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Patented Aug. 12, 1952

UNITED STATES

- 2,607, 010
WAVE GUIDE ANTENNA SYSTEM

- Winston E, Kock, Mlddletown N. - ¥5 assxgnor to
Bell Telephone Laboratorles, Incorporated New
York, N. Y.,-a corperation of New York: :

App]}catl_on April 23, 1945, Senai No.-589,892

4 \’Claims.

1

This invention relates to means for preventmg
bilateral coupling between a pair of ‘spaced an=
tenna elements, and more particularly to means
for preventing, in a dir ectlve transnnttmg radio
system comprising a passive reflector and a pri~
mary antenna, reverse or feedback coupling;
that is, detrimental ener gization by _the reﬁector
of the primary antenna and associat’ed hne or
guide

As is known, directive antenna systems com-
prising parabolic reﬂector\s, and airfﬁlled dielec~
tric guide feeds therefor dre widely used in micro-
wave systems, especially’ radar. systems In gen-

(CL

- tric guide ‘havin

10

eral, in these systems, radio waves having a given .

operating or design frequency are conveyed along -

the dielectric guide from the transmitter to the

15

antenna aperture at the ‘remote end of the guide, -

snd thence radiated towards the reflegtor.” “While

mest of the energy impinging upon the. reﬂector is-

propagated in the desired’ dxrectlon, ‘9, “certain
amount is reflected back to the antenna aperture
by the reflector, whereby a detrimentsal mismatch
or reverse coupling effect is obtained and unde-
sired standing waves are established in the. gulde )
Also, while some reduction of the standing wave
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tive ‘element by the passive element, ‘without- af-
fecting “the energlzatmn of the passwe element
by the active element. -

“FEisestill another object of this invention’ to

- prevent, ina du'ectlve antenna system ‘compris-

inga parabohc reﬁector -associated with a-dielec~
“an antenns aperture facing the
reﬂector, and at: 111 frequencies in-a very wide

'frequency band ‘the ‘formation in the guide of

standing iaves resultmg from the Waves reﬂected
by ‘the: reﬁector . ;

“As ‘used hereln,"the term “wave guide”- gen-
erically includes a ¢onventional line or “conduc-

tive guide” and an air-filled or dlelectrlca,lly

loaded “dielectric guide”; the term “parabolic re-
flector” generically. mcludes ‘8, “paraboloidal re-
flector” and a “cylmdncal—pa,ra.bohc reflector”;

- the term “focus” applles generically to the “focal

point” of a parabolmdal reflector-and the” “focal
line” of a cylindrical parabolic reﬂector ‘the term
“vertex” applies generically to the “verfex hne”
of a cyhndrlcal-parabohc réfléctor and to the

. “yertex point”-'of, a paraboloidal- reﬂector, the

25

may be realized at the design or ‘mean frequency,

and at the frequenmes closely adjacent thereto,
satisfactory reduction at other frequencies in the
design band has not been accomplished and. the
actual bandwidth of the system is therefore rela-

30

tively narrow. Accordingly, it appears desirable
to eliminate completely the mismgtch effect at

the ‘mean frequency and to substantislly reduce
the reverse coupling over a relatlvely wxde band
of freguencies. R

It is one object of th1s 1nvent10n to ehmmate
standing waves, at all frequencies in & wide band,
in a dielectric gulde connected to a. source of en-
ergy.

Tt is another ObJ ect of th1s mventmn to prevent
in g directive radio system. compnsmg an actwe
or primary antenna element and a passive or sec-
ondary antenna element, reverse or feedback cou~
pling of said pr1mary element to sald Passwe ele-
ment .

It is another obJect of thls 1nvent10n to prevent
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in'a directive transmitting aiitenna, system .com-

prising a reflectotr and.a primary antenna ;ele-

ment, therefor, the wave components reflected by

the: reflector from producing .detrimental effects
at the primary antenna. -

It is a further object of this mventmn to elimi-
nate, in an antenna. system comprlsmg an active
or pnmary antenna element and g passive or- sec-
ondary antenna element energization of the ac-
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term “radar” s1gmﬁes o radio’ device ‘used ‘for
detecting an object or target and for’ determm-
ing its direction and 1ts ‘digtance or-range; and
the term “transcelver” 51gmﬁes s device com-
prising a transm1tter and a receive and used in a
radar system. Also,” as used herem ‘the term
“circular front” or “circular wave front” denotes
an ‘arcuate line along Whlch the Wavelets have
the phase angle,

In‘acgordance with one embodunent of the in-
vention; a ‘small auxitiary single-strlp reﬂector
is positioned between a large main cylindncal-
parabolic reflector and the primary antenng ap-
erture in the dielectric feed guide. The small re-
flector may “be ‘flat or- parabohc and is sym-’

‘metrically posmoned relative to the axial plane

of the large reflector. “The small reflector is’ pref-
erably, but not necessarily, attached to the vertex
of the large reflector.  'The dimension of ‘the
small reflector, as measured perpendicular to the
axis of the large reflector and in the plane-of
curvature of the large reflector; and therefore the
area of the small réflector, are related.to théarea
or opening dimension of the large reflector and
is such that the amplitude of the vector resultant
of the wavelets reflected back into the primary.
antenng, aperture by the small reflector is ec'n'ial
to the amplitude of the vector resultant of the
wavelets. fed back into the aperfure by .the large
reflector. - Also, the difference: in the dlstances'

between the primary.antenna,- aperture and the

two reflectors is such that the aforesaid vector re-
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sultants have opposite phase angles at the primary
antenna aperture. Hence the feedback compo-
nents from the small and large reflectors mutual-
ly ecancel at the antenna aperture and the forma-
tion of standing waves is avoided in the guide.
In more detail, the aforesaid dimension a of the
small reflector is mathematically related to the
mean wavelength of the system, the focal length
of the large reflector, and the parameter of the
cornu spiral representing the integrated ampli-
tudes and phases of the components in the cir-
cular wave front established by the primary an-
tenng aperture. The separation of the reflective
faces of the two reflectors is such as to produce
mutual cancellation of the wavelets returned to

the primary antenna by the large reflector and the -

auxiliary refiector.
In accordance with a second embodunent 2

o
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paraboloidal reflector and a disk or plate auxiliary .

