Sept. 22, 1959 E. G. SPENCER ETAL 2,905,940
ELECTROMAGNETICALLY STEERED MICROWAVE ANTENNA
Filed May 2, 1957 ’ 2 Sheets-Sheet.1

e T

“ia

\

INPUT—> —é
/4 ’ \
g 7 RN ),
20q— | 2 l— 206

r———1———
| 50a 1 I 200 600
| | ]
! ' : 36
f ] 26 0
INPUT- } 30 34 g4
| O\
I /
: 20b 600
J ' -

42

e

40

—Fig. b

Bty b

i INVENTORS
Edward G.Spencer
Frank Reggia
BY John E. Tompkins
Robert D.Hatcher

. €. Lhubrdboon, T Gk, VE G ) R Elpoon




2,905,940

E. G. SPENCER ETAL

Sept. 22, 1959

ELECTROMAGNETICALLY STEERED MICROWAVE ANTENNA

Filed May 2, 1957

2 Sheets-Sheet 2

T -
r |
| |
| “
| 0L/ 0peN PO o7l | “qEE
_i&\ﬂlwm. - \wn,;.mmm_ __||||_I|_
N 1]
902 008 00z
ooy~
/90%
LR =T ” I
90z, 7 1|
o T
B y05! | |
—1 0S 405 b0G
9 | 069~ “ls..ﬁQQh. "
| ﬂﬁlllb.k_..uw\_.»_nﬂ i
| 959 r_ @,2_@,@ %9 __ |
| 405 AN CST TR 409
! i D09 Loz |
2, | H } Wpelinalpel | L
44 i @ oocd | \oG9 @I."r poz
! %0g pog 05 |
| AU —— — — -——
.w.h_ﬂ.rJ
_ 99
ozp|, ]
Hii L H
o0%
B

“N %
= N
<
Mo .M >
g8 =2 3
2282 N
SH 2k §
s@FS
T uwt M
53
$5E8 W
oE2c -~
.
,//J.a
-
||| g |
506 |
| :
oozl 209 oQ\Qm 0z N
—0 So= :
OG-0 &
g || 705 Gop POS |lgg
_ 99€ |
_an, 20¢
¥0%,-96 ]
L I =z’ N ==
= ozp @ mu r..._\\u > 22¢
bor 27V 0og 409 5909 01| Sk
| 706 posy 505 |
| |
poz—+-O @ Q @!.T&w
| 509} pog P09 |
| = |= —— ]
voe bog| < 405 |
vt Sl T L
P2,




United States Patent Office

2,905,940
Patented Sept. 22, 1959

1
2,905,940

ELECTROMAGNETICALLY STEERED
MICROWAVE ANTENNA

Edward G. Spencer, Rockville, Frank Reggia, Chevy
Chase, and John E. Tompkins, Bethesda, Md., and
Robert D. Hatcher, Washington, D.C., assignors to the
United States of America as represented by the Secre-
tary of the Army

Application May 2, 1957, Serial No. 656,733
8 Claims. (Cl. 343—778)
(Granted under Title 35, U.S. Code (1952), sec. 266)

The invention described herein may be manufactured
and used by or for the Government for governmental
purposes without the payment to us of any royalty there-
onm.

This invention relates to the electrical control of mi-
crowave structures in general and more particularly to mi-
crowave cavity means for electrically varying the micro-
wave length along a microwave structure at a predeter-
mined place.

In preferred forms of the invention, variations in the
electrical length at microwave frequencies, along a micro-
wave structure are obtained by electrically varying the
resonant frequency of a resonant microwave cavity cou-
pled to the microwave structure at the place where the
change in microwave length is desired. The resonant
microwave cavity may be external to the microwave
structure or else may be intermal, that is the resomant
microwave cavity may be an elementary resonant cavity
forming part of the microwave structure. By “resonant
cavity” is meant a cavity in a system having an operating
frequency approximately equal to the resonant frequency
of the cavity. Because small changes in the resonant
frequency of such a resonant cavity produce large
changes in the reactance presented by the cavity, large
variations in microwave length are obtained at the place
of coupling. These large variations in microwave length
may be advantageously used in microwave antenna ar-
rays. By varying the microwave length between two
radiators, the phase of the energy radiated by one radi-
ator can be varied relative to the phase of the emergy
radiated by the other radiator.

