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DIRECTIVE ANTENNA SYSTEM 

Winston E. Kock, Basking Ridge, N. J., assignor 
to Bell Telephone Laboratories, Incorporated, 
New York, N. Y., a corporation of New York 

Application December 31, 1948, Serial No. 68,542 

8 Claims. (01. 250—-33.63) 

This invention relates to directive antenna sys 
tems and particularly to metallic refractors of 
the wave guide type for use in such systems. 

' This application is a continuation-in-part of 
my copending application for “Radio Relay Sys 
tems,” Serial No. 5,952, filed February 3, 1948, 
which matured into United States Patent 
2,530,826, granted November 21, 1950. 
As is known radio lenses having one or more 

stepped zones, such as the solid dielectric lenses 
disclosed in Patent 2,283,935 to A. P. King and 
in the copending application of A. M. Skellett, 
Serial No. 717,214, ?led December 19, 1946, now 
'United States Patent 2,547,416 issued April 3, 
1951, and the metallic lenses disclosed in my co 
pending application, Serial No. 642,723, ?led J an 
uary 22, 1946, have been suggested for usev in 
directive antenna systems. Also, radio re?ectors 
having one or more zones, such as the re?ectors 
disclosed in Patent‘ 1,906,546 to R. H. Darbord 
have been proposed for use in such systems. In 
certain of the aforesaid lens systems heretofore 
utilized the directive action is sometimes im 
paired by reason of the so-called shadow effect 
and the diffraction effect at the steps, or zone 
peripheries, of the lens. The shadow effect, if 
pronounced, is especially detrimental since it 
may cause the establishment of large undesired 
minor lobes. While, as explained on page 26 of 
my above-mentioned application, Serial No. 
642,723, the shadow and diffraction effects of the 
steps may be reduced somewhat by utilizing in 
termediate stepping, rather than high or low 
stepping, it now appears desirable to eliminate 
the shadow effect in multiple zone lenses of 
both the circularly symmetrical and cylindrically 
symmetrical types, in a more complete manner,v 
than heretofore accomplished. 

It is one object of this invention to obtain, in 
a lens antenna, a directive pattern having neg 
ligible minor lobes. 

It is another object of this invention to elim 
inate shadow effects in a stepped cylindrically 
symmetrical metallic lens. 

It is another object to obtain, as a manufac 
ture, a compact, easily constructed compound 
radio refractor comprising a‘ metallic lens and 
a metallic prism. ' 

In accordance with one embodiment of the in 
vention the ?rst or central zone and the zone ad 
jacent thereto, of a multiple zone cylindrically 
symmetrical metallic lens, such as that illus 
trated by Fig. 21 of my above-mentioned appli 
cation, serial No. 642,723, are separated by a 
narrow ?at metallic plate extending parallel to 
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the optical axis of the lens. An inclined metallic 
plate is attached to the narrow plate and forms 
with the narrow plate an obtuse dihedral angle. 
The inclined plate is included, substantially, in a‘ 
plane containing the focal line of the lens. Also, 
a wide ?at metallic plate is positioned between 
the narrow plate and the longitudinal axis of the 
front face of the lens. The three plates extend 
perpendicular to, and intersect, the spaced me 
tallic members forming the lens. In operation, 
the intermediate lens section included between 
the wide plate and the two attached plates func 
tions as a sectoral horn, and substantially no‘ 
shadow effect is produced. } '_ 
The invention will be more fully understood 

from a perusal of the following description taken 
in conjunction with the drawing on which‘ like 
reference characters denote elements'of similar 
function and on which: ' F ' " v ' v 

Figs. 1 and 2 are explanatory side views‘ of “a 
metallic lens in which prior art low stepping‘ is' 
utilized; ' - 

' Figs. 3 and 4 are respectively‘perspective and 
side views of a directive antenna system com 
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prising a metallic lens constructed in accordance 
with the invention; 

Figs. 5 and 6 are respectively 'H-plane and E 
plane directive patterns for the system of Fig. 3 ;‘ 

Fig. 7 is a perspective view of ‘another directive 
antenna system comprising a pair of lenses each' 
similar to the lens included in the system of 
Fig. 3; ' 

Fig. 8 is a perspective view of still another di-' 
rective antenna system comprising a single‘ lens' 
similar to the lens included in the system of‘ 
Fig. 3; 

