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This application is a division of my abandoned 
application Serial No. 549,618, filed August 15, 
1944, and relates in general to the fields of ultra 
high frequency signal transmission and more par 
ticularly concerns novel means for generating 
particular modes of wave transmission. 
In micro-Wave transmission in Wave guides and 

in Various other applications, it is often desirable 
to transmit a single oscillation mode. For exam 
ple, for transmission over a considerable distance, 
it is Well known that the TEo1 mode of propaga 
tion is that which involves the lowest attenuation 
loSS. 

Moreover, for certain directional antenna, 
Structures, it is desirable to excite the antenna, 
With 2, particular Oscillation mode in order to 
obtain the required directional characteristic, as 
for example, a horizontally polarized energy dis 
tribution pattern omnidirectional in the hori 
ZOntal plane. An antenna, array comprising a 
plurality of stacked biconical horns upon a slotted 
cavity resonator gives an excellent horizontal 
polarization characteristic of high directivity. 
The antenna, structure is simpler and has lower 
loss than the conventional stacked di-pole array : 
and is better adapted to operation on ultra, high 
frequencies. It therefore has considerable appli 
cation in micro-Wave transmission. 

However, in order to obtain a uniform circular 
energy distribution from the stacked biconical 
horn antenna, it has been found that excitation 
must be accomplished by the TE01 mode of oscil 
lation. Should other modes enter the cavity 
which feeds the antenna, the field distribution 
pattern at a distance from the antenna, Will no 
longer be quite circular, but will have pronounced 
symmetrical lobes, the number of which will be 
determined by the nature of the spurious oscilla 
tion modes. For example, it has been found that 
attempts to excite a TE01 oscillation mode have 
been accompanied by the generation of a con 
siderable TE21 mode in a circular pipe. 

Since the TE21 Oscillation can exist in a smaller 
diameter pipe than the TEo1, it is ordinarily diffi 
cult to remove this spurious mode. In the stacked 
biconical horn antenna structure, the TE21 wave 
will result in a pronounced four-way symmetry 
over the circular horizontal field distribution ob 
tained by the TEol wave alone. 

In the past, attempts to generate the low atten 
uation TEol oscillation mode have been accom 
plished by complex driving apparatus and have 
resulted in an impure wave, including several 
other Oscillation modes. It has thus become the 
practice to attempt to resonate the antenna, 
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2 
structure whenever possible for the TEol wave in 
order that maximura power output at this mode 
could be obtained. 
My invention contemplates a wave guide trans 

mission System including a number of transducers 
permitting the excitation in one central cavity of 
the TE01 wave in its pure state. 

in Order to excite the TEol mode, in a circular 
Wave guide, Iny invention contemplates the use 
of a driving network which couples into the cir 
cular wave guide through symmetrically arranged 
slots, excited to an equal extent in the same time 
phase with respect to the circular wave of the 
TE01 mode and in the same sense. Feeding energy 
into the wave guide through a slot prevents any 
longitudinal field and thus prevents coupling to 
haodes having longitudinal field patterns. 

For carrying out my invention, the driving net 
work is coupled into the circular guide in four 
Symmetrical quadrants. All four quadrants are 
excited equally in the same sease and in the same 
time phase with respect to the circular Wave of 
the TE01 rinode. 

In each quadrant, electrical energy is fed into 
the wave guide through a slot. The four slots 
are equally driven from a symmetrically branch 
ing Wave guide. The Symmetry insures equal 
excitation and appropriate phasing of each slot, 

It is therefore an object of my invention to 
provide means for generating the TEol wave in 
its pure state. 
Another object of my invention is to provide 

transducers for coupling an oscillating source to 
a wave guide or the like which will transmit only 
the TE01 Oscillation mode. 
A further object of my invention is to provide 

a means for coupling a rectangular wave guide 
to a circular wave guide in such a manner that 
the transmitted wave excited in the circular wave 
guide is essentially the TEol mode. 
Another object of my invention is to generate 

the TEol oscillation mode in pure form in a cir 
cular Wave guide. 

Still another object of my invention is to utilize 
a novel arrangement of symmetrical slits in an 
end plate of a wave guide resulting in the gen 
eration of a pure TE01. WaWe. 
These and other objects of my invention will 

now become apparent from the following speci 
fication taken in connection with the accompany 
ing drawings in which: 

Figure is a perspective view of a form of wave 
guide having means for exciting only the FEo1 
oscillation node therein, 
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Figure 2 is a front view of the end plate utilized 

for closing the guide illustrated in Figure 1. 
Figure 3 is a top view of the cavity driving 

means illustrated in Figure 1. 
Figure 4 is a cross-sectional view of the slot 

driving means taken along the line 4-4. 
Figure 5 is an illustration of the field distribu 

tion at sits in a plate. 
As previously mentioned, it has long been 

known that the TEol wave or the Hol wave is that 
mode of oscillation which under certain condi 
tions is least attenuated during transmission. On 
the other hand, this oscillation mode has been 
difficult to excite without attendant development 
of undesirable high attenuation transmission 
modes. 
In the parent case, of which this is a division, 

