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~HELICAL SLOT SCANNER
- “Allen S:Dunbar, Los-Altos, Calif.
;-Application May 3, 1950, Serial No. 159,801
(CL: 250--33)

‘¢Granted-under-Title 35, U. S..Code (1952),
sec. 266)

“10° Claims.

g |

“This invention:relates torahtennas for-use-in
< propagating electronizgnetic ‘waves' of: high' fre-
~gieney.

" Moré speeifically: this -inverition: relates to~a
~hovel“wWave guide-slot scaniiing radiator: . In the
~preferred: application,; théiscanner is useéd-as a

feeding means for.g. focusing device:wherein the
feeding meatis:is caused to:propagate electromag-
netic energy towardthe reflector.or. electromag-
netic lens in:a manner.such that the point from .
~whiech -the energy .is. radla,ted -1Noves. along “a
“straight line.

In angle tracking radar.systems ard the like,
the speed at which the. anténna.can scan a; glven
ipredetermined.area: is.of: great. importance. = To -
_%his end,.it has. been fourid necessary to feduce
the inertia of the moving paits of thé antentia by

+keeping. the relatively large foeusing: apparatus

stationary, and by.moving ohly. the poiat’ fiom
which.the feeding means radifites electromagnetlc
energy toward ‘the focusing anparatus -Th"so
doing, a’ beam results which' in efféét quiekly
scans a given predeterndinied angle just as if the
focusing device and- feeding theans were heing
moved together as a unit.

In general it is”desirsble’ to-have the rate of

«5can ot only. of.a . high. value, but substantially
~uniform- as-well. " In the prior ari “déviees, ‘this
was generally not readily. possible.

Accordlngly, a- pmnc1pal object: of the inven-.
tion is to-provide. electromagnetlc Wdvé propa-
s gating apparatus.wherein the péiiit from which

tthe .-electromagnetic . energy .~ émafiatés ' moves
~quickly. and-at.a.- substantmlly uniform: rate.

:Another.object. of ‘the invention is to: ‘provide ..

Zelectromasgnetic ‘wave . -bropagating - apparatus
“wherein-the.point- from. which: ‘the “électiormsag-
netic energy emanates.thoves guickly along 'a
«straight line.

:Fig. 1 is-a perspective view-of the propagating. 40 about Y

apparatus which is the preferréd embodiment of
_the invention.

- Fig. 2 is.an: overhéad view of the embodiment
of Fig. 1.
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. Basically . the . present. invention - consists. of..a
‘wave.guide 2 (these reference characters refer

- generally -to -all the figures) located-within..a

-hollow: right circular. eylinder . | -where.. one..of
:these 1ast. two mentioned. members.-has.. a. long,

~narrow.opening or slot. 7.and.the other member

has a helieal slot or opening:§. The wa,ll mem-
-bers.having the slots.are in contiguous (bu’o not
‘in. eontact) -relation. so that.at the.point: where
the-openings 6 and T .cross each: other. a radiat-
-Ing.aperture 8 is formed. . The member.contain-

-ing the -helical. slot or: opening 6. is -caused:- 40 .
-rotate by means of a suitable dnvmg mechamsm
--13; the radiating aperture.8 forméd. at. the June-

tion .of the helical slot 6.and the stralght slot. T

<will move at:a predetermined rate until-it reaches

~the-end of the.- straight: slot whereupon. it. will
~-reappear at the.opposite end. of.the stralght slot

.20

and then.begin to repeat the.same.motion. .To
prevent a substantial interruption.of the: flow. of

~energy through. radiating. .aperture 8-when-ithe
- aperture has raised:to the end. of the straight.slot

26.

-1.the. helical slot.is made to extend:over.sub-

stantially a 360 degree surface of the cylinder
-inwhieh it .is formed:
- Due- to- the faet -that .there.is a.space or.gap

~11:between the wave guide 2 and the. outer.cylin-
«der |, choke means.later described,. must. be.pro-

-vided-to effectively. -prevent-energy. from leak-

30 -

Jing from. the slot 7.of the wave gulde 2.into.this

.-opehing.

35.

