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4. Caias. 

This invention relates to an antenna, System, 
and particularly to a system wherein rapid Scan 
ning is effected by the movement of a primary 
antenna, in relation to a passive Secondary an 
tenna, or fixed parabolic reflector. 

In antenna systems where repeated Scans of 
an exploratory area, or angle involve the rock 

(C. 250-33.63) 
2 

slots forms an aperture that travels from one 
end to the other of the linear slot facing the re 

ing or oscillation of a conventional parabolic re 
flector the mass of the reflector imposes a limi 
tation upon the rate at which the successive 
scans may be made. The present invention con 
templates rapid scanning by the employment of 
a passive secondary antenna, or parabolic or pa 
raboloidal reflector no movement of which is re 
quired in the repetitive movement of the Scan 
ning beam over a given exploratory angle, the 
sweep of the scanning beam being effected by 
the movement of a primary antenna, in the form 
of an aperture in relation to the focus of a paS 
sive secondary antenna, or stationary reflector. 

) 

2. s 
The principal object of the invention is to pro 

vide an antenna system wherein the Scanning 
operation may effect a rapidly repetitive sweep 
of a narrow directive lobe over the chosen ex 
ploratory area, or angle by a succession of uni 
directional movements at a constantly uniform 
velocity. 
Other objects of the invention include the Se 

curing of such scanning operation by the en 
ployment of a primary antenna, in the form of : 
an aperture adapted to be moved rapidly, Suc 

- cessively in the same direction and at uniform 
velocity across the focus of a passive Secondary 
antenna, and to supply ultra-high frequency 
wave energy to the aperture With substantially 
unchanged amplitude unaffected by the change 
in Wave path length incident to the physical 
movement of the aperture in relation to the Sec 
ondary antenna, focus. Conversely, it is an ob 
ject of the invention to provide Such an antenna, 
system capable of efficiently intercepting and 
conveying to associated receiving apparatus the 
echo energy reflected from objectS in the ex 
ploratory area, upon which the radiated energy 
impinges. 
As will be disclosed in the description that foll 

lows, these objects are attained, in the specific 
exemplary structural forms to be described, by 
positioning along the latus rectum of a reflector 
a wave guide extension comprising two coaxial 
members, one of Which is fixed and carries a, 
longitudinal linear slot facing the reflector, and 
the other of which is rotatable and is provided 
With a helical slot. Whein the helically Siotted 
member is rotated, the intersection of the two 

flector. This aperture, which constitutes a pri 
Inary antenna, is in communication with the wave 
guide through the interior of the coaxial mem 
bers, travels through the focus of the reflector 
from One side to the other, and rapidly, con 
tinuously, and at a constant Velocity repeats this 
traVerse as the helically slotted member contin 
lues to rotate. The positional change of the aper 
ture along the Wave guide extension constituted 
by the tWO members is compensated for by one 
or more aSSociated phase shifters that continu 
ally operate during the movement of the aper 
ture to maintain unchanged the Virtual length 
of the electrical transmission system on each 
side of the aperture, and thus operate to main 
tain. Substantially constant energy amplitude at 
the aperture throughout its movement along the 
wave guide extension. 
The antenna, system disclosed herein as a pre 

ferred form in which the invention may be em 
bodied will be more fully understood by refer 
ence to the following description taken in con 
junction with the drawings, in which like refer 
ence characters denote the same or similar ele 
ments. In the drawings: 

35 

40 

Fig. is a plan view of an antenna, structure 
including the reflector, associated wave guide, 
primary antenna, and driving mechanism, the re 
flector being shown in section; 

Fig. 2 is a front view of the structure shown 
in Fig. 1; 

Fig. 3 is a sectional end view on line 3-3 of 
Fig. 2; 

Fig. 4 shows a longitudinal Section of the Wave 
guide extension, including the helically and 
linearly slotted members, phase shifters and 
driving connections; 

Fig. 5 is a plan view of the assemblage of ele 
ments shown in Fig. 4; 

Figs. 6 and 7 show, respectively, the inner heli 
cally slotted and the outer linearly slotted mem 
bers, 

Fig. 8 is a plan view of the primary antenna, 
portion of the wave guide extension including 
the slotted members, as seen from the reflector 
looking in the direction of the arrows 8-8 of 
Fig. 4; 

Fig. 9 is a cross-sectional view on line 9-9 of 
Fig. 8: 

Figs. 10 and 11 are diametrically cross-sec 
tioned views of two elements of the phase shifter; 

55. 
and 

FigS. 12, 13 and 14 show a modified form of 
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moving aperture primary antenna, Fig. 12 being 
a plan view partially in section, Fig. 13 a front 
view on line 3-3 of Fig. 12 and Fig. 14 a CrOSS 
section online 4- 4 of Fig. 13. 

