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The present invention relates to electromag 
netic horns. The present application is a Con 
tinuation-in-part of application, Serial No. 155, 
489, filed July 24, 1937, which matured, On August 
19, 1947, into Letters Patent 2,425,716. 
Beams transmitted from directive antenna, 

systems of any kind, including electromagnetic 
horns, are usually accompanied by Small amounts 
of radiation in directions other than those in 
tended. These small amounts of radiation are 
referred to as Secondary lobes. 
An object of the present invention is to provide 

a new and improved electromagnetic horn ca 
pable of radiating beans the configuration of the 
field of which inside the horn is such as to produce 
substantially single-lobe beams. 
Another object is to produce substantially 

single-lobe beams of linear polarization in the 
radiated Wave. 
With these ends in view, a feature of the in 

vention resides in a horn that is Substantially 
rectangular in cross section, but with two of the 
opposite sides of the horn Substantially parallel, 
and with the other two opposite sides flaring. A 
horn of this configuration is now knoWh as a 
Sectoral horn. 
The two first-named sides need not be Strictly 

parallel. Beams substantially free of Secondary 
lobes may be obtained also with the use of py 
rainidai horns two of the opposite sides of Which 
are substantially, though not quite, parallel. 
Such horns may be termed Somewhat pyramidal, 
or substantially Sectoral. 
A further object of the invention, therefore, 

resides in a new and improved electromagnetic 
horn of sectoral or Substantially Sectoral or SOIne 
what pyramidal shape. This novel horn may be 
used not only for transmission of electromagnetic 
waves, but also for reception. 
Other and further objectS will be described 

hereinafter and will be particularly pointed out 
in the appended claim.S. 
The invention will now be described in connec 

tion with the accompanying dra Wings, in Which 
Fig. 1 is a diagrammatic view of circuits and ap 
paratus adapted for trainSmission and showing, 
in perspective, an electromagnetic Sectoral horn 
embodying the present invention, connected to 
suitable Sending equipment; and Fig. 2 is a sim 
ilar view of a Substantially sectoral or somewhat 
pyramidal horn, connected into circuits adapted 
for receiving. 
A Sectoral electromagnetic horn is illustrated 

in Fig. 1; a substantially sectoral or somewhat 
pyramidal horn in Fig. 2. Both horns are illus 
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trated as of Substantially rectangular cross Sec 
tion, and are shown flaring smoothly and Con 
tinuously from a throat or Small end of the horn, 
at the back of the horn, to a mouth or aperture 
or large end of the horn, at its front. The large 
end of the horn is electromagnetically open to 
space to permit the horn to receive electromag 
netic waves from Space or to radiate electromag 
netic waves out into space at the large end. The 
transverse dinnension of the small end of the horn 
is substantially equal to or slightly greater than 
the critical transverse dimension for the lowest 
order electromagnetic wave that will pass through 
a hollow pipe of the same cross-sectional shape 
as that of the Small end of the horn. 
The principal or central axis of the horn ex 

tends between the Small and the large ends of the 
horn. In the case of the sectoral horn, ShoWn in 
Fig. 1, two of the oppositely disposed sides of the 
horn, shown as the top and bottom sides 6 and 
f8, may be parallel, and the other two oppositely 
disposed Sides 5 and fared. In the case of 
the Substantially sectoral or slightly pyramidal 
horn, shown at 2 in Fig. 2, the sides of the horn 
corresponding to the parallel sides 6 and 8 of 
the Sectoral horn of Fig. 1 are also flaring, but 
only slightly. Though not strictly parallel, these 
two slightly, flaring sides 6 and 8 of the horn 
do not diverge to a sufficient extent to affect Sub 
stantially the operation that takes place with 
Strictly Sectoral horns; the angle betWeen them 
is still considerably different from the angle be 
tween the flaring sides 5 and 7. The slightly 
faring Sides 6 and 88 of the substantially sec 
toral or Somewhat pyramidal horn will, for con 
Venience, be referred to hereinafter as substan 
tially parallel, to Conform to the terminology en 
ployed in connection with the Sectoral horn illus 
trated in Fig. ... As before explained, sectoral 
and Substantially Sectoral or somewhat pyramidal 
horns have the property that they are remarkably 
free from Secondary lobes. 
At its throat, the substantially sectoral or 

