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UNITED STATES PATENT OFFICE 
RADIO WAVE GUIDE 

William E. Bradley, Swarthmore, Pa., assignor, by 
to Philco Corporation, Philadelphia, Pa., a corporation of Pennsylvania 

meSne assignments, 

Original application August 15, 1944, Serial No. 
549.68. Divided and this application August 
31, 1944, Serial No. 552,174 

(C. 178-44) 11 Clains. 

This application is a division of my application 
Serial. No. 549,618, filed August 15, 1944, now 
abandoned, and relates in general to the fields 
of ultra-high frequency signal transmission and 
more particularly concerns novel meaas, for gen 
erating 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 ex 
ample, for transmission over a considerable dis 
tance, it is well known that the TEol mode of 
propagation is that which involves the lowest. 
attenuation loss. 

Moreover, for certain directional 
Structures, it is desirable to drive with a particu 
lar OScillation mode in order to obtain the re 
quired directional characteristic, as for example 
a horizontally polarized energy distribution: pat 
terra omnidirectional in the horizontal plane. An 
antenna, array comprising a plurality of stacked 
biconical horns upon a slotted cavity resonator 
gives an excellent horizontal polarization chair 
acteristic of high directivity. The antenna struc 
ture is simpler and has lower loss than the con 
ventional stacked di-pole array and is better 
adapted to operation or ultra high frequencies. 
It, therefore has coinsiderable application 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 driving 
cavity towards this positive antenna, the field 
distribution pattern at a distance from the an 
tenna, 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 oscillation modes. For example, it has 
been found that attempts to excite a TE01 oscil 
lation mode have been accompanied by the geh 
eration of a considerable TE21 mode in a circular 
plpe. 
Since the TE21 oscillation can existin a smaller 

diameter pipe than the TEol, it is ordinarily diffi 
cult to rerinove 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 dis 
tribution obtained by the TEoi wave alone. 

In the past, attempts to generate the low at 
tenuation TEo1 OScillation mode have been accorn 
plished by complex driving apparatus and have 
resulted in an inpure wave, including several 
other oscillation modes. It has thus become the 
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practice to attempt to resonate the antenna struc 
ture whenever possible for the TEoi wave in order 
that maximum 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 TEo1 wave in its pure state. 
In order to excite the TE01 mode in a circular 

Wave guide, my 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 
E01 node and in the same sense. Feeding en 

ergy into the waveguide through a slot prevents 
any longitudinal field and thus prevents coupling 
to modes having longitudinal patterns. 
In carrying out my invention, coupling into the 

circular Wave guide is effected through two dia 
metrically opposed slots excited equally and in 
Such phase as to excite the TEo1 mode. In this 
arrangement, the TE21 mode is also excited and 
accordingly provision is made to balance out the 
TE21 mode. 

It is therefore an object of my invention to 
provide means for generating the TEo1 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 TEol oscillation mode. 
A further object of my invention is to provide 

a means for coupling a rectangular wave guide 
to a hollow circular Wave guide in such a manner 
that the transmitted wave excited in the guide is 
essentially the TE01 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 TEol wave. 
These and other objects of my invention will 

now become apparent from the following specifi 
cation taken in connection with the accompany 
iing drawings in which: 

Figure l is a general diagrammatic representa 
tion of a stack biconical horn antenna structure. 
couple to a Wave guide in which the TEol wave 
is excited. 

Figure 2 is a front view of one system-for-excit 
iraga TEo1 wave in a circular wave guide. 
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Figure 3 is a top view of the wave guide struc 
ture illustrated in Figure 2. 

Figure 4 is a perspective view of the wave guide 
structure illustrated in Figures 2 and 3. 

Figure 5 is a perspective of a wave guide ShoWr 
ing the TE11 mode. 

Figure 6 is an end view showing the transverse 
node TE11. 
Figure 7 is a perspective of a wave guide With a 

TM01 mode. 
Figure 8 is a longitudinal section of Figure 7. 
Figure 9 is a cross-section of a wave guide 

showing the TE21 mode. 
Figure 10 is an elongated section of Figure 9. 
Figure E1 is a cross-section of a Wave guide 

ShoWing a TEoi node. 
Figure 2 is an illustration of the field distribu 

tion at slits in a plate. 
In Figure 1, there is illustrated an antenna, 

structure which presents certain decided advan 
tages when driven by a TEol signal. This an 
tenna structure connprising essentially a stacked 
biconical horn array is coin.only utilized to de 
velop a field distribution having a uniforn cir 
cular horizontal pattern. That is to say, the sig 
nal strength radiated froin the structure illus 
trated in Figure 1 when excited by the TEil Wave 
is independent of azimuth. 

