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“This‘invention relates, generally, tothe propa-
gation of €lectromagnetic waves along conductor
means “having ‘relatively movable portions and

the“invention thas reference more particularly to '

anovel construction of coupling means for trans-
ferring electromagnetic:wave energy between said
relatively ‘movable portions. -
-Specifically, the -invention is-adapted for effi-
cieritly -conducting polarized -electromagnetic
- waveenergy from one wave guide'to another wave
guide, the-wave -guides ‘being relatively-turnable
with respect ‘to each other.
- An-object of the present invertion is “to pro-
Vide means ‘for-coubling ‘two rélatively ‘turndble
glectromagnetic wave conducting means wheéreby
electromagnetic emergy ‘may be efficiently trans-
ferred from one conducting means to ‘the other.
" ‘Ancther object of ‘the -present invention is to
provide concentric lifte coupling means ‘between
two relatively turnable wave guides, said coupling
means ‘being “so ‘designed as to enable ‘the effi-
cient ‘passage of ‘polarized electromagnetic waves
from otie wave guide through the coupling means
ard ‘ifito-the other guide. .
- Anocthier object ‘of the present invention s to
provide means forconducting and radiating elec-
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tromagnetic energy at varying angles comprisiig -

5 stationary wave guide-and a relatively movable
etiilftting wave guide -together “with “means “for
iriterconnecting -said ‘wave "guides for “cotrveying
the energy therebetween in-an efficient manner.
“Still another object of the present invention ‘is
to provide rélatively ‘turniable wave guides “hav-
ing an ‘ifiterconhecting concentric line -section,
the ‘outer conductor of ‘which sectiont is divided
to.enable relative burning movement between said
wavej_‘,guides,‘mean‘s*b‘eingprovidedtto‘re‘duce“the
escape of energy through said divided: otiter .con-
ductor ‘to a minimum, '
“Another object of the present inverition ‘is*to
provide relatively turnable wave guides together
‘with.coupling means therefor compiising 4 -com=
centric linie structure having relativély tutnable
outer and inner condudtors, the inner conductor
being .integral throughout :its ‘length ‘to -obtain
operating ‘éfficiency and the outer condtictor be-
fng broken to.enable relative movement -of ‘the
two wave guides, suitable wave trap means being
provided in connection with sdid outer conductor
to reduce escape of energy therefrom:to a mini-

ium.

A still further object of the present invention
is to provide means for efficiently coupling & wave
guide type transmission line'to. s concentric-type
transmission ‘line, such coupling “meatis “being
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adapted to operate over a relatively large range
of operating “frequelicies ~without “creating ob-
jectionable “standing ‘waves ‘in eitheér the wave
guide or ‘concentric ‘transmission line,

‘Other objects and ‘advantages will become ap-
parent ‘from -the specification ‘taken in connec-
tion with the accompanying drawing wherein flie

-single ‘figure shows one enibodiment of the in-

verntion. ‘

Refetring ‘how to“the drawing, the reference
ntimerals 2 -and 3 desighate wave guides shown
as ‘of Tectangular form and adapted to convey
polarized ‘waves, 'said wave guides being inter-
conneécted by the ‘novel coupling means df ‘this
‘nvention. ~This coupling - means compiises a
concentric-line structure consisting of a unitaty
inner conductor4 and a divided outer coriductor
consisting of parts*5, 6 and 7. “The outer coti-
ductor section §is provided with an external pro-
jection 28 which is socketed for receivinig the etid
portion of the guide 2, such end portion being
secured.to the projection 28 as by screws 8. "The
portion of the projection 28 opbosite the end of
guide 2 is provided with a-tuning plug 37 adjust-
able by set screws 51, “Elenent 20 is a rectangii-
lar plug fitting within the portion of prdjection
13, situated -at ‘the closed end of wave guide 3,
anid locked in place by a locking screw I3, "Its
function is to provide ai adjustable means for
matching the impedsance of guide 3 to that of the
coticentiic ling conductor. "The proj ection 2818
provided with ai anndlgr extension 32 sutround-
ing.the. outer_concentric line eonductar section™1
and spaced somewhat fherefrom, said extension
haviig a collar 31 secured thereto asby Serews 33,
which ¢ollar is interiially reécessed for receiving
ah aniti-friction bearing 30 supporting the portiofl
1.6t the ocuter condiictor of the concentric line.