Somewhat pyramidal horn 2 is shown connected 
to a hollow-pipe transmission system comprising 
an elongated hollow-pipe or tubular body portion 
or Section 22 of any desired suitable length. The 
Sectoral horn is shown unprovided with the ho 
low pipe 22 in Fig. 1. As will hereinafter ap 
pear, however, the hollow-pipe system may be 
employed with the Sectoral horn, and the sub 
stantially sectoral or somewhat pyramidal horn 
may be operated without the aid of the hollow 
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pipe. System. . 
The horn may be constituted of a formed sheet 
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of conducting material, like metal, such as copper 
or aluminum, or it may be constituted of other 
material if its inner wall is otherwise rendered 
a conductor of electromagnetic Waves. The hol 
low-pipe body portion 22, to which the horn is 
connected, may be of any desired material, con 
ducting or dielectric, or it may otherwise be pro 
vided with an inner conducting wall. It may 
contain air or other gas, or it may be evacuated. 
A projecting metal exciting or absorbing an 

tenna rod 4 or 26 for exciting or absorbing elec 
tromagnetic waves may be connected to Suitable 
terminal apparatus either in the throat of the 
lhorn or in the holow-pipe system 22. In Fig. 2, 
the rod 26 is shown disposed approximately cen 
trally in the holiow pipe 22, Substantially at right 

10. 

4. 
coupled to a circuit 8. The circuit 8 may be 
connected to the balanced parallel-line output 
leads 0 and f2 or the coaxial-line system 24, 
26, or it may be otherwise connected to the 
antenna, rod 4 or other translating device. 
In the receiving system of Fig. 2, the conduct 

ing tube 24 and the antenna, conductor 26 are 
shown respectively connected by a bi-conductor 
system 29, 30 to a circuit 32 that is coupled by 
a transformer 28 to a detector 34. The modu 
lated electromagnetic energy received by the an 

5 

angles to the axis of the horn 2. In Fig. 1, how 
ever, the antenna, rod 4 is shown positioned 
approximately centrally, directly in the throat or 
small end of the horn. With the antenna, 4 
positioned in the throat of the horn, as shown in 
Fig. 1, the pipe portion 22 of Fig. 2 is not needed, 
for the horn is here directly excited by the an 
tenna 4, without the use of a hollow-pipe trans 
mission line. Substantially the same radiation 
pattern may be produced with either arrange 
ment. The antenna, rod f4 or 26 may, however, 
be disposed unsymmetrically, in order to yield a 
modified directive pattern for the radiant en 
ergy. 
The antenna, rods 4 and 26 are shown occu 

pying positions at right angles to each other to 
yield different types of waves, as hereinafter more 
fully discussed. Either disposition of the an 
tenna may be employed in either Fig. 1 or Fig. 2, 
depending upon the wave employed. The inven 
tion is not, furthermore, limited to the use of an 
exciting or absorbing rod 4 or 26. Other radi 
ating or absorbing energy-translating apparatus 
(not shown), such as a vacuum tube, may also 
be employed, as described, for example, in Let 
ters Patent 2,307,011 and 2,307,012 issued Janu 
ary 5, 1943. 

Either the sectoral horn of Fig. 1 or the Sub 
stantially sectoral or somewhat pyramidal horn 
2 of Fig.2 may be used either for the transmission 
or the reception of ultra-high-frequency electro 
magnetic waves by connecting the terminal ap 
paratus either to sending or to receiving appara 
tus at a sending or a receiving station. The Sys 
tem of Fig. 1 is illustrated as for transmission and 
the system of Fig. 2 as for reception, but the 
horn of either Fig. 1 or Fig.2 may be connected 
either to transmit or receive. Sending or re 
ceiving apparatus may be connected to the an 
tenna rod 4 or 26 or other exciting or absorb 
ing energy-translating apparatus (not shown). 
This may be effected, for example, with the aid 
of conventional balanced bi-conductor, connect 
ing leads. O and 2, shown in Fig. 1, connected 
to the exciting or absorbing antenna rod f4, 
or with the aid of a coaxial-line system 24, 26, 
shown in Fig. 2, where the conducting antenna, 
rod 26 is shown disposed axially of a conducting 
tube 24. If the pipe 22 of Fig. 2 is employed in 
Fig. 1, it may provide a shield for the two-wire 
line 0, f2. Other connections to the antenna. 
or other translating apparatus may also be em 
ployed. 
In Fig. 1, there is shown a sending System 

comprising a radio-frequency oscillator 5, con 
nected with a modulator 3, which may be modu 
lated in any desired way, as by means of a 
microphone 4. The modulated output may be 
fed to a radio-frequency amplifier 6 that may be 
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parallel sides. 

