said electromagnetic waves directly into free
space, the transmission line comprising a continuous core
of expanded polytetrafluoroethylene and a non-metallic
‘cladding surrounding the .core, said core and said
cladding both having a dielectric constant decreasing in
the axial direction proceeding towards said one end
portion of the transmission line.

Said one end portion of the dielectric transmission
line may have a convex face, or a concave face, or a
conical end face configured to broduée a predetermined

~ wave front. '

v :. Alternatively the transmission line may be used in
combination with means, such as a lens or a reflector
antenna, spaced from said one end portion of the
transmission line for shéping the wave front of the

" electromagnetic waves emitted into free space.

The expanded  polytetrafluoroethylene of the
transmission line core may be unsintered or partially
sintered. '

Further details of the invention will become
apparent from the following description with reference



transm ssion line for shaping the wave front of the el ectromagnetic wavesJ

emtted into free space. The expanded ‘pol ytetrafluoroethylene  of .
the transmission line core nmay be unsintered or partially sinterg
Furt her details of the invention wll becone- apparent from’ Jcs‘ﬁe
foll ow ng description wth reference -4- to the accorrpanyl ng. dr awi ngs,
I n which:- Figure 1 Is a cross4section of -part ’of a
transmssion line having its end shaped in a convex configuration;
Figures 2 and 3 are views sSi mJ ar to Fi but showing transm ssion
lines  haWf ngPe. FCORRAYARS ré’f’d“&ﬁ?f%d'hr"ﬂ'l‘i% 7and a coni cal * end

respectivel y RArigume 4. ils aisi md ar crosswsekediong aof r aparicssiofh | iagne

wherein cI e e ro ear,_gne ortionand the core is
exposed for a %&s%g ncAe) ﬁ@a{{e nﬁ\eé%gn% zg]ﬁg erge Fﬁagggf'o}?rec? t §98VE8ne shape
at the enkomfigurat®nis a diagrammtic. cross-sectional view show ng

an embodi ment ofjdyeed Nyeriidom ha%nguwd a&:ﬁwa@ncwawgwréie?f 83t ng

di el ectric constant Ion |tud|na y,along t ransni ssi.on I ne approachi ng

the end ofSHHEINE netT@NGRISS1 ;mss sﬂ??’éf’g v‘?ew“@ﬁdﬂﬂ ng ™4not her
enbodi rrentcadf@rganmtthm eamdl) ias occxmm@al eandd rtdsaaei:tah&ﬂiyr,l C

Figure 4 is a similar view showing a transmlssxon
line wherein cladd1ng has been removed from neat one end
portion and the core is exposed for a dlstance near the
end zone where it is formed to a cone shape at the end;
Figure 5 is a dlagrammat1c cross-sectional view w
showing an embodiment of the 1nvent10n having a flat end
and having decre351ng dielectric constant longltudlnally
along the transm1ss1on line apptoach1ng the end of the
line; | | | L
'Figure 6 1is a similar view shdﬁing another
embodiment wherein the end is conical and the'dielectric
constant of the core decreases moving 'longitudinally
along the line toward the end;
Figure 7 1is a . similar view showing a further
embodiment wherein the ends of the covérlaﬁd cladding are
cut at right angles to the line and the core extends
outwardly from the line for a distance and then comes to
a conical taper at the end, the core baving a "
longitudinally decreasing dielectric constant as the end
tip is approached; | .
Figure 8 shows a transmission line having its end
face at right angles to the 1ongitudina1 axis of the line
and having a convex lens positioned adjacent ihe_end;.
_ Figures 9 and 10 show arrangements wherein the end
of a transmission 1line such as that of 'Figure 8 is
positioned at the focal point of ~a parabolic refiector

antenna;



constant of the core decreases noving longitudinally along the line
teward the end; Figure 7 is a .simlar view showing a further
embodizment wherein the ends of the cover and cl adding are cut at right
angleﬁ?’to the Itne and. the core extends outwardly fromthe line for a

