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Sixteen-element short-backfire arrays have been shown to yield maximum
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Abstract

Sixteen-element short-backfire arrays Fave been shown to yield maximum
gains of approximately 25 dB. The influence of parameter variations on the array
patterns and directivity has been experimentally determined by varying the fre-
quency. A table of the normalized design parameters for an are . efficiency of
3 approximately 90 percent is given for construction purposes. 4’| array dimen-
sions are indicated in wavelengths so that each application can e 1y be scaled
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A Sixteen-Element SBF Array

1. INTRODUCTION

In earlier reports of our series on short-backfire (SBF) antennas and arrays,
we introduced the concept of the SBF element (Ehrenspeck, 1965, 1969, 1970) as
a new type of array element for high-gain antennas (Ehrenspeck and Strom, 1971a).
We also discussed two-, four-, and eight-element SBF arrays in the gain range
of 17 to 22 dB (Ehrenspeck and Strom, 1971b), and described detailed design deta
for a four-element 20-dB SBF array sptimized for tho.e special pattern character-
igtics that result in highest array main, lowest side- and backlobe levels, equal
half-power beamwidths, or equal’ :am shapes, in the E and H planes (Ehrcnspeck
and Strom, 1971c). As a continuation in this series, the present report deals
with an experimental study of a sixieen-element SBF array that reaches a gain of
25 dB.

Contemporary anlenna arrays with gains of 20 to 25 dB are usually designed
with many closely spaced slot or dipole elements in front of a common reflector.
The properly iapered illumination of the reflector area is provided by adjusting
the amplitude and phase of each of the elements by attenuation and phase-shift in
the input-output circuitry. This practice introduces losses and thermal noise
and reduces the directive gain of the array. One of the largest dipole arrays in
use for satellite tracking yields a gain of 22 dB with 48 dipoles (Oettl and

(Received for publication 22 August 1972)

. tg‘ﬁ;f‘ vl§ SVW

i

K




i
3
4

f;

T

Eh

Lo bt d L

e

7
e

Thomanek, 1968). If a gain of 25 dB is desired, the number of dipole array
elements would have to be increased to move than 100. The use of SBF elements,
however, reduces the number of feed elements to 16, since any SBF element will
replace as many as 6 dipoles. The amplitude and phase adjustment devices can
be completely eliminated, resulting in a markedly increased array ~fficiency.

The experimental work described in this report includes measurements of the
radiation patterns and antenna directivities of a typical 16~element SBF array.

Since such high-gain arrays are likely to be used for commu~nications and telemetry

as well as for monopulse tracking, the sum and difference patterns are presented
for both the E and H planes.

The experimental array model was designed to perform optimally at a fre-

quency of 3.0 GHz, which is the same as that used for antenna models in our earlier

veports (Ehrenspeck and Strom, 1971a, b, c).

2. THE SIXTEEN-ELEMENT SBF ARRAY

2.1 Description of Array

Figure 1 shows a front view of a typical sixieen-element SBF array. It consgists
of sixteen separaicly fed SBF elements backed by a common planar squarish
reflector M of side length DM' with each corner curved at a radius r (r = DM/S)
from the element proximal to it. Reflector M is bounded by a rim B of width W
The reflector disks of the SBF elements are denoted R. All SBF elements are
equispaced center-to-center a distance SE (=r). The structure is symmetric with
respect to its diagonal as well as its x and y axes. Sum patterns can be obtained
by rotating the array around any of the three axes; for difference patterns, how-
ever, only the x or y axis can be used. The patterns relevant to this study were
measured by rotating the array about the x and y axes, rigure 2 1s an eblar jed
cross-sectional side view of one of the non-corner SBF elements of the upper
element row 1n Figure 1. The spacing between reflector M and the feeds F, and
between reflector M and disk reflector R, are denoted SF and SR' respectively.

B

Feeds I are slotted dipoles, but crossed dipoles can be substituted for circular
polarization response or monopulse tracking in azimuth and e’ »vation. Rods Q,
which support the reflector disks R, are insulated in this particular application.
For other feed structures, for example, syminetrically fed dipoles or equivalent
radiators, metal rods would suffice. Although SBF elements have the same dimen-
sions, their specific ~ontributions to the array pattern are Jifferent because they
depend on their location in respect to their neghboring elements and the rim

dimensiwons. In the described array model, as in models of earlier reports, the

:
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4
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Figure 2. Sketch of Cross-
Figure 1. Sketch of Sixteen-Element SBF Sectional Side View of One of the
Array Non-Corner Quter SBF Elements

rim depth WB is shown equal to SR‘ For flushmounte ® or weatherproof array
applications, this configuration offers the advantage that the entire structure can
be easily covered by a dielectric plate. Reflector M consists of the four cartesian
quadrants I, II, III, and IV, ~ach of which contains four SBF elements. This
arrangemeni provides operational symmetry for the sum and ditference patterns
in the E as well as in the H, plane of the array.

2.2 Dimensions of Array

The dimensions of the experimental sixteen-element SBF array model were
chosen consgistent with those of our previous SBF array models except for the
spacing SE of the elernents. Earlier investigations of a four-element SBF array
had indicated a further increase in directivity for a slightly wider element spacing.
The first sidelobes were still lower than -14 to -16 dB in the E~ and H-plane
patterns (Shrenspeck and Strom, 1971¢), Therefore, the same value of SE was
chosen for the newly developed sixteen-element SBF array described in this
report, The array psrameters referred to the design frequency fo = 3.0 GHz
(xo = 10. 0 cm) are listed 1n Table 1.
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Table 1. Array Dimensiong for fc. = 3.0 GHz

Dy = 5.63%
r = 1.13)\o
Dp = 0.50\
Sg = 0.50\
Sp = 0.25\
Wp = 0.50%
M = 30.55 xg (area)

