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1. 
The present invention relates to ultra high 

frequency transmission systems and more partic 
ularly to a means for coupling a two-conductor 
transmission line to a wave guide. 
An object of the present invention is to facili 

tate the transfer of high frequency energy from 
a two-conductor transinission line to a wave 
guide without introducing discontinuities in the 
junction impedance with a variation in the fre 
quency of the energy supplied to the System. 
Another object of the present invention is the 

elimination of the difficulties of transferring high 
frequency energy between a two-conductor trans 
mission line and a wave guide. 
Another object of the present invention is to 

improve the Width of the operable frequency 
band over which coupling systems as aforesaid 
may be used. 
A further object of the present invention is the 

provision of a simplified System for coupling be 
tWeen a two-conductor transmission line and 
Wave guide which is readily understood and han 
dled by technicians who have not had the bene 
fit of special training in Such structures. 
A further object of the present invention is to 

provide a broad band coupling System in which 
the frequency characteristics do not go through 
abrupt changes at the ends of the operating band. 

Still another object of the present invention 
is the provision of a junction as aforesaid which 
does not depend upon artificial compensating 
means for broadening the frequency band. 
The foregoing objects and others which may 

appear from the following detailed description. 
are attained by providing a gradual transition 
between the two-conductor transmission line and 
a wave guide, the conductors of the transmission 
line being so tapered as to avoid impedance dis 
continuities. 
A further aspect of the present invention con 

templates coupling the transmission line to the 
wave guide in two senses at pointS So Separated 
along the guide that the energy from the two 
directions of coupling is additive in its phase 
relationship where the energies finally combine. 
The present invention will be more fully un 

derstood by reference to the following detailed 
description which is accompanied by a drawing 
Wherein: 

Figures 1 and 2 illustrate in transverse CrOSS 
section systems for coupling a two-conductor 
transmission line to a wave guide and which are 
chiefly useful in understanding the operation of 
the present invention; 

Figure 3 illustrates an embodiment of the pres 
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2 
ent invention in horizontal cross section, while 

Figure 4 is an elevational view of the embodi 
ment shown in Figure 3; 

Figure 5 illustrates partly in section a modi 
fied embodiment of the form of the invention 
shown in Figure 3; 

Figures 6 and 7 are cross sectional views in 
plan and elevation of a modified form of the 
invention; 

Figure 8 is a view partly in section of another 
modification of the present invention, while 

Figure 9 is a transverse section taken along 
9, 9 of Figure 8, and 

Figure 10 is a further modification of the 
present invention. 
The problems solved by the present invention 

may be best understood by referring to the illus 
tration in Figure 1 wherein a wave guide W, ter 
minated at one end by horn H, is coupled to 
transmission line TL by having the inner con 
ductor thereof extending transversely through a 
portion of the Wave guide W. A pocket P back 
of the point of extension of the inner conductor 
of transmission line TL is provided to prevent 
the rear closure of the guide from acting as a 
short circuit across the Wave guide at the junc 
tion of the transmission line TL and wave guide 
W. The depth of the pocket distance d may be 
So chosen as to aid in impedance matching be 
tween the transmission line TL and the Wave 
guide W or it may often be simply made a quar 
ter Wave long in order to provide a maximum 
impedance acroSS the guide at the point of en 
trance of the inner conductor of transmission 
line TL. In this way pocket P has a minimum 
influence on the junction impedance. How 
ever, this condition only obtains for frequencies 
at which the pocket depth distance d is a quar 
ter of the operating wavelength or an odd mill 
tiple thereof. 
The width of the operable frequency band may 

be improved by resorting to phase quadrature 
feed as Shown in Figure 2. Here the horn H is 
divided into a pair of parallel horns H1 and H2 
which are fed by a pair of parallel arranged wave 
guides W. and W2. Near the end of the Wave 
guides remote from the point of connection to 
horns H1 and H2 the Wave guides Separate and 
are terminated in pockets similar to those shown 
in Figure 1. The differential length of the sepa 
rated portions of the Wave guides is an odd mul 
tiple of a quarter of the operating wavelength. 
The transmission lines TL1 and TL2 from their 
points of common junction with transmission 
line TL and from their points of entrance into 
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wave guides W1 and W2 respectively likewise 
have a differential length equal to an odd multiple 
of a quarter wavelength. Thus energy Supplied 
to the pockets at the ends of the wave guides 
W1 and W2 in phase quadrature relationship, 
due to the differential quarter Wave difference in 
length of wave guides W1 and W2, emerges from 
horns H1 and H2 in an in-phase relationship. 
The phase quadrature feed to the two pockets 
results in any reactance introduced at one pock 
et due to a departure from the operating fre 
quency being compensated for by a similar reac 
tance introduced by the other pocket. Due to 
the Well known inversion of sign of the impedance 
when passing through a quarter wavelength line 
the reactances neutralize each other at the junc 
tion of transmission lines TL1 and TT2 with 
transmission line. TT. 
The structure shown in Figure 2 may prove 

sufficient for a reasonable operating band Width. 
but it is somewhat complicated and difficult to 
be understood and handled by those who have 
not had the benefit of special training. Further 
more, the frequency characteristics of Such Sys 
tems go through very abrupt changes at the end 
of the operating band. This is often very unde 
sirable since a slight change in the system may 
call for operation very slightly outside the limits 
which have originally been set. Such operation 
is practically impossible with the form of com 
pensation shown in Figure 2. 

