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This invention relates, generally, to the propa 
gation of electromagnetic waves along conductor 
means having relatively movable portions and 
the invention has reference more particularly to 
a novel construction of coupling means for trans 
ferring electromagnetic wave energy between said 
relatively movable portions. 

Specifically, the invention is adapted for effi 
ciently conducting polarized electromagnetic 
Wave energy from one wave guide to another wave 
guide, the wave guides being relatively-turnable 
With respect to each other. 
An object of the present invention is to pro 

wide means for coupling two relatively turnable 
electromagnetic wave conducting means whereby 
electromagnetic energy may be efficiently trans 
ferred from one conducting means to the other. 
Another object of the present invention is to 

provide concentric line 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 one wave guide through the coupling means 
and into the other guide. 
Another object of the present 'invention is to 

provide means for conducting and radiating elec 
tromagnetic energy at varying angles comprising 
a stationary wave guide and a relatively movable 
emitting wave guide together with means for 
interconnecting said wave guides for conveying 
the energy therebetween in an efficient manner. 

Still another object of the present invention is 
to provide relatively turnable waveguides hav 
ing an interconnecting concentric line section, 
the outer conductor of which section is divided 
to enable relative turning movement between said 
waveguides, means being provided to reduce the 
escape of energy through said divided outer con 
ductor to a minimum. Another object of the present invention is to 0 
provide relatively turnable wave guides together 
with coupling means therefor comprising a con 
centric line structure having relatively turnable 
outer and inner conductors, the inner conductor 
being integral throughout its length to obtain 
operating efficiency and the "outer conductor be 
ing broken to enable relative movement of the 
two waveguides, suitable wave trap means being 
provided in connection with said outer conductor 
to reduce escape of energy therefrom to a mini 
mum. A still further object of the present invention 
is to provide means for efficiently coupling a wave 
guide type transmission line to a concentric type 
transmission line, such coupling means being 
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adapted to operate over a relatively large range 
of operating frequencies without creating ob 
jectionable standing waves in either the wave 
guide or concentric transmission line. 

5 Other objects and advantages will become ap 
parent from the specification taken in connects 
tion with the accompanying drawing wherein the 
single figure shows one embodiment of the in 
Vention. 

Referring now to the drawing, the reference 
numerals 2 and 3 designate wave guides shown 
as of rectangular form and adapted to convey 
polarized waves, said wave guides being inter 
connected by the novel coupling means of this 
invention. This coupling means comprises a 
concentric line structure consisting of a unitary 
inner conductor 4 and a divided outer conductor consisting of parts 5, 6 and 7. The outer con 
ductor section 5 is provided with an external pro 

20 jection 28 which is socketed for receiving the end 
portion of the guide 2, such end portion being 
secured to the projection 28 as by screws 9. The 
portion of the projection 28 opposite the end of 
guide 2 is provided with a tuning plug 37 adjust 
able by set screws 5. Element 20 is a rectangu 
lar plug fitting within the portion of projection 
f2, situated at the closed end of wave guide 3, 
and locked in place by a locking screw fa. Its 
function is to provide an adjustable means for 
matching the impedance of guide 3 to that of the 
concentric line conductor. The projection:28 is 
provided with an annular extension 32 surround 
ing, the outer concentric line conductor Section 
and spaced somewhat therefrom, said extension 

35 having a collar 3 secured thereto as by screws.33, 
which collar is internally recessed for receiving 
an anti-friction bearing 30 supporting the portion 
7 of the outer conductor of the concentric line. 
Atuning plug 26 is adjustably slidable within 

outer conductor portion 7 and over the inner con 
ductor 4. by means of a knob 38 and connecting 
rods 39. The collar 3 f is provided with an inner 
annular projection 3? having a reduced endpor 
tion'3' spaced radially both from the extensión 
32 and from the outer conductor portion 7 
whereby an annular recess34' closed at the lower 
end is provided between extension 32 and reduced 
portion 3 f' to provide a wave-trap and impedance 
matching device, as will further appear. 
As thusly constructed, the outer-conductorpor 

tion Titogether with the inner conductor 4 and 
plug 26 are free to turn as a unit within collar 3. 
and extension 32, the inner end of outer conduc torportion it having a slight-clearance with re 
spect to the opposirigend of portion 5 of the oute 
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conductor as shown at 29. Thus, the bearing 30 
serves to rotatably support the outer conductor 
portion 7 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 2 
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 2, which in turn 
slide in longitudinal slots 53 in conductor portion 
6. Hence, by turning nut 22 the plug 2 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 

0. 