‘A tuning plug 26 is adjustably slidable within
outer conduictor portionT snd over the inner con-
ductor 4 by means of a knol 38 and connecting
¥ods 39. ~The collar 31 is provided with an inner
annilar projection 317 having a reduced end por-
tion'31” spaced radiaily both from the extension
33 and from the outer conductor ~portion ‘1
whiershy an annular recess:34’ closed st the lower
efid is provided betweett éxtension 32 and reduced
portior 3 '/ to provide s wave-tiap and impedatice
matehing device, ‘as will ‘further -appeat.

‘As thusly constructed, the suter comductorpor=
tion -1 ‘together with the inher coridtrctor 4-and
plug’26 are’fige t0 turh as-a unit-within -collar 3
‘anid extension-32, the inter-eénd of-outer conduc-
tor-portion T-having 4-slight -clearance -with :re«

--spectﬁ-tcfthe:oppo*si'rig“eﬁdr-of»ﬁdrtﬁfoﬁ%f»the outer
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conductor as shown at 29. Thus, the bearing 30
serves to rotatably support the outer conductor
portion T within the extension 32, this extension,
It will be noted, being attached to the wave
guide 2.

The outer conductor portion 6 of the concen-
tric line coupling is provided with a tuning plug 21
slidable therein, the: adjustment. of this tuning
plug being provided for by means of a nut 22
engaging threads 23 on the outer surface of outer
conductor portion 6. Nut 22 is provided with an
internal annular slot for receiving transverse
Pins 24 fixed upon the plug 21, which in turn
slide in longitudinal slots 53 in conductor portion
6. Hence, by turning nut 22 the plug 2i.is ad-
justable longitudinally within outer conductor
portion 6 and along inner conductor 4. Thus, it
will be noted that the inner conductor 4 of the
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One particular use of this construction which may
be mentioned is that of scanning a desired field
of view. This is accomplished by turning the
guide 3 with respect to guide 2 through a desired
angle, guide 3 having an open outer end for dis-
charging the energy into space, a reflector 36
being illustrated in the drawing for directing this
energy. Obviously, the same equipment may be
used for receiving the energy radiated or reflected
from a remote point. The construction is such as
to provide an efficient energy transfer through

" guide -2 through the concentric line shown and
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concentric line is supported at one end within -

plug 2§ and at its other end bortion within the
plug 26.

Wave guide 3 is fastened to portion 6 in the
Same manner as guide 2 is to portion 5. Outer
conductor portion 6 is aiso provided with an an-
nular extension 15 surrounding and spaced from
the portion 5 of the outer conductor. A collar 40
is secured to the extension {5 as by screws 33 and
is internally recessed for receiving an anti-fric-
tion bearing {9 interpositioned between this col-
lar and the outer conductor portion 5, which is
secured to wave guide 2. ‘The outer conductor
portion § terminates adjacent to, and has a slight
clearance as indicated at {4 from the outer con-
ductor portion §. The collar 40 is provided with
an inner annular projection 40’ having a reduced
end portion 40’ spaced radially both from the
extension 15 and from the outer conductor por-
tion §. Here again an annular recess 16° closed
at one end is formed between extension 15 and
reduced portion 40’/ to provide a wave trap and
impedance matching device, as will further
appear. :

The inner conductor 4 is shown provided with
somewhat enlarged portions 16 and i smoothly
connected to the main conductor 4 at the points
where guides 2 and 3 connect with the concentric
line, which enlargements, in cooperation with
substantially conformably shaped curvilinearly
flared bore portions 6’ and 5’ formed in outer con-
ductors 6 and 5, respectively, enhance the effi-
ciency of the energy transferred, and also are be-
lieved to increase the allowable frequency range
of the transferred energy.