One object of the invention is to provide improved
microwave control means for electrically varying the
microwave length along a microwave structure at a pre-
determined place.

Another object is to provide improved means for vary-
ing the resonant frequency of a resonant microwave
cavity.

A further object is to provide improved microwave
antenna arrays having electrically controlled means for
rapidly and conveniently varying the phases between the
energy radiated by the radiators relative to one another.

A further object of this invention is to provide im-
proved microwave antenna arrays having electrically con-
trolled means for varying the phases between the energy
radiated by the radiators relative to one another over
considerably larger ranges than heretofore obtainable.

Still another object is to provide improved means for
exciting and controlling the power radiated by micro-
wave radiating elements.

The specific nature of the invention as well as other
objects, uses and advantages thereof will clearly appear
from the following description and from the accompany-
ing drawing, in which:

Figure 1 is a simplified sectional and schematic repre-
sentation of a waveguide-fed linear array having ex-
ternal microwave cavity means for electrically varying

10

15

20

25

30

35

40

45

50

55

60

65

2

the relative phase between the energy radiated by the
radiators, in accordance with the invention.

Figure 2a shows a cavity-fed linear array having in-
ternal microwave cavity means for electrically varying
the relative phase between the energy radiated by the
radiators, in accordance with the invention,

Figure 2b is a cross-sectional view taken along the
line 2b—2b of Figure 2a.

Figure 3a shows a rectangular cavity-fed array having
internal microwave cavity means for electrically varying
the phases between the energy radiated by the radiators
relative to one another, in accordance with the invention.

Figure 3b is a cross-sectional view taken along the
line 3b—3b of Figure 3a. ' - ’ ’

Figure 4a is a top view of a rectangular cavity-fed ar-
ray having external microwave cavity means for elec-
trically varying the phases between the energy radiated
by the radiators relative to one another, in accordance
with the invention.

Figure 4b is a front view of Figure 4a.

In Figure 1, a section of waveguide 12 is adapted to
be supplied with microwave energy at one end 14 and
is terminated in a matching impedance 16 at the other
end 18.

Two ferrite radiating elements 20z and 205 are placed
to form a linear array and are coupled to the waveguide
12 in accordance with well known practice.

A resonant cavity 24 is coupled to the waveguide 12
at a place intermediate to the radiators 20a and 205 by
coincident apertures 122 and 24a in the waveguide 12
and resomant cavity 24 respectively. A metal cup 30
is mounted on the cavity 24 and has a ferrite rod 34 ex-
tending from the interior fo the cavity 24 into the in-
terior of the metal cup 30 through an aperture 38, the
metal cup 3¢ and aperture 38 being located so that the
ferrite rod 34 couples at a position of maximum mag-
netic field. A coil 36 surrounds the metal cup 30 and is
connected to a variable current source comprising a
battery 40 and a current control potentiometer 42.

A change in the current flowing through the coil 36
changes the magnetic field applied to the ferrite rod 34
and causes a change in the resonmant frequency of the
resonant cavity 24. A change in the resonant frequency
of the resonant cavity 24 alters the impedance presented
to the waveguide 12 at its aperture 124, producing a
change in the microwave length between the radiators
20aq and 200 and resulting in a change in the relative
phase between the energy radiated by the radiators 20a
and 20b. The relative phase shift obtained between the
radiators 20a and 205 is equivalent to that produced by
applying the same magnetic field to a much larger piece
of ferrite not placed in a resonant cavity. Relative phase
shifts considerably higher than previously obtainable are
now possible.

Figures 2¢ and 2b show views of a cavity-fed linear
array having internal microwave cavity means for elec-
trically varying the phase of energy radiated by the radi-
ators relative to one amother, in accordance with the in-
vention. A resonant TEgg; mode cavity 44 is divided into
six elementary resonant cavities 50a, 50b, 50c, 50d, 50,
and 50f by shorting posts 60z and 605 placed at points of
zero electric current and zero electric and magnetic fields
within the TEyp mode cavity 44. Center lines drawn
through the shorting posts 60a and 605 parallel to the
walls of the TEgy mode cavity indicate the elementary
resonant cavities 50a, 505, 50c, 50d, 50¢, and 50f. Mi-
crowave energy is supplied to the TEg; mode cavity 44
through an aperture 46. Two ferrite radiating elements
20z and 20b are placed to form a linear array and are
coupled to the energy in the TEgp cavity 44 in ac-
cordance with well known practice.

