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This invention relates to-antenna systems, and
sipore--particularly..to. antenna- systems employ-
~ing waveguides .of helical.configurations.
The antenna system of the type. here. con-

rtemplated comprises a:number of .radiator ele-.

-.ments, which .are: spaced- along:and- couplied.to a
transmission line, the transmission line-being
- most-:conveniently ~provided in the: form.of a
waveguide. Microwave- energy- applied: to the

.= transmissiondine is:eoupled:to the array of radi-:

+ ator -elements: and:-radiated - therefrom in a di-

rectional pattern, the:particular-shape and char-
racteristics-of the: pattern being dependent:upon
~ithe:physical; spacing and. electrical-phasing of

+radiator -elements,: and -upon. the configuration:

of the array formed by said:radiator elements.
[.A: scanning -action-: of :this pattern :through a
spatial angle may be obtained by varying -the
alectrical-phasing- of :the -radiator elements.

idn-orderito; provide: a-better  understanding of

.the; invention,and. of the:manner in: which its -

-advantages ; and improved -characteristics . are
- achieved, certain basic- considerations of impor-
spance in-waveguides and, waveguide antenna ar-
~rays are first-described.

.'The- phase-velocity -at which energy is propa-
.gated in- o -hollow pipe waveguide :is a. variable
:quantity -dependent- both. upon-;the waveguide
seross-secticnal ~dimension: and upon :the: fre-

~guency .of :-the. energy. : Expressed; in.:another .

~manner: invelving -wavelength, + it: may - be: said
; that while. the-free~space wavelength. is- depend-
~ent-only upon frequency, the:wavelength. of mi-

crowave:energy :as. measured within a:hollow:pipe
- wayeguide: ds :further dependent upon- & .€ross-
z:isectional: dimension. of :the waveguide; and under
1. practical conditions is always much greater than
<the’ free-space wavelength., For a rectangular
“waveguide: operating :in :the:dominant mode; ‘the

relationship. between. guide-wavelength .ag: and
zfreesspace: wavelength :s given by.the-equation

A
M = (b

cdAn;whichy brisithe inside dimension of -the.wave-

suige’sswider wall. - In this connection, it.should
~be noted: that . to;accommodate: propagation of
piicrowave;:energy :along the. waveguide, ;the di-
wimensiony
fneerspace:wavelength,: and ;that to: avoid oper-
aatien: in: higher: modes,: -the: dimension . b: must
thesrless than: a.full free-space wavelength. - The
amost:favorable swaveguide: characteristics are.ob-
Lguinedswhensthe dimerision:. b: isvof ithe ‘order of

(1)

ust - be greater :than one-hslf of a ,
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- seven-tenths. of.a. free-space wavelength. at the
-nominal operating. frequency.

- Waveguide antennas. must.-themselves: satisfy

~ several major requirements to.yield a practical

.consideration. heing (for broadside.or cross-fire

array, those of immediate importance for present

directionality) .first, that the radiaior, elements

fed. from the.waveguide  should have.a. spacing

~along the line of the.array not. greater. than

10+

approximately three-fourths .of .a free-space

~wavelength; and.-second,. that the waveguide
- structure must be so proportioned. and the array
- elements. so. spaced -relative thereto as. to.cause

-the said elements to radiate-in phase agreement,
.-at the nominal operating ireguency.

It might at first appear. to.be. . impossible to

~design. a-waveguide antenna: satisfying the.prac-
- tical-requirements mentioned above,.for in-phase
. excitation of the radiator.elements normally re-

-quires that the spacing.of -these elements :rela-
» tive to-the waveguide shall be. a full guide-wave-

-length, generally obtainable only. at the. expense
-of - a physical spacing along the guide of very
. considerably .- greater than .the  recommended

maximum (three-fourths free-space wavelength)

-mentioned above. - As one solution to this-prob-

lem, however, and now familiar to those versed

~in-this: ar$, in~-phase; radiation can.be achieved
with: a- one-half guide-wavelength- spaecing of

o3

radiator elements, with a concurrent reduction
of their iree-space interval to a practical value,
by reversing the coupling. of  alternate - elements.