Referring to the embodiment of the invention 
illustrated in Figs. 1 to 11, inclusive, reference 
numeral 5 indicates a translation device Such 
as an ultra-high frequency or centimetric Wave 
transmitter or receiver, or a radar transceiver, 
and reference numeral 6 indicates a Wave guide 
extending to the wave guide extension f form 
ing part of the antenna proper. If desired, the 
main wave guide may be provided with rotatable 
junctions 8 and 9 so constructed as to permit 
the antenna proper to be turned in Suitably ar 
ranged mountings either in a horizontal or a 
vertical plane or both without altering the align 
ment of a linearly polarized Wave. 
The portions of the antenna structure which 

cooperate in the transmission and reception of 
the ultra-high frequency energy waves include, 
referring particularly to Fig. 1, the parabolic or 
paraboloidal reflector 20, the phase shifters 2 
and 22 and the slotted members 23, the phase 
shifters and slotted members being rotated by the 
motor 24 through the medium of the drive shaft 
25 and gears 26, 27 and 28. 
The Wave guide extension extends diamet 

rically across and along the latus rectum of the 
paraboloid reflector 20 and is supported at its 
ends by the blackets 29. These brackets may 
also constitute part of the structural support 
for the reflector 23 and the driving motor 24. 
Functionally, the wave guide extension a ter 
minates at the right-hand end of the phase 
shifter 22. As the parts are represented in the 
drawings, the tubular portion of the extension 
that extends from this point to the right-hand 
bracket 29 Serves merely a Supporting function. 
It will be understood that structurally the show 
ing of the various supporting elements of the 
over-all antenna, arrangement is somewhat 
schematic, terminating and strengthening flanges 
along the Sections of the Outer tube of the wave 
guide extension where the operating elements 
are carried, and ball bearings to insure easy ro 
tation of the rotatable parts being omitted for 
the sake of simplicity in the disclosure of the es 
sential elements of the antenna system. 

Proceeding now to a description of the ele 
ments of the antenna, System involved in the 
transmission and reception of the ultra-high 
frequency energy waves, the energy waves pass 
ing between the transceiver 5 and the radiating 
and intercepting aperture 3 flow by way of the 
Wave guide S and the inner member of the wave 
guide extension f7. The waves with which the 
antenna systern of the present invention is de 
signed to operate are centimetric Waves of the H1 
type; that is, they are waves of such high fre 
quency as to have a wavelength of only a few 
centimeters in space, and are waves having a 
linear electrical polarization transverse to the di 
rection of propagation. The direction of the 
linear electrical polarization used is indicated by 
the arrow in Fig. 9 in connection with the first 
alternative form of the invention, and by the ar 
roW in Fig. 14 in connection with the second al 
ternative form. 
The electrically functioning portion of the 

Wave guide extension is best shown in Fig. 4 of 
the drawing. The outgoing waves pass from the 
inner member of the wave guide extension f 
through the elements of the phase changer 2 
and the interior of the slotted members 23, be 
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4. 
yond which a portion pass to and are reflected 
from an end wall or reflecting terraination 3 
immediately beyond the terminating phase 
shifter 22. This reflecting Wall 33 may conven 
iently be an end wall of the terminating phase 
shifter 22. The function of the phase Shiiters 
2 and 22 in connection with the operation of 
the longitudinally movable primary antenna, 
aperture 3 will be described hereinafter. 
The slotted members 33 coil prise a rotatable 

helically Siotted mernber and a fixed oi non-ro 
tatable linearly slotted member. Preferably, and 
as shown, the helically slotted rotatable member 
designated S2 is the inner member of the two, 
forning an extension of the in agr Wave guide 
channel. The fixed linearly Sotted ineinber 
designated 33 forms a portion of the Outer shell 
or tube of the Wave guide extension. iihe helical 
slot 34 is a one-turn slot, and is so cut that its 
two end walls lie in the same axial piane of the 
tubular member 32. Thus the total area of the 
opening formed by the intersection of helical 
Siot 33 and linear slot 35 remains constant at 
all times throughout the 360-degree rotation of 
the helically slotted neinbei. The aixia length 
of the linear slot is the Saline aS, or at least no 
less than, the axial length of the helical slot, the 
ength being such that the linear trayerse of the 
aperture from one end of the slot to the other 
is equal to an even number of half-Wavelengths 
in the guide. 
In the present illustrative embodiment, where 