Fig. 9 is a perspective view of a compound me'-' 
tallic refractor constructed in accordance with‘ 
the invention and'comprising a focussing section 
and a‘non-focussing section; and .> 

Figs. 10 and 11 are respectively perspective 
views and side views of another compound me 
tallic refractor constructed in accordance with 
the invention. ‘ 

Referring to Figs. 1 and 2, the cylindrical sym 
metrical plano-concave metallic lens I comprises 
a plurality of spaced stepped metallic members 
or walls, such as the typical wall 2 shown in 
cross-section. The lens has two zones A and B. 
a focal line 3, an optical or electromagnet axis 
a, an elliptically concave back face 5 and a plane 
front face 6. Reference numeral 1 denotes the 
longitudinal axis, which intersects the optical 
axis 4, of the plane front face 6. The step 8' 

s between :zones A and B isa “full-wave length” 
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and is of the ?at or low type extending parallel to 
the optical axis. Except for the number of zones 
and the type of stepping, the lens I is the same 
as that illustrated by Fig. 21 of my copending 
application, Serial No. 642,723. Numeral 9 de 
notes a line type antenna, or more speci?cally, 
a sectoral horn which is connected by a wave 
guide ||l to-a translation device I l which may be 
a transceiver, a transmiter or a receiver. The 
throat aperture of the sectoral horn 9 is aligned 
with the focal line 3 of the metallic lens |.' 
In operation, Fig. 1 assuming the device H is a 

transmitter and that the electric polarization | 2 
of the wavelets is parallel to. thewalls 2, the rays 
I3, emitted by the horn 9 along the radial direc-» 
tions and forming a diverging beam M, are re 
fracted by the lens | so as to form, a beam l5‘ 
of parallel rays l6. As is apparent from Fig. 1, 
the step 8 is positioned between thefocal line 
3 and a portion of the concave face of zone B, 
tiiat'isthe step 8.- shadcws a part of zone B. so 
that'the. outgoing.- parallel beam vl5 contains a 
‘_‘hole_%’ or null portion l7. As a result, the trans 
mitting E-plane directive pattern may contain a 
nullgand hence a pronounced minor lobe. Sim 
ilarlminvreception, Fig. 2, the parallel rays I6 
in the portion H of the incoming beam l5, after 
passing through zone B, are intercepted by the 
step 8 and hence do not reachv the focal line 3 
and horn‘ 9», so that the incoming converging ' 
beam l4 does not'containthe intercepted energy. 
This loss in-received energy results in objection 
ablemincr lobes. ‘ 
Referring to Figs. 3 and 4, the. cylindrically 

symmetrical metallic plano-concavelens 2| com 
prises a, plurality of flat metallic members or 
walls.r_22_;extending parallel to the electric polar-i 
zationulzandcspaced apart at least one half of 
the operating wavelength, The lens has a cene 
tra'l; zone. A and an outerv zone, B, the stepping 
betweenizones- being- substantially a wavelength 
and the curvature of the concave surface of each 
zone being elliptical, as explained in my copend 
ingapplication Serial No. 642,723. The lens 2| is 
equipped-with ?at metallic topand bottom plates 
23 extending parallel to the longitudinal axis 1 
of-lithefronti face ‘6' and the electromagnetic axis 
Q ofvthelens; ‘and; each of these plates intersects 
thee-extremities of the metallic wall members 22. 
Numeral 24 denotes a ?at narrow metallic plate 
separating zones A and B and numeral 25 desig 
nates a ?at wide metallic plate positioned in zone 
A between the narrow plate 24 and the longi 
tudinal, axis 1 of thefront face 6 of lens 2|. A 
?at inclined metallic plate 26 is attached to. the 
back edge of the narrow plate 24 and forms 
therewith an obtuse angle. The inclined plate is 
included in a plane containing the focal line 3 
of: lens 2|. All three plates intersect: at right 
angles the plano-concave plates 22 constituting 
the lens; 2| and extend parallel to the longitudi 
nal axi'sg‘l of thefront face 6:.‘ As is apparent 
from Fig. 4,.the lens section A2 formed by the 
wide plate 25 and the two plates 24 and‘ 26, 
taken together, constitutes in effect a horn sec 
tion ?ared in the plane of; electric polarization 
onEaplane. l2 and not ?ared in the plane of 
magnetic polarization or. H-plane. 