.The dimensions of.the radiating . -aperture . 8
.appremably effects. the amount. of. energy.. whlch
~Is eoupled from the wave. guide 2.- Generally “the
-periphery . of . the . aperture §.should be..in the
. vicinity of one (or.a multiplé thereds) Afree space
.wave. length. . The shape of the.opehing is not
. Critical, however resonance being the important
objective. With such an opening; However, otily
of the incident power ¢ould be extrdctéd
" from the wave guide 2. Tt was found.that by add-
ing a Helical ¢hatinel 5 to the ifinet surfaés of
.eylitider I adjacent the Hhslical siot: or: opehing
T6.(séé Figs. 1-3), over 90 percent of the intident

- Fig.. 3.1s.a Cross-sectional ¥iew. of Fig:*2 along.45. power could . be extracted by the- propagititig

-Section. line 3--3.

{ Pig. 4.is.a perspettive view of another embodi-
~ment. of .the. ihvention.

- Pig. §.is a.perspective view of still a,nother em-~

“opeéning 8:over its entire- Tange -6f- “movement.
“With such a modification the ‘dimensions-of the
-Tadiating aperture” 8- were: modlﬂed to- give -best
“restlts. 'The effect of §uch & helical chanitel wis

nbodlment of the invention Shown  in simplified. 50" to shuiit the wave guide' 2 ddjacent the ‘Moving

“form.
-Fig. .6 shows. the  important *dimensions of
o propagatmg opetiing 8.
. iPig. 7.shows the relationship bétween: & para-
=bgli¢ focusing means and the. slot seanning feéder.
of the present invention,

55°

aperture § with' a- zero impédante 6 that §ub-
stantially all of the incident energy went out
~of-aperturé § rather than 50 peréehit &
cldent enérgy- continiing *dowin ‘the Wi
"9, Such & shunting iéans alsé-has the -advan-
~tageof making the amount of: energy emltted £¥6in
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the aperture 8 substantially independent of its
position. This is because the portion of the wave
guide 2 starting from the helical channel § and
extending to the end of the wave guide 2 remote
from the end of the wave guide 2 which conducts
the incident wave to the radiating aperture 8,
is effectively shunted out of the circuit. It should
be clear that the helical channel is not very
readily applicable to the embodiments of Figs.
4 and 5 where the helical slot § is not located
on the outer cylinder {. Of course, in the em-
bodiment of Fig. 5, the helical slot 6§/ could be
placed in the outer eylinder 1 instead of on wave
guide 2’’ and thus make the addition of a helical
channel readily practicable.

Since rectangular wave guides are more prac-
ticable, and because of the increased output pos-

sible with the helical channel 5, Fig. 1 is the pre-

ferred embodiment of the invention.

Referring more particularly to Figs. 1-3, the
outer  cylinder { has a narrow helical slot or
opening 6. Within the cylinder { is located a
rectangular wave guide 2 with a long, relatively
straight and narrow slot or opening 7. The slot
1 is placed in the narrow side of the wave guide 2
and is parallel to the axis of the wave guide
2. 'The slot 7 could be placed on the wide side of
wave guide 2, but only with added difficulty and
complications. 'The overlapping slots § and 1
should be contiguous to each other and because
this is more readily possible with slot 7 cut in the
narrow side of wave guide 2, and because energy
is more readily coupled out of the narrow side of
the wave guide by such a slot, the slot position
as shown in Fig. 1 is the preferred one. Of
course, slot T need not be parallel to the axis
of wave guide 2, but for purposes of obtaining
more even power transfer from the moving
propagating opening 8, such a parallel rela-
tionship is preferred. ‘

The axis of wave guide 2 is shown parallel to
the axis of cylinder { since this allows the over-
lapping slots to be more closely adjacent each
other.
~ As seen more clearly in Fig. 2, wave guide 2 is
not in contact with the cylinder I since cylinder
i is to be rotated. Rotation is accomplished by
means of a gear means {2 which in turn is rotated
by a motor 13. When cylinder 1 is rotated it
can be seen that radiating aperture 8 moves from
one end of slot T to the other and then suddenly
appears at the end of slots 7 from which it orig-
inated. If motor i3 revolves at a uniform rate,
then propagating opening 8 moves at a uniform
rate also. Because of the fact that opening 8
always moves in the same direction, the beam
which is obtained when the opening is directed
toward a focusing device will sweep by a given
target at a substantially constant rate.