tenna, 26 will, after demodulation, be amplified 
by an amplifier 36, and the amplified energy 
will be evidenced in a loud speaker 38. 
With the antenna, rod 4 constructed and posi 

tioned as illustrated in Fig. 1, Substantially par 
allel to the flat sides 6 and 8 of the horn, and 
perpendicular to its principal axis, or if the an 
tenna, 4 should occupy a position at right angles 
to that shown, like the antenna, 26 of Fig. 2, elec 
tromagnetic waves produced by the antenna 4 in 
the small end of the horn will be transversely 
polarized; that is, the electric intensity will lie 
entirely in Surfaces normal to the horn axis, or 
to the direction of propagation. There is, how 
ever, a component of magnetic intensity in the 
direction of propagation of the waves within the 
horn, even though there is no component of elec 
tric intensity in that direction. Waves of this 
type may be referred to as H waves. 
An important mode or wave type is the lowest 

order transversely polarized horn wave H10, with 
the electric vector mainly parallel everywhere to 
horizontal direction. This may be obtained with 
the exciting rod 4 is disposed centrally in the 
throat of the horn transverse to the axis and in 
the horizontal plane, as illustrated in Fig. 1, or by 
feeding an H10 Wave into the throat from a rec 
tangular hollow pipe 22, as illustrated in Fig. 2. 
This and the Ho.1 wave type, obtained with the 
arrangement of the antenna, rod 26 shown in 
Fig. 2, are probably... the best for sending a single 
beam of radiant energy and are the waves most 
naturally adopted for receiving. 
Any of these and many other waves may be 

propagated with the aid of the sectoral or some 
what pyramidal horn of the present invention, 
and with remarkable freedom from the secondary 
lobes. The configurations of the fields of the 
Ho, 1 and H1,0 Waves, among others, inside the sec 
toral horn, are respectively such that the lines 
of electric-field intensity are everywhere sub 
stantially normal to the two parallel sides f6 and 
8 of the horn and substantially parallel to said 

The flaring sides 5 and 7, in 
the two cases, are respectively substantially par 
allel and substantially normal to the said lines of 
electric-field intensity. The result of this con 
figuration is to produce beams of linear polar 
ization in the radiated waves. These waves have 
constant phase on cylindrical surfaces about the 
axis within the horn. The substantially sinusoi 
dal variation of the strength of the electric field 
between the two opposite sides that are parallel 
to the lines of the electric field is responsible for 
the relative absence of Secondary lobes in the 
beam. 
These Waves will not be more fully described 

herein because they will be understood without 
further description by reference to a paper by L. 
J. Chu and W. L. Barrow, entitled, “Electromag 
netic Wavesin Hollow Metal Tubes of Rectangular 
CrOSS Section,' Proceedings of the Institute of 
Radio Engineers, vol. 26, No. 12, December 1938, 
commencing at page: 1520, and also to a paper 
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by Barrow, entitled, “Electromagnetic-Horn 
Radiators,' Union Radio Scientifique Interna 
tionale, No. 79, page 277, containing a revision of 
a paper presented at the Joint Meeting of the Said 
Union and the Institute of Radio Engineers, at 
Washington, D. C., April 30, 1938. See also a 
paper by W. L. Barrow and L. J. Chu, entitled, 
“Theory of the Electromagnetic Horn,' Proceed 
ings of the Institute of Radio Engineers, vol. 27, 
No. 1, January 1939, commencing at page 51, and 
also a paper by W. L. Barrow and F. D. Lewis, 
entitled, "The sectoral electromagnetic horn,' 
Proceedings of the Institute of Radio Engineers, 
vol. 27, No. 1, January 1939, commencing at 
page 41. 
The ability of the designer to give the relative 

dimensions of the transverse croSS Section any 
set of specified values provides a horn that can 
produce fan-shaped beams of substantially any 
shape and of either polarization. For these real 
sons, the use of sectoral horns is particularly 
advantageous in certain kinds of applications 
where the shape of the beam plays an essential 
role in the operation. In the blind-landing Of 
airplanes, for example, it is desirable, not only 
that the beam be very sharp, but also that it be 
peculiarly free from secondary lobes. In One 
such application, a smooth straight-line inter 
section is formed between two overlapping 
beams; Systems of this type are commonly re 
ferred to as “equal-signal' systems. Horn radia 
tors can provide such smooth overlapping beams 
Without waviness or spurious components that 
would affect the straightness of this path of in 
tersection. Patterns of this character are use 
ful also in other applications, such as direction 
finding and obstacle-detection. 
In transmission, modulated ultra-high-fre 

quency energy, in the form of these transversely 
polarized or other waves, will be taken by the 
conductors 0 and 2 from the sending appara 
tus and delivered to the antenna, 4 in the throat 
of the horn. These waves will then be propagated 
from the horn throat, through the interior of 
the horn, to the mouth, as horn waves. At the 
mouth, substantially all of this modulated high 
frequency energy will be radiated out into free 
space by the horn as ordinary electrodmagnetic 
radio waves. The horn thus may constitute a 
directive electromagnetic radiator when used for 
transmission. 

