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This inventioxi relates to the art of focussing *

radio and similar waves, and more particularly to
devices of the type in which the different parts
of a wave front are made to follow paths of such
length as to bring them into phase at a focal
point. It is known that lenses, designed like
those used for optical purposes, may be used for
focussing radioc waves. Such lenses may be
made of dielectiric material, such as paraffin wax.
The present invention differs in that it contem-
plates the use of a plurality of conduits, for ex-
ample waveguides or transmission lines, ar-
ranged to change the shape of a wave front by
accepting the wave energy at points lying in one
line or surface and radiating the energy from
corresponding points lying in another line or
surface. These structures exhibit the properties
of lenses, such as the ability to focus and form
images, but operate on principles somewhat
different from those used in optical devices.

The invention will be described with reference
to the accompanying drawings, wherein:

Figure 1 is a plan view of a portion of a focus-
sing device which embodies the present inven-
tion,

Figure 2 is a section of the device in Figure 1
taken in the plane designated by the line 2—2 of
Figure 1,

Figure 3 is a schematic representation of a
modification of the device of Figure 1,

Figure 4 shows schematically a further modi-
fication of the device of Figure 1,

Figure 5 shows a device similar to that of Fig~
ure 3 but extended to provide two-dimensional
images,

Figure 6 is a perspective view of a focussing
device constructed in accordance with the in-
stant invention, using hollow waveguides, and

Figure 7 is a perspective view of a device like
that of Figure 6 but of slightly different design.

The device illustrated in Figures 1 and 2 is for
focussing waves guided between parallel con-
ductive sheets. Both the upper and lower sheets
t and 3 respectively are shown in Figure 2. In
Figure 1 the upper sheet is omitted to reveal the
structure. A plurality of rod-like antenna ele-
ments 5 are disposed in a circular arc extending
across the sheet 3. The rods 5 extend approxi-
mately one-quarter wavelength from the surface
of the sheet 3, and are spaced along the arc at
equal intervals of about one-half wavelength.

A second group of antenna elements 7T is
arranged similarly along another circular arc, at
half wavelength intervals. The elements T are
equal in number to the elements §, and each ele-
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ment T is connected to a corresponding one of
the elements 9 by a respective transmission line
9. The lines 9 are all of the same length, or all
have the same effective or electrical length on a
wavelength scale for the energy propagated
therethrough. -

Reflectors 11 and {3 are provided hetween the
rows of antennas 5 and 7. The reflector if is
curved substantially like the arc along which the
antennas 5 are disposed, and is located about
one-quarter wavelength away from it. The re-
flector 13 corresponds in shape to the arc de-
fined by the antennas 1, and lies about one-
quarter wavelength outside said arc. ;

The radius of the arc formed by the antennas
§ is approximately twice that of the antennas 1.
A further antenna 15 is provided at a point which
is approximately on the circle drawn through
antennas 1. The antenna 15 is connected by a
transmission line 17 to a utilization device such
as g transmitter or a receiver, not shown.

The operation of the described device is sub-
stantially as follows: Suppose a plane wave, such
as that from a distant source, to be arriving from
the left of Figure 1. A phase front, or line of
points of equal phase, in such a wave is a straight
line perpendicular to the direction of travel.
Any particular phase front arrives first at the
central antennas 5, and progressively later at the
others, reaching finally the outermost of -the
antennas 5. The phases at the antennas T lag
those at the corresponding antennas 5 by equal
amounts, since the lines 8 are of equal lengths.
Thus the excitations of the antennas 1 are pro-
gressively more lagging, going from the center
to the outside of the group.

The resultant phase front formed by radiation
from the antennas 7 is curved with a radius 2R,
where R is the radius of curvature of the locus
of the antennas T and 2R is the radius of the
locus of the antennas 9.  The center of curva-
ture of this phase front is at the antenna {5, so
that substantially all of the energy picked up by
the antennas 5 arrives in phase at the
antenna 15,

The device also operates for transmission; if
the antenna 15 is supplied with energy from a
source connected to the line 17, the portion of
the resulting circular wave front which strikes
the antennas 7T is converted to a. .plane wave
travelling to the left from the antennas 5.

