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The present invention relates to ultra short 
wave antenna, Systems and, more particularly, to 
electro-magnetic horn structures and to means 
for efficiently coupling them to high frequency 
energy Sources and/or transducer means. 
An object of the present invention is to in 

Crease the power gain of electro-magnetic horn 
antenna Structures. 
A further object is the provision of an electro 

magnetic horn Structure having a minimum front 
to back length for a given frontal or mouth 
area. 
Another object is the combination of a plu 

rality of electro-magnetic horns to obtain large 
effective apertures while at the same time main 
taining a minimum over-all length. 
A further object of the present invention is the 

combination of a plurality of electro-magnetic 
horn structures in such a way that distortions 
of the high frequency energy wave introduced 
by one horn are compensated for by similar dis 
tortions of Opposite phase in another horn. 

Still a further object of the present invention 
is to increase the efficiency of coupling between 
electro-magnetic horn radiators and their ex 
citing Sources. 

Still another object is to prevent the radiation 
of undesired waves from horn structures gen 
erated as a result of curvature of the horn or 
energizing pipes. 
A further object is the increase of efficiency of 

electro-magnetic horn radiating structures. 
The present invention includes among its fea 

tures the combination of a plurality of small 
horns of a predetermined ratio of length to 
frontal area, in Such a way as to obtain a com 
posite. Structure having a large frontal area, with 
a short Over-all length. Furthermore, the horns 
thus combined may be straight horns or they 
may be curved or folded in order to still fur 
ther decrease the over-all length of the struc 
ture. 
Another feature of the present invention con 

templates So designing the rate of taper of the 
horn structures and their connection to the excit 
ing means in Such a way as to obtain a maximum 
efficiency of coupling between the horns and 
their exciting means. 

Further objects, features and advantages of 
the present invention may be more completely 
understood by reference to the following detailed 
description which is accompanied by drawings in 
which Figure 1 is an illustration of an electro 
magnetic radiating horn structure useful in ex 
plaining the present invention; Figure 2 illus 

0 

15 

20 

25 

30 

35 

40 

45 

50 

trates a modification of the structure of Figure 1. 
in accordance with a feature of the present in 
vention, while Figures 3, 4, 5 and 6 illustrate ways 
in which the horn structures may be curved or 
folded in order to reduce their over-all front 
to-back length; Figures 7 and 8 illustrate im 
provements in the horn structure whereby it is 
possible to obtain a desired amount of power 
gain with shorter over-all lengths, while Fig 
lures 9 and 10 illustrate modifications of a coul 
pling pipe structure between the horn and its 
exciting means whereby spurious or undesired 
frequency components are eliminated or reduced. 

Figure 1 shows a single horn antenna hav 
ing a Width ac, a height g and an Over-all length l. 
To the small, or throat, end of the horn is cou 
pled a short Section of Wave guide which acts as 
a resonant chamber and is indicated generally 
by reference numeral 2. Within the Wave guide 
section 2 is located an exciting antenna, 3 which 
is connected to a Source of high frequency oscil 
lations by means of transmission line TT. The 
length of antenna, 3 is preferably of the order 
of a quarter of the Operating Wavelength. The 
simplest Wave, that is, the One With the lowest 
critical frequency for rectangular hollow pipe 
transmission which gives a vertically polarized 
radiation in a single forwardly directed beam, 
is known as an Ho, Wave. This wave has a 
component of magnetic force in the direction of 
propagation and a component of electric field in 
tensity directed parallel to the y axis and at 
right angles to the direction of propagation. 
There is no component of electric field intensity 
in the horizontal direction, i. e., along the ac 
axis. The subscripts 0,1 denote the harmonic 
Order of the Wave in each coordinate. Since we 
are dealing, in the present case, With rectangular 
pipes one subscript is required for each coor 
dinate, the first subscript denoting the number 
of half sine Waves of electric field intensity along 
the ac axis and the Second subscript the number 
of half sine waves of electric field intensity par 
allel to the y axis. 
The antenna System shown in Figure 1 is de 

signed to radiate vertically polarized waves in 
a comparatively narrow beam, the sharpness of 
the beam being determined by the frontal area, 
ac, gy and the Over-all length l. 
The horizontal dimension of the wave guide 