A metal cup 30 is mounted on the TEg; mode cavity
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44, and a ferrite rod 34 extends from the interior of the
TEg3 mode cavity 44 into‘“’the interior of the metal
cup 30 through an aperturé*38. The metal cup 30 and
aperture:38.are located so that the ferrite rod 34 couples
to the elementary Tesonant cavities 50c and 50f at a posi-
tion - of..maximum. magnetrc field. A coil 36 surrounds
the metal. cup-30 and is conilected to a variable current
source: compnsmg a battery 40.and a current control
potentlometer 42,

‘A .change in-the. current flowing through ‘the coil 36
changes the magnetic field applied to the ferrite rod 34
and.causes a -change .in. the resonant frequency of -the
elementary resonant- cavities 50c: and . 50f. to ‘which. the
ferrite rod 34 is coupled. A change in the resonant fre-
quency .of -the. ‘elementary . resonant - cavity 50c changes
the microwave. length appeanng between ' the radiators
20g and 20) and results in a change in the relative phase
between the energy radiated by the radiators 20a and-20b.

-The cavity-fed -array as basically illustrated in  Fig-
ures-2a-and.2b has the advantage that each of the: ele-
mentary - vesonant -cavities will have the same energy
within the elementary cavity even though the resonant
mode cavity is fed at only one place. This advantage
of cavity-fed arrays: permits convenient and simple-ad-
justment of the power radiated by each radiating element.
This -advantage becomes. more - greatly apparent: as - the
number of radiating elements is increased. The power
radiated by each radiator of a waveguide -fed -array as
basically illustrated in- Figure 1 is more difficult to adjust
because the amplitude and phase of the energy reaching
each  radiator will . depend upon the amount of - energy
absorbed by the previous radiators.

‘The  particular - cavity-fed - array and cavity control
means- of Figures 2¢-and 2b has a further advantage.
Because -the . shorting posts 60a .and 605 . furnish tight
boundary eonditions operation in the TEyy; mode. cayvity
44 is- restricted to a - single well defined and: especially
chosen: cav1ty mode. Therefore, even for large changes
induced- in-the- elementary resonant cavities' by changes
in the magnetic field applied to the ferrite rod 34, the
mode:-of operation -within- the TE,g;- cavity 44 remains
substantially the same.

The principles-and advantages of the linear cavity-fed
array ‘having. internal microwave" cavity - control - means
as‘im Figures. 2¢ and 2b-can be:extended-to a rectangular
cavity-fed array as-shown in: Figures 34 and'3b. - In Fig-
ures-3a-and--3b a TEgee mode cavity 54 is divided into
twelve: elementary resonant cavities: 50a;-°50b, 50c, 50d,
50e,:50f, 50z, 50k, 50i,50j, 50k, 50! by shortlng posts
69a, 60b,60c;-60d,-60e, and: 68f placed -at points: of zero
current and- zero: electric -and- magnetic fields within- the
TEgps-mode cavity.-54. -'Center lines drawn through the
shorting ‘posts 68a--and-605 parallel to the walls- of-the
TEsq, mode cavity -54- indicate the elementary - resonant
cavities-50.. Microwave energy is supplied to the- “TEsps
mode’-cavity /54 thréugh: an-aperture 56. - Four - ferrite
radiating elements 20a, 205, 20c, and 20d are placed to
formiias rectangular array and -are coupled to the TEgzg
cavity-54 in-accordance-with-wéll: known practice.