The uses are not limited to conversion between
a plane wave and a curved wave of radius 2R.
As in optical lens systems, a wave front of one
curvature may be converted fo one of a different
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3
curvature. The distance 2R may be considered
as the focal length F of the system. A wave
front of any radius Ra arriving at one row of
anfennas is radiated from the other row as a
wave front of radius Rp, where Ra and Rp are
related as follows:

1,11
va'—'

Preferably the system should be arranged so

that the wave front of greater radius should be

assceiated with the antennas 5, in order to mini-

mize aberration.

The invention is not restiicted to the particu-
lar dimensional relationships shown in Figure 1.
Por example, as shown schematically in Figure
3, one row of antennas 21 may be disposed at
equal intervals along a straight line, and con-
nected by equal-length lines 23 to corrésponding
antennas 25 which lie on an arc of radius R.
In this example, the antennas are placed at equal
intervals from the axis 27 instead of equal in-
tervals along the arc.

The device -of Figure 3 exhibits substantially
the same characteristics as that of Figure 1;
with the exception that it focal lengthds R rather
than 2R. The focal liné, which is the locus of
focal points for plane ‘waves arriving at the an-
tennas 21 at various ‘angles to the axis 27, is
curved, as indic'ated by the ‘dash line 29 in Fig-
ure 3. This effect is analogous to that of curva-
ture of the field in optical Systems.

In the system of Figure 4, the antenna ele-
ments 31 are located at equal intervals along a
straight line, like the ‘elements 21 in Figure 3.
Elements 35 are arranged alohg an aré of ra-
dius R, like the elements 25 of Figure 3, and
are connected to the ‘corresponding elements
31 by lines 383. The distance ‘of the elements 35
from the axis is however, 1/n times that of the
corresponding elements 81,

The structire ‘of Figure 4 opérates as a lens
of focal lensth R, like ‘the dévice of Figure 3.
In addition, it has ‘the property of multiplying
any deviation of ‘the direction of travel of a wave
by the factor 7 or 1/z, dependmg “Upon whether
the wave goes from left to Fight or from right to
left in Fxgure 4. This ‘function is ‘particularly
useful in dev1ces ‘for Scanning, where it is de-

sirable to have & ‘short foeal Tength ‘to minimize |

the dimensions of the apparatus, dnd yet a large
aperture to minimize the Héam width. Also, for
direction finding it is convenient to have the an-
gular position of an anténrsa device, such as a
horn 41, chaiige by a faétor of approx1mately ne
where the position of a fargét movés through an
angle 6.

The dévices this Tar deséribéd are all intended
for operation With ‘énergy confined to substan-
tially a single plane, such as the space between
the upper and lower sheets | and 3 in Figure 2,
and the wave fronts may be regarded as lines.
‘When propagation oceurs in more or less uncon=

fined space, thHe wave fronts are generally sur-
faces, rather than lines. Such waves can be
handled by structures analogous to those of Fig-
ures 1, 3 and 4, but extended in another dimen-
sion.

Referring to Figure 5, a plurality of antennas
43 are distributed uniformly near the surface of
s flat reflector '45. Each antenna 43 is con-
nected through a line 49 to a corresponding one
of a group of antennas 41, disposed adjacent a
spherical reflector 51. The lines 49 are all of
the same electrical length.
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The device of Figure 5 is analogous to that of
Pigure 3, and each elementary row of antennas
functions like the structure of Figure 3. The
complete structure will accept a wave front in
the form of a surface of one curvature and de-
liver a wave front whose surface is of a different
curvature. The focal length of the device, con-
sidered as a lens, is equal to the radius of cur-
vatife of the reflector 51. It will be apparent
without further discussion that similar analogies
eXist for the devices of Figures 1 and 3.

Referring to Figure 6, a number of waveguides
are assembled so that their openings at one end
Torm & straight line '63, while the other ends form

“& curved line 65. The waveguides 61 are of equal

lengths, so that a rectilinear wave front striking
the line 63 produces a curved wave front at the
line §5, bringing energy toc a focus at the center
of curvature of the line 65.

Figure 7 shows a strutture differing from that
of Figuré 6 only in that the waveguides 67 are
¢curved back se that energy passing through the
devices continues in the same general direction
instead "of travelling back toward the Source.
The electrical chatacteristics -of the device -of
Figure 7 ‘are substantially 1dent1cal with those
of the structure of Figure 3. The mouths ‘or
openings of the waveguides funetion as antenhas,
and the waveguides '‘dct ‘ag transmission lines.