- For example, in the-instance where the radiator
- elements are provided as apertures:in-the nar-

. rower - wall - of ‘the . waveguide, - this -reversal of

coupling -.can -be accomplished: by making ..the

» apertures of elongated configuration, and hav-
-ing -them- extend  in- directions generally- eross-
~wise:to -the. axis of ‘the waveguide in such.-man-

40

ner ‘that adjacent  apertures.are:oppositely. in-
clined relative to the said axis.
In: accordance with .the: above-mentioned ex-

pedient - of .coupling: reversal,: an. advanced::but
-piherwise now- conventional .design.of  a:cross-

45

fire microwayve antenna, here mentioned:for.com-

_parison:: purposes,. calls for: a-length:. of: hollow

pipe waveguide having a series of elongated.aper-

tures.or slots formed in a.wall of the. guide.and
. consecutively spaced therealong. at. substantially

-one-half . guide-wavelength intervals.

"The! di'

- mension b of the waveguide:is.so chosen . that,
.-at nominal or cross=iire operating frequency o,

HE

the guide-wavelength \go (corresponding to the

cross-fire frequency). is. approximately 1.5 times

‘the free-space wavelength; this occurs for 5 value
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of b which is approximaiely two-thirds of the
free-space wavelength. The resultant physical
spacing of the slots along the waveguide is ap-
proximately three-fourths of a free-space wave-
length, a value in agreement with that already
indicated as satisfactory from a practical stand-
point. I5 may be noted at this point that in
order to overcome certain excitation difficulties
that often arise in cross-fire operation, an in-
phase radiation condition may be slightly de-
parted from, causing the antenna’s directivity
axis to extend just a bit askew to the cross-fire
direction. Further, the waveguide parameters
and operational frequency may also for other
reasons be so chosen as to increase the angle
between the direetivity axis and the cross-fire
direction to any desired value within certain limits
dictated by waveguide transmission character-
istics.

A conveniional slotted waveguide antenna
array as just described is quite satisfactory for
radiating microwave energy in a fixed direction,
velative to the line of the array, but many prac-
tieal applications call for a scanning action of
the energy. One of the possible methods of pro-
viding this scanning action is to frequency-
modulate the excitation energy, which causes
variation in phase velocity and guide-wavelength
and correspondingly produces variable phasing
of adjacent elements. Such a method has been
little used, however, principally for the reason
that with waveguide antenna structures of con-
ventional type sush as that above referred to,
the freguency excursion required to scan over a
sechor of, say, sixty degrees, is considerably larger
than can be conveniently obtained froem present
day high-level microwave energy sources. Fur-
ther, even if the problems imposed by this in-
adeguacy can be overcome by improvements in
microwave sources, the scanning action of a con~
ventional antenna would have to be limited to
sectors of considerably less than sixty degrees,
in order to keep the &ffective spacing of radiating
elements within satisfactory limits. This ire-
guency modulation method of scanning never-
theless would otherwise cffer distinct advantages,
such as avoiding mechanical complexities pre-
sented by other types of scanning antenna sys-
tems, or reducing the space requirements needed
for their mounting.

It is therefore an object of the present inven-
tion to provide a novel type of apertured wave-
guide antenng structure having an improved fre-
quency-shift-scanning characteristic, that is,
cne which requires a relatively small frequency
excursion to yield wide angle scanning action.

It is a further object of the present invention
to provide an apertured waveguide antenna hav-
ing a novel structure which offers a greater range
of design control as to the effective electrical
spacing between adjacent apertures.