Basically, the antenna, stir cilire consists of 8. 
segmental cavity resonator 2. This cavity reso 
nator comprises essentially a length of Wave guide 
which is closed at the lower end by an adjustable 
metallic plate 53, and at the upper end by a nov 
able piston-type plate 23. The movable closure 
23 is utilized to resonate the cavity 2 at the de 
Sired frequency. 

Extending from the outer Wall of the cavity 
resonator 2 are a plurality of plates 24, alternate 
ones being inverted, and in contact With each. 
other as illustrated by the plates 25 and 26. 
cavity resonator 2 is excited as illustrated by 
energy fed over a hollow wave guide 2. The 
hollow Wave guide 2 is, as Will be more fully 
explained hereinafter, excited by the TE01 mode 
only. 
The coupling from the cavity for the biconical 

horns illustrated in Figure is obtained by cir 
cumferentially slitting the cavity 2 as at 3. 
The circular sits extend about the entire perim 
eter of the cavity between the stacked metallic 
plates as 25 and 23. The supporting means for 
maintaining the cavity segments such as 2 in 
the proper spaced relation are not illustrated but 
of course comprise conventional high frequency 
insulating means. 
By the use of the single resonant cavity illus 

trated, it is possible by proper placement of the 
circumferential slits 3 to obtain a highly intense 
field pattern in the horizontal plane. 
The biconical stacked horn arrangement illus 

trated in Figure 1 is illustrative of an ultra-high 
frequency system which is best operative from a 
source of TEo1 electro-magnetic Waves. Thus, 
with the use of TEol waves in the cavity illus 
trated, the electric field is horizontal at all points 
and circular about the axis of the cavity. Ac 
cordingly, the field pattern radiated through the 
slits 3 and between the flared horn structure is 
essentially an intense horizontally polarized 
signal and has onnidirectional vertical activity. 
The circumferential slits such as 3 are placed in 
a location where the Waves radiating therefrom 
are in phase and form as intense a beam as is 
possible on the horizon. In the illustrated con 
struction, the slits are shown of uniform width, 
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4. 
although this need not always be the case. For 
example, in the three element structure shown, 
in Order to further suppress side lobes, I prefer 
to make the center gap approximately fifteen per 
cent wider than the outer gaps, the latter being 
kept uniform. 
This antenna, structure which has lower loSS 

and has far greater utility due to its simplicity 
than the stacked dipole array is dependent for 
proper operation upon the excitation of the TEoi. 
waves in pure form in the cavity 2. In the fol 
lowing description, various means will be illus 
trated embodying my invention for generating a 
TEo1 wave. It is to be understood that the appli 
cation of the transducers to be described is not 
necessarily limited to the biconical horn antenna, 
disclosed in Figure 1, but may be utilized wherever 
transmission of micro-Wave for a considerable 
distance is required. 

In order to more fully explain the operation 
of my novel transducers, a brief review of modes 
and structures for launching then Will be given. 
In Figures 5 to 8, I show cavity modes in the 

order of their appearances as the frequency is 
raised. When the pipe is large enough to con 
tain several modes, the nodes which actually 
exist depend on the type of launcher. 
The first mode that will appear is the TE11, 

shown in Figure 5. As shown, the TE11 is a trans 
verse mode, the electric fields running from the 
top to the bottom of the pipe. Between points 
Where there are large electric fields, there are 
nodal planes where the electric field vanishes. 
in the case of a traveling wave in the guide, this 
whole pattern is rushing along the guide and the 
pattern seems to move faster than the Speed of 
light. In a cavity the pattern stands still, the 
electric field just reversing its phase at radio 
frequency. That is the first mode that appears. 
This mode obviously has polarization. It Will 
appear with a polarization determined by the 
launcher and rust be received in a suitable man 
ner. A dipole would do for the launcher and 
receiver. 
The next is a TMo mode shown in Figure 6. 

This mode shows no polarization. The electric 
field is shown by the arrows. It is conveniently 
excited by a launcher consisting of a simple 
quarter-wave antenna, standing in the center 
along the axis. 
The TE21 shown in Figure 7 is the next mode. 

like the TE11 it is purely transverse, there being 
no longitudinal electric lines. 

Figure 8 is the Eo1. There are any number of 
them beyond these modes, but these Will suffice 
for the present discussion. In the TE01 mode, 
the electrical field nowhere touches a metal Sur 
face. 
The TEol is obviously suitable for the radiation 

of horizontal polarization through a circumfer 
ential slot as shown in Figure 1. 

