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This invention relates. to. guided, electromag-
netic wave transmission. systems, and more par-
ticularly to a transition device.for coupling a
coaxial conductor transmission line.and a hol-
low wave guide.

In coupling a coaxial line te a.dielectric wave
guide, it is desirable to.conyvert the wave form
from one most suitable. for propagation in the
coaxial line to a form.suitable for the geometry
of the dielectric wave guide, whatever its con-
ﬁguratlon may be, Conversely a . wave passing
through the system inthe reverse dlrectron should
be. converted from the type most des1rable for
transmission through the gulde to atype. sultable
for transmission in the coaxial line.

It is among the .objects. of the. invention to
provide a device by which. electromagnetic waves
of one type, under propaﬁatmn in g gulded wave
transmission system, may be modlﬁed or re-
shaped so that after conversion they w1ll be
propagated as waves.of a predetermmed type

In couplmg the coax1al line. and a hollow wave
guide, it is generally. essentlal that tlne concentric
line be joined to the wave gulde in, a,vpredeter-
mined direction.. For example,.in. coupling a con-
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centric line to a rectangular wave.guide, it has "~

heretofore been generally necessary to couple to
the hollow wave guide at some predetermined ro-
sition on the wide dimension of the guide. If
for structural reasons inherent in the transmis-
sion system the concentric line must approach
the hollow wave guide from a.different side, such
for example as from the narrow side thereof,
then a series of transmission line sections. dis-
posed at proper angles must be . introduced in the
system in order that the concentric line may enter
the wave guide from the proper direction. Not
only is the additional bulk and weight due to such
bends or angles. objectionable, but they also in-
troduce additional mechanical comohcatlons in
a system where it is desired to rotate one sect

of the transmission line relative to another as 1n
the case where the direction of propagation from
an antenna system is to be varied. Further-
more, such bends necessarily increase the elec-
trical losses in the system.

It is a further object of the invention to pro-
vide a device of the type desembed in the fore-
going for effecting the desired tran51t10n between
the concentric line and the hollow wave guide
in a simple direet manner mthout the introduc-
tion of complex bends or angles into the concen
tric line as it approaches the gulde

A further -object of the 1nvent10n is to provide
a device of the type described Whlch is su1table
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2
for the transmission of waves of relatively high
energy.

The invention will be.described as a transition
device from the principal wave in a coaxial trans-
mission 11ne to the TE 1, I modein a hollow cyhn-
drmal Wave gulde and to the TE 0, 1 mode in
a rectangular gulde Jbut should not he construed
as l1m1ted to any partmular mode Also it will be
understood that the 1nve°1t1on may be ut1llzed m
transmission lines of less common shapes, ~

The foregomg and other ob;lects of the mven-
tion will be best understood. from the following
deta1led descrlptlon reference bemg had to the
accompanymg drawmgs wherem

Fig. 11is a section through one form of my novel
transition device;

Flg 2 is a sectlon taken on the line 2—2 of
Fig. 1;

Fig, 3 is a diagrammatic view illustrating the
mode of operation of the form of the 1nvent10n
shown in Figs. 1 and 2;

Fig. 4 is a section through another embodiment
of the invention and is taken on the line 4—4 of
Flg 6;

Fig. 4

Fig. 6 is a plan view of the form of the inven-
tion shown in Figs. 4 and 5;

F1g v d1agrammatlcally iNlustrates the mode
of operatlon of the form of the 1nvent10n shown
in Figs. 4, 5 and 6; and

Fig. Ta shows diagrammaticallythe,ﬁeld dis-
tribution correspondlng to Pig. 7. ‘

Referring to the drawings, and first to Figs. 1-3
thereof, the transmon device in this. mstance
includes a ‘coaxial conductor transmission line |
and a cyl1ndr1cal waye gluide 2. The coaxial line
I comprises an outer tubular conductor 3 and
an inner conductor 4 which is positioned centrally
in the outer .conductor except at the end thereof
where the. conductor 4 is bent to, contact the. con:
ductor 3 to the inner surface.of Whlcn the. con-
ductor 4 is soldered or. otherwise secured to pro-
v1de good electrical connectlon therewith.