di stance and.then conmes to a coni cal taper at the end, the core
having a longitudinally decreasing dielec %rlc constant as the end tipis
approached; Figure 8 shows a transmi ssion ?ITne having its end face at
right angles to the longitudinal axis of the line and having a convex |ens

posi tioned adjacent ..th nd; Fr ur es . sh ar, rein
the end of a trangﬁﬁggfg q%l?\ ig ﬁ Qf%ﬁ] 8%% faggﬁng éan nes
positioned at haNdngocainicgdilmt tepeaegdaemss imay ebeeusgd ant &bea;primary.
Figures 11 to ggd'ﬁltﬁﬁt rfawaaeamg@wnaﬁé Qadd d5sa 1RV g CUHgcal | y tapered

ends may be us as _t ry radi atqr .for antennae df the sse rain
type; and Figure 15 éﬁHF\S A dfBPBEt A E“lerléﬁ§ﬁ|1§3|rd'r‘?qqmdésléﬁ N i or
art. Dielectridn theapsibsient. |ines are provided for radlating

el ectromagnetic mav5§e5e9g%?€ eqqa%gﬂg QBnthelg#EE mnHqut g§1&§§d1}g a

metal horn antenna Of wave mat ch problens
are t hereby radiating electromagnetlc waves from an end zone of the

line without the need for a metal horn antenna or a metal
waveguide, so that matching problems are thereby
substantially avoided. Such performance is provided by
_varying the dielectric constant of the material of the
N liﬁe in a gradienf longitudinally near the end zone of
.the line, possibly in conjunction with shaping the end of
'the line to specified contours and/or by arranging a
reflecting mirror or lens to receive the waves emitted
from the line. Such transmission lines are useful in
 wr1re1ess communications, radar transmission and similar
"appllcatlons. _
With reference to the accompanying drawings, the
;type of dielectric line used in the various embodiments
illustrated is similar to that proposed in Japanese
Patent Application No. 52-14118 (Japanese Patent
Publication No. 56-24241) and is constructed such that
~ the electromagnetic wave energy transmitting portion
thereof 1is made of unsintered or partially sintered
~expanded polytetrafluoroethylene. The dielectric 1line
proposed has a number of advantages in that it. can
transmit electromagnetic waves of high energy density
with 1little transmission 1loss, that it can be weasily
worked and adjusted as to its dielectric constant when
formed, and that it has ample flexibility.
| Figure 1 shows a dielectric line 1 having one end
portion formed with a convex end face 5. This convex
face 5 acts as a convex lens for the electromagnetic



substantial ly avoi ded. Such performance is provided by varying the
dielectric constant of the material of the'line in a gr adi ent L
| ongi tudinally near the end zone of the line, possibly in conjunction. Wlth
shaping the end of the line to specified contours and/or by arrangi ng.. a= %
reflecting mrror or lens to receive the waves emtted fron the Li ne.
Such transmission lines are useful- 6 m wirel ess comuni’cations, radar
transm ssion and simlar applications Wth reference to the ’

acconpanyin dr awi ngs t he t pe of, dielectric line used in the various
enbodi rrent"éag‘f‘fﬁ usthisg gi\ed are st 1ér’:el"']o fFQm prtdﬁosgdﬁl n%?&ﬁah@ge FBeent

Applicatiahielédrric 52ihélis8o t(h]aipart&&e el Pat eohagnbt i catiawedNoarsb- 24241)
and i s conslytiplatl FwOBntNTorkn% el £CpI QRBIRSLHE kM o0F gxrﬁ{aegg gitting

portion there unsi nt or part| expanded
pol yt et r afefuditfetdigl@sdric tHae di.el ect r| c line proposed has nunber
of advantages Fiigure hat shéws can Tdﬁ%ll%@ttr iel eHﬁ@”&%\?idé? Vﬁ\éeseﬁﬁ hi gh
ener gy densi t%?vm ':)th | i tdt e transm ssion as&ﬁ that .it can be easily worked
and adj ustRYF qrmedyiwdit8c A COPESNE: &R &R Or ned, and that it has

anpl e flexibiliRigurie gir ahbwshoss ddedieekedtr ildde nk halv&wgngl_tCmEeﬁad
portion Iﬁ:;?é{rpnt htestﬂléaﬁ'g%?nr@\‘lex toen‘%ortnacg Sconifhf 888"%0’}@?&5 gcts as a

convex |le onmagnet - 6-
similar to the tip of a pencil, thereby to develop a

plane front.