Four metal‘cups 30a;305,-38¢, -and 30d, mounted on-the
TE344 mode cavity-54-between- 'the radiators, have ferrite
rod§ 344, 34b, 34c,7and 34d: exteniding from-the intérior
ofi'the' TEgqyi cavity 54 into the-metal cups 30a;30b, 30c,
and-30d: through: apertures 38a, 385, 38¢,-and 38d respec-
tively, -the metal- cups-30 and -apertures- 38 being- placed
so-that -each ferrite rod’ 34*is coupled at a:position of
maximuim - magnetic -field to -an elementdry cavity 56
located- bétween -arpair: of radiators-20. Coils' 36a ,365,
36¢ and 364 :surround” meétal cups- 30q, 305, 30c -and
30d . Tespectively, edch of the coils 36 bemg connected
torits- own' variable currént source’ comprising a battery
40-and- a current~control . potentiométer 42.

‘The operatlon of  the rectangilar cavity-fed array’ hav-
lng internal microwave: cavity control means as-in Fig-
urés:3gvand 3b:is substantially the -safic: as the: opera-
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tion of the lmear cavity-fed array of Flgures 2a and 25b.

"That is, by varying the current through the coils 36, the

phases between the energy radiated by the radiators 20
may be varied relative to- -one-another, Skilled persons
will be able to provide various equivalents of the cur-
itage haprxsmg ‘batteries 40 and poten-
tiometers 42 that'will ‘permiit -the relative phases to be
varied in accordance with any. desired periodic or ape-
riodic program; and-at very high rates of speed.

:The eavity:fed fectangular array of Figures 4a and 4b
111ustrates the useof-external cavity control means for
varying the phases between the energyirddidted by ‘the
radiators relative to one-another. In Figures 44 and 4b
a TEgy; mode cav1ty 64 is divided “inito eight elementary
resonant cavxt1es~50a, 50b,'50c, 504, 50e, 50f, 50g, and
502 by a microwave structure 70 symmetrlcally located
at the cenfer of the TE303 mode tavify 64. The miicro-
wave -structure 70 comprlses two- resonant cavities 70a
and 705 having coupling irises 65¢ and 65b. Four ferrite
radiators -20a, -20b, -20c, -and - 20d are coupled to ele-
mentary cavities 50a, SOg, 50¢ and 50c respectlvely to
form' a rectangular-array in accordance with well known
practice.  Microwave -energy is supphed to the TEgg
mode- cavity through an ‘aperture ‘66, _

- Metal- cups 30g:-and 305, mounted on cavities 78a
and 70b respectively, have ferrite rods 34a and - 34b eX-
tending from the interior of the TEz3 cavity 64 ‘through
apertures 384 and-38b respectively. Coils. 36a and 36b
surrousid- metal cups 30a and 305 respectlvely, each of
the coils 362-and 365 being connected to variable current
sources comprising-a battery 40a. and potentiometer 42a
for -the -coil *364 -and- a battery 48b and potentiometer
425 for the coil 36b.

~By changing- the current apphed to-coil 36a, a change
m the resonant frequency of cavity 70a is effected causing
a-change in the microwave length between the two
radiators . 20qa- and - 205 -and the two rad1ators 20d and
20c. - A change in-the current apphed to coil 365 effects
a. similar .change -in- the resonant frequency of cavity
70b. permitting confrol of the microwave length between
the two: radiators--20a -and 20(: and the two fadiators
20b and 20d4. This type -of rectangular array has the
advantage- over the rectangular array. of Flgures 34 and
3b of- allowmg control: of- the microwave length between
two; pairs of- radiators by .a single resonant cavity. B

‘Fhe-difference: between-the external and internal cav1ty
means: for: controllmg the microwave length is that in ther
internal case, control of microwave length is obtained by
controlling the resonant frequency - of one of the elemen-
tary resonant cavmes forming part of the resonant cav1ty
structure while in. the  external case, control of micro-
wave length is obtained by controlhng the resonant fre-

quency -of--an external resonant cavity coupled to the

resonant:cavity structure “at the place where the change
in microwave length is desired. Since the external cav1ty
canbe:coupled-at-a-humber of places to the same- reso-
nant-cavity ‘strueture. or to:different cavity structures, a
greater versatility-can-be obtalned

AlthouOh the lmear and rectangular _arrays have been'

sulis can be obtamed for other types of radiating eléments,
for example ‘slot’ fadiating’ elernents Furtheriore, the
arrays “deseribed are Giily intenided to*illistrate: the POossi-
bilities of the invéntion and muth larger and more ¢oit-
plex’ arfays” may- ‘Bé-cotistructed: within the’ scope: of-the
invention:- )

dtwill“berdpparent: thut the éiBodiments shown . are
only exemplary and that various: modifications: can be
niadé i constructionand arrangement -within the scope
o‘f -theinvention®as:defined in-the appended claims.