Similar, but reverse, operation will take place 
for reception. The large end or mouth of the 
horn is electromagnetically open to space to per 
mit the horn to receive modulated electromag 
netic energy from space. The received energy 
Will be guided by the horn to the antenna and 
the terminal device 24, 26 in the throat, to be 
delivered to the receiving apparatus. 

If it were proposed to transmit with the System 
of Fig. 2, the receiving system connected to the 
coaxial system would be replaced by a Sending 
system. The antenna, 26 would first excite elec 
tromagnetic waves in the hollow pipe 22, and 
these would be transmitted through the pipe 22 
to the throat of the horn 2 and thence propagated 
through the horn 2 to the mouth as horn Waves. 
At the mouth, substantially all of this energy 
would radiate into free space as ordinary radio 
Waves, as before described. 
The horn operates efficiently to receive sub 

stantially all of the incident energy, when used 
as a receiver; or, when used as a transmitter, to 
excite waves of the horn type, and thereby to 
radiate a beam of character appropriate to the 
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horn rather than to the apparatus and the ana 
tenna, itself. 

Electromagnetic horns should not be confused 
with reflectors. An electromagnetic horn is pro 
vided with guiding surfaces or guiding walls con 
necting the large end and the Small end of the 
horn that function to guide Waves traveling With 
in it and tangentially along its surface in the 
longitudinal direction, Smoothly and without in 
terruption. The guiding walls guide the waves 
received from space at the mouth of the horn to 
the throat end of the horn, or they direct, for 
radiation forward out into space, the Waves gen 
erated at the Small end of the horn. 
In the electromagnetic horn, furthermore, the 

Waves travel with a phase velocity substantially 
different from that of light in the medium of 
the horn. Near the small end of the horn, the 
phase velocity may be very much greater than 
the velocity of light. The phase velocity de 
creases as the large end or mouth of the horn is 
reached until, just at or beyond the mouth of the 
horn, the phase velocity may be exactly the same 
as that of light. 
In the electromagnetic horn, the waves may 

be regarded as traveling in the dielectric of the 
Space in the horn, continuously outward along 
the inside conducting horn surface, toward free 
Outer Space. The flared horn provides a surface 
of progressively greater cross-sectional area, as 
the Wave travels outward, causing the wave en 
ergy to spread over a relatively large area at the 
mouth for directive transmission, but in such a 
manner that the wave energy is continuously 
and Smoothly guided and the field configura 
tion of the Wave is reasonably maintained dul 
ing its outward progression. The waves become 
thus slidingly attached to the inside horn surface, 
and they remain so continuously attached 
throughout their sliding movement along this 
inside horn Surface, from the Small or throat 
end of the horn until they reach the mouth of 
the horn. It is in this manner that they become 
guided by the Surface during such travel out 
ward. Upon arrival at the mouth of the horn, 
the Waves become readily disattached from the 
horn Surface, but they continue thereafter to 
travel into free space, forward in the desired di 
rection of progression of the waves predetermined 
by the design of the horn. No such action takes 
place With Wave reflectors. 
In receiving, a similar but reverse process 

takes place. 
Though the description above has been specifi 

cally with respect to sectoral and slightly py 
ramidal shapes, the same results may be obtained, 
with a reasonable degree of accuracy, such as is 
usable in most engineering applications, with 
horn shapes that resemble the sectoral or slightly 
pyramidal. For example, the rectangular cross 
section of these shapes may be modified slightly 
to have round instead of Square corners, or a 
more or less flat or other cross-section of Sub 
stantially the same shape, without altering ma 
terially the radiation pattern and the appli 
cability of the design relations of these specifica 
tions. 
Though horns provided with straight sides in 