reflector are used, respectively, in place of the
cylindrical-parabolic reflector and the single-
strip reflector. In accerdance with a third em-
bodiment, a single-strip reflector is used in con~
junection w1th a “pill-box” antenna comprising
a cyhndncal—parabohc reflector’ equipped with
parallel .end plates. In accordance with a fourth
embodiment, the main reflector has s cylindrical-
para,bohc contour and a double strip auxiliary re-

flector is ‘attached to the vertex of the main re--

flector; and. in accordance with a fifth embodi~
ment the antenna system compnses a main para-
boloidal reflector and an annular or ring réflector.

‘The. invention will be more fully understood
from . a perusal of the following specification
taken in conjunction with the drawing on which
like - reference. characters denote elements of
similar function and on which:

Fig. 1 is a sectional front view of a, first embodi-

ment of the invention comprising & eylindrical-
parabohc reflector and a single auxﬂlary linear
strip reﬂector

Fig. 2 isa sectlonal front view of a second em-
bodiment comprising a paraboloidal reflector and
an. auxiliary: clrcular plate or disk refiector;

.Fig. 3 is..a sectional side view of the’ above-
mentloned first and sécond embodiments;

"Fig. 4 is a perspective view of a third embodi-
ment comprising a cylindrieal-parabolic reflec-
tor, end plates therefor and a single-strip reflec-
tor;

Pigs. 5 and 6 are explanatory d1agrams used in
explaining the invention;

Fig. 7 is a cornu spiral and vector dlagram
used in determining the size of the guxiliary re-
flectors mcluded in the embodxments of Figs. 1,
2and 4; . .

Fig. 8 1llustra.tes the measured bandw1dth
curves for the embodiment of Fig. 4 and a prior
art. system.without the auxiliary reflector;

Fig. 9 is a sectional front view of a fourth em-
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bodiment comprising a cylmdncal-parabohc re- -

flector and a pair of strip reflectors; .

Fig. 10 is a sectional front view of a ﬁfth em-
bodiment comprising & paraboloidal reflector and
an auxiliary ring reflector;

Fig. 11 is 5 sectional side view of the fourth and
fifth embodiments, and =

PFig. 12 is a cornu spiral and vector dlagram
used in determining the dimensions of the auxi-
liary reflectors mcluded in the embodlmen’cs of
Figs. 9 and 10.

Refernng to Figs. 1and 3, reference numeral l
denotes a large cylindrical-parabolic reflector
having a vertex line 2, a focal line 3, a focal
length R, a longitudindl dimension Li and an
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axis or axial plane 4. Numeral 5 designates a
dielectric guide comprising the metallic walls 6
and the air dielectric 1. The guide 5§ is connected
at one end to the transceiver 8 and has at its
other end an antenna aperture 9. The mid-point
or center line of the antennsa aperture 9 is on the
focal line 3 of reflector | and faces the reflector.
Numeral 10 denotes a linear strip reflector at-
tached to reflector { and having a length L, a
thickness ds, a dimension or width 2¢ in the plane
of the parabolic contour of reflector I, and a

_centerline or longitudinal axis {1 included in the

axial plane 4.

In operation, microwaves of the given or de-
sign frequency are supplied by the transceiver 8
and conveyed over guide 5 to the antenna aper-
ture 9, and thence emitted towards the main and
auxiliary reflectors { and {0. The arrows 12 and
I3 represent typical directions for the wavelets
radiated by aperture 9. The front of the emitted
wavelets, in the plane of the parabolic contour
of reflector. I, is substantially circular.” The
wavelets impinging upon reflectors 1 and 1§ are
refleécted or reradiated, as well understood in the
ar, in diverse directions illustrated, by way of
example, by arrows {4, 15, i6, 17 and 19; and
maximum radio action occurs in direction 19 in-
cluded in the axial plane 4. The main beam of .
the dntenna system 9, 1 is relatively wide in the
axial plane 4 and relatively narrow in the plane
of the parabolic contour, or latus rectum plane,
so that the system constitutes a fan-beam an-
tenna. As shown by arrows 16 and (8 some of
the wavelets reflected by the large reflecior i and
by the small reflector 10 are returned to the
aperture 9 and guide 5. Assuming for the mo-
ment that the strip reflector 10 is omitted, the
wavelets fed back by reflector | have in guide 5

propagatmn direction opposite to that of the
waves ‘supplied by the transmitter in device 8 and,
as a result, pronounced standing waves are estab-
lzshed in guide §. Stated differently, the guide 5,
or more accurately the aperture 9, is mismakched
or miscoupled to its load reﬁector {, whereby det-
rimental. reflection .occurs.” . In accordance with
the ‘invention, the strip’ reﬂector 10 is utilized.
and, as will now be eéxplained, its thickness d and
width 2¢.are such that the energies fed back by
the two reflectors { and 10 mutually c¢ancel at
aperture 9, whereby the formation in guide 5 of
standing waves resulting from undesired feed-
back by reflector 1 is prevented. In other words,
in transmissmn, the large reflector i is coupled to,
or sees, the feed aperture 8, but the feed aper-
ture is in effect not coupled to, or does not see,
the large reflector I; and the strip reflector is in
a sense .a jd’e’coupler for preventing bilateral,
while permittirig unilateral, - coupling of the.
active or primary antenna element 9 and the
passive or secondary antenna element |.