a substantial breadth of angular Scan in azimuth 
is desirable, the linear traverse of the aperture is 
equal to seven half-wavelengths (that is, 3% 
Wavelengths) in the guide. In the actual Op 
eration of the Specific arrangeinent herein dis 
closed a frequency giving a Wavelength of 9.82 
centimeters or 3.87 inches in free space was used. 
The corresponding wavelength in the guide is 
15.8 centimeters or 6.22 inches. Therefore the 
total 3A-wavelength traverse of the aperture 3 
along the linear slot was 2.77 inches. With 
the elements of the structure disposed along the 
latus rectum of the parabolic reflector in such 
a way that the primary antenna, aperture 3 
passes through the refector focus at the mid 
point of its traverse, the scanning movement of 
the directive lobe of the Scanning beain is ap 
proximately one degree per inch of aperture 
movement. The above is upon the assumption of 
a principal focal length for the parabolic reflector 
Of 49 inches. 
The connection between the driving notor 24 

and the helically slotted meinber 32 may con 
veniently be such that the naenber rotates at the 
rate of 600 revolutions per minute or ten per Sec 
Ond. Each complete revolution of the meinber 
32 causes the aperture 3 to Inove the entire 
length of the linear slot 35, from one end to the 
other. ASSunning the direction of rotation is 
clockwise when viewed from the end connected 
with the main wave guide, the aperture 3 moves 
along the linear slot from left to right, as shown 
in Fig. 8; and as one sweep is terminated at the 
slot intersection at the right, a new Sweep is 
initiated by the intersection of the slots at the 
left in the continuous rotation of the helically 
slotted member. Thus, the novelinent of the di 
rective lobe of the antenna, consists of a constant 
ly repeated succession of identical sweeps at a 
constant velocity and always in the same direc 
tion. 
The release of electromagnetic wave energy 

from the primary antenna for reflection from the 
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parabolic reflector and propagation into space, is 
by way of the outlet or so-called 'leak' consti 
tuted by the moving aperture. There is a Well 
understood relation between the contour or rela 
tive dimensions and location of a wave guide 
aperture capable of serving as Such a leak, and 
the direction of electrical polarization of the 
wave in the guide. A circular or rectangular 
Cross-section Wave guide having One or more an 
tenna slots, usually one, extending parallel to 
the longitudinal axis of the guide is conven 
tionally referred to as a 'leaky pipe or guide of 
the first kind,' and a circular or rectangular 
cross-section guide having one or more antenna. 
slots each of the slots extending in a direction 
transverse to the longitudinal axis of the guide, 
and with the array of such slots, if more than 
one, parallel with each other and extending in 
a direction parallel to the longitudinal axis of 
the guide is conventionally referred to as a 
“leaky pipe of the second kind.' For escape of 
energy through a "leak' of the first kind, the 
electrical polarization of the linearly polarized or 
Hi waves in the guide lies in an axial plane of 
the guide perpendicular to the axial plane in 
cluding the longitudinally extending slot; and 
for escape of energy through a “leak' of the 
second kind the linear electrical polarization of 
the Waves lies in the same axial plane in which 
the one or more transverse slots lie. By refer 
ence to Fig. 9 it may be seen that the axial plane 
of electrical polarization of the waves in the 
guide, as indicated by the arrow, is perpendicular 
to the axial plane including the linear antenna. 
slot of the outer member 33, thus identifying the 
structure as a leaky pipe of the first kind; and 
by reference to Fig. 14 it may be seen that the 
axial plane of linear electrical polarization of 
the Waves in the guide, as indicated by the ar 
row, is the same plane in which lies the array 
of transverse antenna, slots (see Figs. 12 and 13) 
in the outer member 33, thus identifying the 
structure as a leaky pipe or guide of the Second 
kind. It may here be noted that in the antenna, 
systems, as shown, the electrical polarization in 
space of the propagated waves in the resultant 
scanning beam is vertical in the case of a struc 
ture such as that represented by Fig. 9 and is 
horizontal with a structure such as that repre 
sented by Fig. 14. 