The foregoing objects, and other objects, fea~
tures and advantages of the invention which will
appear from the description and from the claims
appended hereto, are aftained by providing an
antenng array in which the transmission line
interconnecting and feeding the radiating ele-
ments is given a helical conformation to produce
an effective phase velocity along the line of the
array which is g small fraction of the correspond-
ing free-space velocity of the microwave energy.
In such a helical structure, the electrical phasing
of adjacent radiating elements is no  longer
limited by the ordinarily compromising eifect of
their required physical spacing, but may be made

[V

10

20

25

30

35

I
<

&

i
W

55

75

4

to have any desired value by suitable choice of
helical transmission line parameters. One of the
important advantages stemming from this im-
proved structure is that, while providing any de-
sired element spacing as expressed in terms of
free-space wavelength, the electrical spacing may
be increased to several transmission line wave-
engths. Thus, in frequency-shift scanning the

freguency excursion required to effect scanning

action over g sector of specified angle is substan-
tially reduced.

The invention will be more fully understood by
reference to the following detailed deseripticn
accompanisd by the drawing in which:

Fig. 1 is a perspective view, partly in section,
of a simplified helical waveguide structure illus-
trative of the present invention;

Fig. 2 shows another helical waveguide an-
tenna structure embodying the invention;

Fig. 3 is a partial section of the above embodi-
ment taken along the line 3—3 of Fig. 2;

Fig. 4 is an enlarged view of a portion of the
Fig. 2 waveguide structure encompassing a slot
radiator;

Fig. b is a sectionsal view taken through the
helical waveguide structure along the line §—5
of Fig. 4;

Tig. § shows another practical embodiment of
a helical waveguide antenna;

Pigs. 7, 8, and 9 illustrate a helical waveguide
structure in several phases of its production by
an electroforming process;

Fig. 10 represents a helical waveguide antenna
embodiment including mechgnical means for
producing g scanning action of the directivity
characteristic; and

Wig. 11 is a sectional view taken on line f§—i!
of Fig. 10.

Referring first to the perspective view of a
simplified embodiment of the invention as illus-
trated in Fig. 1, there is shown at {2 a hollow
rectangular waveguide having a helical confor-
mation. A series of apertures {4 are formed in
the outer wall of the coiled waveguide, and are
positioned to lie in a straight line {8 paralleling
axis 1§ of the helix. As illustrated, it is prefer-
ably the narrow wall 28 of the waveguide which
is faced outwardly to form the cutermost surface
of the helix. By consiructing the helix in this
manner, the center-to-center distance d between
adjacent apertures, corresponding tc the pitch
of the heliz as measured along aperture line (6,
may be made egual to or somewhat less than
three-fourths of a free-gpace wavelength as is
desirable for optimum pattern characteristics in
cross-fire or near cross-fire operation. It may
also be here noted with respect to Fig. 1 that the
effective length of waveguide which intercon-
nects a pair of adjacent apertures, best deter-
mined empirically, may be taken as egual to
the length S beiwesen adjacent apertures along
the center line of the waveguide. This length
S is a sufficiently close approximation to the
effective wave-guide length for present purposes.

As already indicaied in the preceding general
observations of waveguide antenna considera-
tions, the antenna’s directivity axis extends at
a right angle to the aperture line 1§ when there
is in-phase radiation from apertures {4. TUsing
circular apertures centered in the narrow wall
of the waveguide as shown, or using any other
equivalent type of apertures or radiator elements,
this condition is obtained when the efTective
length 8 of the waveguide portion interconnect-
ing a pair of adjacent apertures is an integral
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-mutfipléiof a:full-guide-waveléngth :at cross=fite
frequeriey:- A’departure:from thiscrosssfire-fre-
quency<results . in-a-change of  relative. phasing

between apertures-and causes the directivity axis

22 torextend at-an angle ¢ relative to.the cross- -

fite- direction: 24, as'measured -in: the: plane:deé-
fitied by aperture-lifie-{§-and helix-axis 18

THe manner-in:which the angle:y -is depend-
ent upon.:operational:frequency: may-be further
explained and specifically-derived as-follows:”