Figure 4 shows a dielectric line 1 in which ciédding
3 is removed in the vicinity of one end portion of the W,
dielectric line 1 to expose the core 2 to the outs1de for

" a distance along the line and in wh1ch the core 2 thus

exposed has its 1ead1ng end sharpened to form a con1ca1
tip portion 8 thereby to develop a plane front. .

Figure 5 shows an embodiment of the present
invention in which the dielectric line 1 has its end face
10 cut at a r1ght angle with respect to the longltudlnal
direction thereof and is worked such that its dielectric
constant pgradually decreases along the axis thereof
toward the end face 10. 1In order to achievefa"decreaéing
dielectric constant along the longitudinal dimension of
the expanded polytetrafluorcethylene core, one end of the
polytetrafluoroethylene may be restrained while pulling K;J
only the other end during the expansion process. By this
method, the local expansion ratio will increase
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waves which are radiated from the end face of the dielectric line-
so that the el ectronagnetic waves are radiated in the formof-a plane front .
fromthe end face of the dielectric line 1. Figure 2 shows a dielectric

line @aving its .end portion formed with a concave end face 6. Figure 3
shows a dielectric line 1 having its end portion sharpened to forma
conical end portion 7, simlar to the tip of a pencil, thereby to develop a

plane front. Figure 4 shows a dielectric ling 1 in which cladding 3 is
removed in the vicinity of one end portion of the dielectric line 1 to
expose the core 2 to the outside for a distance along the Iine and in which
the core 2 thuSorgxnheelindamdi the | diakbictrje ecohsténtr peille detresses M geadiea! int i p
portion 8 thereby to develop a plane front. Figure 5 shows an

enbodi ment - ‘sinterinpetempesstane may det ewplavedwithe hdieteetdice berstantc deeneasinghas
Its end face 10 cut at a right angle with respect to the |ongitudinal

di recti on t heith inen¢asiogiemapegatiien Onafon tthe ladding, decreasiog densijyathpel | v
decreases along the axis thereof toward the end face 10. In order to

achi eve a decrh2awappedilengitudinadlycabrutathe gpem@long the dgngthdefrahe dineensi on
of the expanded po;q¥.t€etrafl uor oet hyl ene core, one end of the

pol yt et r af | uor oet MytinernitRgrtipns aleng the 8Xis,pf the Sore haye darseasing dieleetriend -
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..dieleetric const\ant), for example as shown in Fig. 5, the relationships of
- s-1‘7 E.2>£3> £4 hold. On the other hand, not only the core 2 but also
- the cladding 3 has a similar decreasing dielectric constant change .
as is expressed by the relationships of 51.7£2'>€-3"/.£4., Especially if the
" dielectric constants of the core 2 are so changed as shown in Fig. 5,
- registration of characteristic impedances with the outside space is improved.
" This structure having the core 2 of changing dielectric constant is made more
effective by the dielectric lines 1 of Figs. 6 and 7 combined with the
structures similar to those of Figs. 3 and 4.
Here, as has been described hereinbefore, the dielectric substance used
- t0 construct the dielectric lines 1 of the respective embodiments of the
present invention is expanded unsintered or incompletely sintered
polytetrafluoroethylene. This material is a highly erystalline high-molecular
‘weight material having an internal structure in which a number of fine nodes
are three-dimensionally connected to one another by a number of fine fibrils,
leaving a number of cbmplicatéd voids between nodes and fibrils, thereby
;fofming a porous fine str"ucture'having continuous porosity.
The dielectric material having a porous fine structure is prepared by