I have discovered that Such a node can be 
launched by opening a Wave guide into a cavity 
through a symmetrical arrangement of slots. 
If, for example, two opposed slots are provided 
in the bottom of a wave guide fed from a suitable 
wave guide, it is possible to drive the two slots 
exactly out of phase and the TEol mode whose 
electric field crosses both slots in the same sense 
is coupled into the wave guide. The TE11 will 
not be excited since the TE11 has a diametrical 
electric field across it. It will not couple to TMo1 
because no net longitudinal electric field is set up. 
With an Orientation as shown by the two slots 

in solid lines in Figure 9, the TE21, however, will 
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also be excited. In this figure, the TE31 is shown 
dotted in the form in which it will be coupled. 
In the neighborhood of the slots, there will be 
electric fields which will be parallel to the elec 
tric field of the slots and the phase Will be such 
as to be excited by two slots which are driven with 
the sense of field shown by the solid arrows. 

Figures 2 to 4 are illustrative of a simple con 
veniently constructed transducer embodying the 
above principles in which slots are excited Sym 
metrically and symmetrical branches of Wave 
guides are provided for generating the TEol trans 
mission mode in a circular wave guide. This is 
called a gallery or two-way drive associated with 
a criticallength to balance out the TE21 node. 
As illustrated, a circular hollow wave guide: 4. 

is coupled near one end thereof to a transducer 
42 comprising essentially a rectangular Waveguide 
extending from the source of high frequency 
energy. The hollow wave, guide 4 may be 
coupled to whatever system is being driven by the 
ultra-high frequency, energy, such as the cavity 
of the biconical horns of Figure 1. 
At junction point 43, the rectangular wave 

guide 42 is split to form a T joint thereat. The 
two sections of wave guide. extending from the 
joint 43 are circularly bent as best illustrated 
in Figure 3. to straddle the circular wave guide 
4- and form curved sections 44 and 45. The 
cross-section of the curved sections 44 and 45 is 
of course rectangular similar to the main guide 
42. 
The two circular extensions 44 and 45 of the 

rectangular wave guide, 42, are plugged at 46 and 
47, Figure. 3, respectively, by rectangular plates. 
At diametrically opposed points 5 and 52, the 
cylindrical waveguide 4 and the Wave guide ex 
tensions 44 and 45 are slotted as is best illustrated 
in Figure 2. These slots 5 and 52 are the elec 
tro-magnetic coupling openings between the rec 
tangular guide 42 and the circular guide 4. 

AS. is illustrated in Figure 3, the distance meas 
ured along the circumference between the rec 
tangular slot 52 and the metallic plug 47 is Sub 
stantially equal to one-half the Wave length in 
guide 45. This condition is also true for the dis 
tance between the slot 5 and the metal plug 46. 
By adjustment of the position of the plug With 

respect to the slot, the inductance due to the 
peculiar place of the slit in the guide is com 
pensated out. When the location of these two 
little plugs are found, they are soldered in place. 
The cross-sectional dimensions of these branch 
guides must be carefully chosen by determining 
what the input impedance of these two slots will 
be for the TE01 mode. 

It will now be apparent from the above that 
the slots will have an induction field having the 
proper polarization or sense of phase which will 
tend to drive the TEol. In other Words, the slots 
Will be excited in push-pull provided the lengths 
of the branch guides 44 and 45 are equal. 
This gallery type of drive will, however, also 

excite. the TE21 as already explained in connec 
tion with Figure 9, although it will successfully 
avoid excitation of TE11 and TMo1. To balance 
out the TE21 it is effectively short-circuited. This 
is effected by sealing one end of the circular wave 
guide 4 by an adjustable circular metal plate 53 
as shown in Figure 4. By appropriately deter 
mining the length between the rectangular slots 
5; and 52 and the metal plate 53, the TE21 mode 
of oscillation may be completely suppressed With 
in the circular wave guide. 4d. That is to say, 
by properly choosing the aforementioned dis 
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tance, the energy of this: undesired TE21 oscil 
lation mode, which enters, from the rectangular 
guide 42 may be completely balanced out. This: 
distance is: somewhat critical and is: an integral 
number of half wavelengths of the TE21 mode;. 
as measured from the effective center of slots. 5. 
and 52. 
The drive mechanism, illustrated is such: as: to: 

permit only the desired. TE61, oscillation: moder to: 
exist, within the circular wave guide: 4. AS is: 
well known, this particular mode will be: trans 
mitted down the guide with minimum. attenua 
tion. For the particular transducer illustrated 
in Figures 2 to 4, the two-way symmetry pro 
vided by the rectangular slots 5 and 52 permit 
the transmission of the TEo1 wave and the metal, 
plate 53 results in the balancing out of under 
sired oscillation modes. 
The principle of operation of the transducer, 