£hotographs of the described experimental array model and 1its input cir-
cuitry are shown in Figures 3 and 4, respectively. The cabling consists of phase-
stable 50-chm coaxial sections (Times Wire and Cable Type SF-42), which are
adjusted to equal electrical length, and of balanced fourport power dividers
(Omni Spectra, Type OS 20244). Each of the quadrants I, II, III, and IV of the
array, together with a divider, forms a unit. For the sum patterns, cables of
equal electrical length connect the four quadrant units with a fifth fourport power
divider, whose outpu. is the sum voltage of all sixteen elements. For obtaining
the difference patterns in azimuth or elevation, the fifth power divider is re-
placed by two iwoport dividers (Omni Spectra Type OS 20224} and a coaxial magic
tee (hybrid) providing the necessary 180° phase shift for the pattern minimum in
the center axis of the array. For determining the azimuthal angles, the quadrant
units I+ IV and II + [II—and for the elevation angles, the quadrant units I + Il and
IIl + IV—are connected with the twoport dividers, and all dipoles rotated into the
direction of polarization. This procedure must be followed because crossed
dipoles are difficult to construct for the GHz frequency range of our experimental
slotted-dipole array models. Tnis method of measuring the E- and H-plane
patterns of the array is justifiable since for applications at lower frequencics,
the coupling between the two members of a carefully designed crossed dipole can
always be made better than 30 dB.

3. EXPERIMENTA) RESULTS

3.1 Sum Palterns of Array as Function of Frequency

The experimental investigations of the sixteen-el>ment SBF array model
included the measurement of the sum and difference paticr»e ar directivities over

the frequency range 2.2 to 3.6 GHz. All measurements were p.rformed 1n an
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Figure 3. Photograph of Experimental Sixteen-
Element SBF Array ’

Figure 4. Photograph of Coaxial Cable Network
for Experiumental Sixteen-Element SBI" Array
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anechoic te::t facility. In all patterns shown in this report, the eaergy leve: of the
main beam v-as always adjusted to the samme maximum amplitude. The array
directivities were measured according to the pattern integration techrique
described by Fulmer and Moseley (1960C).

Figure 5 thows @) the half-power beamwidth and (b) the level of the first
sidelobe as a function of frequency in increments of 0. 1 GHz. Since the first
sidelobe was to be limited to approximately -13 dB the useful frequency range was
limited to 2.7 to 3. 3 GHz, as indicated by the two perpendicular lines. Figures 6
to 12 present the E-plane and Figures i3 to 19 the H-plane patterns over this
frequency range. It will be noted that the beamwidth varies from 12. 5° to 10.5°
in the E plane, and from 11. 5% to 10. 5° in the H plane. Thne pattern bandwidth of
the array is determined by the allowable sidelobe level. It is approximately
+ 10 percent for sidelobe level limitations of -13 to -14 dB, and is remarkatly
wider if higher sidelobes can be tclerated. For some frequencies below 2. 7 GHz
and above 3.3 GHz, additional sidelobes appear at angles approximately 60° to
70° off the axis. These must be taken into account if the array has to be used
for a frequency range wider than t 10 percent. Such patterns are, however, still
acceptaole for many applications.

3.2 Sum Pattemns of Array al Design Frequency (3.0 GHz)

The array patterns for the decign frequency (3. 0 GHz) are presented in
Figures 9 and 16 for the E and H planes, respectively. The half-power seam:-
widths are 11° and 10.5°, and the first sidelobes at at -13.5 d3 and -14. 8 dB,
respectively. All other lobes are below these values. At angles of +90° from the
axis, all lobes decrease to ~30 dB and the backlobe is measured at about -40 dB.
The directivity calculated from an improved gain beamwidth product equation
(Stegen, 1964) is 25.1 dB. This value is in gocd agreen:ent with the 24.9-dB
directivity measurement obtained by pattern integration and corresponds to an
area efficiency of 80 percent (referred to the area of reflector M).

3.3 Difference Patterns of Array as Function of Frequency

To show the tracking capability of the array, the difference patierns are
presented in Figures 20 to 26 for the E plane and in Figures 27 ;0 33 for the
H plane. The level of the mainlobes has always been adjusted to the same
reference level, which allows a dynamic range of 30 dB. All patterns show the
sharp mimima that are necessary for accurate tracking in both azimath and
elevation angles. At the design frequency, sidelote levels of approximately
-16 dB are obtained., At a frequency approximately 3 percent lower, the s:delche
level decreases toc nearly -20 dB. Mostly all further-out lobes in the E- and
H-plane patterns decrease to at least -30 ¢B.
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3.1 Diffsecace Patiems of Arrs: 21 Design Frogueacy (3.0 GHz)

The array patterns for the desizn frequency (3. 0 GHz)} are presented in
Figures 23 and 30. They indicate sidelobes of -17.5 ¢B8 and 15.5 dB ir e
E and H planes, rzspectively. All otker sidelobes are lower thanp -21 dB and
far below -30 dB in the angular range from 90° to 270°. The minima are far
below -~30 dB.

3.3 Ars; Div ctivity as Fuaction of Frequency

The array directivities were measured by pattern: integration over the same
frequency range as the patterns. The results are shown in Figure 34. A direct-
ivity of almost 25 dB was achieved at the design frequency. Slighlly greater
values, to 2 maximum of 25. 5 dB, were measured at a frequency approximately
10 percent higher. If, however, the directivity values are referred to the
reflector area and the results discussed in terms of array efficiency, the picture
is different.

The array directivity can be calculatedas D = e (41A/\2), where A is the
retlector area expressed in \2, and e is the aperture illumination efficiency
defined as the ratio of the measured directivity to the directivity obtained with
uniiorm aperture illumination. The efficiency reaches 100 percent if the total
reflector area of the array is uniformly illuminated. Calculated array directivity
curves for values of e between 65 and 100 percent as functions of frequency are
plotted in Figure 34. It is evident that the array has an area efficiency of
approximately 80 percent at the design frequency (3. 0 GHz) and at the frequency
yielding the highest di: ectivity (approximately 3. 3 GHz). These high efficiency
values are concistent with the earlier measurements on SBF arrays of fewer
elements (see Ekrenspeck and Strom, 1971a,b,c).

