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). INTRODUCTION

A shipborne radar antenna for surveillance or navigational purposes usually
has to be mounted in a high position on the ships structure or mast in order to
obtain unobstructed radar coverage.

Reduction in the weight and size of the antenna can be advantageous, particularly

if the antenna is required to be stabilised against ship motions.
Some of these factors and pussible advantages are:-

(a) Reduced "top weight" of the ship (particularly important for small
ships).

(b) Less windage.
(c) Less pewer required to rotate the antenna.
(d) Increase in rotation rate (giving increased data gathering rate).

(e) Increase in azimuthal aperture of antenna (with same stahllxslnp
pedestal and drive power).

(f) Increased data rate by "back to back'" mounting of ¢wo antcnnzs
(with same pedestal unit).

2. CURRENT ANTENNA DESIG

A typical antenna for radar swrveillance or navigation is required to have a
beam that is narrow in the azimuthal plane (1° - 4°) and wide in the elevation plaue
(20° - 40°).

The narrow beam width in azimuth is often obtained from a linear array of slot
elements cut along one wall of a waveguide., The power amplitude distribution alony
the slotted array is arranged s> that together with a linear phare distribution the
design requirements of beum widih and side lobe levels are met. A typical antenna
designed for surveillance purposes in L band and utilising a flared aperture is shown
in Figure la.

The wider elevation beaw widih is often formed by a flared section, Figure lh. Basic
advantages and d:sadvantages of this method of beam width control together with two
alternatives utilising st:c.ed arrays are shown in Figures lb, lc and 1d respectiveis.
In order to obtain well focussed elevation patterns with a flared aperture, the

phase error across the aperture must be small. Minimum flare lengths (1) for accept
able patterns should be about three times the height of the aperture (H), resulting
in a fairly bulky antenna cross scection. Advantages of an antenna with a flared
aperturé are, that only one slotted waveguide linear array is required, and that the
elevation beam width can be varied simply by variation of H and 1.

The azimuthal radiation patrecns ot lincar arrays, using slot clements displuced tio
or inclined about the centre line ot the waveguide wall in which they are cut, sutto:
from high "grating'" side lobes. Jthese are usually of a higher amplitude thun the
normal side lobes of the witenta. ihe level of the grating lobes can be reduced to
below that of the norwal side lobes by means of a "filter'", consisting of a narrow
parallel plate scction mounted centrally on the slotted face of the waveguide
(Figures 1b and )c). The filter adds to the depth of the array.
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An advantage of an antenna design usiny stacked arrays is that a large reduction in
depth (L) is possible (Figure 1c). The depth can be even further reduced by con-
structing the individual arrays from slots positioned along the centre line of the
waveguide, and causing them to radiate by mounting irises inside the waveguide
closely adjacent to them (Figure 1d), (Reference 1). Very low grating lobe levels
are produced by arrays of this type making the grating lobe filter unnecessary.

Disadvantages of stacked array designs are that firstiy, more than one precision
slotted waveguide is needed to give the range of elevation beam widths stated at

the beginning of this section, making the resulting antenna more expensive than the
equivalent flared desigi.. Secondly, that the elevation bLcam width can only be varied
by stepped increments, which are directly dependent upon the number of arrays used

to form the vertical aperture.

3. THE "MULTIPLE REFLECTION' OR ''BACKFIRE'' ANTENNA

The linear array design to be described later in this report overcomes most
of the limitations of both the flared and stacked antennu designs. Only one slotted

waveguide array is needed, and the elevation beam width can be varied over a range

similar t» that stated in Paragraph 2.

The antenna Jepth of 0.6 Ay, is much less than the flared design and is about midway
between th> stacked antennas shown in Figures 1c and 1d. The features are obtained
by the wse ©f a "Multiple reflection' or “backfire" aperture to form the elevation
bear of the antenna.

Autennas using backfire or Multiple reflection principles were originglly described
by Ehrenspeck in 1960 (Reference 2). A very compact antenna called the 'short back-
fire" utilising the same principle was described by the same author in 1965
(Reference 3). This antenna is shown in Figure 2a. The principle of operation will
not be fully described here, but basically the antenna consists of a cylindrical
cavity a half wavelength deep formed from two circular metal plates of dissimilar
diameters. Microwave energy is introduced into the cavity by a dipole placed midway
between the plates, and a "multiple reflection" condition is set up within the
cavity. Energy is 1caked from the cavity at each reflection via the "wall™ formed
by the small plate. The radiation pattern resulting from this is similar to that of
a multiple element cndfire array of much greater physicel depth.