The' proportions: which have beeh giveh in this
discussion are thoseé of radio wave focusing de=
vices which have low aberration, évén for points

""" For
some purposes it is not necessary ‘to meet this re-
quirément, and ‘othér radii of shapes may be
used for the surtaces ‘th whith the Wave collect-
ing and radisting elements are ‘placed. The
focal léngth F of the Gevice may then be found
irom the followitig Tormula:

1-_ .

F Rﬁ“
Where R and Re ‘ave ‘the radii of the two -stir-
faces.
. I claim as my invention:

1. ‘A’system for ‘foetissing Yadiant énergy, com-
ptising a plurahty ot Wave collector -elemerits dis-
posed at -substantially equally spaced points tn
4 surface, a reﬁector positioned with said col-
lector eleinents between it and “the ‘source of
the incident ‘ehergy to be focused o plurality
of radiator elefiieirts dispossd ot sibstantially
effally ‘Spaced ‘poifits on ‘a second surface, a
second Téflector positiohed Wwith said radiator ele-
ments between it and the place toward ‘which
the energy is to ‘be radiated by said radidtor ele~
ments, at Teast 6iie of said surfaces being curved,
and respectively separate and ihdependent mesils
connectifiz ‘each of ‘said colléctor means ‘Wwhich
occupfes 2 position “on said first surface ‘to ‘the
otie ‘ard ‘only Gne of “said radidtor megns which
occupiés the corrésponiding "position ‘on said sec-
orid surface, said cohnecting means bemg ot ‘eqiial
effectlve ‘electrical lengths whereby ‘said ‘energy
is focused by sald radlator elements
prlsmg a plurahty of wave collector eIe‘nents dis=
posed at”’ substantially equal intefvals along a
line, o reflector positiohed with sald ¢ollector
elements between it ‘and ‘the ‘stiurce 'of ‘the inci-
dent energy to be focused, a plur ality of radiator
elemerits “disposed at ‘substantizlly equal inter-
vals alonhga Second line,-a ‘second refléctor posi-
tloned “Wwith ‘said ‘radidtor elémeérnts ‘befween -it
and the place toward ‘Wwhich the ‘enérsy is to e
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radiated by said radiator elements, at least one
of said lines being curved, and respectively sep-
arate and independent means connecting each
of said collector means which occupies a posi-
tion along said first line to the one and only one
of said radiator means which occupies the corre-
sponding position along said second line, said
connecting means being of equal effective elec-
trical lengths whereby said energy is focused
by said radiator elements.

3. A system for focussing radiant energy, com-
prising a plurality of wave collector elements dis-
posed at substantially equal intervals along a
line, a reflector positioned with said collector
elements between it and the source of the inci-
dent energy to be focused, a plurality of radiator
elements disposed at substantially equal inter-
vals along a second line, a second reflector posi-
tioned with said radiator elements between it and
the place toward which the energy is to be radi-
ated by said radiator elements, said intervals
along said second line being different from those
along said first line, at least one of said lines be-
ing curved, and means connecting each of said
collector means which occupies a position along
said first line to the one and only one of said
radiator means which occupies the corresponding
position along said second line, said connecting
means being of equal effective electrical lengths
whereby said energy is focused by said radiator
elements. .

4, A system for focussing radiant energy com-
prising a plurality of energy collector means at
point defining a first surface, a reflector posi-
tioned with said collector means between it and
the source of the incident energy to be focused,
a plurality of radiator means at points defining
a third surface, a second reflector positioned with
said radiator means between it and the place
toward which the energy is to be radiated by
said radiator means, at least one of said first and
third surfaces being curved, and a plurality of
linear wave transmission devices, each connect-
ing only one of said collector means on said first
surface to only one of said radiator means at a
corresponding position on said third surface,
said wave transmission devices being of substan-
tially equal effective electrical lengths whereby
said energy is focused by said radiator means.

