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This" invention relates" to guided electromag 
netic wave transmission, and more particularly to 
a coupling arrangement between a coaxial con 
ductor transmission line and a dielectric wave guide. 
In coupling a coaxial conductor transmission 

line to a dielectric wave guide, it is desirable that 
there be no reflection. at the point. of coupling in 
Order to provide a free and efficient transfer of 
electromagnetic wave: energy, from one system to, 
the other. 
An object.of this invention is to accomplish a 

coupling of the foregoing type, with substantially. 
no reflection at the coupling point. 
Another object is to produce such a coupling by: 

a. Simple and compact structure. 
Thes, foregoing, and other, objects, of this in 

vention Will be best understood, from the foll 
lowing description of an exemplification, thereof, 
reference, being had to the: accompanying draw. . 
ing, wherein: 

Fig. i. is a Section through my novel coupling: 
System taken along line - of Fig. 2; and 

Fig. 2... is a Section, taken along line, 2-2 of, 
Fig. 1. 
The coupling. System shown comprises a coaxial : 

conductor, transmission line, consisting of a tubu 
lar conductor. having a central conductor 2, said: 
transmission line being coupled to a hollow di 
electric wave guide 3. The members. , 2 and 3. 
are: formed of highly conducting material, such. 
as copper or brass. The wave guide 3 is prefer 
ably of rectangular cross-section having a long 
Side 4 and a short side 5. One end of the tubular 
Conductor is joined to one long side 4 of the 
wave guide 3 which is provided with an opening 
therein substantially of the size of the tubular 
conductor through which the conductor 2 pro 
jects for a-i Substantial distance: into the wave. 
guide 3. 
When electromagnetic waves of sufficiently high 

frequency are transmitted along the coaxial con 
ductor transmission line, the above: coupling ar. 
rangement will excite-the-waveguide 3 in what is 
known as the TEo;1 mode, and such waves will be propagated down through the wave guide. The 
TE0.1 mode is that mode in which the electric 
vector of the propagated wave is salways trans 
Verse to the direction of propagation of the Wave': 
in the wave guide. There is a single maximum 
of field distribution along "one side of the Wave 
guide, and no Such maximum along the other: 
Side of said: Wave guide. In the arrangements 
which I have illustrated, the single maximum will 
occur along the longside of the wave guide. . The 
TE0,1 mode is the simplest and most commonly 
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2. 
used mode of excitation of wave guides of this 
type. . . . . -- - - - 

In order for the energy of the wave which is propagated along such a system to be effectively 
and efficiently transferred from the coaxial con 
ductor transmission line to the Wave guide, it is 
desirable that there be no reflections at the point 
of coupling between these two systems. For this. 
purpose the impedance of the conductor:2 which 
extends into the wave guide 3 and forms a probe; 
should be matched to the impedance of the CO 
axial conductor transmission line. I have found 
that if the probe, end of the conductor. 2 is ter 
minated by a partial spherical member 6, that is, 
a spherical member. which is flattened in the 
plane. where it meets the probe end of said con 
ductor 2, bearing the proper relationship both to: 
the diameter of the conductor. 2 and to...the-in 
side diameter. of the conductor. , the impedance 
of the coaxial conductor transmission line can be: 
matched with the .impedance of the probe-and 
thus produce the desired reflectionless coupling. 
In such an arrangement also a reflecting plate.7 
is located in the wave guide 3 at the proper dis 
tance behind the probe.so as to form a resonant 
chamber termination for said wave guide. 
I have found that using the following notation: 

S=diameter of partial sphere 6, 
As diameter of conductor. 2, 
Basinner diameter of conductor; 
approximately the following relationship pro 
duces the desired matched impedance coupling: 

S. 1. B. 

Thus, for example, in a coupling arrangement in 
which the inner diameter of the conductor was . . 
.812-inch, the diameter of the conductor 2 was .375. 
inch and the diameter of the partial sphere 6 
was . .4375 inch, substantially... no reflection oc 
curred at the coupling point. In this case the 
wave guide was 1.344 inches by 2.834 inches in in 
ternal cross-section, and the probe extended into 
the Wave guide 965 inch. 
A consideration of the above equation shows 

that as the ratio of B/A increases, the ratio of. 
S/A decreases. Thus, for example, where the: 
internal-diameter of the conductor. was 1.527 
inches and the diameter of the conductor 2 was 
.625 inch, the diameter of the partial-sphere 6. 
was likewise .625-inch. In order-for-proper oper- . 
ation, the partial sphere 6-should be attached to 
the conductor 2: so that the section through the : 
partial sphere in the plane where-it is attached to 
the conductor should be of the same size as the 
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cross-section of the conductor. Thus the last 
example cited represents a limiting case in which 
the member 6 is a hemisphere. If the ratio of 
B/A were to be increased beyond that indicated, 
the ratio of S/A would be less than One, and there 
fore the condition of matched section of the par 
tial sphere and the cross-section of the conductor 
Would not ordinarily be obtained. However, for 
conditions of this kind I have found that the 
end of the conductor 2 as it approaches the par 
tial sphere 6 may be gradually decreased in diam 
eter so as to afford at least a one-to-one ratio 
between the diameter of the partial sphere and 
the reduced diameter of the end of the conductor 
2. 