Section f2 is chosen to be equal to, or greater 
than, a half of the operating free-space wave 
length. The vertical dimension is not critical, 
but with horns of square aperture it is conven 

55 ient to make it equal to the horizontal dimension. 
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The length of the wave guide Section is at least 
long enough that a stable condition of the radi 
ant wave energy is established within the WaWe 
guide Section before the energy arrives at the 
Small end of the horn. The distance between the 
exciting antenna, 3 and the closed end Wall 5 
is on the order of a quarter wave-length. The 
exact distance is SO chosen that the resultant in 
pedance of the exciting antenna, 3 is equal to the 
Surge impedance of the transmission line TT 
whereby reflections of energy back along the 
transmission line TL to the exciting source, not 
shown, are avoided. Since antenna systems of 
the type shown in Figure 1 must be mounted on 
tall towers in Order to obtain as great a trans 
mission range as possible, it is desirable to make 
the ratio of the over-all length to the frontal 
area, as Small as possible. One way in which this 
may be done is shown in Figure 2. 
The single large horn Structure of Figure 1. 

is, in Figure 2, substituted by a plurality of small 
horns 2. Each of the Small horns 2 may have 
a Smaller ratio of length to frontal area than 
the single large horn of Figure 1. The total 
over-all frontal area, ac', y' of the radiating struc 
ture of Figure 2 is the same as the frontal area, 
ac, gy of Figure 1, while at the same time the length 
l', as can readily be seen, has been shortened 
considerably. Each of the individual small 
horns 2 may be energized by exciting antennas 
within the short wave guide sections 2, 2 in the 
same way as described with reference to Figure 1. 
The Separate antennas of Figure 2 are connected 
through equal length transEmission line Sections 
to the final transmission line TL which is ener 
gized from the exciting Source. The radiation 
from all of the horns is thereby additive in an 
in-phase relationship. In Some cases it may be 
desirable to still further decrease the over-all 
length of the antenna, System shown in Figure 2, 
or it may be desirable to utilize a Single large horn 
with a Small Over-all length instead of a plu 
rality of small horns. In such cases the radi 
atting horn structure, or structures, may be con 
structed as shown in Figure 3. . 
The frontal area of the horn of Figure 3 is 

determined by the power gain desired and the 
over-all length is decreased by folding the horn 
over in a vertical plane. The horn shown in Fig 
ure 3 is shown as having a constant vertical di 
mension since this is a convenient form of con 
struction where vertically polarized Waves are to 
be radiated, though it is also effective for hori 
zontally polarized waves or for both simultane 
ously Where different directivity patterns are de 
sired. As may be seen from the figure the hori 
Zontal dimension. Of the horn has a varying rate 
of taper. The advantages of this form of con 
struction will be discussed in more detail here 
after with reference to Figures 7 and 8. The 
exciting means, which is not shown in this fig 
ure but which is similar to the wave guide and 
exciting antenna, structure shown in Figures 1 
and 2, is connected to the throat or Small end 
33 of the horn in any desirable fashion. 
As in the case of Figure , an Ho, 1 Wave is ap 

plied to the horn having only a single electric 
field component parallel to the shorter side walls 
for Waves of lowest critical frequency. An H10 
wave has its electric field component parallel 
to the horizontal axis. The general type of H 
wave in a rectangular wave guide System may be 
designated as Hm,n, where an and n are positive 
integers, either one, but not both of which may 
have the value Zero. 