“We:claim:

1. A linear, mechanically statlonary microwave- an-
tenna-array: the-beam of-which may be varied electrlcally,
comprising in-combination:- a-resonant cavity structure;
means- for: supplying -microwave -energy to said-resonant
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cavity structure; means for dividing said resonant cavity
into elementary resonant cavities; two radiators placed
on said resonant cavity structure to form a linear array;
a metal cup mounted on said resonant cavity structure
between said radiators; a ferrite rod extending from the
interior of said resonant cavity structure through an aper-
ture into the interior of said metal cup, said aperture and
said metal cup being placed so that said ferrite rod is
coupled to an elementary cavity located between said
radiators; a coil surrounding said metal cup; and means
for applying a variable current to said coil thereby vary-
ing the phases between the energy radiated by said radi-
ators relative to one another.

2. A rectangular, mechanically stationary microwave
antenna array the beam of which may be varied elec-
trically, comprising in combination: a resonant cavity;
means for supplying microwave energy to said resonant
cavity; means for dividing said resonant cavity into ele-
mentary cavities; four radiators placed on said resonant
cavity structure to form a rectangular array; four metal
cups mounted on said resonant cavity structure, one metal
cup being mounted between each pair of radiators; four
ferrite rods, each rod extending from the interior of said
resonant cavity structure through an aperture into the
interior of one of said metal cups, said metal cups and
apertures being placed so that each ferrite rod is coupled
to an elementary cavity located between a pair of radia-
tors; a coil surrounding each metal cup; and means for
applying a variable current to each of said coils thereby
varying the phase between the energy radiated by said
radiators relative to one another.

3. A mechanically stationary microwave antenna array
the beam of which may be varied electrically, comprising
in combination: a resonant cavity microwave structure;
means for supplying microwave energy to said microwave
structure; radiators coupled to said microwave structure;
and microwave cavity means for electrically varying the
microwave length between said radiators so that the
phases between the energy radiated by said radiators are
varied relative to one another, said microwave cavity
means for varying the microwave length between said
radiators comprising means for dividing said resonant
cavity into elementary resonant cavities, and electrically
controlled means for varying the resonant frequencies of
predetermined elementary resonant cavities, said predeter-
mined elementary cavities being chosen between said

6

radiators so that variations in the resonant frequencies
of said predetermined elementary cavities varies the
phases between the energy radiated by said radiators rela-
tive to one another.

5 4. The invention in accordance with claim 3 wherein
said means for dividing said resonant cavity structure into
elementary resonant cavities comprises: shorting posts
placed at points of zero electric current and zero electric
and magnetic fields within said resonant cavity.

10 5. The invention in accordance with claim 3 wherein
the resonant frequency of each predetermined elementary
resonant cavity is varied by electrically controlled means
comprising: a ferrite piece coupled to said predetermined
elementary cavity; and electrically controlled means for

15 applying a variable magnetic ficld to said ferrite piece.

6. The invention in accordance with claim 3 wherein
the resonant frequency of each predetermined elementary
resonant cavity is varied by electrically controlled means
comprising: a metal cup mounted over said predeter-

20 mined elementary cavity; a ferrite rod extending from
the interior of said predetermined elementary cavity
through an aperture into the interior of said metal cup;
and electrically controlled means for applying a variable
magnetic field to said ferrite rod.

25 7. The invention in accordance with claim 5 wherein
said electrically controlled means for applying a variable
magnetic field to said ferrite rod comprises: a coil sur-
rounding said metal cup; and means for applying a vari-
able current to said coil.

30 8. The invention in accordance with claim 7 wherein
said means for dividing said resonant cavity structure into
elementary resonant cavities comprises: shorting posts
placed at points of zero electric current and zero electric

35 and magnetic fields within said resonant cavity.
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