Reference will first be made to the nature of 
the passage of wave energy through a primary 
antenna structure of the type shown in FigS. 1 
to 9, inclusive. As the helical slot 34 of the in 
ner member 32 from one end to the other extends 
through an angle of 360 degrees of revolution and 
therefore of orientation with regard to the Wave 
polarization plane, there is always a portion of 
the length of the slot that, with respect to the 
passage of linearly polarized Waves, forms a 
leaky pipe of the first kind, and another portion 
that to a less degree forms a leaky pipe of the 
second kind. This relates merely to the paS 
sage of energy between the wave guide interior 
and the interspace between the tubular con 
centric members 32 and 33. As this annular in 
terspace is constantly in communication with the 
entire length of the linear slot in the outer slotted 
member 33, a certain energy leakage may ac 
company the useful energy radiation that takes 
place at the direct opening from the Wave guide 
defined by the intersection of the two slots. Any 
such radiated leakage energy is electrically polar 
ized in the same direction as the usefully radi 
ated energy, and is objectionable; but its radi 
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ation may be prevented or substantially reduced 
by the provision of wave traps such as those 
identified by the numerals 36 on the drawings. 
These wave traps, most clearly shown on Fig. 9 
of the drawings, are long, narrow slot-like cham 
berS extending along and on either side of the 
linear slot in the outer member. Each of the 
chambers is disposed in a radial plane with re 
Spect to the longitudinal axis of the concentric 
primary antenna members. The Outer end of 
each chamber is closed and the inner end is in 
communciation with the annular interspace be 
tween the two concentric members. It has been 
found by trial that the most effective operation 
of these members as wave traps is secured When 
each is Spaced a distance approximately equal 
to a quarter wavelength in air from the adjacent 
edge of the linear slot in member 33, and when 
the depth or radial dimension of each chamber 
is approximately one-quarter wavelength in air 
of the Wave that is being propagated. The pres 
ence of these wave traps substantially reduces 
the amount of leakage energy reaching the linear 
slot 35 from the interspace between the concen 
tric members. 
The shape and area of the primary antenna, 

aperture 3 are determined by the width of the 
interSecting slots and the pitch of the helical 
slot. As actually constructed and operated the 
breadth of each of the slots was approximately 
three-quarters of an inch and the pitch of the 
helical slot, as previously stated, was such as 
to produce one complete turn in an axial dis 
tance of 21.77 inches. As a result of this rela 
tively long pitch, the length dimension of the 
resultant aperture is Substantially greater than 
its breadth dimension, and the shape of the aper 
ture is one better adapted for use in connection 
With a "leaky pipe of the first kind' where the 
linear electrical polarization lies in a plane per 
pendicular to the plane including the aperture. 
By modifying the structure, however, it is pos 
Sible to take advantage of the principle of the 
"leaky pipe of the second kind,' and thereby dis 
criminate more effective between usefully prop 
agated energy from the wave guide and the en 
ergy which escapes through the helical slot into 
the interSpace between the concentric members. 
Such a modified arrangement of the primary 

antenna, elements is illustrated in Figs. 12, 13 
and 14 of the drawings. As indicated on Fig. 13, 
the one-turn helical slots 37 in member 39 is 
axially shorter by a certain number of half 
Wavelengths and of steeper pitch than the helix 
34 of the modification previously described. The 
linear slot 38 in the outer concentric member 4 
is correspondingly shorter, and the aperture 
formed by the intersection of the two slots is less 
elongated and more nearly Square than the aper 
ture formed by the intersection of the two slots 
34 and 35 in the previously described modifica 
tion. Where the scanning requirements of the 
aSSOciated antenna System are satisfied by a 
Smaller breadth of aperture movement the 
length of the one-turn helical slot may be fur 
ther shortened and its pitch made still steeper 
to approximate more nearly a square shape of 
the aperture formed by the intersection of the 
tWO slots. 
With an aperture of this shape it is possible 

to propagate electromagnetic waves having a 

75 

horizontal, instead of a vertical, field polariza 
tion in Space, and therefore polarized in a plane 
parallel to the horizontal plane of the longitu 
dinal axis of the primary antenna members. To 



2,647,212 
7 

this end, the electromagnetic waves propagated 
through the guide are given a linear electrical 
polarization oriented to lie in the same axial 
plane that includes the linear slot of the Outer 
member, as indicated by the arrow in Fig. 14, 
the arrangement thus becoming a "leaky pipe 
of the second kind.' The leakage displacement 
Currents for Waves which escape from the in 
terior through the longitudinally extending 
helical slot and reach the linear slot in the outer 
member are still polarized perpendicularly to the 
axis of the concentric antenna members, and are 
therefore polarized vertically in space, and per 
pendicularly to the horizontal electrical polariza 
tion of the waves radiated from the aperture 
formed by the interSection of the slots. It there 
fore becomes possible to discriminate against Such 
leakage radiation without affecting the useful and 
desired radiation. 
This is accomplished in the form of the in 