As thus construeted, it will be noted that guides
2 and 3 are relatively turnable.. In this connec-
tion it will be noted that guide 3 together with
inner conductor 4, outer conductor portion 6, and
outer conductor portion 7 and connected parts,
are turnable by means of bearings 19 and 30 with
respect to the outer conductor portion 5, exten-
sion 32 and wave guide 2.

In. operation,  assuming vertically polarized
electromagnetic wave energy is supplied to guide 2
moving from left to right in the figure along
guide 2, then the energy is picked off by the en-
larged portion 10 of the inner conductor 4 of the
concentric line, so that the electric vectors defin-
ing the direction of the electric field take up radial
positions within this line, resulting in upward
movement of energy which is conveyed to the up-
per end thereof and is reradiated into the guide 3
in the converse manner as vertically polarized
energy. This guide is shown twisted at 44 so that
this vertically polarized energy becomes horizon-
tally polarized at the portion 42 of -the guide.
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‘into guide 3, or vice versa, and the construction

shown substantially eliminates any escape of en-
ergy from- the divided outer conductor 5,6,1.

In this connection it will be noted that a cham-
ber 16 is provided exteriorly of outer conduetor
portion 5 communicating with the radial clear-
ance opening {4 between outer conductor por-
tions § and 6. The length of the annular cham-
ber (6 corresponds to substantially a quarter
wavelength of the energy being transmitted and
hence effectively forms a wave trap. For efficient
operation the impedance at the gap 14 should be
low in order to enable currents to flow readily be-
tween outer conductor portions 5 and 6. The end
of the wave trap space 16 removed from the gap
{4 should therefore have a high impedance and
this is insured by an additional wave trap {6’ pro-
vided between the extensions 15 and 40’, this
wave trap also being substantially a quarter wave-
length in length and short-circuited at its re-
mote end. Thus, with a current node.provided at
the end of the wave trap 16 adjoining wave trap
{6’ a current maximum is provided at the gap 14
representing a low impedance at this point.
Since a cutrent node occurs at the Junctures of
these two wave traps substantially no energy es-
capes down the annular slot between outer con-
ductor portion § and sleeve 40’ through the anti-
friction bearing shown. This is highly desirable
since it not only prevents the escape oOf energy
but also prevents overheating of the bearing.
Furthermore, the undeterminable impedance be-
tween conductor 5 and collar extension 40°,
caused by leakage of energy and conditions ex-
ternal to the apparatus, is rendered ineffective to
change any conditions at the gap 14 by being ef-
fectively connected in series with the very high
impedance of quarter-wave-shorted section 6.

A similar wave trap and impedance matching
construction is provided by spaces 34 and 34’ as-
sociated with outer conductor portions § and 7
of the concentric line so that a low impedance
obtains at gap 29, enabling the ready fow of cur-
rent along the outer conductor but preventing the
escape of energy to or through the bearing 30.

As many changes could be made and many
widely different embodiments of this invention
could be made without departing from the scope
thereof it is intended that all matter given in
the above description or shown in the accom-
panying drawings shall be interpreted. as illus-
trative and not in a limiting sense. .

What is claimed is:. .

1. In a structure of the character described, a
pair of relatively turnable wave guides and a
concentric transmission line coupling said wave
guides, said transmission line comprising an outer
conductor portion fixed to one wave guide, bear-
ings provided upon said outer conductor por-
tion, additional outer conductor portions carried -
by said bearings and relatively turnable with re-
spect to said first~mentioned outer conductor por-
tion and connected to said other ‘wave guide,
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$5id coneentric dine scoupling having Jdts inner
conductor ssupported ‘from ssaid radditional outer
‘tonductor {portions. )
2. ¥In-a stritctureof ithe charatter:deseribed,:a

pair of relatively :turnable “wave guides and wa

«concentric Hine sconductor ‘coupling ssaid Wave
guides, said «conductor comprising -an soutereon=
ductor :‘portion:fixed:to ‘one ‘wavesguide, shearifigs
‘provided upon:saidcouter conductor portion, ad-
«ditional:outer conductor ;portidhs:icarriedihy:said
‘hearings :and relatively vturnable with :respeet to
said:first-mentioned outericonductor:portion:and
eonmected o “said cother ~wave iguide, :said «con-
-eentriciiine icoupling shaving «{tstinner cconduetor

supported.from additional -6liter -conductor :por-

tions, :and 'wave traps between ssaid Jfirst-men-
tioned -outer :conductor sportion sand said saddi=
tional <outer seonduector :portions to prevent ithie
escape of electromagnetic energy. . .

