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My invention relates to apparatus for trans-
mitting high frequency electric wave energy and
particularly to high frequency wave radiating
apparatus employing wave guides of the hollow
pipe type.

It is sometimes desirable to provide a wave
conductor wherein wave energy of uniform am-
plitude moves forward continuously so that at
any selected position on the conductor the ener-
gy has continuously changing phase displace-
ment. For example, such conductor may be de-
sirable in the design of a radio beam antenna.
In order to provide a conductor or source of this
type the conductor must be so arranged that the
energy flows continuously in one direction and
there are no reflected standing waves. "This uni-
directional energy flow may be attained in a
transmission line by terminating the line with a
surge impedance. The effect of such impedance
is to absorb the energy at the end of the line and
prevent reflection. The objection to this solu-
tion of the problem is that the absorbed energy
is lost. Accordingly it is an object of my inven-
tion to provide a high frequency wave trans-
mitting apparatus including an improved source
of wave energy in which the wave moves for-
ward at uniform amplitude and with continu-
ously changing phase displacement. :

It is another object of my invention to provide
a high frequency wave transmitting apparatus
for radiating energy with minimum losses of en-
ergy in the apparatus.

It is another object of my invention to pro-
vide a wave conductor from which energy may
be radiated and in which the energy not radi-
ated is fed back to be recirculated through the
conductor.

It is a further object of my invention to pro-
vide an apparatus for transmitting high fre-
quency wave energy including an improved ar-
rangement for radiating a beam of energy .in a
predetermined direction.

It is a still further object of my invention to
provide a wave energy radiating apparatus in-
cluding an improved arrangement for selectively
sweeping the beam along a predetermined line.

The novel features which I believe to be char-
acteristic of my invention are set forth with
particularity in the appended claims. My inven-
tion itself, however, both as to its organization
and method of operation, together with further
objects and advantages thereof, may best be un-
derstood by reference to the following descrip-
tion taken in connection with the accompanying
drawings in which Fig. 1 is a plan view, partly
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in section, of a beam antenna embodying my in-
vention; Fig. 2 is an enlarged perspective view,
partly in section, of the antenna shown in Fig.
1; Fig. 3 is a plan view, partly in section and
partly broken away, of another embodiment of
my invention; Fig. 4 is a developed plan view of
a cylindrical commutator shown in Fig. 3; Fig. 5
is a graph illustrating an operating characteris-
tic of the apparatus of Fig. 3.

Briefly, the apparatus illustrated in the draw-
ings comprises a main wave guide of the hollow
pipe type and an auxiliary or feedback guide
associated with the main guide in a manner such
that high frequency wave energy supplied to one
end of the main guide travels through that guide
and then through a communicating opening at
the other end into the auxiliary guide through
which it is returned to the main guide in proper
phase to reinforce the energy supplied to the
main guide. This feedback characteristic of the
two guides is made possible by adjusting the dis-
tance between the communicating openings at
the two ends of the guides in accordance with
the wave length of the energy supplied to the
apparatus and by further adjusting closed ends
of the guides so that the auxiliary guide offers a
lower impedance path for the return of the en-
ergy than does the main guide and reflected
standing waves are prevented. A similar ad-
justment of the guides at the supply end causes
the energy to flow from the auxiliary guide back
to the main guide. Openings may be provided
intermediate the ends of the main guide for
radiating energy therefrom, and suitable appara«
tus, such as radiating horns, may be utilized to
facilitate the radiation of a beam, the direc-
tion of radiation of the beam depending upon the
relative phases of the energy supplied to the
several horns. Since the main wave guide pro-
vides energy fowing past each point of the guide
with continuous progressive phase displacement,
the phase of the energy supplied to each horn
may be determined by the position of the out-
let opening along the main guide. Furthermore,
a commutating arrangement may be provided to
change the phase relation of the energy sup-
plied from each horn so that the beam may be
caused to change direction in a manner to sweep
back and forth along a predetermined line.