'exp:an'ding extruded polytetrafluoroethylene (PTFE) in the unsintered state by



7 al.ong the line and the dielectric constant wl|l decr ease. A.gradient in

sintering tenperature may be enployed, the diel ectric constant decreasi ng SR

with increasing tenperature. O, for the cladding, decreasing density t

i s wrapped | ongitudinally about the core along the | ength of t:he line, #
the unit porfions along the axis of the core have decreasing diel ectrtc
constants [err] and 4 (in fact, they have continuously decreasing
~dielectric constant), for exanple as shown in Fig. 5, the relationships of
[err]hold. On the other hand, not only the core 2 but also the cladding 3
has a sim |l ar decreasing di eI ectric &onstant change as is expressed by the
rel ati onships of [err]. Especially if the dielectric constants-of the core
2 are so changed as shown in Fig. 5, registration of characteristic

i npedances several ipetaane hurdreg dirses in atreasy edle aitialsdiséction in acbordanget he
core 2 of changing dielectric constant is nade nore effective by the
dielectric Wlﬁhébe 1m9fh0ﬂ| @yloﬂdadeﬂpaasmPn&m\/\l’nbhqahmnsm:uéﬂutwls|fmI ar to
t hose of Figs and as_has been descri bed herei nbefore, the
dielectric %ﬂ@ﬂ%n@'@%@éﬂ"@?ﬁ BIRERradyctioan bavel iSe specificigrevity, perasity,
respective er]bod I ments of Em&;esent jnvention is expanded unsintered or

i nconpl et eldflE ?m‘éF@thﬂB‘ 9 | REOPEI&Ies Hazied °"H'|'|%’ﬂ'&?é'fﬂbb)r wide F8RgQh| vy
Wi ch & nuPHeRRpEIg Sﬁe“ﬁ‘é‘{fegné%“h%f‘éi shEthe: ok porsblf R dredsee soe.
e e, B BT Seé‘viiﬂé“eéf%%oé" e
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unsint er edehef paPfy sintered and thermally fixed at a temperature not lower than ~
the melting point (i.e., 327°C) of the PTFE, preferably at 340° to 380°C,
especially at 360° to 375°C for about 1 to.15 minutes, or fixed and
unsintered at a temperature below the melting point but not lower than
250°C. By suitably changing the extent of the sintering or the thermal
fixation of that expanded produet, the dielectric constant of the porous PTFE
can be adjusted, as desired, which in turn provides an important step to be

used for adjusting the characteristics and performances of the dieleetric line

' 1 together with the steps of changing the percent and rate of stretch.
In addition to the axial change of the dielectric constant of the </
dielectric line 1, the lens effect, such as that of the first
embodiment shown in Figure 1, can be attained by changing the dielectric
constant of the core 2 in the radial direction. _
All the arrangements thus'far described are directed ipthe case
in which the dielectric line 1 has one e_ndl portion worked so as to have
its characteristic_:. impedance gradually approaching that _o_f_ the space
at the end of the lme In a further arrangement shown in Figure 8,
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several up to one hundred times in at |east one axial direction in
accordance with the nethod disclosed in Japanese Patent Publication No.
51-1899%, for exanple. This expanded PTFE product can have its specific
gravi &Y, - porosity, direlectric constant and other properties varied over a
remar Kably wi de range by changing the rate and degree of stretch. It is
possi bl e to produce’'such a dielectric substance for a transm ssion |ine
havi ng el ectromagneti c wave energy propagati on properties adjusted as
desired. The expanded product is either part3y sintered and thermally fixed
at a tenperature not |ower than the nelting point (i.e., err) of the PTFE,
preferably at 3400 to 3800C, especially at 3600 to 3750C for about 1 to 15
m nutes, or  fixddwenedr,uthei dietacdticdineal tie eptaattbe enddbeavl 0 lae itebdid 8ad poirtién
but not |ower than 2500C. By suitably changing the extent of the sintering
or the thermal faitxattight englehwithe respedtdopthediangituding! dirsietionr thereof)sandita
of the porous PTFE can be adjusted, as desired, which in turn provides an