focal line-3:01’ the cylindrical lens 2| is 
.alignedwith. the axis of- the substantially linear 
ori?ce 21.: ofv a conventional line type “pill-box” 
(f‘parallel plate”) feed antenna 28. The feed 
antenna 28. comprises a short cylindrical para 
bolic re?ector29, the ?at parallel end plates 30 
and’v the ?ares 3|, the ?ares 3| being attached 
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to the longitudinal edges of the antenna ori?ce 
21. The guide ID has an open end facing, and 
positioned at or near, the short focal line of 
the parabolic re?ector 29. 
In transmission, energy supplied by device || 

over guide W to the open end of guide I0 is re 
?ected by the parabolic re?ector 28 and a cylin 
drical wave front having ‘a. cylindrical axis coin 
cident with the long focal line 3 isemitted by the 
parallel plate antenna 28. By reason of the 
parabolic curvature of the re?ector 29 in the H 
.planethe emitted beam is exceedingly narrow 
in this plane. The cylindrical wave front 
emanating from the line antenna 28 is converted 
to. a plane front. by the lens 2| and, by reason 
of the refractive effect in the E plane I2 of the 
lens 2|, the bearnoutgoing from the system 28, 
2| is exceedingly narrow in the E plane. In re 
ception, the converse operation is obtained by 
reason of the theorem‘jof reciprocity. 
In more detail, zone B, and section. A1, Fig. 4, 

of zone 'A function asvv conventional phase-ad 
vance lens sections and section A2. of zone A 
functions as a phase-advance lens and also as a 
horn,rthat- is, the’ Wave front in section A2 grad 
ually expands. By‘ reason of the presence and 
orientation of’the metallic plates'or separators 
24 and 26, and thehorn action of section A2, 
diffraction and shadow» effects are substantially 
eliminated. As shown in Fig. 4, all of the ‘diverg 
ing' or converging rays l4‘ and all of the- parallel 
rays I76 pass through the lens; 2|, and no portion 
of either zone A, or’ B-is shadowed by' the; zone 
stepping. ' ' 

Ijt should'jbe pointed out here that; in accord 
ance. with the'invention, . metallic; separators cor 
responding; tog?atvplate 25; maybe included be~ 
tween the Z'O??sofi a circularly symmetrical lens. 
having a; point'iccus, for the. purpose-of. pres 
venting shadow e?ects. In the» case of a circu 
larly-symmetrical: lens ‘the inclinedv plate, corre-j 
spending; torthe, plate 2 6, has a conical shape. 
Figs. 5- ‘and; '6. illustrate-.respectively- the:meas—~ 

ured . Heplane and‘ E-planedirective patterns of. 
system-constructed in. accordance with‘ vFigs. 

3 and- 4- 'As shown on the drawing the-major 
lobes 3;| of: the, I-I-planeand E-plane patterns are 
relatively-narrow; the widths; taken 'at the half -. 
power of three-decibel point; of‘ the H-plane 
majorv l'obe, and'the' vF-plane major lobe’being» 
respectively 1:.25; and'3.6f degrees. ‘ Also, by reason: 
of the factthat the separators. 24, 25 and 25‘ 
function to eliminate. diffraction and shadow ef 
fects, the patterns'of Figs. 5 and 6 do not include 
a large "shadow" minor lobe, and the actual‘ 
minor lobes- 32 of- each pattern are more than‘ 
twenty decibels below-themajor lobe and'there 
fore negligible. ' - 

Fig. '7 illustrates a double lens, system for se 
curing; an E-plane major lobe- half power width 
which is smaller than that shown' ,in'the pattern 
of Fig. 6' and comparable to'theiH-plane major 
lobe half power width shown in the pattern of ' 
Fig. 5. In the system of‘ FigFTthet focal‘ line 3 
.of-a small cylindricallysymmetrical lens 33 con 
structed. in accordance with the invention is 
aligned with the longitudi'nalaxis of the'linear: 
ori?ce 2'! of the pill-box antenna‘ 28; The’ focal 
line. of'the. large cylindrically symmetrical“ lens 