- The embodiment of Figs. 2 and 3 is structurally
the same as that of Figs. 1 and 3 except that a
main paraboloidal reflector 20 and an- auxiliary
disk reflector 21 are employed ‘in place of the.
cylindrical parabolic reflector i and the strip
reflector 10. Also, the main beam of the antenna
system 8, 20 is relatively narrow in all planes
containing the axis 22 of reflector 28 so that the
system constitutes a point-beam antenna. The
reflector 20 and the disk 2( are coaxially dis-
posed. The thickness ds and d1ameter 2a of the:
disk reflector 21 are the same as the thlckness
and the width of the strip reflector 18. In opera-
tion, the’ disk reflector functlons to cancel the
energy returned by the main reﬁector 20 to the"
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primary. antenna aperture 9, whereby standmg .

waves are eliminated in guide 5.°

The embodiment of Fig. 4 comprises a cy11ndr1-
cal-para,bohc reflector |-and a single-strip aux-
1hary reflector 10 and - ‘therefore: fesembles ‘the
embodnnent of Figs. 1-and 3 in certain respects:

The longitudinal dimension L of the réflector I

in the system of Fig. 4 is very short as compared
to that of reflector { in Figs. 1,-3; and in Fig. 4
the- guide 5 extends perpendicular:to the latus
rectum of reflector | whereas in the embodiment
of ‘Figs. "1, 3 it-is parallel to: the latus rectum.
Also, in fth"e system of Fig. ‘4, the reflector { is

equipped ‘with a conductive top end plate 23 and

a” conductive ‘bottom end: plate- 24 which, 'to=

- gether with “the transverse ends of reflector 1,

form a rectangular or substantially linear” an-
tenna ‘aperture. The secondary antenna -com-
prising the cylindrical-parabolic reflector i and
the end plates 23, 24 constitute & so-called “pill-
box”, “cheese-hox” or “parallel plate’ antenna
reflector. A conventlonal pill-box antenna re-
flector is illustrated on page 840 of theé textbook
“Radio Engineers Handbook” by F. E. Terman.

In general, the ‘operation of thé embodiment
of Fig. 4 is the same ‘as described above for the
cyhndrrcal-parabohc system of Figs. 1 and 3;
and a fan-beam is obtained. The plates 23, 24

function as guide members for the energy ema-

nating from the primary antenna aperture ]
so that the illumination or energization of re:
ﬂector { is relatively intense and a high gain is
secured The parallel plates also undesirably.in-
crease, at least to some extent, the feedback, or
reﬂectron from reflector | towards the primary
antenna aperture 9. Hence, the utilization of
3 strip reflector 10, for the purpose of. cancelhng

the feedback energy, is'in a sense of more signifi--

cance in the case of the system of Flg 4 than in
the system of Figs. 1, 3.

Referring to Figs. 5, 6 and 7 the method of

determining the dimensions d and 2a of the strip
and disk reflectors 10, 21 will now be explained.

First of all, the amplitude of vibration ‘at a

point P, Fig. b, of the waves received from a
source S via a reflector 25, the point P and source
S ‘being at the respective distances Rp and Res
from the surface 25, may be represented by the
upper-half 26 of a cornu spiral 21, Fig. 7, as ex-
plained in the textbook “Theoretical Physics” by
Georg Joos, pages 376-378, Thus, if the width or
height of surface 25 were infinite, the amplitude
at point P may be represented by the vector 28,
Fig. ‘T extending from the origin 29. to. the
asymptotic point 30, that is, between the opposite
terminals, of the half spiral 26. The length di-
mension of vector 28 represents the fesultant or
integrated amplitude of the wavelets originating
4t S and impinging on: the surface 25; and the
angle ‘between the vector 28 and the XX axis
represents the integrated phase of-thése wave-
lets.:
and-has'a dimension: corresponding to an‘inter-
mediate point -on the spiral A, that is, corre-

sponding to a selected value of the parameter A
of the spiral 26, an amplitude is obtained at the

If' the width ¢ of the-surface 25 is. finite'

2,607,010
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=Applying the above theotfy 1o the embodiments
of Figs. 1, 2 'and 4,'the source Stand point P cor=
respond :to the aperture 9 so that Re—R, Fig: 3
the focal léngth' of reflector ‘i, Figs. 1-and 4; or
reflector 20, Fig: 2. ° Also the paraboli¢’ curva-
tures of reflectors 1 and 20 are such that these

- reflectors reasonably approximate the flat sur-
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receiving point P which may be represented by -

the vector 31 extending from the’origin 28 to
the. intermediate point. If the:surface 25 be-

gins at an intermediate point, Fig. 7, correspond-
ing to:the selected value of the parameter A'and

extends to infinity, the .amplitude -at- point P
may be represented by the .vector 32 extending
from - the.-intermediate point to the asymptotic
point. 30.

70

75

face 25, Fig., 5. It is apparent from the -above
that the surface 25, Fig. 5, may.be divided into
two parts 38 and 34, Fig. 6, which have somewhat
critical widths and which produce two vectors
31 and 32 having equal lengths and therefore
equal amplitudes. Moreover,: the thickness d
or difference in the lengths of the paths ex-
tending between the source S or point P and the
two parts 33 and 34 may be selected so that vec-
tor 31 assumes a position devoted by numeral
35 and exteriding in & direction .oppasite - to. that
of vector 32, whereby the integrated amphtude
of vrbratlon at .point- P of the waves recelved
from S.is Z€ro.