i mport ant,, st ep tdéelpetrigsdenst bl is@gispases iy & pesitipm spacedrat predeterdnined distance
performances of the dielectric line 1 together with the steps of changin

t he percent -and frofe&hat ead faee po thet its dipqal deintoisilogated op) the (rndgtacer 1. hdhis

o1 LR T ot “oriheln 105, dhckr Bt Byl s A e B3 aBhaae
el et 11 o cono!hydloq\ A5 Flping, b ebABeAhBeh AL st L cpgcises
char act er st o ARl AR BN NA - EURS, DRIATYE the Bravigiom ofctgng
of U_De line. | gidedtdid 95 B, MABRERRPEmaSRMEL Waved PAHifted: from Phe end face 10
of the dielectric line 1 are transformed into a plane front.
- In another arrangemen't shown in' Figure 9, the
dielectric lens of Fig. 8 is replaced by a reflector antenna such as a parabolic
antenna 12, and the dielectric line 1 is arranged to have its end face 10
located at the focal point of that antenna 12. Although the axially
symmetric parabolic antenna 12 is used in Fig. 9,.an offset type parabolic
antenna 12' may be used, as shown in Fig. 10.
Alternatively, the dielectric line 1 having its one end portion formed into
a conical shape, for example, as shown in Fig. 3, may be used as the primary
_ radiator for antennae of the Cassegrain type, as shown in Figs. 11 and 12.
Fig. 11 shows the case of the near field Cassegrain antenna 13, whereas Fig.
12 shows the case of the far field Cassegrain antenna 13'. Moreover, Figs.
- 13 and 14 show antenna structures 13 and 13' in which the power supply axes
of the primary radiators are offset from the axis-“of the -antenna beam.
From the description thus far, the construetion and operations of the
~.present invention have been clarified, but the present invention can also be

_applied to a dielectric line of either the step index type or the graded



‘however, the dielectric line |l is cut at the end face 10 at its one end
portion at a right angle with respect to thé longitudinal direction .
thereof, and a dielectric lens 11 is disposed at a position spaced-atﬂﬁgk;
predeterm ned distance fromthat end face so that its focal point is. e

| ocated on the end face 10. This dielectric lens 11 is exenplified by a
shaped pi ece of the aforenentioned unsintered continuously porous

pol ytetrafl uoroethylene resin, as is disgposed in Japanese Patent
Publ i cati on No. 59-23483. Onng to the provision of the dielectric lens 11,
the el ectromagneti c waves radi ated fromthe end face 10 of the dielectric
line | are transfornmed into a plane front. In another arrangenent shown in

Figure 9, thas&i eypeslanbCtheeditieetribilthe Mal hav€MoRGAR BYeiredi&l £iRsd Séctdor enna
such as a parabolic antenna 12, and the dielectric line 1 is arranged to
have its endut anecellipticomrasqaraterbdscseictionl aspwellt Hérd, bk ¢iRelaN 8edtion is

Al t hough the axially symmetric parabolic antenna 12 is used in Fig. 9, an
of f set type meneasuitable intcasedhd Planeagf polarigation is twinedsori ehanged, dill the
Alternatively, the dielectric line 1 having its.one end portion formed into
a coni cal stsapere segtiandspnere guitablewin icaseigy vegticalngr Hwrizootklaplankecof
primary radiator for antennae of the Cassegrain type, as shown in Figs. 11
and 12. . Fi g.polarizatioRsis 1R beafermed.t he near fiel d Cassegrain antenna 13,