vention illustrated in Figs. 12, 13 and 14 by asso 
ciating with the linear slot 38 and mounting 
upon the outer concentric meinber 4 a. plurality 
of closely spaced transverse partitions is ex 
tending along the slot 38 and perpendicularly 
thereto. These partitions are terminated in side 
walls 42 to form in effect a plurality of Wave 
guides the Outer ends of which are Open and 
the inner ends of which communicate with the 
linear slot 38. 
the usefully radiated waves is horizontal and 
parallel with the axis of the concentric men 
bers and the distance between the side Walls 43 
is greater than one-half Wavelength in Space of 
the radiated frequency, the passing of the energy 
waves of this polarization is not affected by the 
presence of the partitions. But for the vertically 
poiarized leakage waves the polarization of Which 
is perpendicular to the longitudinal axis of the 
concentric members, and therefore in planes par- i. 
allel with the planes of the partitions Spaced 
at intervals considerably less and of a depth 
greater than one-half wavelength in Space, these 
partitions act as cut-offs to prevent radiation of 
leakage energy. In other words, the partitioned . 
member comprising the partitions A and the side 
walls 42 is so dimensioned with respect to its 
plurality of elemental channels or wave guides 
as to permit the free passage of usefully radiated 
wave energy linearly polarized in the plane of 
the primary antenna axis, and to act as a cut 
off for leakage energy of the same wavelength 
linearly polarized in a plane perpendicular there 
to. The partitions 4 are made of thin metal in 
order to minimize obstruction to the waves, and 
are spaced closely in order to prevent discOn 
tinuities in the pattern of the directive Scanning 
lobe. Obviously, the outer primary antenna 
member 40 of the modification illustrated in FigS. 
12, 13 and 14 may also be provided with the 
Wave traps 36 of the other modification, as illus 
trated more particularly in Fig. 9, if it is desired 
further to reduce the passage of leakage energy 
from the wave guide to the linear slot 38. 
Coming now to the matter of the phase shifters 

identified generally as 2i and 22 on FigS. 1 and 4 
of the drawing, it is evident that in the physical 
movement of the primary antenna, aperture 3 
along the longitudinal slot the length of the elec 
trical transmission system supplying energy to 
the aperture is changed. As the aperture moves 
from left to right along the slot the electrical 
distance between it and the transceiver 5 in 
creases and the electrical distance between the 
aperture and the reflecting Wall 30 diminishes. 

As the electrical goalization of 
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Consequently, in the absence of means to pre 
vent it, the movement of the aperture would be 
accompanied by a continual change in amplitude 
and phase of the radiated energy and a resultant 
continual change in the electrical characteristics 
of the Scanning lobe. It is to avoid such a result 
as this that the phase shifters are employed. By 
their use the electrical distance from aperture 
to transceiver and from aperture to reflecting wall 
is maintained constant at all times during the 
noyennent of the aperture. 
The phase shifters that are shown diagram 

natically in Fig. 4 and certain elements of which 
are shown. Somewhat more clearly in structural 
detail in Figs. 10 and 11 are of the type dis 
closed in Patent 2,438,119 granted on March 23, 
1948, to A. G. Fox, and may preferably be modi 
fied for Wide frequency band operation as dis 
closed in Patent 2,425,345 granted on August 12, 
1947, to D. H. Ring. The phase shifter 2 Com 
prises a central rotatable section or rotor 43 
and two end stationary sections 44 and 45, one 
of which is a polarizer or circularizer for con 
verting a Wave having a fixed linear polarization 
to One having a circular or rotating linear polari 
Zation, and the other of which is a depolarizer 
or decircularizer for converting a circularly 
polarized wave to one having a fixed linear polar 
ization. The identical end sections function as 
polarizers or depolarizers depending upon the 
direction of Wave propagation in the phase 
Shifter, and therefore upon whether the antenna, 
is transmitting or receiving high frequency 
pulses. As shown in Figs. 10 and 11, each of 
the two end sections A4 and 45 is provided with 
two diametral reactance rods #3 spaced apart a 
distance approximately equal to 3% wavelength 
in the guide of the Wave used, while the rotor 43 
has three Such diametral rods similarly spaced. 
The phase shifter 22 comprises two two-rod sec 
tions 45 and 4, Section 46 being stationary while 
Section 47 is rotatable. Depending upon the di 
rection of wave propagation each of these sections 
likewise is adapted to operate either as a polarizer 
Or as a depolarizer. 

Each of the rotors 43 of phase shifter 2 i, and 
4 of phase shifter 22 may be operated to shift 
the phase angle of the electrical waves passing 
through it, the rotor a shifting the phase angle 
360 degrees for each 360-degree physical rotation 
of the rotor, while the rotor 43 accomplishes the 
Same 360-degree shift of the phase angle by a 
180-degree physical rotation of the rotor. There 
fore in the Specific exemplification of the inven 
tion employing a 9.82 centimeter wave, a 360 
degree rotation of rotor is or a 180-degree rota 
tion of rotor 43, producing in each case a phase 
shift of 360 degrees equal to one wavelength of 
6.22 inches in the guide, increases or diminishes 
the electrical length of the corresponding por 
tion of the transmission systern by 6.22 inches. 
The longitudinal traverse of the aperture 3 