3. dn sapparatas 6% the character descrlbed a
pair of wave guides, coupling means intercon-
necting said guides-and allowing-relative turning
.movement -therebetween, .said ecoupling means
comprising a concentric line having-external and

internal conductors, the ends of said guides ter-

minating ‘in “surrounding ‘relation ‘to ‘the inner
conduetor of said concentric:line coupling, said
inner.conductor being of:expanded-diameter-with-
.inzsaid:guides and means-for ‘tuning the:guides

to :the «concentric line coupling -and for tuning :

the:ends of.said line coupling.

4. An ultra high frequency -apparatus “com-
“prising-a-concentric line having -a unitary sinner
conduetor -and an outer. conductor, said <outer
conductor .having two ispaeed -sectious :fizxedly
connected -to said inner conduector, gnd-aisohav-
ing -a.further section bétween -said two ispaced
sections and rotatable with respect thereto, and
wave trap means at the gaps between said rotat-
able section and said spaced sections for pre-
venting leakage of energy through said gaps.

5. In an electromagnetic wave conducting
means having relatively turnable sections and
an interconnecting section having relatively turn-
able portions, means for securing the relatively
turnable portions of said interconnecting section
to said respective turnable sections, and wave
trap means for preventing the escape of energy
through the gap between the relatively turnable
portions of said interconnecting section.

6. Apparatus as in claim 5, wherein said wave
trap means comprises a quarter wave concentric
transmission line section concentric with said
interconnecting section connected at one end to
said gap and at the other end to a further short-
circuited quarter-wave line concentric to said
interconnecting section, said short-circuited line
being connected in series with the escape path of
said energy.

7. An ultra high frequency coupling between
a pair of axially aligned tubular conductors hav-
ing a narrow gap therebetween, comprising an
expanded portion formed on one of said conduc-
tors and surrounding the other conductor in
spaced relation thereto whereby said expanded
portion and said other conductor form a con-
centric transmission line section, a sleeve mem-
ber connected to said expanded portion at the
end remote from said gap and extending axially
between said expanded portion and said other
conductor to a point spaced from said gap such
that the length of said concentric fransmission
line section is substantially equal to a quarter
wavelength at the operating frequency, said sleeve
member having a portion of reduced thickness
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wtithefreeend: thereofspzced,fromsaid Jexpanded

‘poftion,said reducedithickness portion: being:sub«
“stantiallyaquarteriwavelength long:at.the:oper-

ating frequency:and-cooperableavith saidexpand-
ed "portion to ‘define v short<cireuited quarter
wavelength sconeentric Aransmission :line . section
dn ;weries *with ssaid :first-mentioned iconcentrie
4ransmission Jine csection.

8. *Conductotr:means. for-conveying:electromags
tetic wavesicomprising Jg iwaveiguide, 7o .coneen=

. trie line ‘eonnected “with said ~wave rguide, said
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-3 iportion cof

concentric lineshaving:a divided:outer iconductor
which is:fixedly cconnected o :said
erguide-and dnothersportion-of which:is:rela~
turnable Wwith respect thereto :and vwave

“$rapameansiconnected:between said portions;said

Wave @trap ‘means s¢omprising -a pair ~of serially
connected cguarter swavelength transmission :line
séetions providing a: relativelyilow impedanceat
the junetion :of :s4id ‘outer cconductor :portions.

9. Ultra high:freguencyenergy-conducting:gp-
paratus comprisingsa:section of concentrie.trans-
mission lwe: having an:inner conductor and:an

-puter :conductor, said outer:conductor:being:sep-
arated linto 4liree ;separate ;portions, and :meais

for connecting said:ihner: conductor to:.the:outer
ones-of :said three sections, said .center :section
ofouter conductor: being relatively-rotatable swith
respect ‘to itheouter sections.