ar de 

Any H wave of a higher 
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2,398,095 
order than the Hon (or Hmo) class has com 
ponents of the electric field parallel to both the 
vertical and horizontal axes. Furthermore, all 
E type waves, that is, those having a component 
Of the electric field in the direction of energy 
propagation, also have electric field components 
parallel to both the long and short Side walls. 
These properties may be used to great advantage 
to control the type of Wave radiated by the horn. 
A grid 34 of horizontal wires is placed across the 
opening of the mouth of the horn as shown in 
Figure 3. This grid is at right angles to the elec 
tric field component of the desired Ho, 1 wave 
and, therefore, forms no obstruction to the radi 
ation of the desired wave. However, other types 
of waves, as pointed out above, have components 
of the electric field parallel to the wires of grid 
34 and cannot, therefore, penetrate the grid 34. 
They are thus prevented from radiating whether 
they exist as a result of their generation in the 

- exciting tube structure, or as a result of the re 
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flection of the Hol wave from the curved surfaces 
of the horn. If desired, a Smaller grid of hori 
zontal wires may be placed before the bend in 
the horn, that is, at the small end 33 So that any 
E-waves generated by the bend may be prevented 
from traveling back to the transmitter as a re 
fiection. 
Other forms of folded horn structures are 

shown in Figures 4 and 5. These are similar to 
the One shown in Figure 3, except that the horn is 
tapered in both vertical and horizontal directions. 
With appropriate dimensioning of the Small end 
of the horn, it may be used either With horizon 
tally, as well as vertically, polarized waves or 
both, as desired. The grid 34 shown in Figure 3 
may be employed. With either of these horns When 
only a single polarization is used, Orienting the 
grid, as explained above, to pass only the desired 
WaWe. 
In Figure 4 the exciting means which may be 

similar to that shown in Figures 1 and 2, is con 
nected to the small end of the horn 43. In some 
cases there may be insufficient Space Within the 
spiraled portion 44 for the exciting structure So 
the spiral may be extended to one side as indi 
cated by 54 in Figure 5. This frees the Small end 
43 so that either an exciting means such as shown 
in Figure 1 may be readily connected thereto 
even if it is of considerable length, or a long wave 
guide may be connected thereto reaching to the 
transmitter location which may be, for example, 
at the base of the supporting tower structure for 
the horn. 

Figure 6 illustrates a further modification 
which in one aspect may be considered as emi 
bodying two horn Structures, Such as ShoWn in 
Figures 3 or 4, arranged to be energized at 53 by 
a single energizing chamber. The Wave guide 
structure is split as indicated at 64 and bent 
around to form two separate radiating horns 5 
and 6. In this form of construction it will not, 
in all cases, be necessary to include a horizon 
tal grating in front of the mouth of the horns 5 
and 6 in order to suppress the higher Order H. 
waves and any E waves generated as a result of 
reflections from the curved Surfaces of the horns. 
Since waves emerging from the mouths of the 
horns travel an equal distance from the Small end 
53, and the curvatures, being in opposite relative 
directions, generate E waves of opposite instan 
taneous polarities, as the E. WaVeS emerge from 
the mouths of the horns 5, 6 they combine in 
opposing phase relationship and cancel One an 
other. While only two horns are shown in Figure 
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6 it is, of course, within the scope of the present 
invention to use banks of any multiple of two to 
obtain the desired frontal area. 
in Figure 7 I have shown a modified form of 

horn. Which may be used either alone or in any 
of the combinations previously shown. In order 
to obtain the full power gain possible, it is neces 
sary to reduce the rate of flare of a horn as the 
aperture of the horn is increased. Thus, when 
horn apertures are increased to obtain increased 
power gain, the length of the horn must be in 
creased at a greater rate. With linear tapering 
or flaring of the sides of the horn, the length of 
the horn must be increased for tWo reasons as 
the frontal aperture is increased: first, because 
of the increase in aperture, and second, because 
of the decreased rate of flare necessitated. It is 
therefore Contemplated as shown in this modifi 
cation to build the horn with a rate of flare which 
is initially large but decreases constantly with in 
creasing distance from the throat as required by 
the increasing aperture. In this Way the desired 
power gain may be obtained while the over-all 
length of the horn is less than Would be the length 
of a horn of uniform taper. In Figure 7 the horn 
lf is indicated as flaring only in the horizontal 
plane, the distance between Walls 5 and 76 in 
creasing at a more rapid rate nearer the throat, 
but at a decreasing rate as they approach the 
mouth of the horn. The Walls and 8 are in 
dicated as being parallel since the particular ex 
ample illustrated is to be used only with Waves of 
a single vertical polarization. It is, of course, 
within the scope of the invention to likewise taper 
the distance between Walls 77 and 78 in the same 
way as indicated for Walls T5 and 76. While 
horns of square or rectangular cross section are 
preferred for linear polarization, it is, of course, 
also within the scope of the present invention to 
utilize horns of circular or elliptical cross section, 
if desired. 