I have shown a stacked biconical horn array 
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4. 
This is more clearly shown in Figure 4 which 

shows the individual guide sections 4 to 77 open 
ing into the guide section 66 at points Such as 
67. As is illustrated in this figure, the rectangul 
lar guide section 66 is bisected by a metal par 
tition 69 which extends to the metal surface 63. 
The partition 69 in addition to bisecting the guide 
section 66 separates the four guide sections 74 
to 7, covering the rectangular slits 7 to 3. 
As illustrated in Figure 1, the Wertical rectangu 

lar Wave guide 65 extends beyond the four CrOSsed 
guide sections 65, and is directly coupled to the 
input wave guide 6. Thus the energy fed over 
the wave guide 6 divides equally on both sides 
of the bisecting plate 69 of wave guide 66. Energy 
in each half of Wave guide 66 in turn divides 

utilized to develop a field distribution having a 
uniform circular horizontal pattern. That is to 
say, the signal strength radiated from this an 
tenna, is independent of azimuth. However, for 
this purpose, it best operates if excited by the 
Eol mode. 
When excited by TEo1 waves, the electric field 

is horizontal at all points and circular about the 
axis of the wave guide. Accordingly, the field 
pattern radiated is essentially an intense hori 
zontally polarized signal and has omnidirectional 

, 30 vertical activity. 
- This antenna structure which has lower loss 
and far greater utility due to its simplicity than 
the usual stacked dipole array is, as stated, de 

20 

pendent for proper orientation upon the excita 
tion by the TEo1 in pure form. 

In the following description, various means 
will be illustrated embodying my invention for 
generating a TEo1 wave. It is to be understood 
that the application of the transducers to be de 
scribed is not necessarily limited to the biconical 
horn antenna, disclosed, but may be utilized wher 
ever transmission of micro-wave for a consider 
able distance is required. 
... In Figures 1 to 4 there is illustrated a trans 
ducer for generating the TE01 transmission mode 
in pure form in a circular wave guide by utiliz 
ing a four-way symmetry.' 
As illustrated in Figure 1, a rectangular wave 

guide 6f carrying energy from an ultra-high fre 
quency source is coupled through a transducer 
to the circular wave guide 62. The transducer 
or coupling element is constructed with four-Way 
symmetry so as to permit the excitation of the 
TEo1 mode in the circular wave guide 62. An 
end plate 63 covering the circular wave guide 
62 is perforated to provide as illustrated in Fig 
ure 1, four rectangular slots 70 to 3 dividing the 
circular surface into quadrants as shown. 
Securely fitted to the metal end plate 63 is a 

transducer section 65 comprising four rectangul 
lar wave guide sections 74 to 77, positioned di 
rectly over the corresponding rectangular slots 
it to 73. These rectangular wave guide sections 
4 to 77 are opened at that point where they 
contact the slits 70 to 73 and accordingly permit 
the transfer of energy from the guide sections 
to the circular Wave guide 62. 
The rectangular wave guide sections 4 to 

extend radially inward and are coupled to an 
other rectangular wave guide section 66 which as 
is illustrated in Figures 1, 3 and 4, is vertically 
disposed and provided with plate 69 to bisect the 
four wave guides, two of the wave guides 14 and 
75 being on one side and wave guides 76 and TT 
being on the opposite side of the plate. 
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equally between the two wave guide sections 14 
and 5 fed from one side of the barrier 69, and 
the two wave guides 76 and 7 fed from the other 
side of the barrier 69. 
As will now be clear, the four wave guides 74 to 
terminating in the slots 0 to 73 have a four 

way symmetry in the circumferential or angular 
dimension, each quadrant of which produces an 
equal component of electromotive force in the 
same time phase and in a circumferential direc 
tion so as to be additive in effect. That is to 
say, the E. M. F. are in the same sense when 
passing continuously around the circumference. 
If there is negligible net longitudinai E. M. F., 
as is true with slot couplings and if the Wave 
guide diameter is chosen greater than the cut-off 
diameter for the TE01 mode but Smaller than the 
next node which could also be excited by this 
drive, a TEo1 mode in pure form. Will be excited. 
This construction however, keeps out entirely 

the TE21 mode. As schematically shown in Fig 
ure 5, the wave guide, if excited as shown by the 
dotted arrows, would have two opposed couplings 
to the TE21 and this mode. Will therefore fail to 
be excited. 
Energy from the input wave guide 6 is thus 

coupled to the circular guide 62 through the 
Symmetrical four-way drive illustrated in Fig 
lures 1 to 4 so that the field in the circular Wave 
guide beyond the end plate 63 is that of the TEo1 
mode alone. 
The circular wave guide 62, as already stated, 

is chosen such that its diameter is greater than 
that required to transmit the TEoi mode. How 
ever, this diameter is smaller than that required 
for transmission of the next higher mode. 