10, Apparatus:as:in¢laim 9, further:compris-
ing:coupling:means: for:supplying high frequency
energy:to said center: section of-outer conduetor,

-and -coupling smeans for -abstracting *high fre-

guency -ehergy from :one of said -outer :seetions
‘of zouter :conductor whereby =said 4two ‘coupling

means 'may:beirelatively rotated with:respeet-to
-One .another.

11. Apparatus as in claim 9, further including
means for coupling high frequency energy to the
center section of said outer conductor whereby
said coupling means is relatively rotatable with
respect to said inner conductor and said other
outer conductor sections.

12. Apparatus as in claim 9, further compris-
ing an ultra high frequency wave guide and
means for coupling said wave guide to said cen-
ter section of outer conductor and to said inner
conductor whereby, said wave guide may be ro-
tated relatively to said transmission line section
while transferring energy therebetween.

13. A concentric transmission line for inter-
connecting two relatively turnable wave guides,
comprising & unitary inner conductor and an
outer conductor divided into a plurality of por-
tions, said portions forming with said inner con-
ductor . concentric transmission line sections of
substantially equal characteristic impedance, one
of said portions being secured to one wave guide
and another of said portions being secured to a
second wave guide, and means for preventing
the escape of energy from between said outer
conductor portions comprising a pair of serially
connected quarter wavelength transmission line
sections providing a relatively low impedance at
the gap between said outer conductor portions.

14, In combination, a wave guide, a coaxial
transmission line having spaced outer and inner
conductors, said wave guide and said line having
mutually orthogonal axes of energy propagation,
a curvilinearly flared connection between the out-
er conductor of said coaxial transmission line
and said wave guide, and an expanded-diameter
termination on said inner conductor projecting
transversely within said wave guide.

15. An ultra ‘high frequency energy.coupling
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Junetion comprising a wave guide of rectangular
cross-section having aligned apertures formed in
opposed side walls thereof and a pair of con-
centric transmission line sections having g com-
mon unitary inner conductor and axially aligned
spaced outer conductors, said inner conductor ex-
tending through said apertures of said  wave
guide, the portion of said inner conductor con-
tained within said guide being of expanded di-
ameter, and flared connecting means connecting
said outer conductors to said side walls of said
wave guide at the apertures therein.

16. Ulira high frequency apparatus compris-
ing a pair of wave guides and coupling means
interconnecting said wave guides, said coupling
means comprising a concentric transmission line
section having inner and outer conductors, said
inner conductor extending through each of said
wave guides with the portions thereof within said
guides being of expanded diameter, and flared
connecting means joining said outer conductor
to a wall of each of said wave guides.

17. Apparatus as in claim 16 wherein said ex-
panded-diameter portions are of substantially
ellipsoidal contour cooperable with said flared
connecting means, whereby substantially in-
creased bandwidth of operation is obtained.

18. Conductor means for conveying electro-
magnetic waves comprising two relatively turn-
able wave guides and an interconnecting concen-
tric line, said concentric line having its outer
conductor divided into a plurality of portions,
one of which portions is secured to one wave
guide and another of which portions is secured
to the other wave guide, bearing means provided
between said cuter conductor portions, and means
for preventing the escape of energy outwardly
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from between said outer conductor portions, said
last-named means comprising a wave trap hav-
ing a low impedance looking -at the juncture of
said outer conductor portions and a high im-
pedance looking away from said juncture.

19. Conductor means for conveying electro-
magnetic waves comprising two relatively turn-
able wave guides 'and an interconnecting concen-
tric line, said concentric line having its outer
conductor divided into a plurality of portions, one
of which portions is secured to one wave guide and
another of which portions is secured to the other
wave guide, and means for preventing the eseape
of energy outwardly from between said outer con-
ductor portions, said preventing means compris-
ing a wave trap having a low impedanhce look-
ing at the junecture of said outer conductor por-
tions and & high impedance looking away from
said Juncture
ROBERT 0. HAXBY.
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