Aruniphase-front of energy radiated by-the-an-
tennais;in Fig. 1, indicated by line 26-extending
from:an aperture: A; at a right angle to:the: di-
rectivity:line 22 which extends: from.an-adjoin-

ing:aperture. B, and-intersecting directivity line~

229 t'point C. .. The-phase shift'as measured from
B to'Ciis given by theequation
¢Bg,=27r.% siny (2)
wheré':s?v is-the free=space wavelengthi:at:the:on-
erating frequenecy: /.. The phase shift ¢sa-in-the
waveguide ‘between . the points: B:.and:-A is-given
bythe equation:
: S
Ppa= 27r—>:.— : (3)
g.

_where: \g-is. the guide- wavelength corresponding
to. operating frequency. f.  Sinee-points- A:and
C.arein phase;

brc=¢ps— 207w (4)

The quantity. » is an integer, defined. by..the
equation. '
S

Ago (5)

where \g is' the guide-wavelength at the. cross-
fire-frequency.fo. Combining Equations 2, 3, 4,
and:5;

n=

Sin: l[/—

R) ©®
An-inspection-of Equation 6 makes readily ap-
parent” certain: of- the  improved ' capabilities
“achieved by the present-invention. For-a wave-
guide--of’ given - cross-sectional ' dimensions; the
magnitiide of the expression
A
)\E >\IO N
" isicontroliéd :by the. frequency:excursion. For-a
fixed:frequenicy ‘excursion, then, the-magnitudé of
scan angle . is:a direct function of ‘the ratio -
S

d

For: scanning :action over a given large angle of
say.-sixty: degrees; the: frequency: excursion .re-
quired is-reduced by approximately: the. multi-
plying: factor

¢ .

S

and by very:closely: that factor: for small.scan
angles: . This may-be-made more evident by plac-
ing Eguation 6 in-a form: using:frequency:terms,
in the following manner.. The factor:2b:in Equa-
tion. 1.given above is‘equal:to.the cut-off wave-
length Ae, and the ratio

LS

Ae
is exactly equal to the ratio

fo
7

10

15~

20~

25

30

40.

- therewith.
-tem of scanning requires that the standing wave

6
-where fe represents the cut-off frequency.: Equa-
tion 1'may thus-be equivalently expressed as-
f A

Ag== (7

VP
Substituting (7) into (6,

Sin w——(x/ﬂ—fe —VIF=72) (8)

where fo .represents the cross-fire frequency. De-
fining:K as the ratio of the frequency excursion
to:thezcross-fire frequency, so that f=7fo(1-+K);
substltutmg in. Equation 1; and. expandmg in
powers of K.

T e 1
(9)

For.small anglés, then,.it is. sufficiently. accurate
to..take. into..account. only the first term.to.the
right of.the equality sign in Equation 9,50 that,
where 4 .is expressed in degrees,

(19)

1807,
Again, Eguations 9 and 10 hold true for:all arrays

.of the :general:type: here under consideration, so

that; relative to the conventional :antenna.struc-
ture earlier: described; the:multiplying faector -
d

S
is equal to the reduction in. frequency:excursion
ratio..
While:the preceding description of certain basic
principles::of - the-invention has been:given with

‘reference: to:the. essentially ~diagrammatic. illus~

tratiom in-Fig. 1, it:is to: be understood that vari-
ous : technigues: and: expedients which are con-
ventional:in the antenna:art may be:employed
For.example; the frequency shift sys-

ratio in:the feed transmission line be small. This

. may. - be accomplished by providing a proper ter-

mination .of the helical transmission . line.  As
ahother-exampls, in‘a--relatively long:array: as

..must-be:used:: to:produce ‘a very sharply direc-

tional: characteristic, the coupling. of .consecutive
radiatorrelements must. generally be:of progres-

- sively greater magnitude, in .going along the ‘ar-

55

60

ray toward .the termination, in-order to provide

.a:uniformly: illuminated array. Again, where a

minimum side .1obe :level :is :desired for:a-given
width: of :.the: major lobe; certain non<uniform
illuminations are provided in a manner familiar
to thosewversed in the art.