Use of a dipole feed im the above antenna has tended to restrict its use to
frequencies of S band (3 Glz) and lower, also the antcnna bandwidth is limited to
about ‘3% mainly due to the dipole impedance properties.

Recent application of a waveguide teed to the short backfire antenna, (Reference 4),
has shown that for frequencies above S band several important advantages over the
dipole fed version can be obtained, these include:-

(a) Simple design, (dipele tolerances and coaxial line feed are
eliminated).

(b) Higher power operation.

(c) TImproved impedance bandwidth (and overall antenna bandwidth
= 10%). :

(d) Weather prorection radome or pressure seal easily built into the
design,




An important advantage in common with the dipole fed antenna is that a large
reduction in depth (L = 0.6 ;) and hence wcight is obtained with this design when
compared with waveguide fed horns and polyrods that produce equivalent radiation
characteristics. :

Figures 2b, 2c and 2d show the waveguide fed antenna and its radiation properties
with the feed waveguide in two positions within the cavity (see Reference 4). It '

can be seen that the 3 dB beam widths in both the E and H planes lie within the
range of clevation beam widths required for a gencral surveillance radar.

4. APPL&CATXONS OF THE MULTIPLE REFLECTION PRINCIPLE TO LINEAR APERTURES

It has been domonstrated experimentally that the circular cavity of Figure 2b
can be replaced by a trough shaped aperture and that this can be fed by a waveguide
Figure 3a, or a linear aperture antenna such as a sectoral horn Figure 3b. The
elevation patterns of these antennas are formed by the multiple reflection aperture
consisting of a large reflector trough and small reflector strip.

The variation of the E plane (elevation) 3 dB beam width and side louc level
resulting from variation in width of the small reflector strip is also shown in
Figure 3a for a waveguide fed trough aperture-antenna with a vertical aperture, (H),
of 1.5 Ao. The azimuthal radiation patterns :re primarily controlled by the width
of the azimutha. aperture and are, in the casc¢ of the sectoral horn, similar to
those of the torn without the multiple reflection aperture.

The construction of the proposcd linear array antenna is shown in Figure 3c. In this
application a linear slotted array is used to feed the multi-reflection apercurc

which is formed by a trough shaped large reflector and a small reflector strip .
running the whole length of the azimuthal aperture, similar to that of the sectoral

horn in Figure 3b. Two parallel plates pliced one each side of the slot clements
provide a grating lobe filter and also effectively "insert" the linear array feed

into the optimum position between the plates. The grating lobe filter in this casc

: 2 : c :
is by necessity short, = 33 because of its dunl purpose, but effective suppression

of the grating lobes for displaced or inclined slot clements is still obtained.
This is because additional suppression of the unwanted radiation mode that forms
the grating lobes is obtained by its multiple passage back and forth between the
plates.

An important point of a lincar array antenna utilising this type of aperture is thui
the grating lobe filter does not add to the depth of the antenna, but that the filtau
is contained within the miltiple reflection aperture.

S.  THE_EXPERIMENTAL ANTENNA

A vertically polarised linear array antenna of 24 shunt displaced slots and
designed for use in X bind at 9.4 Gliz was used for the experimental tests. A multiyle
reflection aperture, (hercatter shortened to MRA), similar to that shown in Figurc »c
was fitted to the array. The aperture height (H) was 2)A¢ and the width of the suu!
reflector strip (W), 0.3 X5. The spacing between the reflectors was made 0.6 2o.

The azimuthal radiatiom patterns of the linear array were plotted initially with n»
grating lobke filter or vertical beam forming devices (flare or MRA) fitted. These
patterns are shown in Figure 4a for two conditions, firstly, with the array waveguide
mounted such that its slotted wall was normal to the line of sight of the incident
cnergy from the transmitter (0° Elevation tilt). Secondly, the azimuthal pattern

was taken with the arrvay tilted back by 15° in the vertical plahc in order to show
the grating lobes normally found with arrays using-displaced slots. The grating
lobes are situated above and below the horizontal plane passing through the centre
of the main beam. —