Figure 8 shows a further modification of the 
form of the invention shown in Figure 7 in Which 
a Smoother transition from the exciting chamber 
2 is obtained by forming the horn with an in 
creasing rate of fare near the throat as indi 
cated by 85 and 86 of the side walls and then re 
ducing the rate of the fare as indicated by 75 and 
76 in the Way described above with reference to 
Figure 7. Thus reflections are avoided at the 
junction of the throat of the horn to the exciting 
chamber 2, and still the advantages of the con 
stantly decreasing rate of flare as described with 
reference to Figure 7 are obtained. 

In the previously described embodiments of the 
present invention the exciting chamber 2 has 
been described as being quite short, that is, just 
long enough to insure that stable wave guide con 
ditions are obtained before the wave guide is cou 
pled to the radiating horn. In some cases it may 
be desirable to connect the radiating horn to the 
transmitter by means of a wave guide or hollow 
pipe line a number of wavelengths long. In some 
cases the radiating horns may not present a per 
fect impedance match to the hollow pipeline even 
When using the horn structure described with 
reference to Figure 8, so that some reflection Will 
take place from the load end of the line, resulting 
in standing Wave components in section f2 and, 
hence, affecting the frequency characteristic of 
the System for wide band operation. This may 
be overcome as shown in Figure 9 wherein a Wave 
guide Section 92 of Substantial length is coupled 
to the throat of horn . The energizing struc 
ture, which is not shown in this figure, is con 
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3. 
nected to end 93 of the Wave guide 92. A branch 
section 94 of the hollow pipe line is joined to 
Wave guide 92 near the load end Where the Wave 
guide joins the throat of horn . The far end 
of the branch section 94 is closed by a metal sheet 
95 SO that there is obtained the equivalent Of a 
shunt branch line short-circuited at its far end. 
This gives the equivalent in hollow pipe trans 
mission line technique to a shunt section of short 
circuited transmission line Such as is used for 
impedance matching in the Ordinary tWo Con 
ductor transmission lines. By locating branch 
section 94 at the appropriate distance from the 
throat of the horn, and making it the proper 
length, reflections will be eliminated along the 
Wave guide 93 from the branch Section 94 to the 
transmitter. In the case of a curved horn this 
method of impedance matching may be used to 
serve a double purpose. In progreSSing around a 
curve in a hollow pipe through Which there is 
transmitted an H type of Wave, that is, a wave 
With no component of electric field in the direc 
tion of propagation, S.One portion of the H. Wave 
energy is automatically converted into E waves, 
that is, waves possessing a component of the elec 
tric field in the direction of propagation, by the 
bend in the hollow pipe line. 
AS shown in Figure 10, by placing the branch 

line 94 at the bend 96 of the Wave guide 92 it is 
pOSsible to equalize the E. Wave generated by the 
bend 96 in the main pipe line by an opposite E 
Wave generated by the bend 97 in the branch line 
94. The branch line thus is used for the double 
purpose of adjusting the termination of the feed 
line 92 for no reflection of the H wave which is 
being transmitted and for eliminating any E. 
Waves generated by the bend in the line. 
While I have particularly shown and described 

Several modifications of my invention, it is to be 
distinctly understood that my invention is not 
limited thereto but that improvements within the 
Scope of the invention may be made. 
I claim: 
1. A horn radiator having rectangular mouth 

and throat apertures and being curved along its 
axis, means for energizing said horn with a wave 
of a polarization parallel to the plane in which 
the axis of Said horn lies and means for sup 
pressing radiant energy waves having a compo 
nent of polarization normal to said plane caused 
by the curvature of Said horn, 

2. A Wave guide having rectangular mouth 
and throat apertures of different sizes and its axis 
being curbed in a vertical plane, means for en 
ergizing Said guide With a Wave having a compo 
nent of electric field in a direction parallel to 
the axial plane of Said guide and normal to the 
direction of travel of said wave within said guide 
and means for suppressing radiant energy waves 
having a component of electric field normal to 
Said plane caused by the curvature of said guide. 