Figs.: 2::and -3 illustrate another practical em-~
bodiment-of the-present invention, in which there
is. also provided a progressive variation in radia-
tor: element ‘coupling by employing suitgbly-ori-

. ented:-elongated -apertures in the narrow wall-of

65:

- tangulai:- thread-

.the- waveguide.

The ‘waveguide is here formed
from - a- metal ¢ylinder; a'rec-
screw. 28 of suitable pitch,
and.-shrinking: a- metal-tube 58 over: the ma-

by machining,

- chined serew:. to: produce a: waveguide: hay-
70:

ing. a7 helical -axis  and: providing a . helical
transmission path.: The  waveguide :thus' pro-
duced has. g uniform rectangular cross-sectionin
all planes-perpendicular to-its helical axis. . This
structure’ - may - be::fabricated of ~aluminun, for

- 75example;: and: where:a:long array: is-desired; the
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.serew may be made by a cenferless -grinding
method. A shrink fit is obfained by reaming or
honing the tube 30 to an inside diameter slightly
less than the outside diameter of the machined

screw 28. Thus, when tube 38 is heated, its di- .

ameter will be increased sufficiently to permit in-
sertion of the machined screw 28 therein. Dumb-
bell shaped slots 3% are cut through the outer
wall of the helical waveguide to serve as the radi-
ator elements, it being understood that dipole
or other types of radiators may be alternatively
utilized. Conventional coupling structures 34 and
36 are provided at the ends cf the helical wave~
guide antenna, to serve as means for connecting
to a source of microwave energy, and to an ab-
sorptive load for providing a reflectionless ter-
mination. :

The dumbbell shaped slots 32 are so0 propor-
tioned that their perimeters are each substan-
tially equal to a full waveguide wavelength. Po-
sitioned in the rectangular waveguide’s narrower
wall in g manner as here illustrated, the slots in~-
terrupt and are excited by the flow of surface cur-
rents in the waveguide which are associated with
the dominant mode of wave transmission, and
radiate quite effectively because of their resonant
dimensioning. Referring to the Fig. 4 enlarged
view of g typical slot region in the disclosed wave-
guide structure, the coupling of g slot radiator

32 is dependent upon the magnitude of its in- ¢

clination e relative to the cross-wise direction
38 in the waveguide passage at that point. Thus,
any desired illumination distribution along the
array may be obtained by a progressive varia-
tion of slot inclinations in some suitable manner,
as generally indicated in Fig. 2.

In a design of an antenna array utilizing slot
radiators in the narrow wall, the length of a
resonant slol radiator may be greater than the
narrow wall dimension, as illustrated in Fig. 5.
In order to accommodate such a slot and still
have it match properly to the waveguide and
radiate effectively, the ends of the slot are given
access to the interior of the waveguide by re-
moving wall material adjacent thereto, as indi-
cated at 48 and 42, to a depth of substantially
one-fourth wavelength at nominal frequency.
where it is desired to make length S a multiple
of half a guide-wavelength, rather than a multi-

ple of a full guide-wavelength as thus far de- ;

scribed, the inclinations of adjacent slots must
be in opbvosite directions relative to the cross-
wise direction in the waveguide, in order to pro-
vide coupling reversal as already described.

Another method of fabricating the helical :

waveguide is illustrated in Fig. 6. Here again
a rectangularly threaded screw 50 is machined
from a metal cylinder, but in this instance a
shoulder 32 is provided on the projecting helical
rib $4 of the screw. The fourth wall enclosing
the waveguide is formed by an elongated metal
strip 66 which is wrapped around the threaded
core, strip 56 having a width suitable to fit snugly
into the shallow passage defined by the confisu~
ration of the shouldered rih. Outer wrapping
86-may be bonded to core 52 by soldering, braz-
ing, welding or any other method suitable to the
materials employed and capable of providing good
electrical continuity. For this purpose, the core
and strip may be made of a material inherently
suitable to accept such banding treatment, or
may be plated or otherwise prepared to accept
such treatment. For example, the core and strip
may be fabricated of an aluminum alloy, in the

_interests of both strength and lightness, then.
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plated with copper or additionally with silver,

-rendering the core and wrapping suitable for
-honding by one of the soldering processes.