.Since wave guide 2 is not in direct and close
contact with the cylinder {, unless choke means
3.are provided which will effectively close or
block off this gap i, appreciable energy will
leak from wave guide 2 through slot T into the
inner portion of cylinder | and thus be wasted
in addition to causing undesirable effects on the
field distribution in wave guide 2. Choke 3 con-
sists of a pair of solid metallic bars each located
on one side of wave guide 2 with a choke groove
4 cut in each which run parallel to the long nar-
row slot 1.

‘As shown in Fig. 2, dimensions o (depth of
choke groove) and b are about one-quarter guide
wave lengths at the operating frequency.
choke 3 has the same effect as if a solid piecé of
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metal were placed between slot 7 and the inner
wall of cylinder . Satisfactory results were ob-
tained with the following choke dimensions:

a, 441"
b, 441"
c, .625"
Frequency, 9,375 megacycles
Wwidth of choke groove, .063*

. Clearance between choke and cylinder, 031"’

Width of slot 7, .250”

If the embodiment of Fig. 1 were to be used
without channel 5, then the total periphery of
propagating opening 8 should be in the neighbor-
hood of one free space wave length.

Fig. 3 shows a cross-sectional view of Fig. 2
along section line 3—3 showing the relation of
the helical channel 5 and radiating aperture 8.
It is to be noted that channel § is located the
same distance from helical slot 6 at all points
so that it always has the effect of shunting wave
guide 2 with a low impedance no matter what
the position of radiating aperture 8 may be. Be-
sides having this shunting effect, it must be
so placed as to provide a proper impedance ter-
mination in wave guide 2 in the vicinity of chan-
nel 5. One group of dimensions found satis-
factory are as follows (refer to Fig. 3):

g=depth of helical channel=1.18 cin.

h=wide dimension of channel 5=.900" )

i—distance of helical channel from propagating
opening 8=.374"' »

j=length of radiating aperture=1.72 cm. )

Width of radiating aperture=width of slot T (not
shown in Fig. 3) =.250"" (since helical angle=60
degrees, the peripheral width of radiating aper-
ture was .250X1/sine 60 degrees=.288)

The length of narrow dimension of wave guide 2
" (not shown in Fig. 3) =.400"" ,
Since the helical angle was 60 degrees, the periph-
eral width m (see Fig. 6). of radiating aperture

©.250

—_ 7]
8= ine 60 288

frequency=9,375 megacycles

The above dimensions are not critical and many
variations can be made without deviating from
the scope of the invention.

Of course, a circular wave guide could be sub-
stituted for rectangular wave guide 2.

Fig. 4 discloses another embodiment of the
invention where the helical groove 8" is located
on the wave guide and the straight slot T’* is
located on the cylinder. In order fo place helical
slot on a rectangular wave guide, the side of the
wave .guide containing the slot must be twisted
to follow a helical surface. . )

Since the radiating aperture 8 is to be moved

\along 5 straight line, the wave guide with the

helical groove must be rotated. As previously ex-
plained, this embodiment is not very well adapt-
ed for use with a helical channel 5 such as found
in the preferred embodiment of Fig. 1. )
Fig. 5 shows a third embodiment where & ¢y~
tindrical wave guide 2" is used instead of & rec-

" tangular wave guide. Here again, the wave guide

containing the helical groove 6’ is rotated. In
the embodiments of Figs. 4 and 5, choke grooves
(not shown) will follow along the sides of the
helical grooves 6’ and '’ respectively.