The coaxial line | projects into the waye, guide
2 at the approximate electrical center thereof.
In this instance the wave gitide is cylindrical and
the coaxial line | projects into the wave guide 2
in such manner that the electrical center of the
radlatmg elements hereafter descrlbed extends
into the round wave guide for a distance approxi-
mately equal to one-guarter of the length of the
waves which the system is adapted to transmit.
The outer conductor 3 is prowded with a bair of
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the end thereof within the wave guide 2 for a
distance approximately equal to one-quarter of
the length of the waves on the transmission line.
Since a substantial portion of the walls of the tube
3 are cut away in forming the slobs 3, a pair of
opposed tongues 6 is provided by the remsaining
material of the tube 3, and it is to one of these
tongues that the conductor 2 is secured to pro-
vide a good elecirical connection between the
outer tubular conductor 8 and the inner conduc-
tor 4. A reflecting plug 7 closes the end of the
wave guide 2 and is provided with a cenfral open-~
ing through which the outer tubular conductor 3
extends.

Guided wave transmission lines of the type de-
scribed in the foregoing are usually designed to
carry electromagnetic waves of approximately
a predetermined wave length which may be rep-

resented by \. If the length of the slot 5, as indi-
cated in Fig. 1, is made approximately equal to
A
4

a circuit which is resonant at the predetermined
wave length A is provided by the slots §, which
resonant circuit has points of high potential at
the tip ends of the tongues 6. The slots 5 may be
designated as one-quarter wave length slots and
may be said to be excited at the frequency cor-
responding to the predetermined wave length A.
Waves are provagated in both directions in the
wave guide 2, that in the direction of the reflect-
ing plate T being reflected so that it combines in
proper phase with the wave traveling in the de-
sired direction.

In order that the reflected waves combine in
proper phase with the oppositely directed waves.

the distance between the reflecting plate T and

the electrical center of the radiating slots 5
should be

A
z

The term electrical center means point, or small
area, or small volume from which, viewed from 2.
point several wave lengths away. the electromag-
netic energy appears to emanate. However, since
the portion of the coaxial line which projects into
the wave guide 2 alters the electrical character-
isties of the portion of the guide so traversed, the
actual distance that the coaxial line { projects
into the wave guide 2 in order that the reflected
and direct waves combine in proper phase differs
from the theoretical. It will therefore be under-
stood that when referring to distances in terms
of wave length herein, the apparent electrical dis-
tanee is meant, not necessarily the linear dis-
tance.

In the operation of this form of invention, when
the coaxial line is working in the principal mode,
3, potential difference varying with time is im-
pressed across each of the slots 5. These slots &
are excited with points of high potential occurring
at the ends of the tongues 6. Since the depth of
each slot is electrically equal to

A

4

the distance between the points of high potential
as taken along the slots is equal to

A

—

2

A circuit is therefore provided by each slot which
is resonant af the frequency corresponding to A,
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where A is the length of the wave upon the line .
A wave is propagated in guide 2 in both directions
from the peints of high potential at the ends of
the tongues § corresponding to the wave form
shown in Fig. 3 in which the curved arrows indi-
cate lines of electrical intensity. The wave prop-
agated in the direction of the reflecting plates 7
is reflected back and combines in proper phase
with the waves.propagated in the opposite direc-
tion.

The above described form of the invention
functions efficiently as a transition device at rela-
tively high power. I have found that the limit of
power-handling capacity is usually evidenced by
the formation of corona at the ends of tongues §.
To avoid this difficulty and increase the power-
handling capacity and yet retain the advantages
possessed by the form of the invention previously
described, the coupling may be modified in the
manner illustrated in Figs. 4-6.

In this form of the invention the coaxial con-
ductor transmission line 11 has its outer tubular
conductor {3 projecting transversely through a
hollow wave guide 12. In this instance the hollow
wave guide {2 is rectangular in transverse section
and the coaxial line {f enters the wave guide
through one of the narrower walls thereof and
extends to the opposite wall. Slots 15 in the outer
conductor 13 extend longitudinally of the portion
of said conductor enclosed within the wave guide
12, and the inner conductor {4 of the coaxial line
11 is bent to contact the inner wall of the outer
tubular conductor 3 at a point intermediate the
length of the slots {5. The portions of the tubu-
lar conductor 13 remaining after the slots 15 have
been cut therein provide two opposed conductive
strips 16 to one of which the central conductor
{4 is electrically connected. In this case the
length of the slots (5 is made approximately
equal to one-half of the length of the waves on
the transmission line and it will be observed that
a conductive path is provided between the two
strips {6 around each end of the slots {§ by the
material of the tube {3.