. The. relatlon between the . wavelength x,rthe
mdth @ of ‘the reflecting member 33, the dis-
tances Rp and Rs between the surface 34 and
the pomt P and source 8, is given: as equatron
(35) on page 377 of the Joos textboox, and is

A= \/ >\<RP+RS o (31,_)_
or, since in Fig. 3. RP""'RS&—-R ; @)
or, ‘

a=A~] 55..4%12

where >\ is the mean or design wavelength and
as already indicated, ‘A -is.a parameter of the
cornu spiral. “For: plane or flat reflecting sur-
faces 33 and 34, and. for the condition vector 3f
equals vector-32, the value of A as scaled from
the cornu sp1ra1 26 1s =

_ S A=047 L <5>
h‘ence, o
4=0.235\AR - (6):

F01 one embodiment ‘constructed in accordance
wrth F1°‘S 1 and 3 and successfully tested :

T a= 3.047=10 em, .

and s Sz :
o R,=3b.5",=77.5 cm.e*z."zsx ®).
so that o ) ’ 2T
4=2.62""==0 665\ @

It follows from the above that the crltlca,l or;
optimum dimension.2a for:the width of the flat.
strip reflector 10, Figs. 1,3 :and 4, used in the:
embodiments comprising a ¢ylindrical parabolic
reflector having a.focal -length of 30.5 inches; .
i8'6.24"" or 1.33 wavelengths. -For the comparable.
paraboloidal system, Figs. 2-and:3, the:optimum
diameter 2a of the flat disk reflector-21 is.5.24
inches. . If “the - reflecting surface of the stiip
or'disk reflector is parabolic, instead .of flat, the. -

-parameter A is slightly larger than: 047 as; for:

example, 0.6 -and -the dimension 2a is: shghtly,
greater-than 5.24 inches. : :

The thickness d of the strip reﬁector IB and
of: the disk reflector 21, may be determined from
Fig. 7 by scaling -the phase angles 31 and 633,

‘respectively, or vectors 31 -and 32 and rotating

vector- 31" through an angle 6 to the position
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illustrated by vector 35 at which the sum of the
phase angle 65 and the phase angle 62 is 180
degrees..- The thickness d in wavelengths of each
of reﬂectors 16 and 21 .corresponds to one-half
of the phase angle . As scaled from Fig. 7, 0
equals about 103 degrees.. In the tested em-
bodiment of Figs. 1 and 3, the thickness

103 degrees

d== =515 degrees (10)

or,

%:o 565”—1 43 cm. (11)
was therefore utﬂiZed.' _The value /7 is ‘not
extremely critical since successful results are ob-
tainable when d has any wvalue included in the
range of A/5 to A/9.

“Thé transmitting and reeeiving directive pat-
terns - for the system of Figs. 1, 3, or for the
system of Figs. 2 and 3, are the same, in-accord-
ance- with the ‘well-known reciprocity theorem.
In the transmitting and receiving patterns, the
top or peak of the major lobe is slightly depressed
by reason-of the front position of the primary
antenna element. The primary element shadows
the vertex portion of the main refiector and the
attached auxiliary reflector, and the auxiliary
reflector does not, therefore, appreciably affect
either pattern. The mutual wave canecellation,
however, obtained in transmission at the pri-
mary antenna and described above, differs con-
siderably from that obtained in reception. The
cancellation of the wavelets reflected by the
main and auxiliary reflectors into the primary
antenna or aperture 9, Fig. 3, is predicated on
the assumption or condition that the oufgoing
wavelets travel along divergent radial paths of
different length from the source S, Fig. 6, or
aperture 9, and the components of the reflected

waves return to the aperture 8 fravel along con-

vergent radial paths of different lengths. The
cornu spiral, Fig. 7, and the associated equations
(1) and (6) from which the value of dimension «a
of the auxiliary reflector is obtained, are based
on the assumption or condition just described.
This condition obtains in transmission but not
in reception. As shown in Fig. 3, in transmission
the wavelets outgoing from aperture 9 travel
along the divergent radial paths {2 and {3 and
the wavelets returned by the two refiectors to
aperture 8 travel along the radial paths {6 and
i8. In reception, however, while the wavelets
incoming to, and reflected by, the two reflectors

are propagated along radial paths to the aper-. :

ture, the wavelets incoming from the distant
station to the two reflectors travel along parallel
paths. of equal length. Accordingly, the cornu
spiral does not represent the received .energies

and the dimension @ of the small reflector is not:

such as fto cause. cancellation of the wavelets
reflected by the two reflectors.  Moreover, the
auxiliary reflector is more or less shadowed by
the :primary-antenna and its effect ‘on the re-
ceiving operation. is. negligible.

Thus far, the operation of the three embodi-

- ments, Figs. 1, 3 and 2,3, and 4'.at only the:
mean or design. frequency has been considered..

Referring now to Fig. 8 and assuming the aux-
iliary reflector 8, Fig. 1 or 21, Fig. 2, is omitted
and the transmitter frequency is changed or
varied, the: intensity of the standing wave pat-
tern at a .given point in the guide 5 passes

through maximum and minimum values as the:
focal length R, in wavelengths, - of reflector i
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or 20 passes successively through quarter waye-
length values, that is; as the round trip distance
2R in wavelengths successively :assumes. values
corresponding to a.multiple of a half wavelength.
The greater the value of R, the -closer-in- time
or wavelength q(-:paratzon the successwe maxi-
mum or minimum values are; and for a large value
of R, such as R=17.75 wavelengths, the maximum
values are very close together and a narrow fre-
quency band is obtained. Stated differently,
when the distance 2R is very large the difference
in wavelengths between two waves producing,
at the given point in-the guide, adjacently suc-
cessive maxima, is a small percentage of the dis-
tance 2R whereas, when 2R is small, the afore-
said difference is a large percentage of the. dis- .
tance  2R. .When the auxiliary reflector is
utilized the mismatch effect is not only cor-
rected af the mean frequency but is mlmmlzed
at substantlally all frequencies in the.band, .since
the thlckness d=x/T,is-a relatlvely small frac-
tion of all wavelengths in the. band.