From Figure 4a it is seen that the measurcd levels of the highest side lobes of the
antenna in the azimuthal planc are of the ovder of -26 to -27 dB down on the main
becam at 0° Elevation. On tilting the antenna back 15°, the grating lobes appear at
+ 38° with levels of -23 and -26 dB respectively, for the left and right hand sides.
The patterns shown in Figure 4b are of the same linecavr array antenna, but fitted
with the MRA described above. Measured patterns for antenna elevation tilts ‘of 0°
and 15° are presented. It is secn that the highest side lobes have increased on

the left-hand side of the beam have inc.eased by about 2 dB on fitting the MRA. With
the antenna tilted back 15° the left-hand side grating lobe (at 38°) has increased
by 2 dB to 33.5 dB, but this level is still well below the general side lobe level

of the antenna, This latter pattern with the antenna tilted back 15° also shows

that adequate suppression of the grating lobes has been obtained even with the very
short filtec plates surrounding the waveguide slots.

6. COMPARISON OF ANTENNAS

The antenna shown in Figure la was designed for L band (Reference 5) and a
cross section of it is shown in Figure Sa, together with its dimensions in generalised
terms (lo). 7The mid-band elevation and azimuthal radiation patterns of this antenna
are also showni. Comparison is made with the patterns obtained from an X band MRA
-antenna, Figure S5b. It can be seen that the aperture dimensions as well as the
amplitude and phase distributions give radiation patterns with similar characteristics
in both the clevation and azimuthal planes to those of the L band antenna with flared
aperture.

The azimuthal patterns of both arrays have main beam widths and side lobes of similar
proportions. The elevation patterns have simiiar main beam widths but the MRA
antenna hLis considerably lower side lobes. A table is presented (also in Figure Sb)
showing the estimated percentage saving in cross sectional size and weight obtainable
by use of a MRA antenna in place of a flared aperture design. Savings in overall
depth of the antenna (L) of approximately 72%, including the array waveguide, are
possible. A small reduction (10%) in aperture height (i) is also possible. The
weight reduction, assuming construction from similar gauge metal for both antennas

is approximately the same as the reduction in the cross scctional size. In practice
an extra array support structurce might be needed to give o siuilar order of mechanical
stiffness along the length of the MRA antenna to that of the flarcd antenna. Allowing
for this extra structure the weight of the MRA antenna should still not be greater
than 50% of that of the flared antenna.

Figure 6a shows two MRA arrays mounted Lack to back as proposed in Paragraph 1.
Reductions of 44% are estimated in total array depth (2L), compared with a single
flared antenna. The weight of the dual array should be of the same order as a single
flared array.

7. SUGGESTED ANTENNA CONSTRUCI1ON

Three possible methods of constructing the antenna in a practical form are
shown in Figure 6b. The large und small reflectors forming the array aperturc can
be spaced apart using a solid block of low loss dielectric, rigid plastic foam or
a honeycomb laminate. The slotted waveguide array together with grating filter
plates are shown insertad into a gioove cut in the centre of the blocks, and are
attached to the rear of the large reflector.

If a solid block were used the slots lenpths and coupling factors would have to be
designed to be resonant when radiating into the block. Also the spacing between the
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“dielectric of the block) in order that optimum multiple reflection conditions could

reflectors would thc'io be rédnccd by %ea (where id is the wavelength in the

be obtained. Both reflectors could be applied to the blocks or tube using plating
techniques. ' o -

8. . - CONCLUSIONS

LW e o At

This report describes a method of reducing the size and weight of lincar array 4
antennas that use a flared aperture to form the elevation beam. . These reductions
are obtained by replacing the flared aperture design by a multiple reflection i
aperture, thereby giving large reductions in antenna depth, cross sectional area and
weight of the array.

Estimations of the order of reducticns to be expected show that savings in size and
weight of 50% - 70% wight be possible and that this would fulfil most of the possitle
advantages listed in the Introduction. A limitation of the MRA antenna is that at
the present time it can only replace antennas with an operating bandwidth of 10% or
less. : -
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ALTERNATIVE METHODS OF FORMING THE ELEVATION
BEAM OF A LINEAR ARRAY ANTENNA.
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FIG. la. A TYPICAL LINEAR ARRAY ANTENNA WITH FLARED APERTURE.

su——(_..l

T

LR 40

FIG Ib. FLARED

il
:}T L= 150
P 1.

b

E\_L

RDYANTAGES.
I. SIMPLE DESIGN.

2 REQUIRES ONLY CNE
PRECISION SLOTTED
ARRAY .

ELEVATION BEAM
WIDTH CAN BE VARIED
CONTINUQUSLY WITHIN
LIMITS.