illustrated in Figures 2 and 3 maybe summarized 
by the general statement that the circular wave 
guide is energized from.a. transducer comprising 
two diametrically opposite slots having two-way 
symmetry in the circumferential or angular di 
mension. The TE01; and TE31 are, as Will noW 
be clear, produced. The TE21 mode is suppressed. 
by sealing one end of the guide at a critical 
distance from the slots. 
To excite the TE01 mode, there must be pro 

duced at each slot an equal component of elec 
tromotive force in the same phase and in a cir 
cumferential direction. The length of the guide. 
from the point of junction: to the slots must be 
such that both slots are driven equally. This 
may be done by the gallery arrangement here. 
illustrated or in any other construction which. 
will effect such equal drives of the two slots. 

It will now be clear that... this Wave guide in 
which a pure. TEol wave has been generated, may. 
be coupled to the resonant cavity. 2 ... of the 
stacked horn antenna array and a horizontally 
polarized Wave is thus developed. 
The circular wave guide 62, as already stated, 

is chosen such that its diameter is greater than 
that required to transmit; the TEol 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 (Figure 
1) may be used as a coupler between Wave guide 
section 62 and larger' diameter circular Wave 
guides 2 directly coupled in the illustration 
here to the cavity of the conical horn antenna. 
As the TE21 mode is completely suppressed as 
described, the energy propagated in the larger 
diameter section f2 is essentially, the TEoi mode 
in pure form. 
As this oscillation mode: is transmitted with 

minimum attenuation, it is clear that transmis 
Sion of high frequency energy. Over considerable 
distances as, for example, inter-city communica 
tion, may be best accomplished by this arrange 
ment, the wave guide of which may be of the 
order of six inches in diameter. 
As various modifications of the transducer 

units illustrated and described above maybe evi 
dent to those skilled in the art, I prefer that 
the scope of this invention be defined by the 
appended claims. 
I claim: 
1. In a high frequency System, a first Wave 

guide conducting high frequency energy, a Sec 
ond circular Wave guide, said first Wave guide 
having two branches extending on opposite sides 
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of said second wave guide, a Symmetrical ar 
rangement of slots diametrically opposed in Said 
second circular wave guide, a Symmetrical ar 
rangement of slots diametrically opposed in Said 
first wave guide and in juxtaposed relation With 
said first mentioned slots in said circular Wave 
guide for providing a coupling between Said SeC 
ond circular wave guide and said first Wave guide, 
means for driving said slots from the first Wave 
guide in the same time phase With respect to 
the TEol mode and in the same phase for excit 
ing the TEol mode in said Second Wave guide. 

2. In a high frequency System, 8. first rectangul 
lar wave guide conducting high frequency energy, 
a second circuiar wave guide, Said first Wave guide 
having two branches extending on opposed sideS 
of said second circular wave guide, a Symmetrical 
arrangement of slots in the Walls of said second 
circular wave guide adjacent to the Walls of said 
first wave guide, a symmetrical arrangement of 
slots in the waiis of said first Wave guide adjacent 
to the walls of said second wave guide, said slots 
being juxtaposed with respect to each Other for, 
coupling said second wave guide to said first Wave 
guide, means for exciting said slots in said first 
Wave guide equally in Such piaase aS to excite 
the TEo and TE21 modes in said Second Wave 
guide, and means within the Second Wave guide 
for balancing out the TE21 node. 

3. In a high frequency System, a first rectangul 
lar wave guide conducting high firequency energy, 
a second circular wave guide, said first Wave guide 
having two branches extending on Opposed SideS 
of said second wave guide, a Symmetrical arrange 
ment of slots in the walls of said first wave guide 
adjacent the walls of said Second Wave guide, a 
symmetrical arrangement of slots in the Walls Of 
said second wave guide adjacent the Wails of Said 
first wave guide, said slots in said first Wave 
guide being juxtaposed to the Siots in Said Sec 
ond wave guide for coupling said Second Wave 
guide to said first wave guide, Said slots being in 
diametrically opposed relation with respect to 
each other, and means for exciting Said Siots in 
said first wave guide equally and in Such phase 
as to excite the TE01 mode in said Second Wave 
guide. 

4. in a high frequency Systern, a first rectangll 
lar wave guide conducting high frequency energy, 
a second circular wave gide, said first Wave guide 
having two branches extending on opposed sides 
of said second wave guide, a synametrical arrange 
ment of slots in the wails of Said first Wave guide 
adjacent the walls of said Second Wave guide, a 
symmetrica arrangement of slots in the Walls of 
said second wave guide adjacent the Walls of Said 
first wave guide, said slots being juxtaposed with 
respect to each other for coupling Said Second 
wave guide to said first wave guide, means for 
driving said slots from the first wave guide in the 
same time phase with respect to the Eol mode 
in said second wave guide, and means within the 
second wave guide for balancing out the TE21 
node. 