Referring to Fig. 8, the dotted curve 36 and
the full line curve 37 111ustrate, respectlvely, the
measured bandwidth characteristics, taken over
the 9.45-10 centimeter band, for the. system of,
Fig. 4 without, and with, the auxiliary reﬂector
10. As shown in this- figure, in. the. central
9.5-0.85 centimeter portion of the band the curve
3% for the prior art system contains the highly
undesirable maximum standmg wave peak 38 at
9.65 centimeters. The two minima 39 relatlvely
close together and the two maxima 38 are rela-~
tively close together. The two usable por tmns or
bandwidths, each centered on a minimum: pomt

3% and extending below fivé décibels, . a;e very
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narrow. On the other hand, the curvé 371 is
relatively flat over the widé band 9.5-9.9, and
in the central region contains no maximum: polnt
so that the system of the’ 1nvent10n has a, very
wide operating bandwidth.

Referring to Figs. 9, 10 and 11, the system of
Figs. 9 and 10 is the same as that of Figs. 1.and 3,
except that the auxiliary reflector 40 comprises’
two strip reflectors 41 and 42 which are attached
to the reflector | in. place of the single stnp
auxiliary reflector. {9. *The strip reflectors are
spaced equally from’ the axial plane 4 and extend
parallel to the vertex line 2 and focal line. 3 of
reflector {.- ‘The system of Figs. 10 and 11 ds.
the same as that of Figs. 2.and 3 except ‘that a.
ring reflector 43 is used in place of the disk re-.
flector .21, the ring reflector 43 and. the para-.
boloidal reflector 20 being coax1a,lly disposed. As
explained below, the spacing a1 and the spacmg
@2, Fig.' 9, between the axial plane 4, Fig. 11, and.
the mner edges 44 and the outer. edges 45, re-»
the thickness dm-of each stnp reﬂector a.re such
as to suppress the standmg wave estabhshed in.
guide 5 by the main reﬂector i, Similarly the:
spacing a1 and the spacing a2 between the axis 22:
of reflector 20-and the-inner edge 46 and the outer-
edge 47 of the ring reflector 43, and the thick-.

. ness dm of reflector 43, are such as to cancel stand-.

ing waves producod in gulde 5 by the parabolmdaL
reflector 20. -

Referring to I‘lg 1 , the manner of determmmg
the dimensions a1 and ¢2 will how be explained.:
First, the three component vectors 41, 48 and 49,
having equal lengths are disposed on the cornu!
spiral 27 so as to obtain two particular values A:.
and Az of the parameter A. The partieular value:
A1 corresponds to a1 and is at the one-third point,.
and the particular value Az corresponds to. gz ‘and:
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primary. antenna aperture 9, wheleby standing
waves are eliminated in guide 5.

‘The embodiment of Fig. 4 compriseés a cyhndrl-
cal-parabolic reflector | and a single-strip aux-
fliary reflector (0 and therefore resembles the
embodiment of Figs. 1 and 3 in certain respects.

The longitudinal dimension L of the reflector 1.

in the system of Fig. 4 is very short as compared
to that of reflector [ in Figs. 1,-3; and in Fig, 4
the guide § extends perpendicular’to ‘the latus
rectum of reflector | whereas-in the embodiment
of -Figs. 1, 3 it is parallel to the latus rectum.
Also, in the system of Fig. 4, the reflector { is
equipped with a conductive top end plate 23 and
a conductive bottom end plate 24 which, to-
getheriwith the transverse ends of reflector i,
form-a rectangular or substantially linear an-
tenna aperture. The secondary ‘antenna com-
prising the cylindrical-parabolic reflector i and
the end plates 23, 24 constitute a so-called “pill~
box”, “cheese-box” or “parallel plate” antenna
reflector. A conventional pill=box antenna re-
Hector is-illustrated on page 840 of the texthook
“Radlo Engineers Handbook” by F. E. Terman:

In general, the operation of the embodiment
of Fig. 4 is the same as described above for the
¢ylindrical-parabolic system of Figs. 1-and 8,
and a fan-beam is obtained. The plates 23, 24
function as guide members for the energy ema=

natmg from the primary antenna aperture § ¢

so that the illumination or energization of re-
flector 1 is relatively intense and a high gain is
secured. The parallel plates also undesirably in-
crease, at least to some extent, the feedback, or
reflection from reflector | towards the primary
antenna aperture 8. Hence, the utilization of

a strip reflector 18, for the purpose of cancelling

the feedback energy, is in a sense of more sighifi-
cance in the case of the system of Flg 4 than in
the system of Figs. 1, 3.