from one end to the other of the linear slot, as 
previously stated, is 21.77 inches or 34, wave 
lengths in the guide. To effect a corresponding 
change in the electrical length of the guide on 
either side of the aperture therefore requires 3A, 
complete turns of the rotor 47 or 3% half-turns 
(1% full turns) of the rotor A3 during the time 
the helically slotted member 32 is making one 
complete turn to move the aperture 3 from one 
end to the other of the linear slot 35. 
The two rotors 43 and 47 and the helically 

slotted member 32 are driven continuously and 
at constant velocity by the motor 24 through the 
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medium of shaft 25 and the gears 26, 28 and 27, 
respectively, the gear ratios being such as to turn 
the rotor 43 i3A turns and the rotor 47 3% turns, 
while the helically slotted member 32 is making 
One COInplete turn. If the phase shifters are 
SO adjusted as to produce appropriate phase 
angles at the initiation of the 3A2 Wavelength 
movement of the aperture along the slot, they 
Will reproduce the same appropriate phase angles 
for Subsequent repetitions of the aperture move 
ment because the movement is an exact multiple 
Of the half-Wavelength. 
To change the virtual length of the wave guide 

On each side of the aperture in the right direc 
tion as to lengthening or shortening requires the 
establishment of a definite relation between the 
direction of rotation of the phase shifter rotor 
Sections and the particular Orientation of the 
reactance rods of the stationary phase shifter 
sections 44, A5 and 46 with respect to the plane 
of linear polarization of the electromagnetic 
waves employed. The proper relationship of the 
Various elements for the particular case in ques 
tion is indicated in Fig. 4. Assuming the electri 
Cal plane of polai'ization of the Waves in the guide 
to be perpendicular to the plane of the paper and 
the rotatable elements all arranged to rotate in 
the Sane direction, the reactance rods of station 
ary Sections 44 and 45 are all oriented at the 
Same angle Of 45 degrees in a clockwise direction 
(looking into the open left-hand end of the Wave 
guide extension) with reference to the linear 
polarization plane, and the reactance rods of the 
Stationary Section is are oriented at 45 degrees in 
a counter-clockwise direction with respect to the 
linear plane of polarization. Suppose that the 
direction of drive of the rotors 43 and 47 and of 
the slotted member 32, with the reactance rods 
thus Oriented, is in a clockwise direction viewed 
from the left-hand end of the wave guide. With 
these elements thus arranged and with the heli 
cal slot cut as a left-hand thread, the shift of 
the phase angle produced by the rotors 43 and 
4 is such as electrically in effect to move the 
transceiver 5 continuously toward the receding 
aperture 3 and the reflecting wall 38 away from 
the aperture 3 in exact correspondence as to 
Wavelength with the linear movement of the 
aperture along the slot, so as at all times to main 
tain the aperture at an unvarying electrical dis 
tance from the transceiver and the reflecting end 
Wall. If the reflecting wall 3 is a stationary part 
of the Structure, the linearly polarized electrical 
Vector that rotates with the phase shifter rotor 
47 also rotates with reference to the reflecting 
end Wall and therefore the end Wall must have 
circular Symmetry. If the reflecting Wall 30 
forms part of and rotates with the rotor 47, then 
Only that portion aligned with the linear elec 
trical vector needs to be reflective. 
In effect, the action is such as to keep the aper 

ture throughout its movement aligned with a 
voltage loop of a standing wave pattern produced 
by the interference of the “go' waves with the 
“return' Waves reflected from the end Wall 3. 
AS the position of the loops and of the nodes or 
nulls in this Standing Wave pattern is purely a 
function of the distance in wavelengths to the 
reflecting wall, a physical recession of the wall 
by an amount exactly equal to the movement of 
the aperture toward the wall would cause an 
energy loop centered on the aperture at the start 
of the aperture movement to remain centered 
On it throughout its movement. In terms of elec 
trical wavelength between aperture and reflect 
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ing wall this is the effect of the phase shifter 22. 
It in effect moves the reflecting Wall backWardly 
by the same amount and at the same rate that 
the aperture noves forwardly. lf the impedance 
match at the aperture With respect to trans 
mitted energy were perfect, the phase shifter 2 
between the aperture and the transceiver would 
not be required. The phase shifter 22 between 
the aperture and the reflecting Wall would be 
all that was necessary to keep the energy loop 
aligned with the aperture during the aperture 
movement. But in practice, it is difficult to es 
tablish Such a degree of impedance match at 
the aperture as would prevent energy reflection 
at this point, and therefore the phase shifter 2 
is used to preserve the same impedance at the 
transceiver 5. 
Obviously, if desired, various combinations of 