As shown in Fig. 7, the linear feeding device
{5 forming this invention. is mounted so that, the
radiating aperture moves along a straight. line
Which is perpendicular to a plane »—v which



passes through the focal point of thespayabslic
“foeusing-means T&-and alse-bisscts the parabolic
“focdsing=THeans’ 4. Then' the radiatingwaper-
ré-s~?1’direet‘ssl“eléetromagnétic*energyatéwa'xi'?‘d-" re~
“flectort4; as it mioves alongthé-before mentioned
“line; the- restiltant-beams gradually meves from
+'the position-ofibeant 1 Fté that of 177,

“The-ertbodintents: discloséd in theé drawing-afid
“spectficition are-exemplary only and many modi-
*fledtions- ean'-bermade-Without ‘devisting’ from
“thescopeof the ihvention. -

“"Phe-fverition’ desctibéd hereinmay ‘be manu-
~factured-and-used by -or: for the " Governmetit-of
- the! UnitédStates of«Americas for sovernmental
=purpdses -without: the payment ‘of - ahy royalties
“theéreon-ortherefor, :

“Whatis claimedis:

“1."Electromagnetic : propagating - apparatus
 comprising:in-combination »a wave giide having

wg-long, marrow-slot: i the-wall thereo~ & hollow -

cylinder surrounding said wave gulde-axid ‘having
its~inner-wall suifaee in contiguous relation to
the wave guide wall forming the said slot, said
hiolow eylitder alsé having o-long narrow slot in
the wall $heredt;one-of said slots:being relatively
straight and the other slot following a helix, the
= two slots thereby overlapping to form a radiating
~aperture,.a choke means extending -along. the
~sides-of said wave guide slof for éffectively plac-
-ing &-lJow impédance across the finite gap between
" the sides 6f sald wave guide slot and the contigu-
ous inner surface of the cylinder, means coupled
to the member containing the helical slot for ro-
tating same thereby causing said radiating aper-
ture to traverse a straight line.

2. Electromagnetic propagating apparatus
comprising in combination: a wave guide having
a long, straight, narrow opening in its wall, a
hollow cylinder surrounding said wave guide and
having its inner wall surface in contiguous rela-
tion to the portion of the wall of said wave guide
which is adiacent said slot, said hollow cylinder
having a helical slot in its wall whereby the said
openings overlap to form a radiating aperture,
a choke means extending along the sides of said
wave guide slot for effectively placing a low im-
pedance across the finite gap between the sides
of said wave guide slot and the contiguous inner
surface of the cylinder, means coupled to said

cylinder for rotating same thereby causing said-

radiating aperture to traverse a straight line.

3. Electromagnetic propagating apparatus
comprising in combination: a wave guide having
a long, straight, narrow opening in its wall, a

hollow cylinder surrounding said wave guide and-

having its inner wall surface in contiguous rela-
tion to portion of the wall of said wave guide
which is adjacent the said opening, said hollow
cylinder having a substantially helical slot or
opening in its wall whereby the said openings
overlap to form a radiating aperture, and choke
means extending along the sides of said wave
guide slot for effectively placing a low impedance
across the finite gap hetween the sides of said
wave guide slot and the contiguous inner sur-~
face of the cylinder.

4. Electromagnetic propagating apparatus
comprising in combination: a wave guide having
a long, narrow slot in its wall, a hollow cylinder
surrounding said wave guide and having its inner
wall surface in contiguous relation to the wave
guide wall forming the said slot, said hollow cyl-

“inder also having a long narrow slot in its wall,
one of said slots being relatively straight and the
other siot following substantially along a- helix,

40
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placing a low impedance across:ithe finite: 'gap
5 “-betweeri'the:sides ot the sald: waverguide stot-and
“thergontigticustinner-suiface of the eylinder.
55Electromagtietic propagdating vapparatus

Fisirigsiti ¢ ition s g wave suide-having
I arhollow eylinder

‘long harrew: slot-ir-its wall,
wbeing relatively straight:and

15 thHe-ot or-opéninig following substantislly

#*helix,thetwo slots thereby overlapping
«rddiating=aperture,: a-"¢hHoke means

s-eomprising:
~glong hoth :
20 ~

“wave Lguidesslot Sarid communicating “ with 'the
“fihite spaceé hetween the ‘sides of ‘the wave guide
«adjaceht theewave: giide:slot:

“inner suifdcesof thes
25 .d.,‘l"

g : at ai:low. inipedance
wexistsbetween the sides-of the wive guide slot
~and-the-gentiguou;