The operation of this form of the invention is
similar to the operation of the form previously
described except that the length of the slots 15
is made approximately equal to

A

2

The points of high potential occur at the mid
point of the lensth of the slots. The distance
between the points of high potential as taken
along the slots is equal to

A

2

in either direction. When the coaxial line is
working in the principal mode, the slots 15 are
excited as in the previously described form. A
circuit is provided in each direction by each of
the slots 15 from one of the high potential points
to the other, which circuits are resonant ai the
frequency corresponding to . A wave is propa-
gated in the guide 12 in both directions corre-
sponding to the form shown in Fig. 7 where the
lines indicate the distribution of electrical inten-
sity. The reflecting plate {7, which is used when
propagation is desired only in one direction, is
positioned so that the reflected waves combine in
proper phase with the direct waves. The dis-
tribution of the electric field in the rectangular
guide is indicated in Fig. 7a in which the ordi-
nates represent corresponding points along the
long dimension of the wave guide, and the ah-
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scissas represent:the:relative intensity of the field.
-This form.of distribution.is recognized:-as the-most
favorable form for the rectangular guide. : In this
form of the invention wave forms of a higher

order or-mode-may-be -obtained by changing the -

number and/or position of the slots 15.

- TIt-will:-'be apparent -that the -resonant-circuit
‘provided:-by the slots in the outer conductor of
the coaxial transmission:line in either..of -the

-forms: shown need not necessarily be formed in:.

the manner shown by cutting slots in-the: outer
.conductor -and connecting the inner-conductor
-to one of the strips of material.of the-outer con-
ductor remaining after the slotiing operation.

For example; the tongues 6, -of the form shown

in -Figs. 1 and 2, may:be formed of separate
:strips of:econductive material-attached to the en-
closed end of the outer conductor, the inner
conductor being connecisd as before to one of
said strips.
shown in Figs. 3, 4 and 5 may be formed sepa-
rately from the outer conductor {3 and con-
nected thereto in any desired manner, as by
soldering, to provide the pair of diametrically
opposed strips.

There has been herein described two embodi-
ments of the invention. Many other embodi-
ments, within the scope of the appended claims,
will be apparent to those skilled in the art from
a consideration of the forms shown and the
teachings herein.

What is claimed is:

1. A coupling system comprising a coaxial
conductor transmission line having an outer con-
ductor surrounding an inner conductor, a hollow
wave guide, said outer conductor extending into
said wave guide and having slotfs in the side walls
thereof within said wave guide dividing a por-
tion of said outer conductor into conductive
strips, said inner conductor being connected to
said outer conductor at one of said strips.

2. A coupling system comprising a coaxial
conductor transmission line having an outer
conductor surrounding an inner econductor, a hol-
low wave guide, said outer conductor extending
into ssid wave guide and having opposed slots
in the side walls thereof within said wave guide
dividing a portion of said outer conductor into
a pair of conductive strips, the length of said
slots being substantially equal to one-quarter of
the length of the waves on said transmission
line.

3. A coupling system comprising a coaxial
conductor transmission line having an outer con-
ductor surrounding an inner conductor, a hollow
wave guide, said outer conductor extending into
sald wave guide and having slots in the side
walls thereof within said wave guide dividing a
portion of said outer conductor into conductive
strips, the length of said slots being substantially
equal to one-half of the length of the waves on
said transmission line.

4. A coupling system comprising a coaxial
conductor transmission line having an outer con-
ductor surrounding an inner conductor, a hollow
cylindrical wave guide, said outer conductor ex-
tending into said wave guide at the aporoximate
electrical center thereof and having a pair of
diametrically opposed slots in the side walls
thereof within said wave guide dividing & portion
of said outer conductor into a pair of conductive
strips, said inner conductor being connected to
said outer conductor at one of said strips.