whereas Fig. 12 shows the case of the far field Cassegrain antenna 13'.
Mor eover, Fi gs. Moreoyep ibe ﬁﬂ%ﬁFHPﬁ é’rﬁﬁam@?r%teﬁf‘!??e’hw Roeither apboyAdary t he

power supply axes of t.he pri.mary radi.ators are offset fro t@,ﬂ? axi s of the
ant enna bear‘ﬁmés%*ﬁé"@é’gﬁtﬁ?’bf’?{@n&\'ﬂgﬂﬁﬂ’ ® %’(S)H?I‘P{JE’I?H‘ ey, with
oper ati ons h Les [ t] a& en_clarified, but the present
I nvention c%tr‘\‘ él?sgﬁﬁ‘ge i%’i @ésgo&gg |2’ﬁ§%‘?‘?el ®™ne of either the step inﬁ%&
type or the gr adfdthe elditromagnetic waves to be radiated from the one end portion

of the dielectric line need not be radiated as a plane wave front

the object can be achieved by means of a dielectric line which has

its end face cut at a right angle with respect to the longitudinal

axis, ' for example.

The following several effects are achieved by some or all of
the embodiments:
| (1) Because there is no joint portion with a metallic-waveguide, it is
possible to substantially eliminate an increase in th'e insertion loss, and
reflection and & narrowness of the frequency band as has been caused in that
joint portion in the prior art; |

(2) The wave plane front can be radiated from the end face of the
dielectric line merely by making the shape of the end face suitable, and the
radiation angle can be freely controlled for the object intended;

(3) When the waveguide passage is present -in front of the reflector, as
in the reflector antenna, there can arise a defect in that the metallic

waveguide will reflect the electromagnetic waves. In a case where the
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index type, and the dielectric I|ne may have not only a circular cross
section but "an elliptic or square' cross section as well. Here, the circular
sectﬁom is nore suitable in case the plane of pol arization is turned or
charg&d, and the square section is nore suitable in case a vertical or

hori zontal plane of polarization is to be formed. Moreover, the dielectric
l'ine may be equipped with either a boundary condition settlng portion of a
shield portiéon made of netal and, further, with an absorptive |ayer nade of
a conductive resin. If the electronagnetlc wad¥es to be radiated fromthe

one end portion qQf the dielectrjc Lin eed no e radi ated as a plane wave
front the object Jé‘aﬁtbén%dfﬁtéé ﬁiqaglsa d"'B'@I dabe | &9 | R FERose

t d f t t h it I t udi
For oxanpl 6. The thoI P8 A caboraPiB RERPa e BN ey SRt s, Sind gy
the embodiments: bél)m%e%%uﬁ:ﬁet RELE rbiia ti@'@éve@o&'ahi’é’c | eoR P %&ctor

waveguide it is possinle to substantia elImnate an |ncrease int

i nsertion |oss, apthingl p8ss i PR-GHRH f%h@aﬁi&l@&%ﬁﬁ ofinkh@of rtﬁgaemmﬁa%guffous
has been caused in that joint portion in the prior art; (2) The wave pl ane
front can be radyahedodd @asultle £i@d face of the diel ectrl c line merely by
maki ng the shape of the end face suitable, and the radiation angle can be
freely controll ed fon4y heBwdy d€t thetplatedpf (B)lari¥erion hés winte haidioviphirs cde
is present in front of the reflector, as in the reflector antenna, there
can ari se a def edielegtrimilinehetheedettinomagnesdoiviresidan pefeffectivaly radiated.