However, the natural type of junction shown 
in Figure 3 does not depend upon compensation 
means for neutralizing introduced reactance and 
as a consequence exhibits much slower and more 
gradual deviations as the frequency is varied. 
Here the main wave guide W leading to the 
radiator horn H is divided into a pair of Wave 
guide elements W1 and W2 connected in a paral 
lel relationship to the wave guide W and con 
nected in an end-to-end relationship at point 
X. Thus in effect it has been converted to tWO 
series connected wave guides. In order to feed 
these branches in parallel through transmission 
line TT at junction X and wave guide W, One 
of the wave guides W2 is twisted 180°. Thus 
energy introduced from transmission line TT, into 
wave guides W1 and W2 in an effectively phase 
opposing relationship is brought together in an 
in-phase relationship at Wave guide W. 

Preferably as shown by the dotted lines the 
inner conductor 5 of transmission line TL is ex 
panded as a flat tapering wedge 8 Within a 
transition section. 20. Thus, a gradual transfer 
of the characteristic impedance of transmission 
line TL to the characteristic impedance of the 
wave guides W1 and W2 is obtained. 

If desired, instead of putting one twist in Wave 
guide W2 each guide may be twisted 90° as shown 
in Figure 5. The same reference characters are 
applied to Figure 5 as to Figures 3 and 4. Also, 
if desired one of the parallel wave guide branches 
may be merely made 180 electrical degrees longer 
than the other. w 
In Figures 6 and 7 a further modification of the 

present invention has been shown. The inner 
conductor 5 of the transmission line TT is ex 
panded into a flat wedge shaped tongue 28 within 
the transitional section 30. At the junction of 
the transitional section 30 and the wave guide 
W the tongue 23 is bent over and electrically 
connected to one of the Walls Of Wave guide W. 
Thus, the center conductor of the coaxial line 
expands as a Wedge and eventually joins up with 
Walls of the pocket cavity formed by the tran 
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4. 
sitional section 30. The modification shown in 
Figure 6 is not a preferred embodiment of the 
invention since one wedge shaped cavity between 
tapered tongue 28 and the wall of transitional 
Section 30 becomes less effective as the trans 
mission line expands. The partial pocket formed 
may have large circulating currents therein. 
However, in spite of this electrical imperfection 
due to geometrical requirements of the transi 
tional section, very good results have been ex 
perimentally obtained. 

In Figure 8 and in cross section in Figure 9 
I have illustrated an application of the present 
invention to vertical tubular antenna, having dia 
metric half wave resonance which is particularly 
useful for broadcast use since the radiation pat 
tern in a plane normal to the axis of the antenna, 

- is substantially circular. The embodiment shown 
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in these figures utilizes a pair of vertically stacked 
cylindrical radiators though, of course, any de 
sired number may be used. Each cylindrical 
radiation portion includes a pair of opposing 
SlotS 40 and 50, diametrically opposed about con 
ductive cylinder 35. The slot 49 is energized 
from a wave guide Section while Slot 5 is en 
ergized from a wave guide section 5. The wave 
guide sections 4 and 5 join at junction point 
J where the base portion of a somewhat tri 
angular transitional conductor 4é is connected. 
The transitional conductor 44 tapers by some 
mathematical or experimentally found function 
Such as a triangular function or exponential 
elliptic function from its point of attachment to 
the walls of guide sections 4, 5 down to a point 
where it may be directly connected to the inner 
conductor f5 of transmission line. TL. The ta 
pered transitional conductor section 4 is sur 
rounded by a similarly tapering outer shell 45. 
The Wave guides 4 and 5 and the slots to which 
they are connected may have a longitudinal di 
mension parallel to the axis of cylinder 35 of as 
much as a full wavelength while the minimum 
dimension must be not less than a half wave. 
The transmission lines TL1 and TL2 from a pair 
of adjacent radiating elements preferably have 
a differential length equal to an odd multiple of a 
quarter of the operating wavelength between 
their points of connection to the transitional 
sections 44 and the main transmission line TL 
Whereby any impedance irregularities introduced 
in one Section tend to be compensated for by the 
other. In order to insure that the energy from 
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adjacent Sections is radiated in an in-phase re 
lationship, successive sections are oriented at mu 
tual angles of 90°. . 