The: electric wave ftransmitting apparatus
shown in Figs. 1 and 2 comprises a very high
frequency wave generator | arranged to supply
wave energy to one end of a wave guide assem-
bly 2 comprising two elongated semi-cylindrical
guides 3 and 4 of the hollow pipe type. The
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guides 2 and & are arranged with their flat walls
in face engagement and are adjusted in & man-
ner to be described below so that wave energy
flows continuously through the guides in series.
With this type of energy flow the phase dis-
placement of the energy at any cross section of
the guide changes progressively. A plurahty of
openings 5 are provided in the guide 3 interme-
diate its ends-for radiating energy from the ap-
paratus at positions selected to provide prede-
termined phase differences such that a beam of
energy .may be radiated in a predetermined di-
rection, In order to facilitate the directing of
the radiation of the energy removed from the
guide through the openings 5, a plurality of
horns § are mounted adjacent the guide at one
side thereof, and each of the horns is coupled
to three successive ones of the openings §
through coupling guides 1. The guides T are se-
cured to a supporting plate 8 arranged near and
parallel to the guide 3 and having openings 9
reglstermg with respective ones of the openings

5.- Each of the horns 6 may therefore receive

energy from one or more of three successive ones
of the openings 5. The openings 5 are prefera-
bly arranged at equal distances corresponding to
120° phase displacement so that threg-phase en-
ergy is available at each of the horns 6. The
amount of energy ‘from each phase which is
coupled to each of the horns may be selectwely
Varled by placing straps or clamps 10 over one
or more of the gpenings § in positions to block
all'or a portion of each of the openings from
which less than the full intensity of the wave
energy is to be radiated. By a proper combina-
tion of the energy coupled to a horn 6 from each
of its associated three openings 8, if is thus pos-
sible to seléct any desired phase displacement
of the energy radiated from that horn. It has
thus been made possible to secure any desired
relative phase displacement of the energy radi-
ated from each of the three horns 6, and the di-
rection of the beam radiated by the combmatmn
of the three horns may therefore be controlled.
The horns 6 radiate energy.in a more or less
wedge-shaped battern determined by the con-
tours of the horns, and in the drawings the ap-
paratus has been 111ustrated in a pos1tion to di-
rect the wedge-shaped beam of energy generally
in g horizontal direction so that the central line
of ‘the wedge is horizontal. - When the energy
radiated from. all three horns is in phase, the
beam is radiated straight out from the guide 3
at an‘angle of 90° to the axis of the guide. How-
ever, by changing the relative phase displace-
.ments of thé energy radiated from the. three
horns, it -is possible to direct the beam toward
either side of the normal axis. This is accom-
.plished as indicated above by selectxve position-
ing of the clamps {0..

In order to insure uniform and efficient opera-
tion of the apparatus it is necessary that the en-
ergy flowing in the wave guide 3 be of uniform
amplitude and  of continuous progresswely
changing phase displacement. In order to pro-
vide this operating characteristic the guldes 3
and 4 are arranged so that there is a minimum
of loss of energy within the guides, energy not
radiated from #he guide through the openings 5
being returned to the guide 3 through the guide
4 in proper phase so that this energy reinforces
the energy supplied from the generator |. The
Wave gu1des 3 and 4 thus operate in the manner,
of a flywheel, the losses.through radlatlon being
made up by the energy supplied from generator
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{. This feedback characteristic is attained -by
adjusting the length of the feedback path and.
the effective lengths of the guides so that there
are no standing waves. The guides 3 and 4 are
arranged in communication through openings !
and 12 in the adjoining flat side walls of the
guides near the two ends of the guides.. The.
opening Il is an elongated slot which registers
with a radiating slot 13 formed in a tubular guide
14 which couples the generator | and the guide
3. 'The guide 14 is slidable so that the distance
between the openings {2 and 13 may be adjusted
within the limits of the length of the slot (.
The end of the guide 3 remote from the genera-
tor i iIs provided with an adjustable closure plate
15 and the ends of the guide 4 are provided with
adjustable plates 16 and 1. The plates 185, {6,
and {1 may be connected through rods 18, 18,
and 20 respectively to suitable adjusting screws
or other mechanism (not shown). The distance
between the communicating slot 12 and the ends
of the guides 3 and 4 is a fraction of a wave-.
length, and the end plates 15 and (T are ad-
justed to determine the direction of energy flow
through the slot {2, For example, the distance.
between the slot 12 and the plate 15 may be
made greater than the distance between the slot
and the plate 1T thereby creating a higher volt-
age on the side of the guide 3. which compels the
energy to flow into- the guide 4-through the slot
12. At the ends of the guides near the genera--