el ectromagneti c waves. In a case where the jacket and netallic shield
| ayer of the line are renpbved to expose
N\



the core and the cladding only, or only the core, as the case may be, nost .
of the electromagnetic waves radiated fromthe reflector antenna pass

t hrough the dielectric line so that little spurious wave |oss results;yand
(4 Even if the plane of polarization is not held withi-n the ddelectﬁ$cf'"
line, the el ectromagnetic waves can be effectlvely radiated. . - 1 2- -
*C L M S * CLAIMS 1. A dietedrdc for
transmtting el ectromagneti c waves and havi ng oﬂmmlml "m anged to
enmit said el ectromagnetic waves directly into free Spate,*the transnission
| i ne conprising a continuous core(ﬁgk&ﬁﬁhded pol yt et rafl uoroet hyl ene and a
non-netal l'ic cladding surrounding the core, said core and-said cladding

bot h havin a diel ect rlc const nt decreasing jn the.axial directio

pr oceedi ng t'owarAds e‘cend TR HE 100 ¢ Hel 09 anb® ssFoaP ?q”nte“% A
d|electrlceﬂmamswmaanQM1hlmawzs(3nﬂrhnw1nzcnuarmdd poet tom sar ghgede end

portion of (he ns | r:ned {;%54 f A
dielectric Eor aﬁéﬁnessél%ﬁé fgr}eédaeg%ﬂia%n&(}%e w}é\’}’%?mad tqi&el ﬁﬁggu gfroenee end
porti on of SPREe .t rtdis i LRNIH 9§ kap lklﬁ%r%@‘\‘/\ﬁ’rpﬂa FomReabnyere core A

di el ectric dff agspupde@n polhgtécrsf PusESethyl édedli inkd wherehime@a i e end

ortion of he t.ransnm ssi on ne
P H %d ing =~ sdUrroun fng the core, said core and said

claddlng both having a dielectric constant decreasing in
the axial direction proceeding towards said one end
portion of the transmission line.

2. A dielectric transmission line as claimed in claim
1, wherein said one end portion of the transmission line
is formed with a convex face.
A dielectric transmission line as claimed in claim
1, wherein said one end portion of the transmission line
is formed with a concave face.
4. A dielectric transmission line as c¢laimed in claim
1, wherein said one end portion of the transmission line
is formed with a conical face.
5. A dielectric transmission line as claimed in any one W/

of the preceding claims, in combination with means spaced
from said one end portion of the traunsmission line for
~shaping the wave front of the electromagnetic waves
emitted into free space.

6. A dielectric transmission line as claimed in claim
5, wherein said one end portion of the transmission line
is formed with a flat end face and the wave front shaping
means comprises a lens arranged to face the flat end face.



i.s-formed with a conical face. 5. A dielectric transmssion line as
“claimed in any one of the preceding clains, in conbi ion with nmeans

spatgd from said one end portion of the transnissrgznﬁftghFBF‘Eﬁapfng—{he
wavei-front of the el eetronmagnetic waves enitted int ulgﬂ : A
dielectric-transmssion line as claimed in claimb5, 'v m il ,gﬂﬂtend
portion of the transmission line is forpged with a flat éndtfacte sa he

wave front shaping neans conprises a lens arranged to face the flat end
face. - 13 - 7. A dielectric transmssion line as clained in claim

5, wherein tpe V\’aﬂledgrqutét??gpitr}%n@%ﬁ%%i%%h”pfiégsag. rcelfa'iﬁ‘éﬁ.orina”éfg?%
arranged to face Said one end portion of the tranShission |ine. 8. A
di el ectric ttansthersidh |thee #avel affenti nshapinge RFanshe cpmpEddrag 2l ai ns,

wherei n the gxppéeiesk Pahybahsaarktlangedet ty| €ageOfsalide did cedd POHSE DR €d Or
ered. 9 A dielectric transmssion |ine according to

is partially iiéﬁ . .
claim1 and Tonsts (AP RHEht'i2N9y as herein described with reference to
any one of the arrangenents shown in Figures 1 to 14 of the acconpanying

drawings. g, A dielectric transmission line as claimed in any one
of the preceding claims, wherein the expanded polytetra-
"fluoroethylene of the core is unsintered or is partially
sintered. ' '

: 9. A dielectric transmission line according to claim 1

— and constructed substantially as herein described with
reference to any one of the arrangements shown in Figures
1 to 14 of the accompanying drawings.