In Some cases it may not be necessary to obtain 
uniform horizontal radiation pattern or it may 
even be desirable to obtain some directive effect. 
In Such cases a modification shown in Figure 10 
may be used. Here have illustrated a flat con 
ductive ground sheet 66 which may, for example, 
be the side Wall of an airplane fuselage or the 
under or upper Surface of a wing of an airplane. 
SlotS 62 and 64 Spaced a half wave apart are cut 
in the conductive sheet 69. These slots may have 
any length between the upper limit of a full wave 
length and a minimum limit somewhat in excess 
of a half Wavelength. The slots 62 and 64 are 
fed through transitional pockets 66 and 6 cov 
ering the rear Side of the slots. The pockets 66 
and 76 each contain therein a tapered tongue 14 
connected at the base edge along one edge of the 
radiating slot and connected at the apex to inner 
conductor 5 of transmission line branches TL 
and TT2. Transmission lines TT1 and TL2 are 
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fed in an in-phase relationship from main trans 
mission line TT, 
While in the foregoing description the entire 

operation has been predicated on the aSSuription 
that the antennas are being used as radiators of 
high frequency energy, it should be clearly un 
derstood that the antennas inay likewise be used 
to receive high frequency energy radiated from 
Some other trainSinitting equipment, the anten 
nas being coupled by transmission line TT to 
appropriate receiving apparatus. 
While I have illustrated a particular embodi 

ment of the present invention, it should be clearly 
understood that it is not limited thereto Since 
nany modifications may be inade in the Severai : 
elements employed and in their arrangement 
and it is therefore contemplated by the appended 
clains to cover any Such modifications as fall 
Within the Spirit and Scope of the invention. 
What is claimed is: 
l. A high frequency System including a coaxial 

transmission line having an inner conductor and 
an oute' Shiell, a hollow Wave guide Section, a 
tapered transitional Section including a tapered 
Outei Shell connecting the outer Shell of Said 
trainSnaission line and Said Wave guide Section at 
a point interinediate the Wave guide section ends 
and a flat tapered tongue having itS apex con 
nected to Said inner conductor and its base Con 
lected to a side Wall of Said Wave guide Section. 

2. The Systern clailined in claim 1, further coin 
prising radiatoi' means connected to the oppo 
Site ends of Said Wave guide Section and Ineans 
for causing energy reaching the ends of Said 
Wave guide Section from the connection of said 
transmission line thereto and radiated from Said 
radiating fileans to be radiated in an in-phase 
relationship. 

3. ihe System claimed in claim 1, said wave 
guide Section being bent in a U formation and 
means for bringing the bent ends of Said Uto 
gether into a single Wave guide. 

4. The system claimed in claim 1, said wave 
guide Section being bent in a U formation and 
means for bringing the bent ends of Said U to 
gether into a Single Wave guide, at least one leg 
of Said Wave guide Section being twisted and the 
electrical lengths of Said legs being the same 
Whereby energy fed from Said transitional Sec 
tion through the legs of Said wave guide section 
combines in an in-phase relationship in said sin 
gle Wave guide. 

5. The System claimed in claim 1, said wave 
guide Section being bent in a U formation and 
means for bringing the bent ends of Said U to 
gether into a single Wave guide, Said wave guide 
Section having a 180 degree twist in one of the 
legs of Said U, whereby energy fed from said 
transition Section through the legs of Said U 
combines in an in-phase relationship in said sin 
gle Wave guide. 

6. The System claimed in claim 1, said wave 
guide Section being bent in a U formation and 
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means for bringing the bent ends of said Uto 
gether into a single Wave guide, said wave guide 
Section having a 90 degree twist along each of 
the legs of Said U, whereby energy fed from said 
transmission line through the legs of said U com 
bines in an in-phase relationship in Said single 
Wave guide. 

7. The System claimed in claim 1, further coln 
prising a broadcast antenna, including a vertical 
Conductive cylinder having a pair of diametri 
cally opposed slots along the cylindel length, 
Said Wave guide Section being thin and flat and 
being disposed within and following the circum 
ference of Said cylinder and connecting said slots 
to feed energy from the respective legs of said 
wave guide section to each of said slots, said 
tapered transitional Section being thin and flat. 

8. The System claimed in claim 7, said cylinder 
having a diameter of the order of a half of the 
free Space Operating Wavelength, each of said 
Slots having a length between one half and one 
Said Wavelength. 

9. The combination comprising a plurality of 
Systems as claimed in claim 1, and a broadcast 
antenna, including a vertical conductive cylinder 
having a like plurality of pairs of diametrically 
Opposed slots along the cylinder length as said 
plurality of Systems, said cylinder having a 
diameter of the order of a half of the free space 
Operating Wavelength, each of said slots having 
a length between one half and one said wave 
leingth, each of Said wave guide sections being 
thi:) and flat and being disposed within and fol 
lowing the circumference of said cylinder and 
each respectively connecting a pair of slots to 
feed energy from the respective legs of each said 
Wave guide Sections respectively to one slot, said 
tapered transitional sections each being thin and 
flat, Said coaxial transmission lines being con 
nected together in a parallel relationship to an 
other transmission line, the lengths of said co 
axial transmission lines differing by an odd mul 
tiple including unity of a quarter of said wave 
length, adjacent pairs of opposed slots in said 
antenna, being Oriented at 90 degrees with re 
Spect to each other. 
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