Lcomprising: . fetangular -wave
30 suide: havin “§lotor :6peningiin
s narrowside, s aHollow eylinder: surrouridihg

said wave guide and having its inner wall surface

in contiguous relation to the wave guide wall
forming the said slot, said hollow cylinder also
having a long narrow slot in its wall, one of said
slots or opening being relatively straight and the
other slot or opening following substantially along

a helix, the two slots thereby overlapping to form

a radiating aperfure, whereby rotation of the

member containing the helical slot causes said

radiating aperture to traverse s straight line
and choke means extending along the sides of said

wave guide slot for effectively placing a low im-

pedance across the finite gap between the sides

of said wave guide slot and the contiguous inner
surface of the c¢ylinder.

7. Electromagnetic propagating apparatus
comprising in combination: g rectangular wave
guide having a long, straight, narrow opening in
its narrow side, a hollow cylinder surrounding
said wave guide and having its inner wall sur~
face in contiguous relation to the portion of the
wall of said wave.guide which is adjacent the
said opening, said hollow cylinder having a heli-
cal slot or opening in its wall whereby the said
openings overlap to form a radiating aperture,
Ineans coupled to said cylinder for rotating same
thereby causing said radiating aperture to trav-
erse a'straight line and choke means extending
along the sides of said wave guide slot for ef-
fectively placing a low impedance across the
finite gap between the sides of said wave guide
slot and the contiguous inner surface of the cyl-
inder.

8. Electromagnetic - propagating apparatus
comprising in combination: g wave guide having
a long, straight, narrow opening in its wall, a
hollow cylinder surrounding said wave guide and
having its inner wall surface in contiguous rela-
tion to portion of the wall of said wave guide
which is adjacent the said opening, said hollow
cylinder having a substantially helical slot or
opéning in its wall wherepy the said openings
overlap to form & radiating aperture, a helical
channel formed on the inner surface of said cyl-

35
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7 u
inder and running parallel to the helical slot or
opening of said cylinder, said channel being of
such dimension that it reflects a low impedance
across said wave guide on one side of the radi-
ating aperture. . :

9. Electromagnetic
comprising in combination: a wave guide having
a long, straight, narrow opening in its wall, &
hollow cylinder surrounding said wave guide and
having its inner wall surface in contiguous rela-~

propagating apparatus

2,670,436
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tion to portion of the wall of said wave guide ®

which is adjacent the said opening, said hollow
cylinder having a substantially helical slot or
opening in its wall whereby the said openings
overlap to form a radiating aperfure, means cou-

15

pled to said cylinder for rotating same thereby- -

causing said radiating aperture to.traverse a
straight line, a first choke means comprising
a pair of grooves members extending along both
sides of said wave guide slot, said grooves ex-

20

tending along the entire length of said wave'™

guide slot and communicating with. the finite
space between the sides of the wave guide ad-
jacent the wave guide slot and the contiguous
inner surface of the cylinder, the depth of the

25

said grooves being such that a low impedance -

exists between the sides of the wave guide slot
and the contiguous inner surface of the cylinder,
a helical channel located on the inner surface of

said cylinder and running parallel to the helical 30
slot of said cylinder, said channel being of such °

dimension that it reflects a low impedance across

8

said wave guide on one side of the radiating
aperture. . - . -
-10. Electromagnetic propagating apparatus
comprising in combination: a wave guide having
a long, narrow slot in the wall thereof, a hollow
eylinder surrounding said wave guide and having
its inner wall surface in contiguous.relation to
the wave guide wall forming the said slot, said
hollow cylinder also having a long narrow slot
in the wall thereof, one of said slots being rela-
tively straight and the other slot following a
helix, said helical slot making substantially &
complete revolution, the two slots thereby over-
lapping to form a radiating aperture, means cou-
pled to the member containing the helical slot
for rotating same thereby causing said radiating
aperture to traverse a straight line and choke
means extending along the sides of said wave
guide slot for effectively placing a low impedance
across the finite gap between the sides of said
wave guide slot and the contiguous inner surface
of the cylinder. .
ALLEN S. DUNBAR.
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