tor-the closure plate-i6 is-adjusted in a manner -

sxmllar to the adjustment of the- plate 15 so.
that a high impedance is presented to the flow
of energy toward the plate 18 and' the- energy:
therefore flows through: the slot 13- back to the -
guide 4. The distance between the opening- 12

and the slot 13-is adjusted-so that the energy re-
turning to the guide 4'is in correct phase to re-
inforce the energy flowing through the- guide 4
from the generator {. It has been found that by
proper adjustment of the closed ends of the
guides in combination- with correct spacing of
the communicating slots between the guides, the
ends of the guides may- be made to-act in-the
manner of -surge impedances in that they pre--
vent standing wavés.. The  wave energy thus
flows from the generator { through the guide 3,

a ‘portion being removed by radiation through
the openings 5 and the remamder flowing back
through the gmde 4 to-again- enter the guide 8
in proper. phase ‘to reinforce the. energy being
supphed by-the generator I.

In some types of radio systems-it is desirable
to provide a beam which is continuously- swept
back and forth over a predetermined- area, and
in Fig. 3 I have illustrated an antenna- similar
to that of ‘Fig. 1 and-arranged to ‘accomplish this
purpose. The apparatus- of Fig.- 3 employs a
wave gmde system similar to that of Fig. 1, and
corresponding - parts have been des1gnated by
the same numerals. - The wave.guides 3 and &
are. -made considerably longer than in the: ar-
rangement of Fig. 1 in’ order to accommodate a

greater number -of horns-§ and have been- shown -

mounted on insulating. supports 21, ~ The two
insulating “supports &i- near-.the center of the:

) assembly are spaced apart-sufficiently to permit

70

a central horn 6 to be coupled to the center one
of the slots 5 through its coupling  guide- 1

- mounted on -a short length of plate 8. The two

75

slots 5 normally provided on either side of the
central- slot are omitted since- it is desired to
radiate energy only at the phase dlsplacement at
the center of the guide.  The- central slot 5-is -
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always in communication with the central horn
6 and the radiation from this horn is continuous
throughout the operation of the apparatus. In
Fig. 3 there is a series of six horns on either
side of the central horn, each of the horns in
the two series being connected through coupling
guides T for communication with three suececes-
sive openings 5 and each assembly of six horns
being mounted on a plate 8 in the same manner
as the assembly of three horns in Fig, 1. The
adjustment of the apparatus of Fig. 3 to provide
the continuous flow of wave energy within the
guides is the same as that of the apparatus of
Pig. 1 and provides the same flywheel effect
which insures the maintaining of an adequate
supply of wave energy of progressively changing
phase displacement for facilitating the continu-
ous radiation of a directional beam. In order to
control the relative phase displacement of the
energy supplied to each of the horns, commu-
tators in the form of cylinders 22 and 23 are
mounted on bearing assemblies 24, 25, 26, and
21 secured to the guide structure adjacent the
insulating supports 21. The two cylinders 22
and 23 thus surround the two main radiating
portions of the guide. The cylinders 22 and 23
take the place of the clamps 10 in Pig. 1 and
make it possible to vary the phase displacement
continuously in a manner such that a beam
may be swept back and forth along a predeter-
mined line, In order to rotate the cylinders
about the guides, ring.gears 28 and 28 are
secured to the ends of the guides 22 and 23 re-
spectively and are arranged to be driven through
a suitable gearing by a motor 30. _

As explained in connection with the appa-
ratus of Fig. 1, a beam of energy may be radi-
ated in a predetermined direction by selecting
a suitable phase relationship of the energy
radiated from each of several horns. By progres-
sively changing the phase relationship of the
energy radiated from the successive horns, it
is possible to cause the beam to change in direc-
tion and thus sweep back and forth along a
desired line. The rate of the sweep depends
upon the rate at which the relative phase dis-
placéments of the several horns are changed.