Of special interest is the directivity value measured for 2.9 GHz, which
shows an area efficiercy of nearly 90 percent. In checking the corresponding
sum and difference patterns of Figures 8, 15, 22, and 29, it was found tkat they
indicate an even better overall performance than those for the design fr-quency.
From thesec results a new table of optimum array parameters of a sixteen-
element SBF array whose area efficiency is approximately 90 percent can be
developed by scaling the dirnensions of Table 1 for the 2, 9-GHz frequency. The
resulting dimensicns are listed tn Table 2. The radiation patterns of this array
are those shown 1n Figures 8, 13, 22, and 22 The directivity of the optimized

SBF array is 25 dB, or, 1.4 dB greate: thin that of a ~onventional array raving
an aperture illumination efficiency of 65 percent, for the same reflector area and
approxiraately the same pattern quality.,
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Table 2. Array Dimensions for { = 2. 9 GHz

DM = 5.44 )\
r = LO9X
DR = 0.481
Sp = 9.481
SF = 0.241)
WB = 0.48\
M = 28.5512 @area)

4. COMMENTS

The sixteen-elemewnt SBF array has excellent radiation patterns and
directivity char.cteristics for antenna applications in the gain range near 25 dB.
Both the sum- and difference-pattern bandwidths are sufficient for most uses..
The impedance bandwidth could not be investigated because of th2 relatively high
frequency for which the described array model was designed. This probiem has,
however, been solved for applications at lower frequency ranges such as those
used in the Tactical Satellite Communication System (TACSATCOAS) and in a
four-element SBF array developed for the U.S. Naval Underwater Sound

Laboratory (see Ehrenspeck and Strom, 1971c). Both antennas use sleeve-type

crossed dipole feeds that provide excellent impedance-matching in the 240- to
315-Mhz frequency range.

The refilector of the exrerimental 3-GHz model array of Figure 1 was

fabricated from sheet aluminum. If weight and wind resistance are considerations,

such as for array structures for VHF and JHF frequencies, expanded aluminum

or similar materials can be used. The r:=sh openings of such materials have to

be smaller than 0. 1 v.avelength of the highest operating frequency.

The extremely high aperture 1llumination efficiency of he arra; resuits ina

markedly decreased reflector size. The reflector area of the describea SBF

arrav is only approximately 0. 7 tunes that of conventional 25-dB a~rays, which
usually yield the same patt_rn characteristics with 1llumination efficiencies of
approx mately 3 percent.

In general, the combination of good-quality sum and difference patterns and
high directivity renders the sixteen-element SBF array an attractive antenna
that competes very well with contemporary multieiement arrays. For approxi-
matel; the same performance, these other multielement arrays would need more
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than 100 separately fed dipole elements. The markedly smaller reflector size i
1 and lower number of feeds required by the gsixteen-elemert SBF array reduces
: construction costs and line loeses while improving the reliability of osperation.
3
3 4
!
{
4‘




oA wae b
. —— - - - U I LR s AR b o ¢

1

(auwid ) ZHO L'2 « ; 3e Le1ay JES JUIWIT-UIIIX]S JO UL ed Uonepey ‘g aandig

Randibahtios ke aodiindaic. sat ot

+ - %1
\
1 oyl 7 ;.J\ )
an PN Yo U
] ! SRS SO T
a ' J—
~ "
r y : I IR SRS D DU PRSI
| A P
I ﬁ [PRSS DOUUE SO PR RSP S
R P P
teabi il
t e gofossoadoces fooe deeees
3 H ‘ PO S SRS DUSI SESA PRUON
” IEEREE R I o
8434444 34944 rere PR B PRSP
— . e | .
$y 9 cdaee PO SR DR
M b o
1 1 L ¥ 4 PRI resedaere faeres
] HEH L _ e IS SUUUT U IO
[} [RUETE FETTES SRR RTT DS npn SUpus SUtpuiply SR
HO L3 «) _
Surld ) PO Y PP IR NS N P
4 wiNeg Wng sfeeee s
r L1, 1] veegersretersentresvats veapecsdide cpeds on
seons ! _
1308 A PR FIETES . adeot .
sive N NEAYY T | . e - ! :
S Lil b b bane FUUDPS SO DTS NI ° : e -
b
3
1]
3
9
1
e TN AR Al el e

R O P P . S P . YT P P Y T ST I Y T T PO



L

-

(duwid ) ZHD R°2 = J e AwIay JHS IUSWSTF-UIIIX]S JO UI3}BL UonBIpRY - aandi g

TS T T T Wﬁ.ﬁ 4 _ =
e q 1 m ST 10
. Lid 1 L L3 L4 i RS

-

=2

i

-
S (i PO S e
<

o

4reeateseerte PP R

R S

T
e

baset pr

{9P) AV INO MIMOJ JAUYY.