5. In a high frequency system, a rectangular 
Wave guide conducting high frequency energy, 
a second wave guide, a third wave guide having 
two branches, said rectangular wave guide being 
joined to said third wave guide at the junction 
of the two branches, the branches extending to 
opposite sides of said second wave guide and slots 
formed in said two wave guide branches, and 
said second wave guide in diametrically opposed 
relation with respect to each other, said slots of 
said two wave guide branches being juxtaposed to 
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8 
the corresponding slots of the second wave guide, 
said slots being Symmetrically arranged to re 
ceive equal and in phase energy from said rec 
tangular Wave guide. 

i. in a high frequency System, a rectangular 
Wave guide conducting high frequency energy, a 
Second Wave guide, a third wave guide having two 
branches, Said rectangular Wave guide being 
joined to said third Wave guide at the junction of 
the branches, the branches extending to opposite 
sides of Said Second wave guide and slots formed 
in Said two Wave guide branches, and said second 
Wave guide, said slots of said two wave guide 
branches being juxtaposed to the corresponding 
slots of the second Wave guide, said slots being 
Symmetrically arranged to receive equal energy 
from Said rectangular Wave guide, and a closure 
for said second wave guide at a critical distance 
from Said slots for balancing out the TE21 mode. 

7. In a high frequency System, a rectangular 
Wave guide conducting high frequency energy, 
a Second Wave guide, a third wave guide having 
tWO branches, said rectangular wave guide being 
joined to the third Wave guide at the junction of 
tile tWO brainches, the branches extending to op 
posite sides of Said second wave guide and slots 
for:red in Said tWo wave guide branches and said 
Second Wave guide, said slots of said two wave 
guide branches being juxtaposed to the corre 
Sponding slots of the second wave guide, said slots 
being Symmetrically arranged to receive equal 
eilergy from said rectangular wave guide, said 
Wave guide branches being closed at their ends 
at a distance to the slots formed therein sub 
st&ntially equal to one haif wave length. 

8. In a high frequency System, a rectangular 
Wave guide conducting high frequency energy, a 
Second Wave guide, a third wave guide having two 
branches, Said rectangular wave guide being 
joined to the third wave guide at the junction of 
he branches, the branches extending to opposite 

Sides of Said Second wave guide and slots formed 
in Said tWo Wave guide branches and said second 
Wave guide, Said slots of said two wave guide 
branches being juxtaposed to the corresponding 
slots of the Second wave guide, said slots being 
Syninetirically arranged to receive equal energy 
froin Said rectangular wave guide, the cross-sec 
tional dimensions of said wave guide branches be 
ing determined by the input impedance of the 
slots for the TE01 mode. 

9. In a high frequency System, a rectangular 
Wave guide coinducting high frequency energy, a 
Second Wave guide, a third wave guide having two 
branches, said rectangular wave guide being 
joined to the third Wave guide at the junction of 
the branches, the branches extending to oppo 
Site sides of Said second wave guide and slots 
formed in said two wave guide branches and said 
Second Wave guide, said Slots of Said two wave 
guide brainches being juxtaposed to the corre 
Spording slots of tie second wave guide, said 
slots being Symmetrically arranged to receive 
equal energy fron said rectangular wave guide, 

5 and a closure for said second wave guide placed 
from the effective center of said slots, a distance 
determined by an integral number of half wave 
lengths of the TE21 mode. 

10. In a high frequency System, a rectangular 
Wave guide conducting high frequency energy; 
a circular wave guide having diametrically op 
posed slots, and a transducer extending from said 
rectangular to said circular wave guide for cou 
pling said Wave guides, Said transducer compris 
ing two diametrically opposite slots juxtaposed to 
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said slots in said circular wave guide having two 
way axial symmetry in the circular dimension. 

11. In a high frequency system, a rectangular 
wave guide conducting high frequency energy; a 
circular wave guide having diametrically opposed 
slots, and a transducer extending from said rec 
tangular to said circular wave guide for coupling 
said wave guides, said transducer comprising two 
diametrically opposite slots juxtaposed to said 
slots in said circular Wave guide having two Way 
axial symmetry in the circular dimension, said 
circular Wave guide being closed at one end at 
a critical distance from said slots for suppressing 
the TE21 mode, 

WILLIAM E. BRADLEY. 
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