SECTION ARRAY.

!. SMALLER CROSS
SECTIONAL ARER

2. OECRERSE IN
VIEIGHT OVER
FLARED DESIGN,

DISADVANTAGES |

TO OBTAIN GOOO ELEVATION
PATTERNS FLARC LENGTH
> 3H

FLARED DESIGN GIVES
MUCH LARGER CROSS
SECTIONAL RREA AND
WEIGHT THAN STACKED
ARRAYS. ‘

REQUIRES MORE THAN ONE
PRECISION SLOTTED ARRAY

ELEVATION BEAMWIDTH
CAN ONLY BE VARIED IN
STEPS, DEPENDS ON
NUMBER OF STACKED
ARRAYS,

FIG. lc. STACKED ARRAYS (DISPLACED OR INCLINED SLOTS)

--{‘-fq—
_r

H L= 0-38%e

+

FIf. 14. STACKED ARRAYS

I.  VERY SMALL ARRAY
CROSS SECTION,

2 NOGRATING LOBE FILTER.

3. LIGHTWEIGHT

(imis FED sLoTs)

BOTH DISADVANTAGES -

AS FiG.lc ABOVE

ol s i b 2 ; .

e SR




ANTENNAS \ITH MULTIPLE REFLECTION OR “BACKFIRE

APERTURES

LARGE REFLECTOR /
TYPICALLY 2NeDA [

SMALL REFLECTOR

ok LA D /TPICALLY 05 heDia

COAXAL A
LINE — ?° -
—1{ \ol—

MIDWAY BETWEEN

T-PLANE

j

— DIRELT 1IN LY :

PROPAL ATION

DIFILE

REFLECTORS

Fia2a. SHORY BACKFIRE ANTENNA WITH DIPOLE FEED

LARGE REFLECTOR ey
TYPICALLY 2XoDia. )

SMALL REFLECTOR

-9 ..° /

a3 ' TYPICALLY O:SAc DWA.

_] I \s\;PPaRTE.D ON A

53 X
WAME GUIDE : LOW-LOSS FOAM BLOCK)
FLED CAN BZ | L
FLUSK CR \NsertEd!  Qaav
MIDWAY BETWEEN Fiey
REFLECTORS. oy ) fo-

T

E- PLAND

i

4
DIREIY 2 &
PROPAGATISN

FiG.2b. WAVEGUIDE FED VERSION OF ANTENNA

60°r 3R GAIN ¥
BLAM 49 .[

348t WIDTH 13

40./’—\"‘”\4...‘~ 2

e

5\').\ ‘-P“*‘ - At "

N SSAM vy
P-Ah‘ EL—L~

23 AMRIDTH

e e e

Bl
o4 05 C& o7 o8 03 19
DIA. OF SHA_L REF.LCIOR, d()\o)

c=08 M
<5 -3 ~-< E-FLANE
— H=-f! ANT
=104
N
-15
/\
-29 I
- 4

2 T e 2 2
secf 6J° 309° 0° 32° €0° 29°

FiG 2c. RADATION PROPERTIES OF ANTENNA SHOWN IN FiG.2b
(WNSERTED FEED)

& or
N d=3:-5A¢
5 -5 ~-<E-PLANL
= \ — H- PLANE
& <t
4
30’[ e i e
Y e e
| < BtAamwiot, | v .
zo'[ 10 -2
o s -25 . -
Q4 085 DC YT V& 903 1] 99° Gt° 30° O 30% &o* oe*
DiA OF SMALL REFLEETOIR 4 (A0)
‘ EiG % RBAMATION DPIOPTLTIES OF ANTEI M SVARN W 6f LR F:Z'C;\
B - S ——— . . . ———
s po by . . J 'A‘na‘.‘
Narnd, S0 F i D » ,




e D g BN N 5

AULTIPLE REFLECTION APERTURZS APPLIED TO

E . i ! A o :
N , LIEAR  ANTERNAS :
: ;
H o
{ 609 348 O
AM <6 snee
WAVI GUIDE LMiLL RTFLIZTOR 55 :::o'm 0E2" 1 -5 oee
Ftzo - STRIP SAMZ LENGTM. LEVel
§ J1#° 4s APERTURE 40" o 0 4
2 <
P W 30~ - -15
% fs—mme 2w
T / CLEVA'NON) 3°°1 Ne g Zmmat-20
W
: I 03 0% 05 o0b 07
LARG: REFLECTOR (H21'S Ao) w(Xo)
FIG. 3a, Y/AVEGUICE FED ANTEINA WITH TROUGH HULTI-LEFLECTICH APERTULS

! ; < y LLARGE RIFLECTOR

SECTORAL HOAM

2 03
- - °
W= 1:2A P

U
E-PLANE 597
(ecevamian)
40°-

HSAMN AFERTURE
.CAN E. FLUSKH
CA INSEAYED

SMALL ATFLECTOR -
STAIP

F10. 3b. H PLAIIZ SECTCRAL HOR{ \ITH HULTI-REFLECTICH APZATURL.