HO 82 =
e 1
usNed wns

'S
4dMoNd|
Mve ‘ON Wubiivd)

b -4

——

b M b

Ll

2 d Gt " ha el ud Addioa [P



-

R i

- R R et
b}
(oueld @) ZHD 6°2 = J 38 ABIIY JHS USBWI[H-UII;NS J* ~i"}3ed WO Elpey °g 2andrg
Ll A TR Y ¢ WS BVl _ Veowomene ) -
i Aﬁjlﬁj YT T R A B
UGG il l & o
T w\ | i _ .
i TN { T B
L 44 N < B o I S
I pilbiil |
TN | R
! il e il ol
_ ; ; LB
i Mt
_ i it
_ .m ord
the
! ! _ s
| b i
# ﬁ .
I Y .
_ i _ ! w; | L
nzoo.”._un-w ' i
wined wns 4_: T x_, T T 04,4‘
+ 41119 4141 -
Ril 1] i : .jc i ' 11 r-xi.A H NESUARES ] gugs i .Nh?.f
a on wenwm I _: Hii HOHL o
DR e - : T




(duerd @) zZHD 0°€ = J 18 LBIAY JHS U WST-UIXIS JO UIdYIB] UOLIEIPBY °6 3and1y
[ !ﬁ!liﬂh’.ﬁ.ﬁl“ﬂ ~ I — rrouy -
YHTTT] L pbi % T 13 T .
AT . A AT TR
} » 3 N _ o _ W o
\ _ m._v i
y , gl
\ 41
N AL TMNRRL R
n m_m _m. ;b mw_
Wil )
|
o} i i z .
% M-t & .
| ! < I
i _ 4
=
%
B !
) " A
_ w Il
ZHO 0°¢ ) ﬁ .: T ) __
aweyd 3 il B
uJoped wWng ! 1 S e
{ W 1. .l«_ el
— i _
Vo o..ux..-.ttﬂ — i _ _ _:m w




e N

- I P > R T 7

15

(duerd @) zHD T *g = 3 1e Leray JHS JUSWSH-Us31XIG JO UINE UOLBIpEY 0T sandt g

L T et asto St e
r = s
m.r o¥] 53 ¢
¢! v [ Jiniieisis
4 ! edt 0
T ! . %
!
L H ’
_ [

]
i T t ]
TN T n_* , Nt s
HE T
H L | p 1t
H 1414 vx“ 1 2 8
i L B HiH} L
~ , T

-4

ZHY 1°¢ <} | [1{ |
sueid 3
usayeg wng (] |

——

. i N S

i | :
1934044,
ve ‘ON NIRLLYd

N £

SRR SHED SN S

oo S0 2in b g s ol e

™ POTPR P Ty P T

PRUEY Y cas T O IR CI T OTER I pair=-PO, 0. L SO 1P R LTI A



AP R

- N e e e e e s S e

(suerd @) ZHD 2°¢ = § 3¢ LBIIy A4S 1Us WAH-UsIIXIG JO UIaljed UON®IL -4 11 aandig

L NORPAICRIND SIS DS INY T T =
P T T oLl Vi )
o FHTHTHTT T et TR M 1L T NI 2
3 . | b » L ! _ o M ) :f. ..,v> par cren
; 1 irrq _ : . :
i L !
I AL .
] b ) HHLT m w AT , W il
T T + ’
I LN N
¥ ! * ] 12993 4
1 i I i :
r 3 i L & 2
ittt it glr b g
| R fl O R i
. 1 i Hitllg 1 1 H L ) _y i SERYRLEE ﬂ il .M;L
1 HHPHH H HHH et H L I ! . e
n (1 L Pho
4 HHHHTH SURBRRRRRAE m}.,r } T_ LH - L 1 wj« M
3 ] R s AT * 5
3 TR THTHIH T i
” 1) _ t ! ,0 1
il i ! HL .
ZHY 2°€ i o
sueid 3
ussyed wns \ ! ; ..
suoud Aq fy! S
193r0¥d X T __ s
auve “ON NNALIV] m ~ ww ﬁh i

i i s ) a2 S hiadun D
- Eoe o oy bt A i bt




.

et

e

17

(suerd @) zHD € °¢ = I 38 LeIIVy JS JUSWIH-UINXIS JO UIed Uonelpey

*21 2andiyg

T T v T
sl vel [ i _ b i a o2 I e
i [ m to M ! K AR
! i L o
! SEN
' [ i [t i ‘ _
T H ¥
HiLT Hidh i !
T i : ISH HEB %
/m i 1 4 w B
! , ' ot L.
, A , | , j i
H D1
AR RN RRAN | 12 Lo
it HH i H u— r_ " .*m“ Cored
+ s ..u , H 8 4 M Ml‘.ﬂ,
Y ik -
TR ] o . M ile Iy
I v
il ” f | I SR
+ SERRs L ¢ L _q““ e
] o
T Al X
AR L . i B
MO £°€ r T .
e 3 Y !
wieg wng | . I
L
T [ e
T T e ; ! . _
- B Oud T « T ‘,
nva ON NuSLLVE * il * il ! P .
_— i PR L

a b




“ aurld L
; (3u®ld H) zHD 4°Z = 7 3e Leaay ggg IS WSTF-USANXIS JO UISY BT UOHZIpRY g oanSig
3 .
f N
.p _ ,HM
{
«. T
X M
HI
; {]
3 s
c of -
2 i E] S
5 :W.H
. i i £ i
: HHHH i 0213
m : _ g 1 l]
£ e
i it 1% ‘,_r
3 T i £ |
1 i
] HE _ |
N I
ZHI 272 o4 |
StRid H
uie;ed wng M
- Ml
we o || TN

18

G L ek

e e vttt .2 Lt vl i D b i, e bl e g i it

L B et Al bt el T ks & Tl L2



TV ————— v S R B «
(-
L] N
(duerd H) zHD e °Z = J 3@ Seaay ggg U WBTH -~ USIIXIS JO U B UOBIDRY [ oandig
Wll-!-l N rownr) § 0 N00 Besties “v_
-g N.- @. f wvn
14
. i
N i
N I
) il
!
— -
as . -t
L TR
44 w { .,N_ | ..V.,‘..14
| E
| SR
: el
il £ [T
| 5 TP
IR el
L
™HO 47 ) ' M
Mmid H \
useped wng
T oo Hillh
L
i
R L ) . \ o




20

(ouwd 1) ZHD 6 °2 = J 1€ LEXIY JHS IUDW],-UIIIXT3 1O uIdNed UOIEIpRY ‘Gl 3and1y

N - & -
—+ ~+
AVM 3INO l!ﬂOJ’ 3AUVIIY

L L * ~ T_ ' [SUPS S .
AT SO SO
Hot
L * * 3 SOUPU DU S PP S
m dilbe
I ,
TE A 4§14 9-4 - 74 v‘.w.VJY-‘ e PR R ..
H-441 Lideddbadddsdedet ‘v“.v _otao.o S ..‘I
HH h L,r,‘q ’ # . ; , JUBN SRS PUPPSS
_ (53 .
— I

= $Yﬁ T dR M B N R LR
1 R v
N -
H 14 4 . [OUT - bt B PSSR S
botdded ‘ g _ Lo SR U S I - PRV U Y

——1-— P AV IW0 WINOJ AL

+ .