. 34', also constructed-in.accordance withthe in. 
vention, is aligned with longitudinal axis 1 of ‘ 
the front face 6 of-the small lens'33. In the H 
plane, parallel tothe focal line ‘3, the directive 
pattern for the system 28, 33 and 34 is essentially 
the same as that of'the: system of‘ Fig. 3. In: the 
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E plane containing the polarization l2, the small 
lens 33 converts the circular wave front emanat 
ing from the ori?ce 21 to a linear front. This 
linear front, however, appears to be circular 
rather than linear at a point remote from lens 
33, such as the location of lens 34. The lens 34 
changes this circular front to a linear front, 
whereby the directive action in the E plane is 
enhanced. In reception, in the E plane the large 
lens 34 focusses the waves on the axis 1 of the 
small lens 33 and the small lens 33 refocusses 
the waves on the longitudinal axis of the ori?ces 
21 of the feed antenna 28. 
The antenna system 35 of Fig. 8 comprises 

a cylindrical lens 2| constructed in accordance 
with the invention, a half pill-box feed antenna‘ 
36, and a horn 31 connecting the lens 2| and 
the ori?ce of the half pill-box 36. The horn 
31 is ?ared in the E plane and comprises the 
?ared metallic side members 38 and the non 
?ared metallic side members 39. As shown on 
the drawing, one of the two parallel plate mem 
bers 30 of the pill-box antenna 36 extends around 
the edge of the other parallel plate member and 
the half pill-box is positioned on, or folded back 
upon, one of the wide horn walls 39, whereby the 
ori?ce of the half pill-box faces the lens 2| and 
the pill-box extends towards the lens 2!. As in 
the systems of Figs. 3 and 7, the open end of 
guide It! is positioned at the focal line of the 
short parabolic re?ector included in the half 
pill-box. As is believed to be apparent from the 
description of Fig. 3, in operation, the system 
35 produces a major lobe having a narrow width 
in the E plane and a narrow width in the H ‘ 
plane, the minor lobes in both planes being in— 
signi?cant. The shields or horn sides enhance 
the directive effect and also prevent interference 
from undesired waves. 

Figs. 9 and 10 illustrate compound refractors 
which are especially suitable for use in relay 
systems such as that disclosed in my copending 
application of which the present application is a 
continuation in part. The refractor '40, Fig. 9,. 
comprises a focussing section or piano-concave 
lens 4|, such as that disclosed and claimed in 
my above-mentioned copending application Se 
rial No. 642,723, and a non-focussing or prism 
section 42 such as that disclosed in my copend 
ing application Serial No. 642,722, ?led January 
22, 1946, now Patent No. 2,588,249, issued March 
4, 1952. Each section comprises a plurality of 
spaced metallic plates 43 and each plate is com— 
mon to both sections so that, while from an elec 
trical or refractive standpoint, the two sections 
are distinct, the two sections are not distinct 
considered from a mechanical or physical stand 
point. The plates are held in position by the 
wooden members 44. In the embodiment of Fig. 
10, the prism section 42 is in a sense included 
between two thin plano-concave lenses 45 and 
46, as more clearly shown in Fig. 11. 
In operation, Fig. 9, the lens 4| functions to 

convert the cylindrical front 4'! originating at 
the line focus 3 to a plane front having a propa 
gation direction 48 and the prism section func 
tions to change the direction of propagation from 
direction 48 to direction 49. Similarly,v in the 
system of Figs. 10 and 11, the lens section 45 
operates to convert the cylindrical wave front ' 
41 originating at the left focal line 3 to a plane 
wave front and the right lens section changes 
the plane front to a cylindrical front converging 
on the right focal line 3. The intermediate 
prism section 42 changes the propagation direc 
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tion from the mean direction 50 incoming‘ to 
lens 45 to the mean direction 5| outgoing from 
lens 46. 

Although the invention has been explained 
in connection with certain speci?c embodiments 
it is to be understood that it is not to be limited 
to the described embodiments since other ap 
paratus may be successfully employed in prac 
ticing the invention. 
What is claimed is: 
1. In an electromagnetic wave refractor com 

prising at least two stepped zones, a metallic 
plate shaped to- conform to a zone contour line‘ 
of said refractor, said plate being included be 
tween and completely separating two of said 
stepped zones. 