Still another method of fabricating the heli-

.cal waveguide structure is shown in Figs. 7, 8,
-and 9, wherein a screw core 88 is provided as al-

ready described with reference to Fig. 2. Core
€6 may in this instance be made of any desired
material, for it here functions primarily as a base
upon which is plated a conductive surface §2, and
upon which an outer wall 64 is then provided, as
by the “lost wax” process of eiectroforming. For
example, core 88 may be fabricated of steel, and
the plating appiied thereto may be of nickel. The
cavity formed by the helical thread may then be
filled with aluminum, as indicated at 8%, or with
any one of the commercially available alloys or
waxes specifically formulated for use in the lost
wax process, these materials being eharacterized
by low melting-points but nevertheless machin-
able at ordinary temperaturss. The excess of
aluminum, wax, or alloy filling should then, of
course, be machined away to present a perfectly
true cylindrieal surface which is in part formed
by the plating 2. Plugs or cores 68 having a de-
sired configuration of radiator apertures 70 are
then fastened, as by screws 72, in their proper
positions against the composite cylinder, and the
resulbtant assembly is again plated with nickel to
form g relatively thick outer wall 4. The salient
portions of plugs 68 and their fastening elements
are then machined off to again provide a smooth
cylindrical surface, ang the cavity-filling ma-
terial is removed in some suitable manner. For
example, in the specific structure here described,
the aluminum may be removed by treatment with
a hydrochloric acid solution which attacks the
aluminum without appreciable reaction upon the
nickel plating, Where low melting-point fillers
are used, their removal may be effected simply
by a heating process. Whatever the specific ma-
terial and filler-removal method used may be,
however, the end result is the production of a
helical waveguide having essentially continuous
walls formed of homogencous conductive ma-
terial. Alternatively, the radiator apertures 70
during the electroforming process, may be ma-
chined in the desired locations after the outer
wall of the ecylindrical structure has been
formed. Where greater electrical conductivity is
desired than is provided by the nickel or other
material with which the walls may be surfaced,
a final plating of silver or other highly eonductive
material may be applied.

While the waveguide structures thus far dis-
closed make use of a single line of radiator ele-
ments which yield a radiation pattern narrow
in a plane parallel to the line of the array but
broad in a plane perpendicular thereto, it is to
be understood that the pattern in the latter plane
may be modified in any desired manner by using
additional radiator elements, or by using the
helical waveguide antenna as a source of radia-
tion to be shaped by reflectors or baffies or other
such means as are conventional, or by using each
of the radiator elements to excite supplementar
arrays extending in planes perpendicular to the
helix axis. It is also to be understood that the
coiled waveguide arrays here disclosed are not
limited to scanning by the frequency modula-
tion method. It may in some instances be de-
sirable to provide a waveguide antenna array, of
the sinuate type here disclosed, in which scan-
ning action may be effected by mechanical means.
Various fechniques or meodifications employed
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with other waveguide antennas are available. As
examples, the antenna array may be designed
for fixed frequency operation and beodily rotated
to produce a scanning action, or the helical wave-
guide structure may be provided with supple-
mentary velocity-changing members penetrating
the waveguide to a variable exient, or variably
positioned therein, these being merely applica-
tions of conventional expedients. Still another
method which may be employed is illustrated in
g, 10. Here the effective length S of the con-
volutions is itself made variable by the use of
corrugated or bellows type of waveguide sections
74 which may be repetitively lengthened and
shortened. These sections are provided at oppo-
site sides of each convolution, and by way of ex~
ample, the necessary mechanical movements
may be imparted by a rack and gear arrangement