IHD 42+
Weid K
uing wng
SIHYNM

PR 9 NS PINPINDE SR S . R S I EEE

I—

R . g R R R e ot adihat S

S R N T A

* Yuons R M ) .

I 131104 [SED SO DURPIIG DIU 1P SO BRI DRI SRV SNy S SN 4 S
N "

ﬁll nve o WaLLLYS L o ! !




¥

» ...kw.iuw?.l B
e —— - = 3, BTN hitd T -

22

(ouwid 1) ZHD 0°E = J 1% Aexay JHS IUIWI[T-UIAXS JO UIINed uonyelpey °91 aandig

| T T T [ S A

e e e

| f w.
! b H H b } .m.m
*

-

T DY PRTTTE EETTEY PP DD S TS P

H
|

1]

P} AVM INOG UIMOd FALLVIIM -

FRURTE FPVTNE DUDPRS SO, !IJ:IA cenan

TR T

PERYRY SN FRDUDE SR DT Tumuy B

,?_

i N SO O

- %

eog

Lo

¥

3
Iy
4

!

»l
i
) 0°¢ o

g W !
Vilgd wWny

. Ui ﬁ

—
e
. S
———
)
T
T

T
+

JSUUY SSUIY SO O

.o .
E YRS RO PRGGON DORENY SIpUE SONNDS IS SERE DR

-
-

LR B R B R Rt R & n R A

1HOM t
P. hive on kupivd| I _

wimes. =

—

Rt Dheii® ey

S " L A ot -
el L N aPrutd i \ ack PR Caadty e




(euwtd 1) 2HO T ' = J 30 Av2ay €S JUIWI[-UIINX]G JO UIdNIBd UOHBIPEY  *LT dandtg

Fr v e s——— OP- r o
-v.'. .o,
ol Q0
IERTRY " " P B T P
. | .._
P PG DR P D eea 4-
i 1
PERY % Wy SRR PR D R S “ .
) i
\
P P S L P e 2 e
: |
, i
ot 4
+
P ireos @resd nessfrerrrfoveiaadacocodoecacgor sodeon o

DR R T T e R RS S

PRAPONY NI IR DU S,

FRUUUS PUUPUS SRS SUTURE SRR

pros feesodd o . Ve

[EOYRS P SNRIIS DN Supses

Shaans Ebats JA‘LA‘I. :fLM

e O U EEEEN _...v_v“._. vl e e
DR R R X R SRR LR S B B e = FROTEE SRS

RS FEREEE EERE ol .

i
RS ERRRRE LARRE SRS CETR " DOPPEY PRDSEY DRSPS RIS IR

1

D . TN T .

—_—

W
, L
/ S 1 DN ARDORE Aainn DRRARE RN . .
} FURNY ST PO PRI S N SRR SR S,
mo e |iflh ST AAN IROOR) MRS IDRE
e Wy FUPPRN DTN FPOS FEDUEY FORIE JOPREE SOUUSN NDUUN SUU IS DI
uioneq wng [111] _ PR Y (Ut TR A B e
-“‘& ra,- FETTEY PETEY PR DU DGR D et oppef e pdie .Lh...
LU HIE 1 : . s
™ *:: PRI RS TS TETTRS TS0 DI DINSI R SURTE S S
tive o LI :J K o
, e et - —r -




o p—

23

(ouurd i) 211 2°8 = § 11 £0Iay A€ IWIWAT]-UDIIXN]S JO UTS}IRY UOLIBIPEY

>

‘g1 oand

>

K Shan

Ce—

- = -

vraee
vroee
Loveae

o

oo oo d

v

[

foo v

™
.
-

b IR . . ] .
A | “ u SOSSSH FUUURY IORUN SO
| " SEERY EERERY EFREY SYRRY
1 X -4 - ' » cessefosetedreres
@ SUSOUR SOUE
o2
o
i -

R iaides

Vi

MO R'C «4
eid N
Uiy wng
e
i

e0nd)

IO RIS S _ I I &

“dered

PRSRY.

IEEER]

sesen

e




y - ahamtn b e e e S A o

: (suwid [1) 3HO £'¢ = J 30 AWIIY JEHS JUOWITH-UINXIS JO UIBNBG UOKIEIPRY 6T danB1g

N’._ aA } oM T ‘14- o‘—rv
| .. NS m_ O R I
| m f | b } reves [T R U P ..
| : bifian o ! Lo .
Pidriem IRTRYE PRRTEY FRTETE PRUNNPE SN I P
i ik I R RO I Y N N
L i) ) T

e
-
bat

o R AN

P00 et totrtreccrtecnos

[ERR NN ERREEY R D

)
theettrvrentesrecterons

RS EREEES IR

EXERRY PRRRRY PRPRTY PRIy PO S

IREERE EEEX) o P

desestrecrederersdrecccdornccterera

e Cova oo P

{88 .1} v [

TR B N TR I P T .