. e LARGE REFLECTOR oy

ELOTVZID WAVEGUIDZ
LINZAR ARRAY

SMALL REFLICYCR :
STRIP (SUPPORTED Cv A )
FUASTIC FOAM LLOLS )

Fr=
Y
Y—L'

ARRAY S5LOTS

‘ : PARALLIL METAL %

STRIPS EALM S\DE /L//’
“INSERTION" OF ARRAY  APIRTUAE
AND GRATING LOLE FILTER

FIG. Sc. SECTION OF SLCTTED LINEAR ARRAY UITH MULTI-REFLESTICH Srliviil

Dt i 2 s i ¥ . k ‘




AZINUTHAL - RADIATION  PATTERNS

: ﬂ O"ELEVATION | ﬂ 15° ELEVATION ".
dB f= 24 GHz d8 { §£= 9-4 GHz 4

10} -k 1

1sf f6 |

20fF :

25 ;

30} §

BT 20° O° 20° 40° 665 80° D 60° 40° 20° O° 20° 40° % 80"

FIG 4a RADIATION PATTERNS OF A LINEAR ARRAY OF 24 SLOTS

or : : or
| oeevarion ; ~15° ELEVATION

a8 f=946Hz 548 | f-9406H:
-10F . : H= 2 Ao -10F H= 2 2o
sl : - W= 0-3%0 .l ws= 0:3 Ao
-20- _20-
-’ _25-

25f-

1o, 2L el
_35‘__‘_____,_ ! 1’] A ACLE AN N -35 I “ Y ]I‘ o [}

€0° 60° 40° 20° O° 20° 40° &0° 80° 80° 60° 40° 20° ©O° 20° 4o 6o 20

FIG.4b RADIATICN PATTERNS OF ARRAY WITH MULTIPLE REFLECTION APERTUR

o or 1
P ﬂ O° ELEVATION ﬂ O’ELEVATION '
5[ d8 f=936Hz T~ d8 §=295GHz
-0k H= Z Ao -10f H=2 Ao :
wW=0:'3%Ne W=0-3X¢ |
~}EF -\SF .
~2¢ -20F
4
257 -25
fg ’1 ¢ r '\.j.‘ “ﬂ \i
=alr ‘ i‘g.“ - . —33-
-35 JM -:iL ‘ -35 _A____/‘J \“ 4',}1
80" 60° 40° 20° &*  20® 40° 6L° BO° 80° €3° 40° 25° 0° " 22° 40° 66° £O°

FIG 4c RACIATICN PATTERNS OF ARRAY WiTH MULTIPLE RZFLECTION RPZRT




s i

e ———l .

cc. 0 m\lSGq Ol

LGeAY— =
r—'_'/ H(ZL ,\4\

LINEAR A
ALD NMULVIPLE REFLECIIO

) g
SECTION OF ANTENNA OF FIG la
or ot : o
ELEVATION n AZIMUTH

-sp f=13GHz  -5[ dB £21-3 GHz _,
-QT =10+ ":
=5 -1sr V
=8 -20 ;
=25k =25 ﬂ ‘
-3 -36’ '.' i‘:
-35 et = Y i Gty RV ~35 ﬂ l y
. #0% 0" 4% 20° 0 2ot 40’ 800 £0° (F3 ©o' 407 20° O° ’o' 40° 'a‘ S-.’
FIG.5a RADIATICN PATTERNS TURZS

RAYS WITH FLIAZ =
~PERTURES 5%

OF ANTENNA WITH FLARED AP:R

ESTIMATED RIDUCTIONS iN SIZE AND AND  WEIIGHT

' L OF MRA ANTENNA OVE

'{o b \| <

T

IMENSION
ANTENNA Dzpva (L)