as here shown. Members T€ and 18 are sirue-~

turally rigid bars which extend slong the wave-
guide structure and interiorly thereof, secured to
each convolution. At as many points along the
helical structure as may be necessary to lend
rigidity thereto and uniformity of incremental
changes in the spiral length S therealong, are
provided spacing members 80 which engage the
bars 7§, 18 in such manner that the lengths S
may be controlled by threading action of the
spacing members. Such threading action may
be readily achieved by providing a rack 82 in
engagement with gears 84 mounted upon the
said spacing members 86. Reciprocative move-
ments of rack 82 thus effect a variation in the
length S of convolutions interconnecting ad-
jacent radiator elements, resulting in variably
phasing the radiator elements as is necessary
to produce scanning action.

The above-described structures are illustrative
of principles of the present invention. It should
be apparent that modifications and other ar-
rangements will readily occur to those versed in
the art without departing from the scope or
spirit of the invention defined in the appended
claims.

It is also to be understood that, in addition to
their major applications as transmitting devices,
the helical transmission line antenna arrays
forming the subject matter of the present inven-
tion may also be useful in certain applications
a3 receiving devices, their characteristics in such
cases being exactly analogous to those pertaining
to transmission.

What is claimed is:

1. An antenna array for radiating microwave
electromagnetic energy comprising: a tubular
element, a cylindrical member, said cylindrical
member being provided with external substan-
tially rectangular threads and being concentric
with said tubular element, said tubular element
being in contact with the threads of said cylin-
drical member to define a duct of helical con=
figuration and of substantially rectangular cross
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10
section, and said tubular element having a plu-
rality of openings spaced apart to communicate
with said duct whereby said duct operates as a
waveguide for microwave electromagnetic energy
supplied thereto and radiated from said openings.

2. An antenna array for radiating microwave
electromagnetic energy comprising: a conductive
tube, a rectangular thread screw, said screw be-
ing concentric with said tube and in contact
therewith to provide a duct having a substan-
tially rectangular cross section to define a wave-
guide of helical configuration, and said tube be~
ing provided with a plurality of slots communi~
cating with said waveguide for radiating miecro-
wave electromagnetic energy therefrom.

3. An antenna array for radiating microwave
electromagnetic energy of a predetermined fre-
quency comprising: a metallic tube having a plu-~
rality of uniformly spaced slots which are axially
aligned relative to each other, a metallic screw
having a rectangular thread, said screw being
concentric with and in contact with said tube,
whereby said screw and said tube cooperate to
define a duct of substantially rectangular cross
section and extending axially in the form of a
helix, said slots being spaced apart so that al-
ternate ones of said slots communicate with al-
ternate turns of said helical duct, said duct con-
stituting a waveguide for microwave electromag-
netic energy, and said slots radiating said energy
from said waveguide in a direction determined
by said predetermined frequency.

4. An antenna array according to claim 3
3 wherein said slots have a spacing not greater
than three-quarter wavelengths in free space,
and approximately equal to an integral number
of wavelengths in said waveguide, at said prede~
termined frequency.

5. An antenna array for radiating microwave
electromagnetic energy comprising a hollow cyl-
inder having an inner surface, a cylindrical mem-
ber in concentric relationship with said element,
said member having external substantially rec-
tangular threads in contact with said inner sur-
face, whereby said threads and said inner sur-
face form a hollow duct of helical configuration -
and of substantially rectangular cross section,
and a plurality of openings in said hollow eylin-
der positioned to communicate with the respec-
tive portions of said duct.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date
2,408,435 Mason cece e Oct. 1, 1946
2,438,735 Alexanderson .....- Mar. 30, 1948
2,526,573 Mason o Oct. 17, 1950

OTHER REFERENCES

“Micro-Waveguides,” by Virginia Walters, Ra~
dio-Electronics, Dec. 1948, pages 24 to 26.