4 - 
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 f and at its other end portion 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 also provided with an an 
nular extension 5 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 5 terminates adjacent to, and has a slight 
clearance as indicated at 4 from the Outer Con 
ductor portion 6. The collar 40 is provided with 
an inner annular projection 40' having a reduced 
end portion 40' spaced radially both from the 
extension 5 and from the Outer conductor por 
tion 5. Here again an annular recess 6' closed 
at one end is formed between extension 5 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 0 and 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 constructed, 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 9 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 to 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 4. 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, 7. 

In this connection it will be noted that a cham 
ber 6 is provided exteriorly of outer conductor 
portion 5 communicating With the radial clear 
ance opening f4 between outer conductor por 
tions 5 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 eficient 
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 6 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 5 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 f 6 adjoining Wave trap 
f6' a current maximum is provided at the gap 4 
representing a low impedance at this point. 
Since a current node occurs at the junctures of 
these two wave traps substantially no energy ess 
capes down the annular slot between outer con 
ductor portion 5 and sleeve 40' through the anti 
friction bearing shown. This is highly desirable 
since it not only prevents the escape of 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 4 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 5 and 
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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Said concentric line coupling having its inner 
iconductor supported from said additional outer 
conductor portions. 

2. In a structure of the characteridescribed, sa, 
pair of treatively turntable wave guides and a 
concentric line conductor coupling said Wave 
guides, said conductor comprisingian:outer Cons 
ductorportion fixed:to one waveguide, bearings 
'provided upon said outer conductor portion, ad 
sditionali outer conductor portions carried by:Said 
bearings; and relatively turnable with respect to 
said first-mentioned outer:conductorportion: and 
connected to said other wave guide, said con 
centriciinae coupling having itsinner conductor 
Supported from additional Outer conductor:pors : 
tions, and wave traps between said first-men 
tioned outer conductor portion and said addia 
tional router conductor portions to prevent the 
escape of electromagnetic energy. . . w 
3.3n apparatus of the character described, a 

pair of wave guides, coupling means intercon 
necting said guides and allowing relative turning 
..movement therebetween, said coupling means 
comprising a concentric line having external and 
internal conductors, the ends of Said guides ter 
minating in surrounding relation to the inner 
conductor of said concentric line coupling, said 
inner conductor being of expanded diameter with 
in said guides and means fortuning the guides 
to the concentric line coupling and for tuning 
the ends of said line coupling. 

:4. An ultra high frequency apparatus icon 
prising a concentric line having a unitary Sinner 
conductor and an outer conductor, said outer 
conductor having two spaced sections fixedly 
connected to said inner Conductor, and also hav 
ing a further section between said two 'spaced 
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 transmission 
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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at the freelend thereof spaced from said expanded 
portion said reduced thicknessportion being subs 
startiallya, Euarter; wavelength long, at the opera 
atting frequency and cooperable with said expande 
led poetion to define a short-circuited quarter 
wavelength concentric transmission line. Section 
in series 'with said first-mentioned concentric 
transmission line Section. 

8. Goadctorneans, for GOnveying electro-alaga 
thetic 'wavesicolaprising:a:Waveguide, 3,...COceae 

- tric line connected with said waveguide, said 
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concentric line.having a divided outer conductor 
a portion of which is fixedly econnected to said 
waveguide and another portion of which is rela 
tively. Enable 'With respect thereto and Wave 
trap means connected between Saidportions, Said 
Wave atrap means comprising a pair of serially 
sconnected quarter wavelength transmission line 
sections providing a relatively low impedance at 
the junction of said outer conductor portions. 

9. Ultra high frequency energy conductingaps 
paratus comprisingia Section of concentric...trans 
naission line. having an irraer conductor and an 
outer:conductor, said outer conductor being Sepe 
arated into three Separate portions, 3 and means 
for connecting Saidinner conductor to the outer 
ones of said three sections, said center section 
Of Outer conductor being relatively rotatable. With 
respect to the outer sections. 
:10. Apparatus: as in claim 9, further compris 

ing coupliagmeans, for Supplying high frequency 
energy to said:center section of outer conductor, 
and coupling ineans for abstracting high fres 
gency energy:from One of Said outer SectioS 
of outer conductor Whereby said two coupling 
means may: bei relatively rotated with respect 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 a 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 WaWe 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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junction 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 a 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. Ultra 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 concern 
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 outer conductor portions, and means 
for preventing the escape of energy outwardly 

O 

:5 

20 

25 

30 

35 

8 
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 escape 
of energy outwardly from between said outer con 
ductor portions, said preventing means compris 
ing a wave trap having a low impedance look 
ing at the juncture of said outer conductor por 
tions and a high impedance looking away from 
said juncture. , 

. . . . ROBERT O, HAXBY. 
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