The cylinders 22 and 23 are constructed of
sheet metal and are provided with slots or radiat-
ing openings the lengths of which determine how
long during each rotation of the cylinders each
of the openings 5 is in communication with its
respective coupling guide 1. An arrangement of
one suitable grouping of openings for the cyl-
inder 23 is shown in Fig. 4 in which the eylinder
is represented in the flat before being bent into
its final form, the ends of the sheet being shown
broken off. The cylinders 22 and 23 are identical
except that they are arranged symmetrically with
respect to the center of the guide structure, the
shorter openings being at the outer ends of the
cylinders. The openings in the cylinders 22 and
23 are designed so that the phase displacement
of the energy radiated from the horns varies
progressively in relation to the phase displace-
ment of the energy radiated from the central
horn in a manner to provide the desired sweep-
ing action.

Fig, 5 illustrates how a beam may be swept
through a desired angle, it being assumed that
the beam is to move from a position 31 through
an angle « to a position 32 and thence back to
the position 31. The direction of the resultant
beam formed by the combination of the beams
radiated from the several horns 6 depends upon
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6
the relative phase displacéement of :the several
individual beams, and the resultant beam may
be said generally to occur.in a direction normal
to a line along which the energy from all the
beams is substantially in phase. It will be under-
stood however that individual horns may vary
considerably from this phase relationship and
without changing the direction of the beam, pro-
vided the maljority of the horns radiate energy
sufficient to determine the direction.  Thus in
Fig. 5 if all the horns at a-selected instant have
radiated energy which is in phase along a line
33, then the beam will be radiated in the direc-
tion 31 which is normal to the line 33; and-if at
some later time the energy from all' the horns
is in phase along the line 34, the beam will be
radiated in the direction 32 normal to the line
34. Intermediate positions of the beam are at-
tained when the horns radiate energy which is
substantially in phase along lines intermediate the
lines 33 and 34. The diagram of Fig. 5 is drawn
with respect to the phase displacement of the
energy radiated from the central opening 5. "It
will be understood that this opening which is
open throughout the operation of the apparatus,
determines the phase displacement at any in-
stant with respect to which the phase displace-
ments of the several horns must be alighed to
obtain a predetermined direction of the beam.
In sweeping from the position of the line 33 to
that of the line 34 the phase displacements must
change more rapidly for positions more remote
from the center if these displacements are to be
substantially the same as -that at the center.
This progressive change of phase displacement
may be somewhat clearer by considering the oper-
ation of the sweep as generally analogous to the
operation of a hinged door having small wheels
arranged to engage the floor at intervals along
the bottom of the door. For such an arrange-
ment it is obvious that when the door swings, the
wheels farthest from the hinge must turn the
fastest, and the others progressxvely slower as
they are nearer the hinge. .

The openings in the cylinder 23, as illustrated
in Fig. 4, have been designed to approximate the
desired phase displacement relationship.” ‘The
three openings for the horn nearest the center
horn 6 and indicated at 35 are of such length
that the corresponding three openings 5 are cou~
pled for radiation throughout the major portion
of each revolution of the cylinder. The stag-
gered relation of the three openings 35 is selected
to provide the desired rate of change of phase
displacement of the energy radiated, ‘it :being
remembered that this phase displacement de-
pends upon the resultant phase of the energy
supplied through the three coupling horns 1.
The remaining sets of three openings have been
Indicated at 36, 37, 38,:39, and 40. The open-
ings 40, which are the shortest and are located
at the outer end of the cylinder, have been
shown as of the dumbbell slot type which facili-
tates the obtaining of the desired phase displace-
ments during the short period of coupling. Dur-
ing the operation of the commutator the energy
supplied to the horns 6 changes in phase dis-
placement at progressively greater rates toward
the outer ends of the cylinders. The continued
rotation of the cylinders causes the lines of
substantially equal phase displacement to oscil-
late back and forth between the positions of
the lines 33 and 34.