[XYTXE TERTRE ¥ TETS EYSERE PRPRRE PRORPE PRPUSH Py Sy

R RN E SRR I

WO K¢ o X
E-.Sou-“n:.u. ~ w H

P g
e T
] R e e D D e e Sy S . 4

Co f - . P e

o o
H

Lol +
L2 _
1314 )
(13, ] o WLV

O R, & ol

(XTERE EERETY ERRRTYE FERTRY EPPRRY PETITE Sy ERUPRR AV PEN

feren

_
! :mr:wrfr.,_.b . . R o

[EEREN B SRTY TEEEEY FERTRY RINPPRY PR FEITET T e

__-__i._.

_ A&

O

T T T TR JT RN iy T TR TR TR T T
—




ko

i e 6 PRSI BRSOV NP P RSt

25

(suwtd 50 BHD L'2 » J 18 LRIV JE(S JUIWIT-UINXIS JO UIIIRI dDUIIINA 02 dand1 g

o w - -
i ey T
H e AP PR & (A (RN R <t ..o
L . . .
)
t R IERY ERTTRE ERTRRY Py PINN .
' l
L
TN I IR I _0 [N POUAY DI IS o
" . )
vevesfrara IR I I I O . .
. " . ! |
ptie s 2o frocens ¢ o R R R araaa L - ey o ar o -
. o . | ,
T P P .
’oon PP T R PN

.

sbetelerescdanenaferaant o safeeene

IEEEEE EREERE EEEEEE BRI I

!

i

RS PIRTT PRECEY FETTTY DIMNY PIRY P

.i;?:izr

R T R

AP A RO SER0d PEYIR-—— -
—— e D e

S ivm Ino yaImod BMuVR:

! L
T

LY § U]

WYY )

Ve TSN
[

tive N Hetiive

Vo izl s — e

Ao}

Vo v + N 0 g .

B P R Y P IR TR E IR TS PRI
| _ _ ]
w_rt_v o1 . 1

crene [ I S FT R veef aeee

IEEXE] TS IEERE £ XEXE EEXETS EEEERS TEREES PR

R R Thesdn

i
' Al
SN POTN FUORS SR NOUUH) SUPUNN P o !

! Uy
descesdasdmebosnes

-




(PO, - - - - - R

T I Tre—

{(ouwid ) ZHD §°2 = ] 10 AWITY JES UIWI[T-UIIIX]S JO UXINIBL IOUIIIJIA ‘T2 dandr g

p ﬁ in H Wa
-l -0
[RTEEE FETRE- 1 S S i
! o .
| | _;
i i BN DIRN SR RS SRR DI B 4
} S FUUORS DUV SOV SOSURS SO ]
h 4 _ ”_ | o
b ) s ' AT EETTEE LETLXE PR Supy SONOUS PGy PN
_ i iy
+

L 2B

VA 30 yINO4 FAUVIINE

IREEE T ST CRR RS

1 3

qotoaderseeeds canfecian

FRETSUN DR UGS R I

[FEERE FEREES I

—

|
TR RN RERENE T

$:2 &

ITTTR EERSNE SOPPRY PRrDUE SOPPOY PPN

TRERE NRTNEE P

3

R R 2] PR RS PRDERS e

TR EEEE

»T#f [RRSES T NURI IRy peep

[XEETE EXREER EENES PR e

R R = POy Py PSRRI

T} IDITSTIR R N0 13R04 MY

g ———— e e e o e e —— - . -

PR R R e el LIRS PRI PP

revestrecsstomrarferceroningon

(X RERES EXRRY] Wesedesrerterecitoccectlensos .X.TL. ot

B e e EZEET CETTRS PEDRRY RERERE S=ErE - S L

tive ' M

aras hradandaas cads

26

. N
( . - b ke das a et et e . dmdtan e A Mt et ies i e AR A A LAk A i A o ks AR e




e

e e e o AR TIPS - T

¥

27

v

(ouwrd ) ZHHD 6°Z = } 38 ABIIY JHS JUIWITT-UIIIXIS JO UIS}Bg I0UlIIING “22 aInd g

PR R R B R il SAETF DR PY PR
i

P FERE B . .

eadredarerd ...3.TA:.?130‘0 eeredereen

[ S S,

AR RN " [

L e ——

D R R e R e hanbad B P
A

RIS I PRI P REP

. 11 I qt.«ﬂ. orp T \M.Ho

m Lt L i m: ‘_.xm.u_: r:....w. e
~ i HIMAS coddedo i
3 f i |
] o sl o “: 1 ) R
w i L + 1?4 Z 1 » : .ﬁ O Sl MR it SUSURY SURURD SR
-4 4 334 b4 b4 b -4 4.4 ERYSEY NN 24 -4

' 4 ? b

Lo

{
|
~ #
1 T i 1 « 1
! : il .ﬁg_; L *
* i | TR | o
4 Vi
A T S el
! i ! et
westet IO f | g
Vi d .Etscuc.mt* T | w; T { .-, ...:.4,1.:.
we [T 1T R R s
ew}t ) bejhiybripe H JUUU T
Nve N v ? | E *: M ‘ HM R NP

L e ™ “ . [ s do A b " ko hathia _——



N VA e e e B T - -

(suerd @) zHD 0 'S = J 38 ABIaY JHS JUSWATH~-UF I}XIS JO UIIIBJ I0USIAIN( £2 2Indiyg

o] Tr -ﬂ
N4 le

3

s |

|

= |

—

—

sy
279

——

| _ I ST
it ey
[ .L;
\ A ﬁ:
1AM | i '}
ST sagkl )1#
IR SRR R0 TR, L.
; NATT VT _ ,;
: I
i E
111 i e
I , Al
1 _P i (i _Tm
{ H £
sartihit _J_f_. i | Lm
| ! HHCll M ) 1.8
i )
f NI | ! et
T | i _ ! ! g
WO 0'¢ w1 ||| 1T h

weid 3 | 4

uisNed BUMNL0 + W o
Mo owueaw i L] i Huil ot

PRGBS e S St A THAMATY £ b ASNA ok s s B E R

N T MY T T T T T T T T T T S R U I T T P CH U R g T AT S e A A ik el ks




N
P o s
- -
-

R Ry
ek e e £ SR »
-~ v e v non o ot e B S -
i e LGOS LT A
-y
v
P N s
R

UsI3IIq $7 danSi g
‘g = } e Aelay JgS JUSWATR~UINXIS JO UIIY}R] 30 I
(suerd @) 2HO T °¢ =