longitudinal cross-section, as illustrated, are 
economical and easy to construct, it is to be un 
derstood that the invention is applicable also to 
horns the sides of which may be of somewhat 
varying curvature. It is the intention of this 
disclosure and the appended claims to include 
such modifications of the invention within its 
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scope. The term "substantially sectoral” will 
therefore be employed in the claims to include 
horns of this nature. 
The invention is not limited to the exact em 

bodiments thereof that are illustrated and de 
Scribed herein; further modifications may be 
made by persons skilled in the art without de 
parting from the spirit and Scope of the inven 
tion, as defined in the appended claims. 
What is claimed is: 
1. An electromagnetic-wave-guide horn of Sub 

stantially sectoral shape having a pair of oppo 
sitely disposed substantially parallel sides and a 
pair of Oppositely disposed flaring sides the angle 
between which is different from the angle be 
tWeen the Substantially parallel sides, the horn 
being provided with means comprising electro 
magnetic-wave-guiding walls between its large 
end and its small end for guiding electromagnetic 
waves received firom space at the large end to the 
small end with a phase velocity substantially dif 
ferent from that of light in the medium of the 
horn or for guiding to the large end for radia 
tion out into space electromagnetic waves at the 
small end with a phase velocity substantially 
different from that of light in the medium of the 
horn. 

2. An electromagnetic-wave-guide horn of Sub 
stantially Sectoral shape having a pair of oppo 
sitely disposed Substantially parallel sides and a 
pair of oppositely disposed flaring sides the angle 
between which is different from the angle 'be 
tween the substantially parallel sides, the horn 
being adapted for the propagation therein of 
electromagnetic waves having a component of 
magnetic intensity in the direction of propaga 
tion of the said electromagnetic waves within 
the horn but no transverse component of elec 
tric intensity in the direction of propagation of 
the said electromagnetic waves within the horn, 
the flaring sides being Substantially parallel, and 
the substantially parallel sides being Substan 
tially normal, to the lines of electric intensity 
of the said electromagnetic waves within the 
horn, the horn being provided with means con- 'i 
prising electromagnetic-wave-guiding walls be 
tween its large end and its small end for guiding 
the said electromagnetic waves received from 
space at the large end to the Small end with a 
phase velocity substantially different from that 
of light in the medium of the horn or for guid 
ing to the large end for radiation out into Space 
the said electromagnetic waves at the small end 
with a phase velocity substantially different from 
that of light in the medium of the horn. 

3. An electromagnetic-wave-guide horn of Sub 
stantially sectoral shape having a pair of oppo 
sitely disposed substantially parallel sides and 
a pair of oppositely disposed flaring sides the 
angle between which is different from the angle 
between the substantially parallel sides, the horn 
being adapted for the propagation therein of 
electromagnetic waves having a component of 
magnetic intensity in the direction of propaga 
tion of the said electromagnetic waves within 
the horn but no transverse component of elec 
tric intensity in the direction of propagation of 
the said electromagnetic waves within the horn, 
the flaring sides being substantially normal, and 
the substantially parallel sides being Substan 
tially parallel, to the lines of electric intensity of 
the said electromagnetic Waves within the horn, 
the horn being provided with means comprising 
electromagnetic-wave-guiding walls between its 
Targe end and its small end for guiding the said: 
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8 
electromagnetic waves received from space at the 
large end to the small end with a phase velocity 
Substantially different from that of light in the 
medium of the horn or for guiding to the large 
end for radiation out into space the Said elec 
tromagnetic waves at the Small end with a phase 
velocity substantially different from that of light 
in the medium of the horn. 

4. An electromagnetic-wave-guide horn of Sub 
stantially sectoral shape having a pair of op 
positely disposed substantially parallel Sides and 
a pair of oppositely disposed flaring sides the 
angle, between which is different from the angle 
between the substantially parallel sides, electro 
magnetic-wave absorbing or exciting antenna, 
means disposed at the Small end of the horn, the 
horn being provided with means comprising elec 
tromagnetic-wave-guiding walls between its large 
end and its small end for guiding electromagnetic 
waves, received from space at the large end to 
the antenna, means at the Small end with a phase 
velocity substantially different from that of light 
in the medium of the horn in order that the 
said received electromagnetic waves may be ab 
sorbed by the antenna means or for guiding to 
the large end for radiation out into space electro 
magnetic waves excited by the antenna, means at 
the smalled with a phase velocity substantially 
different from that of light in the medium of 
the horn. 