The particular selection of dimensions a.nd lo-
cations of the openings in-the cylinders as shown




2,488,735

7

in Fig. 4 has been illustrated .mefely..4s-an ex=
amnle -of - ‘one mrrangement for :approximating
the desired continuons end progresive change of
»p.i:x.as;e Alisplacement -of the successive horns.
The arrangement of the wave :guides 3 and 4
to provide a continuous supply:of wave energy of
continuously ¢hanging -phase .displacement; to-
gether with the resulting “flywheel” effect, makes
it possible {0 supply a large number of radiating
‘horns with @ minimum joss of energyin the an-
tenna. - The absence of standing waves makes it
possible to isecure the desired -phase -relationships
at all times and o sweep the beam’ contmuously
along a predetermined line.
From the foregoing it is .readily apparent that
I have provided a simple and easily constructed
areangement for maintaining & continuous sup-
ply of wave energy .of progressively changing
phase displasement. I have also provided a sim-
ple and effective arrangement for utilizing a con-
tinuous supply of wave energy of ‘varying phase
displacement for sweeping a hbeam of radiated
energy over -a predetermined line or area.
While I have illustrated my invention in con-
nection -with a- particular arrangement -for se-
curing 4 directional -beam, other applications-will
readily e apparent 4o those skilled in the art.
Ide net therefore -desire my invention to be Hm-
ited 4o the partieular eonstructions described
and silustrated -and: I intend by the appended
elaims 4o cover-all modifications -which fall with-
in the spitit and. scope .of the invention.
What I-claim a5 new and .desire to secure by
Letters Patent of the United States, is:
A An &pparatus for transmitting high fre-
guency. -electric energy :comprising an . elongated
wayve guide .of the hollow pipe type closed at one
end, means for supplymg high frequency elec-
trie wave -energy.to -said guide at the other end
thereof, means for radiating wave .energy from
said . guide and means for :minimizing reflec-
tion -of wave .energy from said .one - end back
through-said guide, said last mentioned means in-
cluding an external path-arranged for return-
ing Yeflected energy from said one .end to said

other end in. correct phase to reinforee the en-:

ergy supplied to said guide. . .

-2..:An apparatus for transmitting high. fre-
quenoy -electric energy comprising .a- wave guide
of the hollow-pipe type, means for supplymg high
frequency -electric wave .energy to said guide at
one end ‘thereof- for transmission through said
guide, means-for closing -the :other -end of -said
guide, means intermediate the ends of sald guide
for withdrawing :a portion -of the -energy sup-
plied thereto, :and means for returning refiected
energy from -said other end -to said one end ex-
ternally. of said guide Wwhereby the returned en-
rgy reinforces the energy supplied to said guide
and doss :of senergy m sa1d apparatas is mini-
mized. -

~3 An apparatus “for transmlttmg ‘high ‘fre-
quency -electric energy comprising an elongated
‘wave guite* of> the ‘hollow pipe type, means for
supplymg h\gh frequency electric wave energy
to said guide near one. end thereof for trans-
mlssmn through' said ..guide, means for .closing
the other end.of said guide, means mtermedia’se
the.. ends of said guide for radiating wave .en ergy
therefrpm, and means .including .a second wave
--guide -of the hellow .pipe-type . for retummer re-
flected energy from said other end to said one
end-whereby the returned:wave energy.reinforces
the wave energy-supplied fo-said fixst-mentioned
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guide and- loss iof ‘energy in said apparrabus is
minimized.

4. An appa,ratus for 'ora.nsmitting high fre-
gueney. electric  energy comprising g ‘first ‘wave
guide-of the hollow pipe-type closed at-one end
and having lateral -openings ‘near poth -ends,
means at-the other end of said-guide for supply-
ing high frequency electric wave energy thereto,
means intermediate the ends of said guide :for
radiating -energy therefrom, and a second Wave .
guide-of the hollow pipe type closed at both -ends
and having lateral-openings in communication
with the lateral ‘openings .in -said first ‘guide
for -returning reflected ‘wave energy from said
one end-to said other end, the positions of said
lateral openings -with respect-to. the closed ends
of -said guides being selected in.accordance with
the frequency-of the ‘high frequency energyso
that wave energy -tends to flow from the .closed
end of said first guide through said second -guide
to the other ‘end of said first guide -and :so that
said returned energy-is in.correct phase to rein-
force the energy frem said supplying means.