Referring to Figs. 5, 6 and 7 the method of
determining the dimensions d and 2a of the strip
and ‘disk reflectors 19, 21 will now be explained.
First of all, the amplitude of vibration at a
point P, Fig. 5, of the waves received from a
source S via a reflector 25, the point P and source
S being at the respective distances Re and Rs
from the surface 25, may be represented by the
upper-half 26 of a cornu spiral 27, Fig. 7, as ex-
plained in the textbook “Theoretical Physics” by
Georg Joos, pages 376-378. ‘Thus, if the width or
height of surface 25 were infinite, the amplitude
at point P may be represented by the vector 28,
Fig. 7, extending from the origin 29 to the
asymptotic point 30, that is, between the opposite
terminals, of the half spiral 26.. The length di-
mension of vector 28 represents the resultant or
integrated amplitude of the wavelets originating
at- S-and impinging on the surface 25; and the
angle between the vector 28 and the XX axis
represents the integrated phase of these wave-
lets.. If the width ¢ of the surface 25 is finite
and has a dimension corresponding to an inter-
mediate point on the spiral A, that is, corre-
sponding to a selected value of the parameter A
of the spiral 26, an amplitude is obtained at: the
receiving point P which may be represented’by
the vector 31 extending from the origin 28 to
the intermediate point. If the surface 25 be-
gins at an intermediate point, Fig. 7, correspond-
ing to the selected value of the parameter A and
extends to infinity, the amplitude at vpoint P
may: be represented by the vector 32 extending
from the intermediate point to the asymptotw
point 30.
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Applying the abiove theory to the embodiments
of Figs: 1, 2-and 4, the source ‘S:and point P"¢or-
respond to the aperture 9 so that Re=R, Fig.'3,
the focal length of reflector 1, Figs. 1 and-4, or
reflector 20, ‘Fig.-2. - Also the parabolic curvas-
tures of reflectors | and 20 are such ‘that these
reflectors reasonably-approximate the flat sur-
face 25, Fig. 5. It is apparent from the above
that the surface 25, Fig. 5, may be divided into
two parts 33 and 34, Fig. 6, which have somewhat
critical widths and which produce two vectors
31 and 32 having equal lengths and therefore
equal amplitudes.. ‘Moreover; -the thickness d

or difference in the lengths of the paths ex-

tending between the source S or point P and the
two parts 33 and 34 may be selected so that vec-
tor 31 assumes a position devoted by numeral
35 and extending in a direction opposite to that
of vector 32, whereby the. mtegrated amplitude
of vibration at. pomt P oof the waves -received
from S is zero.

The relation. between the Wavelength A, the
width a of the reflecting member 33, the dis=
tances Re and Rs between the surface 34 and
the point P and source S, is given as equatlon
(35) . on page 3'7'7 of .the Joos textbook, and is

3 =
d=ofY(7+7;) (2 +Rs "“.')
or, sinee in Flg. 3 Rp:Rs—-R @)

e

e ) . 3,

A= N ‘(‘)
or,

a=A “R R Y KO

where A s :the mean: or deswn wavelength and;
as already indicated, A ‘is a .parameter of:-the
cornu’ spiral. “For plane or flat reflecting sur<
faces 33 and- 84, and for the condition ‘vector 3i
equals vector 32, the - value of A, as scaled from
the cornu splral 26 is .

A=0.47 ("5:)‘
henc_e, :

- a=0.235v\R. T8

"For one embodiment constructed in accorda.nce

with Fxgs 1 and 3 and successfully tested,

| A=3.94""=10 om. 0.
and : 3
R=30.5"=1T75 cm.=7.75)\ (8)
so tha,i;, ' : vb :
‘ | 0=2.62""=0.665\ (9

Tt follows from the above that the crltlcal or
optimum dimension 2¢ for the width of the flat
strip reflector 18, Figs. 1, 3 and 4, used in the
embodiments comprising a. cylindrical parabolic
reflector having a focal length of 30.5 inches,
is 5.24"’ or 1.33 wavelengths. - For the comparable
baraboloidal system, Figs: 2 and 3, the optimum
diameter 2a¢ of the flat disk reflector 21 is 5.24
inches. If the reflecting surface of the strip
or disk reflector is parabolic, instead of flat, the
parameter A is slightly larger. than-0.47 as, for
example, 0.6 and the dimension 2¢ is shghtly
greater than 5.24 inches. :

The thickness d of the strip reﬂector IO and
of the disk reflector 21, may be determined from
Fig. 7 by scaling -the phase angles 631 and s,
respectively, or vectors 31 and 32 and rotating
vector 31 through-an angle ¢ to the position
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illustrated by vector 35 at which the sum of the
phase angle 635 and the phase angle 632 -is 180
degrees. The thickness d in wavelengths of each
of reflectors i0 and 2{ corresponds to one-half
of the phase angle 4. As scaled from Fig. 7, ¢
equals about 103 degrees. In the tested em-
bodiment of Figs. 1 and 3, the thickness

S d=

lgé——d;gﬂ 51.5 degrees

(10)
or,

=$=0.565"=1.43 em. (11)
was therefore utilized. The value A/7 is not
extremely critical since successful results are ob-
tainable when d has any walue included in the
range of /5 to A/9.

The transmitting and receiving direetive pat-
terns for the system of Figs. 1, 3, or for the
system of Figs. 2 and 3, are the same, in accord-
ance with the well-known reciprocity theorem.
In the transmitting and receiving patterns, the
top or peak of the major lobe is slightly depressed
by reason of the front position of the primary
antenna element. The primary element shadows
the vertex portion of the main reflector and the
attached auxiliary reflector, and the auxiliary
reflector does not, therefore, appreciably affect
either pattern. The mutual wave cancellation,
however, obtained in fransmission at the pri-
mary antenna and described above, differs con-
siderably from that obtained in reception. The
cancellation of the wavelets reflected by the
main and auxiliary reflectors into the primary
antenna or aperture 9, Fig. 3, is predicated on
the assumption or condition that the outgoing
wavelets travel along divergent radial paths of
different length from the source S, Fig. 6, or
aperture 9, and the components of the refiected
waves return to the aperture 9 travel along con-
vergent radial paths of different lengths. The
cornu spiral, Fig. 7, and the associated equations
(1) and (6) from which the value of dimension «a
of the auxiliary reflector is obtained, are based
on the assumption or condition just described.
This condition obtains in fransmission but not
in reception. As shown in Fig. 3, in transmission