5. A coupling system comprising a coaxial con-
ductor transmission line having an outer con-

Similarly, tiie strips 16 of the form .99
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6

>ductor surrounding:-an! inner: eonductor,: a:hol-

low wave guide, said :suter: conductor extending

dnto said>wave:guide and having slots:in the:side
‘walls thereof -within said wave guide dividing
‘a.portion.of said outer.conductor inte conductive

strips,isaid :inner conductor:being connected to
'said :outer::conductor :at one .of said strips,. the
length of said: slots.being substantially equal to
onezquarter of ‘the length of the waves on said
fransmission line,

:6.. A .coupling system comprising a coaxial con-
ductor transmission line having an outer con-

~duetor .surrounding .an inner conductor, a hol-

low wave 'guide, said outer .conductor. extending

into:said wave:guide and having. siots in the side
+walls thereof ‘within said wave guide dividing a
portion of:said outer conductor into conductive

strips,-said inner:conductor being connected to

ssaid: euter .conductor. a* one. of said strips, the

length of said slots beiiag :substantially -equal to
oneshalf of ‘thelength of the waves on said trans-
mission line. ’

7. A coupling system comprising g coaxial con-
ductor transmission line having an outer con-
ductor surrounding an inner conductor, a hollow
wave guide, said outer conductor extending into
said wave guide and having a pair of diametrical-
ly opposed slots in the side walls thereof within
said wave guide dividing a portion of said outer
conductor inte a pair of conductive strips pro-
viding a circuit resonant to the frequency of the
electromagnetic waves on said system, said wave
guide having a closed and spaced from the high
potential points of said resonant circuit at a dis-
tance substantially equal to one-quarter of the
length of the waves on said system.

8. A coupling system comprising a ccaxial con~
duector transmission line having sn outer con-
ductor surrounding an inner conductor, a hollow
rectangular wave guide, said outer conductor ex-
tending into said wave through the narrow side
thereof, and having a pair of diameirically cp-
posed slots in the side walls thereof within said
wave guide dividing a portion of said outer con-
ductor into a pair of conductive strips.

9. A coupling system comprising a coaxial con-
ductor transmission line having an outer con-
ductor surrounding an inner conductor, a hollow
rectangular wave guide, said outer conductor ex-
tending into said wave guide through the narrow
side thereof and having a pair of diametrically
opposed slots in the side walls thereof within said
wave guide dividing a portion of said outer con-
ductor into a pair of conductive strips, said inner
conductor being connected to said outer con-
ductor at one of said strips.

10. A coupling system comprising a coaxial
conductor transmission line having an outer con-
ductor surrounding an inner conductor, a hollow
wave guide, said outer conductor extending into
said wave guide and having a pair of diametrical-
ly opposed slots in the side walls thereof within
said wave guide dividing a portion of said outer
conductor into a pair of conductive strips con-
nected together at each end by said ocuter con-
ductor, said inner conductor being connected to
said outer conductor at one of said strips.

11. A coupling system comprising a coaxial con-
ductor transmission line having an outer con-
ductor surrounding an inner conductor, a hollow
wave guide, said outer conductor extending into
said wave guide and having a pair of diamet-
rically opposed slots in the side walls thereof
within said wave guide dividing a portion of said
outer conductor into a pair of conductive strips,
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said inner conductor being connected to said
outer conductor at one of said strips.

12. A coupling system comprising a coaxial con-
ductor transmission line having an outer con-
ductor surrounding an inner conductor, a hollow
wave guide, said outer conductor having a por-
tion projecting into said wave guide, said por-
tion of said outer conductor having an opening
within said wave guide, the dimensions of said
opening being correlated to the frequency of the
electromagnetic waves on said transmission line
to form a circuit at said opening resonant to said
frequency, said central conductor being electrical-
ly connected to said outer conductor at a point
within said portion of said outer conductor en-
closed by said wave guide, said wave guide having
a closed end spaced from the high potential
points of said resonant circuit ai a distance sub-
stantially equal to one-hailf of the length of the
waves on said system.

KENNETH A. YOUNG.
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