- I q!ﬂ * M_
e e | |
il ~ M
| | i “_ 0 N T K A O I
[ T __ _
1l | .
! 1
i
] . T
* 1 11 T i
T !
il fii m )
| | | »‘V N _m
i|® _ ~ ! ,m.
T i fH g A Y 3
b % 1 w L1ty L | Tr un
44 = :
T , T g
v it 1 T W + : .ww
HHHHIHTHH R L m* | | I | :
i) 4 A 1 i _
1 TIATHT E ‘ H
| I , i N |
T ) [ | |
L4 . ] _ _ A
1i11) }_L L m; M L,. L e Ix ' }
-x 7 It IR
awid 3 " _ : | i ": J.
uished aULIY)a w ~ _ _ f 7 | itn 8 | “
(BN 2l + IE B vm_ M:+ :
g : ] rir 1 | _ I A‘ : [ _
i LTS AR R TRAR SRR i
OM NudLIvd| ! .




PO R S . . . . .
- o Cmvm e s e e i e e e . - L PP

3 (uerd 3) zZYOH z°¢ = 11® Leray 3495 JUSWSTH-UIIIXIY JO WIS ed DOUIIIN( CZ aandr g

s A0 TRy ,H:l.lluhja-ala1vﬁl¢ o Ny
BT TN TR
i : : il :
- i {
! : ST i
( ~ : N a | | M 1
Y I i
1 } 8t : “ — *
: _ p . r
!
3 , r_, i) i
: | il , T
« ﬁ t b4 +4- 44 g 311 “
[
. I [ H ! ! HAL A z
] I HTH HITHTIEH i | g
3 [131] i LI m
3 i LH HEREIEH ] ! w 4 1ERE1 t I
X H HHH L L el HILE SERESERERANNSE H M
~ i b e i .
i 1 i ittt T At W
f LD M :g LT
gt R R e
Wweped souna H L 4 SEENSREEY J U g
i HHIT it
15370%d t f L fs
mxo o T i} I

30

" - T e e ram B

A peie A A Tt K KR PO R P OTO  R T, T v £ il bl il Sl Gk " e sl e St PR VU I W P XU ST PSR S JIE Y




kit LA

31

e e e e T G T

(suerd §) 24D ¢ g = § 3e feqay Jd9 IUSWBTH-US}IXIS JO UIIBS SDUIIIIJNIA 9z 3anT1 g

N

\ . N
. \ |
T : ) D\ll
A ., - s
2 15
G R
2 3]
fiE 3 0]
2 2
H 4 A
E] B t !
ot ,.
‘ i
+ Iy [ - '
St
D €€ o IEHIPRTIN DT AR I8
sueld 3 4! 1SS0IS 1 IS e
uInRd S0UNY)I0 ey i
e “supMa S
198r0ue M_ H- e - —
nve ON M¥BLLYY : : Sl S




o e - ———EY Wb A

(sueld H) zHD 1,2 = J 38 Lvxay JOS JUSWITH-UIIIXIG JO UIBIIBJ SDUSIdINQ “LZ 2andrg

P —— " - -~
AR e Il |
__ 3 ! » _: s
% .
r w
s
5 il I
1l ! 0 I T
il
m .
3 i N - i
g ik | il i |epe
i 4 _ -
2 | A
s | 1N SN R O
< I gor ¥
Iz i ' i ; .
A: [EEE N by
| A% TR
AN N i 4. [
MY L2 -} | * ! ’
ouRld H + s )
uinrd UNI0 | Hl o
e T TR :
e o e . TS RRIRTTR o~
(%]
(]
RSPy o " gt ek . e -~ o L L o a o




. e e R - [P B g

33

(auwid 1) ZHO g2 = 7 3® Leaay ggg JUSWATH-UBIIXIG JO UII} R SOUSJIIJJI(] ‘g2 sandr g

B A

AV § W SeasRee e
G o o T
»
+ 1 1 pedboded 434 ¢4 Le 4l L.
| TT I m ﬁ
! i
H L !
et
Bl
...W“
. LIS
' i lof
x
U g
8 % N
TH) 82+
Weid
wised MU0
!
B oD )
193608 4 _h.-ﬂ
uve ‘ON waLLvd) ! - i w
fa— il
d e o aad ek s et PYOY L " i, PWAY sk b .




(duerd 1) 211D 6°2 = J 1€ ABIXY [ JUDWITH-UI3IXIS JO UI3}}ed 2OUIIAIII(]

*62 aandi g

ot s

T A M R T .c
v «0
roeede N . g ‘. '
..... . | -4
!
. . .
|
t
i
. e i
L YRR LR R CEETEE R R .
. B . A |
.z .
&,w. PP DGR R DT - |
_ i ﬁ
.
ol
| I N 7 IR SR DU D I B R
X v ,
! PR U PODTON SRS (RO U S
“ ..w 3
P 2 PN P S DR [ U
_ N |
' PN DU FUUS PO NN SR DU h
A_ — Nt - : -——
(i j
. . - . ‘.w -
THD 4'F «} 1 i
sueld H PODIS DO DO S - o S 4
uasped MU0 o ]
. i) e .. . LU S e
[T |
1300w z - .
v O MNILIYY , i
§




P
AT PRRILLE o - ®

35

R e e A YT T T T T T T T R T R T

i T TR b T e o =

T T T

e pEE e TRETREE YIRS

(ouerd (1) 2118 0°6 < 3 18 ALY S UL -UDIIXTY JO WINIRJ IDUIIIJI( ‘0 oIndiy]