the wavelets outgoing from aperture 9 travel

along the divergent radial paths 12 and {3 and
the wavelets returned by the two refiectors to
aperture 8 travel along the radial paths i and
18. In reception, however, while the wavelets
incoming to, and reflected by, the two reflectors
are propagated along radial paths to the aper-
ture, the wavelets incoming from the distant
station to the two reflectors travel along parallel
paths. of equal length. Accordingly, the cornu
spiral does not represent the received energies
and the dimension a of the small refiector is not
such as to cause.cancellation of the wavelets
reflected by the . two reflectors. ' Moreover, the
guxiliary reflector is more or less shadowed by
the primary antenna and its effect on the re-
celving operation is negligible. -

Thus far, the operation of the three embodi-
ments, Figs. 1, 3 and 2, 3, and 4 at only the

mean or design frequency has been considered.

Referring now to Fig. 8 and assuming the aux-
iliary reflector 19, Fig. 1 or 21, Fig. 2, is omitted
and the transmitter frequency is changed or
varied, the intensity of the standing wave pat-
tern at a given point in the guide 5 passes

through maximum and minimum- values as the:

focal length R, in wavelengths, of reflector |
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or 20 passes successively .through quarter wave-
length values, that is, as.the round:trip distance
2R in wavelengths successively assumes. values
corresponding to a multiple of a half wavelength.
The greater the value of R, the closer in-time
or wavelength separation the successive maxi-
mum or minimum values are; and for a large value
of R, such as R==17.75 wavelengths, the maximum

.values are very close together and a narrow fre-

quency band is obtained. Stated dlﬁerently,
when the distance 2R is very large the difference
in -wavelengths between two waves producing,
at the given point in the guide, adjacently suc-
cessive maxima is a small percentage of the dis-
tance 2R whereas, when 2R. is small, the-afore-
said difference is a large percentage of the dis-
tance 2R. When - the auxiliary reflector - iIs
utilized the mlsmatch effect is not only cor-
rected at the mean frequency but is mlmmmed
at substantially all frequencies in the band, since
the thickness, d=\/7, is-a- relatively small frac-
tion of all wavelengths in the band.

Referring to- Fig. 8, the dotted curve 38 and
the full line curve 37 illustrate, respectively, the
measured bandwidth characteristics, taken over
the 9.45-10 centimeter band, for the s:ystem of,
Fig. 4 without, and with, the auxmary reflector
10. As shown in this- figure, in the central

" 9.5-9.85 centimeter portion of the band, the curve
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36 for the prior art system contains the hlghly
undesirable maximum standing wave peak 38 at
9.65 centimeters. The two minima 38 relatively
close together and the two maxima 38 are rela-.
tively close together. The two usable portions or
bandwidths, each centered on a minimum point
39 and extending below five decibels, are very
narrow. On the other hand, the curve 371 is
relatively flat over the wide band 9.5-9.9, and
in the central region contains no maximum. pomt ,
so that the system of the 1nvent10n has a, very;
wide operating bandwidth.

Referring to Figs. 9, 10 and 11, the system of.
Figs. 9 and 10 is the same as that of Figs.'1 and 3.
except that the auxiliary reflector 48 comprises’
two strip reflectors 41 and 42 which are attached
to the reflector | in .place of the single strip
auxiliary reflector 10. The strip reflectors are
spaced equally from the axial plane. 4 and ext'end
parallel to the vertex line 2 and focal line 3 of
reflector . The system of Figs. 10 and 11 is
the same as that of Figs. 2 and 3 except that a
ring reflector 43 is used in place of the disk re-:
flector 21, the ring reflector 43 and. the para-
boloidal reﬂector 29 being coaxmlly dxsposed As
explained below, the spacmg a1 and the spacing
a3, Fig. 9, between the ax1al plane 4, Pig. 11, and
the inner edges 44 and the outer edges 45, re-
spectively, of the strip reflectors 41 and 42, and
the thickness dm of each strip reflector, are.such
as to suppress the standing wave established in
guide §-by the main reflector t. Similarly the:
spacing a1 and the spacing a2 between the axis 22
of reflector 28 and the inner edge 46 and the outer
edge 47 of the ring reflector 43, and the thick-

5 hess dm of reflector 43, are such as to cancel stand-

ing waves produced in gulde 5 by the parabolmdal-
refiector 20. :
Referring to Fig. 12, the manner of determxnmg_
the dimensions a: and ¢z will now be explained..
First, the three component vectors 41, 48 and 49,
having equal lengths are disposed on the cornu’
spiral 27 so as to obtain two particular values A:.
and Az of the parameter A. The particular value:
Ai corresponds to-a1 and is at the one-third point,
and the particular value Az corresponds to az and-
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is at the two-thirds point, of the spiral. 'As scaled
from the spiral, we have

© A1=040" 12)
and
" A2=0.15 13)

Now, from equatlons (4), (7> and (8) we have

. al___ AR =2.2""=0.554A (14)
and
’a2=£21_21/'—)\R=4,2”=1.064)\ (15)

Hence, the widths of reflectors 41 and 42, and
the radial width of the ring reflector 43, are each
az—a1=2""=0.510A (16)