5. An electromagnetic-wave-guide horn of sub 
listantially sectoral shape having a pair of op 
positely disposed substantially parallel sides and 
a pair. of oppositely disposed flaring sides the 
angle between which is different from the angle 
between the substantially parallel sides, the horn 
being adapted for the propagation therein of the 
lowest order Ho, 1 electromagnetic Waves having 
-a, -component of magnetic intensity in the direc 
tion of propagation of the said electromagnetic 
'waves within the horn but no transverse com 
ponent of electric intensity, in the direction of 
propagation of the said electromagnetic waves 
Within the horn, the faring sides being substan 
tially parallel, and the substantially parallel sides 
being substantially normal, to the lines of electric 
intensity of the said electromagnetic waves with 
in the horn, the horn being provided with means 
comprising electromagnetic-wave-guiding walls 
between its large end and its small end for guid 
ing Said electromagnetic waves received from 

. Space at the large end to the small end with a 
phase velocity: substantially different from that 
of light in the medium of the horn or for guiding 
to the large end for radiation out into space the 
said electromagnetic waves at the small end with 
a phase velocity substantially different from that 
of light in the medium of the horn. 

6. An electromagnetic-wave-guide horn of Sub 
stantially sectoral shape having a pair of oppo 

pair of oppositely disposed flaring sides the an 
gle between which is different from the angle 
between the substantially parallel sides, the horn 
being adapted for the propagation therein of the 
lowest order H10 electromagnetic waves having 
a component of magnetic intensity in the direc 
tion of propagation of the said electromagnetic 
Waves within the horn but no transverse com 
ponent. of electric intensity in the direction of 
propagation of the said electromagnetic waves 
Within the horn, the flaring sides being substan 
tially normal, and the Substantially parallel sides 
being Substantially parallel, to the lines of elec 
tric intensity of the said electromagnetic waves 
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within the horn, the horn being provided with 
means comprising electromagnetic-wave-guiding 
walls between its large end and its Small end for 
guiding the said electromagnetic waves received 
from space at the large end to the small end 
with a phase velocity substantially different from 
that of light in the medium of the horn or for 
guiding to the large end for radiation out into 
space the said electromagnetic waves at the small 
end with a phase velocity substantially different 
from that of light in the medium of the horn. 

7. An electromagnetic-wave-guide horn of Sub 
stantially sectoral shape having a pair of oppo 
sitely disposed substantially parallel sides and a 
pair of oppositely disposed flaring sides the angle 
between which is different from the angle been 
tween the substantially parallel sides, the horn 
being adapted for the propagation therein of 
electromagnetic Waves of a predetermined Wave 
length, the transverse dimensions of the Small 
end of the horn being substantially equal to or 
greater than the critical transverse dimension for 
the lowest-order electromagnetic Wave that Will 
pass through a hollow pipe of the same croSS 
sectional shape as that of the small end of the 
horn, the horn being provided with means con 
prising electromagnetic-wave-guiding Walls be 
tween its large end and its Small end for guid 
ing the said electromagnetic Waves from Space at 
the large end to the Small end With a phase ve 
locity substantially different from that of light 
in the medium of the horn or for guiding to the 
large end for radiation out into space the said 
electromagnetic waves at the Small end with a 
phase velocity substantially different from that 
of light in the medium of the horn. 

8. An electric system having, in combination, 
an electromagnetic-wave-guide horn substan 
tially rectangular in cross-section and having a 
Small end and a large end, the horn being of Sub 
stantially sectoral shape and having a pair of 
oppositely disposed Substantially parallel sides 
and a pair of oppositely disposed flaring sides, the 
large end being electromagnetically open to space 
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O 
to permit the horn to receive electromagnetic 
Waves from Space or to radiate eiectromagnetic 
Waves out into space at the large end, electro 
Inagnetic-Wave absorbing or exciting antenna, 
means disposed at the small end of the horn, 
the horn being provided with means comprising 
electromagnetic-wave-guiding walls between the 
large end and the small end for guiding the said 
electromagnetic waves received from space at the 
large end to the antenna, means at the small end 
With a phase velocity substantially different from 
that of light in the medium of the horn in order 
that the Said received electromagnetic waves may 
be absorbed by the antenna, means or for guiding 
to the large end for radiation out into space elec 
tromagnetic waves excited by the antenna, means 
at the Small end with a phase velocity substan 
tially different from that of light in the medium 
of the horn, and means for connecting the an 
tenna, Ineans with means for evidencing the said 
received electromagnetic waves absorbed by the 
antenna, means or with means for energizing the 
antenna, means to excite at the small end the 
said electromagnetic waves to be radiated out 
into Space. 

WILMER. L. BARROW. 
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