phase shifter elements such as disclosed in the 
previously mentioned Fox Patent 2,438,119, may 
be employed to accomplish the same result as the 
particular combination herein set forth. Fur 
thermore, it will be understood that in the modi 
fied form of the invention illustrated in Figs. 12, 
13 and 14 wherein the Shorter slots of the Slotted 
members give a shorter traverse of the aperture 
as measured in wavelengths (specifically 2% 
Wavelengths) and the electrical linear polariza 
tion of the Waves is perpendicular to the polar 
ization in the first-described modification, the 
Orientation of the reactance rods in the station 
ary Sections of the phase shifters and the driving 
gear ratioS for the phase shifter rotors and the 
rotating helically slotted member will be corre 
Spondingly modified. Specifically, the gear ratios 
will be such that the rotor 47 makes 2% turns 
and the rotor 43 makes 14 turns, while the heli 
cally slotted member makes one turn. In either 
form, reversing the direction of rotation of the 
drive shaft reverses the direction of movement 
of the aperture along the linear slot. Without 
modifying the operation of the system. 
In accordance with the reciprocity principle, 

the Same arrangement and adjustment of ele 
ments of the antenna system employed to give 
maximum efficiency with respect to the radiated 
or transmitted waves also gives maximum efi 
ciency of reception for the waves reflected from 
objects upon which the transmitted wave im 
pinge. 
What is claimed is: 
1. In combination, a parabolic reflector, a wave 

guide extending along the latus rectum of said 
reflector and comprising slotted elements the in 
terSection of which forms a primary antenna, 
aperture facing said reflector and the relative 
movement of which repeatedly moves said aper 
ture at a constant speed and in the same direction 
along a line perpendicular to the reflector axis 
and including the reflector focus, and means for 
producing relative movement of said elements. 

2. In combination, a parabolic reflector and a 
linearly slotted Wave guide extension mounted in 
fixed relation to each other, a helically slotted ro 
tatable element coaxially located within said wave 
guide extension, and means for rotating said ele 
ment to cause the intersection of the slots to move 
repeatedly and in the same direction along the 
latus rectum and through the focus of said re 
flector. 

3. In combination, a concave reflector, a wave 
guide extension lying along the latus rectuin of 
Said reflector, Said extension comprising a fixed 
slotted element and a rotatable helically slotted 
element forming a primary antenna, aperture fac 
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ing said reflector, and means including a motor 
unit to drive the rotatable element for producing 
relative movement of said elements whereby said 
aperture is moved repeatedly and in the same 
direction along the latus recturn and through the 
focus of Said reflector. 

4. In combination, a passive Secondary antenna, 
having a principal focus, a wave guide extension 
comprising two concentrically mounted elements, 
one helically slotted and the other linearly slotted, 
the intersection of said slots forming an aperture 
constituting a primary antenna facing said sec 
ondary antenna, and means including a motor 
drive unit for rotating said helically slotted ele 
ment for causing said aperture to move unidirec 
tionally, repeatedly and at a uniform Speed acroSS 
the focus of said secondary antenna. 

5. In combination, a parabolic reflector, a Wave 
guide extension disposed along the iatus rectum 
of said reflector and having an aperture facing 
said reflector, means for moving said aperture 
alóng said extension and across the focus of Said 
reflector repeatedly and unidirectionally, and 
phase shifting means associated with Said wave 
guide extension and operating to compensate for 
amplitude change due to the movement of the 
aperture along the wave guide extension, thus 
to maintain substantially the same amplitude at 
the aperture during the aperture novement. 

6. In combination, a parabolic reflector, a wave 
guide extension disposed along the latus rectural 
of said reflector and terminating in a wave rer 
flecting wall, said wave guide extension having 
a movable aperture constituting a primary an 
tenna, facing said reflector, means for noving 
said aperture along said extension and a Cross the 
focus of said reflector, phase shifting means kie 
tween said aperture and said wave reflecting Wall, 
and means for operating said phase shifter in the 
movement of said aperture to maintain Substan 
tially unchanged the electrical distance between 
the aperture and the terminal wall throughout 
the movement of the aperture along the Wave 
guide extension, 

7. In combination, a parabolic reflector, a wave 
guide extending from a transceiver to a wave re 
flecting termination forming part of a wave guide 
extension disposed along the latus rectina of Saiti 
reflector, a movable primary antenna aperture 
formed in said wave guide extension and facing 
said reflector, means for moving said aperture 
along said extension and across the focus of Said 
reflector, phase shifting means included in Said 
wave guide between said transceiver and Said 
aperture and between said aperture and said wave 
reflecting termination, and means for Operating 
said phase shifting means in the movement of 
said aperture along the extension to maintain 
substantially the same amplitude at the aperture 
throughout the aperture movement. 