If, however, it is desired to transmit this en 
ergy in a larger diameter pipe, and accordingly 
minimize attenuation, a flared fitting as shown 
in my parent application may be used as a coupler 
between wave guide section 62 and a larger diam 
eter circular wave guide. As the TE21 mode is 
completely suppressed as described, the energy 
propagated in the larger diameter Section is es 
sentially the TEol mode in pure form. 
While for purposes of illustration I have shown 

a transducer provided with four slits, it will now 
be apparent that more than four slits Symmetri 
cally arranged may be used in generating the TEoi 
mode in a circular wave guide. 
My invention thus may take on other forms and 

I do not wish to be limited by the illustrations 
herein given but only by the claims hereof. 

I claim: . . . 
1. In a high frequency system, a rectangular 

wave guide for carrying energy from a high fre 
quency source, a second wave guide of circular 
cross-section and a coupling element connected on the ends of said wave guides comprising a 
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pair of coupling rectangular wave guides coupled 
at one end to said first mentioned Wave guide, 
the energy in said first wave guide dividing equally 
in each of said pair of wave guides, and four 
additional rectangular wave guides, each pair of 
said additional wave guides being coupled to one 
of said first mentioned pair of wave guides, the 
energy in each of said first mentioned pair of 
wave guides in turn dividing in each of the Wave 
guides coupled thereto and each of said last men 
tioned pairs of wave guides being in turn coupled 
to said circular wave guide, and having a four 
way symmetry for exciting the TEoi mode in said 
Second Wave guide. 

2. In a high frequency system, a rectangular 
wave guide carrying energy from a high fre 
quency source; a second wave guide of circular 
cross-section having a plate closing One end there 
of, said plate having at least four Symmetrically 
disposed slits therein, means comprising a cor 
responding number of coupling rectangular wave 
guides fed from said rectangular Wave guide, and 
extending to said plate, each of said last men 
tioned wave guides having open ends juxtaposed 
to the slits in said plate, and a pair of rectangu- : 
lar Wave guides, each coupled at One end to said 
first mentioned rectangular Wave guide and at 
the other end to individual pairs of Said coupling 
Wave guides. 

3. In a high frequency System, a rectangular 
wave guide carrying energy from a high fre 
quency source; a second wave guide of circular 
cross-section having a plate closing one end 
thereof, said plate having at least four Symmet 
rically disposed slits therein; means comprising : 
a corresponding number of rectangular wave 
guides fed from said rectangular wave guide, ex 
tending radially and connected to said plate, each 
of said radial wave guides having open ends 
connected to Corresponding slits in said plate, 
and means coupling the Opposite ends of rectan 
gular wave guides to said first mentioned wave 
guides. 

4. In a high frequency system, a rectangular 
wave guide carrying energy from a high fre 
quency Source; a second circular wave guide hav 
ing a flat plate closing one end thereof, said plate 
having at least four radial slits symmetrically 
disposed therein and means comprising a corre 
Sponding number of Wave guides fed from said 
rectangular Wave guide, and extending radially 
With respect to said second guide to said plate, 
each of said last mentioned wave guides having 
open ends juxtaposed to the slits in said plate. 

5. In a high frequency system, a rectangular 
Wave guide carrying energy from a high fre 
quency Source; a Second circular wave guide 
having a flat plate closing one end thereof, said 
plate having at least four rectangular radially 
and Symmetrically disposed slits therein, and 
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6 
means comprising a corresponding number of 
Wave guides radially disposed with respect to said 
circular wave guide and fed from said rectangul 
lar Wave guide, and extending to said plate, each 
of said last mentioned wave guides having open 
ends juxtaposed to the slits in said plate. 

6. In a high frequency System, a rectangular 
wave guide carrying energy from a high fre 
quency Source; a second circular Wave guide hav 
ing a flat plate closing one end thereof, said 
plate having at least four rectangular symmet 
rically disposed slits therein, and a transducer 
comprising four rectangular Wave guides radial 
with respect to said circular wave guide and fed 
from said rectangular wave guide at One end 
and having openings at their opposite ends co 
operating With said slits for transferring energy 
to said circular wave guide. 

7. In a high frequency system, a rectangular 
Wave guide carrying energy from a high fre 
quency Source; a Second circular wave guide hav 
ing a plate closing one end thereof, said plate 
having at least four rectangular symmetrically 
disposed slits therein, and a transducer compris 
ing four Wave guides radially disposed with re 
Spect to said circular wave guide and terminating 
in rectangular openings providing a four Way 
Symmetry, Said Wave guides being fed at one end 
from Said rectangular wave guide, said openings 
being juxtaposed to said slits in said plate, pro 
ducing therein equal components of electromo 
tive force in the same time phase and additive 
for the TE01 mode. 

8. In a high frequency system, a rectangular 
Wave guide carrying energy from a high fre 
quency Source; a Second circular Wave guide 
having a plate closing one end thereof, said plate 
having at least four rectangular symmetrically 
disposed slits therein, and a transducer compris 
ing four Wave guides terminating in rectangular 
openings providing a four-way symmetry, said 
wave guides being fed at one end from said 
rectangular Wave guide, said openings being jux 
taposed to said slits in said plate, producing 
therein equal components of electromotive force 
in the same time phase and additive for the TEoi 
mode, and balancing out the TE21 mode, 
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