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i 5 Claims. (CI. 178-44) 
My invention relates to the transmission of 

ultra high frequency electromagnetic Waves, and 
more particularly to a method and apparatus for 
coupling a Source of ultra high frequency Waves 
to a wave guide. 

It is a primary object of this invention to pro 
vide an improved apparatus and a corresponding 
method for propagating Waves into a Wave guide. 
Another object of my invention isto provide for 
the proper termination of a transmission line in 
a wave guide. A further object is to provide a 
system which is capable of propagating ultra high 
frequency waves of a wide range of frequencies 
through a wave guide. A still further object of 
my invention is to provide a resistive termination 
for a transmission line Which is capable of prop 
agating ultra high frequency Waves through 
Wave guide Without reflections. 
This invention Will be better understood from 

the following description When considered in cOn 
nection with the accompanying drawing, and its 
scope is indicated by the appended claims. 
Similar reference numerals referto similar parts 
throughout the draWing. i 

Referring to the drawing, 
Figure 1is an elevational view, partly in section, 

of one embodiment of my invention in Which a 
concentric transmission line is shown terminat 
ing in a wave guide, - - - 

Figure 2 is a side elevation, partly in section, 
of a preferredembodiment of my invention, 

Figure 3 is a sectional view of an alternative 
type of dielectricº element having a non uniform 
dielectric constantalongits length, and 

Figure 4 is a side elevation, partly in Section, 
of an embodiment of my invention in Which a 
two-wire transmission line is terminated in a 
Wave guide. 

It has been known for some time that ultra 
high frequency waves may be propagated through 
a medium which is bounded by a discontinuity. 
The medium may be a vacuum or any of the So 
called insulators, preferably one of loW loSS. Air, 
oil and gas are all applicable. The discontinuity 
may take the form of a region bounding the 
dielectric medium, such as a pipe or other con 
tainer, or may merely be a discontinuity between 
the medium and air. 
The problem of terminating a transmission 

line in a wave guide is analogous in many WayS 
to the termination of a transmission line at an 
antenna. It is well known that an antenna must 
be matched to the characteristic impedance of 
the line in order to get an efficient transfer of 
energy, and to avoid undesirable reflections. 

tor. 

Matching may be accomplished by resonating the 
antenna, but this provides efficient operation Only 
at the resonant frequency. At other frequencies 
reflections are Set up due to the reactive char 
acter of the antenna. To prevent these reflec 
tions from occurring Over a Wide band of fre 
quencies, the antenna must be substantially re 
Sistive over the desired. range. This, for example, 
is a feature of the so-called “rhombicº or “waveº 
antenna. 

Similar problems arise in the propagation of 
ultra-high frequency Waves through Wave guides 
when the energy is delivered from an oscillator 
through a transmission line. 
the Outer tube of a concentric line bears the 
proper relation to the wave length of the wave, 
it might appear that propagation Would be 
achieved by merely cutting off the inner con 
ductor. However, the abrupt change from one 
condition to another is equivalent to a mis 
matched antenna in the analogy mentioned 
above, and undesired reflections are therefore 
Set up. 

It is therefore proposed that coupling may be 
effected by a system such as that shown in the 
draWing. 

Referring to Fig. 1, a concentric transmission 
line l is shown coming in from the left. This 
line consists of an outer member 3 and an inner 
concentric conductor 5. A coupling 7, Such as a 
pipe joint, or any other suitable connector, is 
used to connect the transmission line, to a WaVe 
guide 9, which continues to the right. 

In the cut-away portion of these tubes, the 
inner conductor 5 canbe seen. It is to be noted 
that this conductor is not abruptly ended, but 
gradually tapered off to a point. The length of 
this tapered Section is preferably equalto a num 
ber of Wave lengths. 
The solid lines indicate the lines of electric 

force that exist in the system. Within the con 
centric tube the lines of force are substantially 
radial from the conductor 5, as shown at I, due 
to the conduction currents through the conduc 

Within the guide the lines of force are ar 
ranged as shown at: 3. It Will be noted that the 
conduction currents in the center conductor be 
come displacement currents in the guide. This 
distribution of the lines of force has been fully 
described in various articles, and need not be 
explained in detail here. For example, See the 
article by G. C. Southworth in The Journal of 
Applied Physics for October, 1937, page 660, oran 
article by the same author in the July 1937 Pro 
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2 
ceedings of the Institute of Radio Engineers, page 
807. 