TENNA L IGHT \H
@) |w(o.m) ANTEN : KIG ‘\)
; —L } AREA OF ANTENNA
CROSS SECTION
SZCTICN OF MRA ANTENNA ANTENNA WEIGHT
Cc- : c.
c ELEVATION \ A
-$F -5
f=94GH2 i
-8 -1Cx
-18 -15,-
=2 -2
| E‘
-325 -3~ il
-35[_l ) L i 1 i o |— -ésl —L e h"
80° €07 49° 2" 0 20° 40° €0° 80° 80" 0° 40" o°

oa

REDJCTION
13%
10%

. 68%
x50%

AZIMUTH
f=9-4542

..' 40" 60" W'

FIG Sb. RADIATION PATTERNS OF ANTENNA WITH MULTIPLE

REFLECTION APERTURE

i

R FLARZD ANTENNA DISIGN. ..



~'-"*:.-‘,‘»‘I"ﬁi;*."f'i‘?*'?g"ii#'a‘-~?"f"'{'y""‘.i FIREAT W O 31 MG N o R, o s G B - %

ESTLLTED REDUCTIONS GF BACK TO CACK MOUNTED 62\

MRA ANTE!NAS OVER A SINGLE FLARID ANTCNKA v : W
~I2L(195Re) '—  MMENSION - REDUCTION
L T E—T AHTENNA DEPTH (21) 44%
YV Tt H - ANTENNA HEIGHT (H) _ 10%
|3 | Ela)  area oF antenna
J L.} crosssecmon N 34%

ANTENNA WEIGHT

FIG.6a COMPARISON OF BACK TO BACK MRA ANTENNAS WiTH FLARED ANTENNA

SOLID BISLECTRIC CR RICID PLASTIC
FOAM BLOCK SPACES FIFLECTORS
AND GIVES WEATHIZIR PROTECTION

. OR FRESSURE SZALING.

LARGE REFLECTOR

\

ARRAY

NOTE. REFLECTORS COULD BE APPLIED TO
SLOCKS BY PRINTED CIRCU.T METHOLS

SMALL REZFLZCTOR -

7t ——RECTANGULAR PLASTIC TURS (GRP LAMMATE)

~ WITH GA \/ITHOUT RIG:D FOAM OR ESKIYCOMD
CRP LAMINATE SPACER, GIVING VERY STRCAG
LIGHTWEIGHT ANTENNA WITH BULT IN

* RADOME.

REFLECTORS COULD BE OF PAINTEN' FORM -

FIG.6b. POSSIBLE -METHOS6 OF ANTENNA CONSTRUCTION

22 SINGLE FLARED ANTENNA-{-




e s

IOCHENE CONTROL SBEET

Overall security classification of sheet ...... WI.X.MXTCD ........... A s e sin'n e B mig hminin's ¢ bl ae e
(As far as possible this sheet should contain only unclassified information. If is is necessary to ent.: o
vlassificd information, the hox concerncd must be marked to indicate the classitication eg (R),(C) .o~ (B
1. DRIC Reference (if kuuun)! 2. Originator's Reference! 3. Agency Refereuce .L. Report Security
‘ Classification
BR 39420 TR-74-2 UNLIMITED
5. Originator's Code 6. Originator (Cnrporate Author) Name and Location
(Hif known) g
S : ADMIRALTY SURFACE WEAPONS ESTABLISHMENT
012000 PURTSMOUTH HANTS UK
3a.Spensoring Agency's 6a.Sponsoring Ajency (Contract Authority) Name and Location ]
_ Code (if known) . : g B
7. Title %3
A LINEAR ARRAY ANTENNA OF GREATLY REDUCED SIZE AND WEIGHT
7a.Title in Foreign Lang\uge (in the case of translations) ;
g
j:
{ 4
e |
7b.Presented at (for conference papetrs). Title, place and date of conference : J‘
= |
- — e o — o - .1
8. Author 1,Surname, initisls [Ya Author 2 9b Authors 3, 4&... 10. Date P S ret |
A C LARGE : " | February 1974 h
A RS ‘;:
11. Contract Number 12. Period 13. Project 14. Other References | {
i > .
; |

15. Distribution statement

Via DRIC TP/A Director ASWE

Descriptors (or keywords)

continue on svparate piece of paper if necessary'

Abstract " {

A new type of antenna design is described that could be applied to ?adar antennas
for surveillance or navigational purposes. Compared with antennas in current :
use larze reductions, typically 50-70% in cross sectional size and overall weight,
'should te obtainable with this antenna design. =3

b e —— e e e e