5. An -apparatus for transmitting high fre-
quency electric energy comprising a pair of .elon-
gated wave.guides of the hollew pipe type, means
for supplying high frequency wave energy <to
one of said guides near one end thereof, adiust--
able end walls for eloging the other -ends of said
guides, means providing communication between
said. guides -near both .ends thereof, each of said

- adjustable walls being posmoned with. respect
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to the adjacent one of -said communication
means o facilifate continuous cireulation.of wave
energy through said guides in-series, and means.
for radiating energy-from one of -said .guides.
6. An apparatus for transmitting ‘high ifre- .
quency electric energy comprising a pair of elon-
gated wave guides of the hollow pipe type, means
for supplying high frequency wave energy to
one of said guides-and for maintaining a .con~
tinuous traveling wave of energy. therein, ad-
justable: end walls for ‘closing the other :end of
said one guide and both ends of the -other .of
said -guides, means ;providing eommunication be-

tween -said guides near both ends thereof, means: -

for adiusting the distanece between :said com-~
mumcatlon ineans, the distance between said,

spee t ﬁo th,e -Wave le_ngth of ,th,e .energy hsupphed
to said one guide and -each of -said -adjustable
walls ‘being -posttiened ‘with :respeet fo the ad-
Jjacent one of szid communication means to
facilitate :continuous -circulation of wave .energy
through -'said- guides” in "serles, -and means:for
radiating energy-from one of sald guides.-

7. An apparstus -for transmitting® high fre-
quency electric-energy comprising a pair of-wave

guides of -the ‘hollow’ pipe -type, means for sup-

‘plying ‘high frequency wave -energy to one of

said -guides near one end thereof; aajustable
plates for closmg the other end of said one guide
and the two ends: of the other of said gu1des,
means - providing eommunication between- said
guides near both ends thereof, said one guide
having an opening intermediate the ends.there-

. of for radiating energy therefrom, each of said

70

a5

adjustable plates -being -positioned -with ‘respect

o the adjacent communicating -epening between

said guides so that wave-energy tends -to-cireu-
Iztethrough said.guides in series.and the energy
returned - from :said other :guide reinforces the

energy ~supplied “to’' said .one guide whereby. -2

continuous traveling wave is-maintained in said -
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one guide and the energy radiated through sald
opening varies in phase progressively.

8. An apparatus for transmitting high fre-
quency electric energy comprising a pair of wave

guides of the hollow pipe type arranged in lon-

gitudinal juxtaposition, means for supplying
high frequency wave energy to one of said guides
near one end thereof, adjustable plates for clos-
ing the other end of said one guide and the two
ends of the other of said guides, said guides hav-
ing registering openings near both ends for pro-
viding communication between said guides,
means for adjusting the longitudinal distance
between the registering openings at one end of
said pair of guides and those at the cther end of
sald pair of guides, the distance between said
registering openings being selected with respect
to the wave length of the energy supplied to said
one guide and each of said adjustable plates be-
ing positioned with respect to the adjacent regis-
tering openings between said guides so that wave
energy tends to circulate through said guides in
series and the energy returned from said other
guide reinforces the energy supplied to said one
guide whereby a continuous traveling wave is
maintained in said one guide, and means inter-
mediate the ends of said one guide for radiating
energy therefrom.

9. An apparatus for transmitting high fre-
quency electric energy comprising a pair of semi-
cylindrical wave guides of the hollow pipe type
arranged with their flat sides in face engage-
ment, means for supplying high frequency wave
energy to one of said guides near one end there-
of, adjustable plates for closing the other end of
said one guide and the two ends of the other of
said guides, said guides having openings in their
flat sides near both ends to provide open com-
munication. between said guides, an opening in-
termediate the ends of said one guide for radiat-
ing energy therefrom, each of said adjustable
blates being positioned with respect to the ad-
jacent communicating opening between said
guides so that wave energy tends to circulate
through said guides in series and so that energy
is returned from said other guide to said one
guide to reinforce the energy supplied to said
one guide whereby a continuous traveling wave is
maintained in said one guide and the energy
radiated through said intermediate opening
varies in phase progressively.