3. A Wave guide having rectangular mouth and 
throat apertures and being curved along its lon 
gitudinal axis, means for energizing said guide at 
its throat aperture with a wave having a com 
ponent of electric field in a direction parallel to 
the plane in which the axis of said guide lies and 
normal to the direction of travel of said wave 
Within Said guide and means for suppressing ra 
diant energy Waves having a component of elec 
tric field normal to said plane caused by the 
curvature of Said guide, said guide being tapered 
in a plane normal to the direction of the electric 
field component of said wave. 



4. 
4. A tapered wave guide having rectangular 

mouth and throat apertures and being Curved 
along its longitudinal axis, means for energizing 
Said guide at its throat aperture With a Wave 
having a component of electric field in a direc 
tion parallel to the plane in which the axis of said 
guide lies and normal to the direction of travel 
of Said Wave Within Said guide and means for 
Suppressing radiant energy Waves having a Com 
ponent of electric field normal to said plane 
caused by the curvature of Said guide, Said means 
comprising a grid transverse to the axis of Said 
guide and conductive only in a direction normal 
to the direction of the component of electric field 
of Said Wave. 

5. A horn radiator having rectangular mouth 
and throat apertures and being curved along its 

O 

axis, means for energizing Said horn. With a Wave 
of a polarization parallel to the plane in Which 
the axis of Said horn lies and means for Sup- : 
pressing radiant energy Waves having a compo 
nent of polarization normal to Said plane caused 
by the curvature of said horn, Said means com 
prising a grid transverse to the axis of Said horn 
and conductive only in a direction normal to 
the direction of polarization of said wave. 

6. A tapered wave guide having rectangu 
lar mouth and throat apertures and being 
Curved along its longitudinal axis, means for en 
ergizing Said guide at its throat aperture with a 
Wave having a component of electric field in a 
direction parallel to the plane in which the axis 
of Said guide lies and normal to the direction of 
travel of said Wave within said guide and means 
for suppressing radiant energy waves having a 
component of electric field normal to said plane 
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caused by the curvature of Said guide, said means 
comprising a grid across the mouth of said guide 
and conductive Only in a direction normal to the 
direction of the component of electric field of said 
WaWe, 

7. An electro-magnetic horn radiator compris 
ing a plurality of curved tapered horns and 
means for Supplying Wave energy of desired chair 
acteristics to all of Said horns in Such relation 
ship that the energy from all of Said horns is ad 
ditive in a predetermined direction, said horns 
being arranged in pairs with the curvatures of the 
horns of each pair being in opposite directions 
whereby waves of an undesired characteristic 
caused by said curvature are neutralized, 

8. A Wave guide having rectangular mouth and 
throat apertures and being curved along its longi 
tudinal axis, means for energizing said guide at 
its throat aperture With a Wave having a compo 
nent of electric field in a direction parallel to the 
plane in which the axis of Said guide lies and 
normal to the direction of travel of said wave 
Within Said guide and means for Suppressing ra 
diant energy Waves having a component of elec 
tric field normal to said plane caused by the 
Curvature of Said guide, Said means including a 
branch guide Connected to said first mentioned 
guide and curved in the Opposite direction along 
itS longitudinal axis, said branch guide being 
closed at its free end and being of such length 
that energy reflected from Said closed end com 
bines With energy in the said first mentioned 
guide So that radiant energy Waves having a com 
ponent of electric field normal to said plane com 
bine in a phase Opposing relationship. 
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