The vector 48 corresponds to the wavelets re-
flected by the double auxiliary reflector 40, Fig. 9,
and the vectors 41 and 49 correspond respectively
to the wavelets reflected by the vertex or inner
portion §0, Fig. 9, and the outer portion 51 of the
cylindrical parabolic reflector 1. Also, vector 48
corresponds to thereflectionfromthering reflector

43, Fig. 10, and the vectors 47 and 49 correspond .

respectively to the reflections from the vertex or
inner portion 52 and the outer portion 53 of re-
flector 28. Vector 54 is identical with vector 49
and vector &5 represents the resultant of vectors
.47 and 54. By selecting a proper thickness dm
for each of the strip reflectors 41, 42, or for the
ring reflector 43, the vector 48 may be rotated
clockwise through the angle ém fto the position
illustrated by vector 56, at which the sum of the
phase angle 656 of vector 58 and the phase angle
655 of vector §5 equals 180 degrees. The physical
thickness dm of the reflectors 40 and 43, in wave-
lengths, is selected so as to correspond to one-half
the scaled value of the angle ém. Since, from the
curve, m equals about 144 degrees, we have

dm =_M_4d_ezg_re_e§=72 degrees (17)

=0. 787” 2 cm. (18)

Ull>’

It is thus apparent that, in the embodiment of
Figs. 1 and 4, each comprising a cylindrical-para-
bolic reflector, the mismatch effect may be cor-
rected by utilizing, in place of the single-strip
reflector 10, the double-strip reflector 40, Fig. 9.
In particular, the single-strip auxiliary reflector
used in the tested embodiment deseribed above
and having a thickness of one seventh of the
mean wavelength may be replaced by a dual-strip
auxiliary reflector comprising two metallic strip
reflectors 41 and 42, one on each side of the axial
plane 4 and each having a thickness of a fifth
of the mean wavelength. The reflectors 41 and 42
have their inner edges 44 at 0.554 wavelength from
the axial plane 4 and each has a width of 0.510
wavelength. Similarly, in the comparable para-
holoidal embodiment, Fig. 2, the mismatch may
be eliminated by employing, in place of the disk
reflector 21, a coaxial ring reflector 43 having a
thickness in the order of A/5, the inner and outer
radii of the disk reflector being 0.554 and 1.064
wavelengths, respectively.

In the foregoing description it has been assumed
that the main reflector has a very slight curvature
corresponding to the curvature of a parabola hav-
ing a very large focal length, and that the size
or opening of the reflector is fairly small, com-
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~antenna may be made..

10

-parable to the relatively flat portion of the afore-

said parabola in the region of its vertex or axis,
whereby the main reflector may be regarded as
flat, as shown in Fig. 6. If the focal length-is
very small the main reflector may have a pro-

Anounced curvature and, preferably but not neces-~
‘sarily, a-slight correction for the curvature may
‘be made. ‘Again, in-the case of reflectors having

short focal lengths, the 1nten51ty ‘of the illumina~
tion of ‘the peripheral portiors of the ‘main re-

‘flector, and hence the intensity of thé energies fed

back-to the primary antenna by these peripheral
portions, is dependernt upon the directional char-
acteristic of the primary antenna ‘Consequently,
preferably but not necessarily; a'slight correction
for the directional characteristic of the primary
These corrections are
relatively small and may easily be made by one
skilled in the art.

Although the invention has been explained in
connection with specific embodiments it is to be
understood that it is not to be limited to the em-
bodiments described inasmuch as other apparatus
and arrangements may be used in successfully
practicing the invention. To illustrate, satis-
factory results may be obtained by positioning the
auxiliary reflector at a critical distance in back
of the main reflector and providing a properly
dimensioned and properly located aperture. or
window in the main reflector.

‘What is claimed is:

1. In combination, a primary antenna element
for transmitting and receiving radio energy of a
given wavelength, a large main reflector, a plu-
rality of spaced small reflectors positioned at
equal distances from said element and between
said element and said main reflector, the spacing
between said small reflectors and the reflective
area of each small reflector being dependent upon
said wavelength.

2. A combination in accordance with claim 1,
the distance between said element and ‘said main
reflector being approximately 0.20 wavelength
greater than the distance between said element
and said plurality of small reflectors.

3. In combination, a large cylindrical-parabolic
reflector having an axial plane and a vertex line,

‘a dielectric guide having at one end an antenns

aperture, said aperture extending perpendicular
to and having its mid-point included in said axial
plane, a plurality of parallel strip reflectors at-
tached to the front of said large reflector, said
strip reflectors being positioned on opposite sides
of and at equal distances from said vertex line,
the spacings between said aperture and said strip
reflectors being equal and different from the spac-
ing between said aperture and said large reflector,
and a transmitter connected to the other end of
said dielectric guide.

4. In combination, a large substantially flat re-
flector having a parabolic contour and a focal
length R, a primary antenna element at the focus
of said reflector for radiating waves having a
wavelength A and a circular wave front in the
plane of said contour, a first small reflecting mem-
ber included between said large reflector and said
element, said small member being perpendicular
to and spaced from the axis of the large reflector,
the distfance between said axis and the edge of said
small member nearer to said axis being equal to

B
4

0.40

ang the separation between said axis and the edge
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of said small member farther from said axis bemg

.equal to
0 75\/

and a second small reﬂectmg member included
~between said large reflector and said element, said
second small- member bemg pos1t1oned on the
other s1de of and spaced from said axis, the dis-
.ta.nce between said axis and the edge of said sec-
ond member nearest said axis being equal to the
first: mentioned distance and the separation be-
tween said axis and the edge of said second mem-
ber farther from said axis being equal to sald first
'mentmned separamon

. - WINSTON E. KOCK.
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