8. In combination, a parabolic reflector, a wave 
guide extension having an aperture constituting 
a primary antenna facing said reiector, means 
for moving said aperture along Said wave guide 
extension and across the focus of said reflector, 
a wave reflecting termination at one end of Said 
wave guide extension, a transceiver connected 
with the other end of said extension, and phase 
shifting means operated in the movement of Said 
aperture to maintain the aperture throughout its 
movement at a substantially unvarying electrical 
distance both from said transceiver and fl'Orl 
said reflecting termination. 

9. In combination, a parabolic reflector, a wave 
guide extension having an aperture constituting 
a primary antenna, facing said reflector, means 
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for moving said aperture along said wave guide 
extension and across the focus of said reflector, 
a wave reflecting wall at one end of Said exten 
sion, a source of ultra-high frequency electrical 
waves connected with the other end of said ex 
tension, the reflection of waves from said Wall 
creating a pattern of standing Waves in Said ex 
tension, and phase shifting means operated in the 
movement of said aperture to move said Standing 
wave pattern in correspondence with the aper 
ture movement to maintain an energy loop at Said 
aperture throughout the aperture movement. 

10. In combination, a parabolic reflector, a 
wave guide extension extending along the latus 
rectum of Said reflector, said Wave guide exten 
sion including a linearly slotted outer member 
and a coaxial helically slotted rotatable inner 
member, the aperture formed by the intersection 
of said Siots facing said reflector and constituting 
a primary antenna, and means for rotating said 
inner member to cause said aperture to move at a 
uniform speed, repeatedly and in the same direc 
tion across the focus of said reflector. 

11. In combination, a parabolic reflector, a. 
wave guide extension lying along the latus rec 
turn of Said reflector, said Wave guide extension 
including an outer member having a linear longis 
tudinal sict and a coaxial rotatable inner inein 
ber having a cine-turn helical slot, the aperture 
forined by the intersection of said slots facing 
said reflector and constituting a primary antenna, 
ineans for Supplying ultra-high frequency linear 
ly polarized electronaginetic waves to said wave 
guide extension, ineans for rotating said inner 
meinber to cause said aperture to move at a uni 
form speed repeatedly and in the same direction 
across the ocus of said reflector, and nileans dis 
posed along said outer member in association with 
Said ineai slot for preventing leakage radiation 
thirough said slot of energy from the interior of 
said wave guide extension. 

12. In combination, a parabolic reflector, a 
Wave guide extension lying aiong the lattis rec 
turl of Said reflector, Said Wave guide extension 
inciding an Otter inelnber having a longitudihal 
linear slot and a coaxial rotatable inner men 
ber having a one-turn helical slot, the aperture 
formed by the intersection of said slots facing 
said reflector and constituting a primary ahteniha, 
means for rotating said inner member to cause 
said aperture to move at a uniform speed repeat 
edly and in the same direction across the focus 
of said reflector, means for supplying ultra-high 
frequency linearly polarized electromagnetic 
waves to said extension, the electrical polariza 
tion of said waves lying in a plane including 
said linear slot and the longitudihal axis of Said 
extension, and a plurality of paititions extend 
ing transversely across the inear slot in said 
Outer member, said partitions ibeing spaced apart 
by intervals equal to a small fraction of the wave 
ength of the energy usefully radiated through 
said slot and acting to cut of leakage energy 
polarized in planes parallel to the planes of said 
partitions. 

13. In combination, a parabolic reflector, a 
wave guide extension extending along the latus 
rectum of the reflector, said waveguide extensión 
including a linearly slotted outer member and a 
coaxial helically slotted rotatable inner mem 
ber, the aperture formed by the intersection of 
Said slots facing said reflector and constituting 
a primary antenna, means for rotating said in 
ner member to cause said aperture to move at a 
uniform speed repeatedly and in the same direc 
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tion across the focus of said reflector, and means 
disposed along the linear slot of said outer mem 
ber adapted to permit the passage of electromag 
netic wave energy by way of said aperture and to 
discriminate against the passage of energy 5 
through other parts of the linear slot. 

14. In combination, a parabolic reflector and a 
wave guide extension having a linearly slotted 
portion mounted in fixed relation to each other, 
a helically Slotted rotatable element coaxially 
located within said linearly slotted portion, means 
for rotating said element to cause an aperture 
formed by the intersection of the slots to move 
repeatedly and in the same direction across the 
focus of said reflector, and means disposed along 
the linear slot adapted to prevent radiation of 
energy due to leakage along said slot and permit 
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radiation of energy passing through said aper 
ture. 

CAR.L. B. H. FELDMAN. 
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