2. An electromagnetic wave metallic lens for 
focussing waves having a given electric polariza 
tion, said lens comprising an assembly of a plu 
rality of plane metallic walls extending parallel 
to said polarization and spaced apart uniformly 
in a direction perpendicular to said polarization 
one set of edges of said metallic walls being linear 
and being included in and de?ning a plane sur 
face, said plane surface having a longitudinal 

‘ axis, the opposite set of edges of said metallic 
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walls being concave and stepped and being in 
cluded in and de?ning a stepped cylindrically 
concave surface, the variation of the distance 
between said one set of edges and said opposite 
set of edges, in the direction of polarization, be 
ing proportioned to focus a plane wave, imping 
ing perpendicularly upon said plane surface, 
along a focal line spaced from and on the con~ 
cave side of said assembly, said stepped concave 
surface having a central zone and a stepped zone 
adjacent thereto, a flat metallic plate included 
between and completely separating said zones 
and intersecting said walls. 

3. A lens in accordance with claim 2, and an 
other ?at metallic plate extending parallel to 
said ?rst-mentioned plate, said other plate in-_ 
tersecting said metallic walls and positioned be 
tween said longitudinal axis and the ?rst-men 
ticned ?at metallic plate. 

4. .A lens, in accordance with claim 2, and 
another ?at metallic plate attached to said ?rst 
mentioned plate and forming therewith an ob 
tuse dihedral angle, said other plate being in 
cluded in a plane containing said focal line, sub 
stantially. _ 

5. A cylindrically symmetrical rectangular elec 
tromagnetic wave metallic lens for focusing 
waves having a given electric polarization, said 
lens having a focal line, said lens comprising a 
plurality of metallic walls extending parallel to 
said polarization and spaced apart uniformly in 
a direction perpendicular to said polarization 
one set of edges of said metallic walls being linear 
and being included in and de?ning a plane sur 
face, said plane surface having a longitudinal 
axis, the opposite set of edges of said metallic 
walls being concave and stepped and being in 

' cluded in and de?ning a stepped cylindrically 
concave surface, said concave surface having a 
central zone and a stepped zone adjacent there 
to, a ?rst flat metallic plate included between 
and completely separating said zones and inter 
secting said walls, a second ?at metallic plate 
extending parallel to said ?rst plate, said second 
plate intersecting said metallic walls and posi 
tioned between said ?rst plate and the longi 
tudinal axis of said front plane surface, and a 
third ?at metallic plate attached to the said 
?rst plate and forming therewith, an obtuse di 
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I hedral, angle, said-third plate being-included in 
a- planecontaining‘said focal line, substantially. 

6. In combination, a lens in accordance with 
claim-5, and a cylindrical parabolic re?ector hav 
ing-a focal line perpendicularly intersecting the 
focal line of said lens. 

, 7. In-c-ombination, a lens in accordance with 
claim 5, a parallel plate line antenna compris 
ing a cylindrical parabolic re?ector and a pair 
of parallel plates attached to said re?ector, said 
plates and re?ector forming an elongated rec 
tangular orifice, said orifice having a pair of short 
edges and a pair of long edges, the focal line, 
of said‘lens being aligned with the longitudinal 
axis of said ori?ce, a horn comprising a pair of 
?ared side members and a pair of non-?ared side 
members, said pair of ?ared horn side members 
extendingfrom the pair of short edges of said 
ori?ce, respectively, to the outermost left and 
right metallic walls of said lens, respectively, and 
said pair'of non-?ared horn side members eX— 
tending from the upper and lower long edges of 
said ori?ce, respectively, to the upper and lower 
sets of ends of said plurality of metallic walls, 
respectively, of said lens, whereby said lens is 
positioned at the mouth ori?ce of said horn. 

8. In» combination, a first and a second cylin 
drically symmetrical metallic lens each con 
structed in accordance with claim 5, a line an» 
tenna having a substantially linear ori?ce and 
comprisinga, cylindrical parabolic re?ectorhav~ 
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8 
ing a focal: line, a wave guide connectedltojra 
translation- deviceand havin’gan aperture at said 
focal line of said reflector, the first lens being 
positioned between the second lens and said line 
antenna, the front plane surfaces of both lenses 
facing away from said re?ector, ‘the focal line 
of the second lens being-aligned vwith the longi 
tudinal axisrof the front plane surface of the. 
?rst lens-and the focal line, of the ?rst lens being 
aligned with the ‘longitudinal’ axis of said linear 
ori?ce. . 

WINSTON E. K061i. 
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