It Will be noted that along the region adjacent 
to the tapered Section the lines of force gradually 
change from One arrangement to the other. This 
gradual change is due to the increasingly high 
resistance of the inner conductor, Which causes 
a, gradual increase in the ratio of displacement 
currents to conduction currents. This arrange 
menti, hoWever, does not give the greatest effi 
ciency because of the inherently high resistance 
loSSeS. 

Fig. 2 illustrates a preferred embodiment of 
my invention Which makes possible a still further 
and more gradual change from the comparatively 
loW resistance of the inner conductor to the me 
dium of the Wave guide. At the same time, the 
resistance losses due to the currents through the 
high resistance of the conductor are reduced. 
The conductor 5 is tapered to a point, as be 

fore, but in addition a piece of loW loss dielectric 
material 5 is positioned around the tapered 
Section, forming an eXtension thereof. The di 
electric material is also tapered to a point. The 
dielectric constant of this material should be 
higher than that of the Wave guide medium. 
Thus the lines of force transfer gradually to the 
dielectric inner conductor, and then, as-this ta 
perS Off, they aSSULme their normal Shape in the 
guide. The use of this dielectric material at the 
termination of the metallic inner conductor in 
Creases the ratio of displacement currentS to 
conduction currents fora specific resistance of 
the metallic conductor. The dielectric thus offers 

: an alternative loW loss path in the region of the 
tapered metallic conductor, and thus reduces the 
resistance lOSSeS. For a Stillmore gradual trans 
fer, a Series of dielectric elementS of different 
characteristics can be used in a similar manner, 
or an arrangement illustrated in Fig. 3. 

Fig. 3 is a cross-Sectional. View of the end of 
one of the inner conductors Which may be utilized 
in the devices shown in the preceding figures. 
The inner conductor 5 is terminated in a point 
as before. The dielectric element 2, hoWever, 
differs from that ShoWn in connection With the 
earlier figures in that it haS a non uniform elec 
trical characteristic alOng itS length. The in 
creased density of the stippling at the inner end 
of this element indicates a region having some 
degree of conductivity or, alternatively, a rela 
tively high dielectric constant. The conductivity 

, or dielectric constant of the element tapers off 
until at the end the dielectric constant of the 

2,2O7,845 
material approaches that of the guide medium. 
This may be accomplished by embedding par 
ticles in the dielectric material, or by other suit 
able means. 
The embodiment shown in Fig. 4 illustrates 

the application of my invention to a two-wire 
transmission line. TWo conductors l' and 9 are 
the terminating ends of a transmission line which 
connects to a source of ultra high frequency sig 
nas, Which is not shown. The conductorsare 
symmetrically placed Within the guide 9. Each 
conductor is tapered in accordance With this in 
Vention, and functions in a similar manner. 

I have thus described a system by Which a 
concentric Or a parallel Wire transmission line 
may be efficiently coupled into a dielectric guide 
by gradually changing from one condition to an 
Other. 
Although the performance has been explained 

in terms of a transfer from line to guide, the 
arrangementS ShoWn are equally capable of trans 
ferring Waves from the guide to a line. 

I claim as my invention: 
1. In combination, a transmission line, a wave 

guide, and neans for electrically coupling Said 
line and Said guide, Said means including a di 
electric of gradually decreasing conductivity ex 
tending into Said guide. 

2. In a device of the character described, a 
concentric line, a wave guide, and means cou 
pling said guide to Said line, said means com 
prising a tapered extension of said inner con 
ductor of Said line extending Within said guide 
a distance equal to at least a Wave length and 
terminated in a tapered insulator. 
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3. In a device of the character described, a 

parallel Wire transmission line, a Wave guide, 
and means coupling Said guide to said line, said 
means comprising a tapered extension of each 
of Said parallel Wires extending within said guide 
a distance equal to at least a wave length, and 
terminated in a tapered dielectric element. : 

4. In combination, a transmission line anda 
Wave guide, means for gradually transferring con 
duction currents in said line to displacement 

40 

45 
Currents in said guide, and means for reducing 
the resistance losses in said first-named means. 

5. In a System for coupling a concentric trans 
mission line to a wave guide, means for propa 
gatting Waves into said guide, said means com 
prising a tapered extension of the inner con 
ductor of Said line, and means for reducing the 
resistance losses in said tapered extension. 

IRVING WOLFF. 
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