10. An apparatus for transmitting high fre-
quency electric- energy comprising a pair of wave
guides of the hollow pipe type, means for supply-
ing electric wave energy of a predetermined fre-
quency to one of said guides near one end there-
of, adjustable plates for closing the other end
of said one guide and the two ends of the other
of said guides, means providing communication
between said guides near both ends thereof, each
of said adjustable plates being positioned with
respect to the adjacent communicating opening
between said guides so that wave energy of said
predetermined frequency circulates through said
guides in series and the energy returned from said
other guide to said one guide reinforces the energy
supplied to said one guide whereby a continuous
traveling wave is maintained in said one guide,
and a plurality of openings intermediate the
ends of said one guide and spaced apart longi-
tudinally thereof for radiating energy therefrom
whereby each of said intermediate openings
radiates energy of progressively changing phase,
and said openings being spaced apart at distances
to provide predetermined instantaneous differ-

- ences in phase of the energy radiated from said

openings. . o

11. An apparatus for transmitting high fre-
quency electric energy comprising a wave guide
of the hollow pipe type, means for supplying high
frequency wave energy to said guide and  for

" maintaining a continuous traveling wave of
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energy therein, said guide having . a . series ‘of
energy radiating openings arranged therein-lon-
gitudinally thereof and spaced. at distances.cor=-
responding to predetermined equal phase inter-
vals:of the wave energy in'said guide, and com-
mutating means arranged selectively and pro-
gressively to change the amount of radiation of
energy from each of said openings for producing
a heam of radiation and for angularly changing
the direction of radiation of the beam to sweep
the beam back and forth along a predetermined
line.

12, An apparatus for transmitting high fre-

‘quency electric energy comprising a wave guide

of the hollow pipe type, means for supplying high

frequency wave energy to said guide and for

maintaining a continuous traveling wave of
energy therein, said guide having a series of
energy radiating openings arranged therein lon-
gitudinally thereof and spaced at distances corre-
sponding to predetermined equal phase intervals
of the wave energy in said guide, and means in-
cluding a cylindrical commutator surrounding
said wave guide and mounted on an axis parallel
to the longitudinal axis of said guide for rotation
with respect to said guide, said commutator hayv-
ing openings arranged to register with said open-
ings in said guide at preselected positions of said
commutator with respect to said guide, said open-
ings in said commutator being arranged selec-
tively and progressively to change the amount of
radiated energy from said openings in said guide
to produce a beam of radiation and to sweep said
beam back and forth along a predetermined line
during rotation of said commutator.

13. An apparatus for transmitting high fre-
quency electric energy comprising a wave guide
of the hollow pipe type, means for supplying
high frequency wave energy to said guide and
for maintaining a continuous traveling wave of
energy therein, said guide having a series of
energy radiating openings arranged therein lon-
gitudinally thereof and spaced at distances cor-
responding to 120-degree phase intervals of the
wave energy in said guide, a plurality of radiat-
ing horns arranged adjacent said guide in align-
ment with said openings, means coupling each of
said horns to a respective group of three succes-
sive ones of said openings, and means for pro-
portioning the amount of energy supplied to each
of said horns from each of the openings coupled
thereto whereby said horns cooperate to frans-
mit g beam of energy in a predetermined direc-
tion.

14. An apparatus for transmitting high fre-
quency electric energy comprising a wave guide
of the hollow pipe type, means for supplying high
frequency wave energy to said guide and for
maintaining a continuous traveling wave of en-
ergy therein, said guide having a series of energy
radiating openings arranged therein longitudi-
nally thereof and spaced at distances correspond-
ing to 120-degree phase intervals of the wave
energy in said guide, a plurality of radiating
horns arranged adjacent said guide in alignment
with said openings, means coupling each of said
horns to a respective group of three successive
ones of sald openings, and means including a
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-continuously-movable -commutator -arranged be-
tween said guide and said horns for:selectively
.proportioning the .amount .of .energy -supplied to
. «each wafvsaid horns -from -.eachof ;the -openings

o transmit -5 beam of :energy .along .a-predeter-
" amined.line .and in a.direction determined by the
-instantaneous -position -of -said commutatar, the
;gonitinuous. movement -of said commutator caus-

.ing:said:beam to.sweep-back.and-forth along said 10

predetermined line.
: ERNST F. W. ALEXANDERSON.

_scoupled ;thereto -whereby -said. :horns -cooperate:
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