5. A system for focussing radiant energy com-
prising a plurality of energy collector means at
points defining a line, a reflector positioned with
said collector means between it and the source
of the incident energy to be focused, a plurality
of radiator means at points defining a second
line, a second reflector positioned with said redi-
ator means between it and the place toward
which the energy is to be radiated by said radi-
ator means, at least one of said lines being
curved, and a plurality of linear wave transmis-
slon devices, each connecting only one of said
collector means to only a corresponding one of
said radiator means, said wave transmission de-
vices being of substantially equal effective elec-
trical lengths whereby said energy is focused by
said radiator means. ) .

6. In a radio device including at least two par
allel conductive sheets forming waveguiding
means, a reflector extending between said two
sheets substantially transversely to the direction
in which energy is to flow through said guide, a
plurality of wave collector elements adjacent
said reflector at spaced points defining a line, a
second reflector between said sheets and substan-
tially transverse to said direction of energy flow,
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a. plurality of radiator elements adjacent satd
second reflector at spaced points defining a sec~
ond line, and means of substantially equal .elec~
trical lengths connecting each of said radiators
to a corresponding one-of said collectors; at least
one of the lines.defined by said collector ele-
ments and said radiator elements being curved,
whereby energy flowing through said device is
focussed at points outside said two -lines. o

7. In a radio device including at least two par-
allel conductive sheets forming a waveguiding
means, a plurality of wave collector elements. at
spaced points defining a line extending substan-
tially transversely to--the- direction in which
energy is to flow through said guide, a plurality
of radiator elements at spaced points defining a
second line substantially transverse to said direc~
tion of energy flow, and means of substantially
equal electrical lengths connecting each of said
radiators to a corresponding one of said collec-
tors; at least one of the lines defined by .said

collector elements and said radiator elements

being curved, whereby energy flowing through
said device is focussed at points outside said two
lines.

8. In a radio deviee including at least two par-
allel conductive sheets forming waveguiding
means, a plurality of wave collector elements at
spaced points defining a line extending substan-
tially transversely to the direction in which
energy is to flow through said guide, a plurality
of radiator elements at spaced points defining a
second line substantially transverse to said direc-
tion of energy flow, and means of substantially
equal electrical lengths connecting each of said
radiators to a corresponding one of said collec-
tors; one of the lines defined by said collector
elements and said radiator elements being curved,
and utilization means substantially at the center
of curvature of said line.

9. In a radio device including at least two par-
allel conductive sheets. forming waveguiding
means, a plurality of wave collector elements at
spaced points defining a curve line extending sub-
stantially transversely to the direction in which
energy is to flow through said guide, a plurality
of radiator elements at spaced points defining a
second curved line substantially transverse to
said direction of energy flow, the radius of curva-
ture of one of said lines being twice that of the
other of said lines, and means of substantially
equal electrical lengths connecting each of said
radiators to a corresponding one of said collectors.

10. In a radio device including at least two
parallel conductive sheets forming waveguiding
means, a reflector extending between said two
sheets substantially transversely to the direction
in which energy is to flow through said guide, a
plurality of wave collector elements adjacent said
reflector at spaced points defining g curved line
of radius 2R, a second reflector between said
sheets and substantially transverse to said direc-
tion of energy flow, a plurality of radiator ele-
ments adjacent said second reflector at spaced
points defining a second curved line of radius R,
and means of substantially equal electrical
lengths connecting each of said radiators to a
corresponding one of said collectors; and a utili-
zation device at a point distant substantially 2R
from the center of said second line.

11. In a radio device including at least two
parallel conductive sheets forming waveguiding
means, a reflector extending befween said two
sheets substantially transversely to the direction
in which energy is to flow through said guide, a
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plurality of wave c¢ollector eleménts adiscent
sald reflector at spaced poirits defining a curved
Hne of radius Ra, & second reflector between said
sheets and substantially transveise to said diree-
tion of energy flow, & plurality of radistor éle-
ments adjacent said secorid reflector at spaced
points defining & sécond curvéd lihé of rs’.diﬁs; Rz,
and means of Ssubstantidally egua

lengths conneéting each of sgid radla,tofs to &
corresponding one of sgid ¢ollectors; and vtiliza-
tion means at a distance of §ubstant1ally P from
the center of one of said lines, where

FETE
12. The systein claimed in ¢laim 5; said frans<
missioni devices comprising waveguides,
13. The system claimed in claim 5, satd trans-

mission devices comprising waveguides, said lines

each. being a. curve 6f substantially uniform
radius. ;
HARLEY TAMS.
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