Coaxial conductor transmission lines and di 
electric wave guides, such as I have described 
above, are usually designed to carry electromag 
netic Waves of approximately a predetermined 
Wave length in the Wave guide, Which Wave length 
may be represented by X. In Fig. 1. I have desig 
nated the distance between the reflecting surface 
of the plate 7 and the center of the probe as L. 
Theoretical considerations have indicated that L. 
should be about 

A. 
4. 

I have found, however, that proper operation is 
Secured in my arrangement When L. is approxi 
mately 

A 
6 

I have found that coupling Systems constructed 
in accordance with the foregoing principles have 
enabled the transmission of Substantially in 
creased quantities of electromagnetic power 
therethrough. Also I have found that such a cou 
pling arrangement remains matched in its in 
pedance to the impedance of the coaxial conduc 
tor transmission line over a relatively Substantial 
frequency variation in the electromagnetic wave 
Without further adjustment. It is to be under 
stood that the numerical values of particular 
Systems which I have listed above are given mere 
ly by Way of example, and it is further under 
stood that the principles of my invention may be 
applied to a wide variety of coupling systems. 
What is claimed is: 
1. A coupling system comprising a coaxial con 

ductor transmission line having an outer con 
ductor surrounding an inner conductor, a hollow 
wave guide, said inner conductor extending into 
Said hollow Wave guide through an opening in a 
side wall of said wave guide and forming a probe, 
said probe being placed in a transverse electric 
node-exciting relationship with respect to said 
hollow wave guide, said outer conductor being 
connected to said wall, said probe terminating in 
a member comprising a portion of a sphere, the 
diameters of said member, said probe and Said 
outer conductor bearing approximately the rela 
tion 

S B 
i=2.442-ox 

where S is the diameter of the member, A is the 
diameter of the probe and B is the inner diame 
ter of the outer conductor. 

2. A coupling system comprising a coaxial con 
ductor transmission line having an outer con 
ductor surrounding an inner conductor, a hollow 
Wave guide, said inner conductor extending into 
said hollow wave guide through an opening in a 
wall of said wave guide and forming a probe, said 
probe being placed in a transverse electric mode 
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4. 
exciting relationship with respect to said hollow 
wave guide, said outer conductor being connected 
to said wall, said probe terminating in a spheri 
cal member which is flattened in the plane where 
it meets said probe, the area of the flattened por 
tion being equal to the CrOSS-Sectional area of 
said probe, and an electromagnetic wave-reflect 
ing plate disposed across said wave guide at one 
side of said probe and spaced from the center of 
said probe a distance approximately equal to one 
sixth of the Wave length of the electromagnetic 
wave which said wave guide is adapted to trans 
Init. 

3. A coupling system comprising a coaxial con 
ductor transmission line having an outer con 
ductor surrounding an inner conductor, a hollow 
wave guide, said inner conductor extending into 
said hollow Wave guide through an opening in a 
Side wall of said Wave guide and forming a probe, 
said probe being placed in a transverse electric 
mode-exciting relationship with respect to said 
hollow wave guide, said outer conductor being 
connected to said wall, said probe terminating in 
a member comprising a portion of a sphere, the 
diameters of said member, said probe and Said 
outer conductor bearing approximately the rela 
tion 

S 1. B 
=2.442-16X, 

where S is the diameter of the member, A is the 
diameter of the probe and B is the inner diameter 
of the outer conductor, and an electromagnetic 
wave-reflecting plate disposed across Said Wave 
guide at one side of said probe and spaced from 
the center of Said probe a distance approximately 
equal to one-sixth of the Wave length of the 
electromagnetic wave which said inner guide is 
adapted to transmit. 

4. A coupling system comprising a COaxial COn 
ductor transmission line having an Outer Con 
ductor surrounding an inner conductor, a rec 
tangular hollow wave guide, Said inner conduc 
tor extending into said hollow wave guide through 
an opening in a side wall of Said Wave guide and 
forming a probe, said probe being placed in the 
TEo, 1 mode-exciting relationship with respect to 
said hollow wave guide, said outer conductor be 
ing connected to said wall, said probe terminating 
in a member comprising a portion of a Sphere, 
the diameters of said member, Said probe and 
said outer conductor bearing approximately the 
relation 

S 1. B 
=2.442-160x1 

where S is the diameter of the member, A is 
the diameter of the probe and B is the inner 
diameter of the outer conductor, and an electro 
magnetic wave-reflecting plate disposed acroSS 
said wave guide at one side of said probe and 
spaced from the center of said probe a distance 
approximately equal to one-sixth of the Wave 
length of the electromagnetic wave which said 
wave guide is adapted to transmit. 
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