[ S Mor ARRRSE LI K e ey = e e
o ) \ olf i .-.-_ o0
! I's IM; e iy
ver Refan? S Y PR N fy B B
s . _ . ) .
ve v . . R . { . z
FERTE | I e .. \”\ .. * . .
DRI ' IR tees f . . - . . -
eseeheniae e I R o< Shdnas I of [SOp SN0
. m H
[EENNE R TN} e vfraen L XN} IERERE K3 " - e . 4
- 1
\ | ] o .o = 1
vereefs IPROY P e 10 ) P e . |- I ..
- oy . w . w )
Y I [ S A B R S RO ' oo
Y Chen .m Y . | .
trnrstasane 023 T’Ivo..
" Cod . ‘e Jd o ' |
N 1PN 75 DIV SRS DY PN .- H .
5|
»
P O G R S F S A
A o . \
1 . ﬁ e e ....% PR RN I VT DU I [ T P m .
. . . 1
thitd Heb bt IS F S RO |
T S :
errsafeonanfe snefraraafaann sevebasersdorarats ot cofe veebeoen PRI I P PR
M0 0°C +) . Vo Lo PR T P
SUkd 1t I Ry PO A TR TUR I QR SR
CYIV P YT )
teand PR .
100w [ETTTY FRTRTS ST TR P veee de b e P R DU T R
Hva O Wbl ! , ' s
- - R SN RO DY PRTs PR DU NP DU




36

(ouwmd 1) 2HO 1 °g = J 1w Lr2aVy JHS IUIWITH-U3INXIS JO UTaed 3duUaIayyig “1¢ aandryg

MO L'C o
$RNd H
Uity UBII0

bos b

sy

s

aaace 0 d

koo

—de

Jeves

DU S

oo enn

ETRE P

B

o - . -
T I~ T i
ol P ot AT B w . .c.
odoa— LR EX] . . ! t.,
foaa :
IR PP UG A ST P Fe . \
| P '
i SRS 774 O U T
* R T . P S S S S o S
i 0 '
! .
! /PN PP DU S S S ]
! :
. 1
FPUON SR PRI DI SIS SIS P S
.oR . . ]
' i.m. B oa =t ECTEY FRNPRE PPRRR
. . 0
-
+ AN.—QNc EEREREE R RS Y.Q.OJO\."O e CRRY LR
. . . .
! ‘g _
-9 ,
SN et DRRREY AR PRROO! DD
444t Ttr JEUREG PN 3 PUDRDY SPURIN DOUUDE JPEURY USRS SURDRY b
TS LA £l e e e b
'*F< FUUDY SN (U5 DUDUOE P DS DI SRS SUPUTS SR e
ZZ,. v g 3 N . ten ;” .
L 4 l I R R L EE RS LERERE R PR R R e s S s PENNEE PR
_;"_ ._ S BT n;" . )
ff. IESEEE TSR EEE B STUPS U .A..._ o das wadaiaan .. a
b S g
- - 1 O - ,
Yeay oy . t
[EXNR) R S R I B R D Rt .

b




[P B N .
[ T R S — it nie N i " maann b pre

(ouwtd 1) THH 2°F =« J3IW AVIIY JJHE JUIWIF -UIAXIG JO UTaed 20ouaId N e aandyg

e

; »0

¢ |

0

PERREE RSt SRRDRY PRPREE PRI

- ﬁt..f beoveadoracitonns

Lososnposetsfostestosecafenens

SURDN PUPPNY NI I P

b+ $ 4 o¢
T , N
. '
| v e
| ; A USRS DU SO A
i R IEERY FEE e
L | = ROUDY BUUIN SOUUPY SO
! 3
¥ 0801 HOON AR OO
r gl FEOUN PN N SN
| L.W” :.w,. e
1 T 0re ,
v '
" Y )
!
w.rAw +
) IEEEEE X .. P
)

RERPERS DETELE STRTYR PRppen

IEEEEE I B e

DR RIOERY e
IOURSE SSSONN IBINN) BOOS

¢

[

- ———— e e e e —— -

Feovosgen cpeee
Vited NUIINII0 ol R
. -a‘.o L XX} f??&i. *I.O.M eay
ont e A P PN ET
1IHeN) eves I AP AR PP SN S S
e o hediive _P RN . .




i bt tasds el Dbt £ At

(suwed H) 3HD £°C = J 38 AIaVY JUS JUSWATH~UIBIXIS JO UTINBG ATUIIAII '€ oInd1g

P 2 LTSS Ty SR,

| i gl T = ;
! ’w ! ,— ﬁa_ ~ ERRRat SEatit EETERS EED ....
| +: e

4
t
'
».4
E
y:s
— A —

—_—
S

-~ ~1-

—
e 3T

———— e —

B LY L SIpRpy Y

-

IEEERE KR

—t

[EXRSY

e

~ " " e M an mdidon " A e, Py . AR o g o a8 0w " ! tlh




Ldruonboa,g jo uonouny w se
AWMLY SIS YUSA A= UK o) JO AJTAROALI(] JO 2AIN)) TMuawilaadxs]  pg 2andly

(ZH9) AODN3ND3Y4

9¢ »e 2¢ o¢ 9'2 92 b2
T v T T T T T L T T T v T T
T
(X /Vavleg \ —122
]
[ojuswiiedxy \ -1€2
-1v2
162
g
—192
142

ALIAILD3YIA

(8P)




oy

s

o g 2oLl

Saia)

Gunaiiaa g a0

TITRTRN LT

&

41

References

} The Shori-Backfire Antenna, Proc. 'EEE, 53:1138-1140.
hort-Backiire Aptenna, U.S. Patent No. 3438043,

April 1859,

Ehrenspeck, H.W. (1970) Short-3ackfire Antenna, U.S. Patent No., 3508278,
April 1870.

Earenspeck, H.W., and Strom, J.A. {19712) The Short-Backfire Antenna as an
Element for High-Gain Airays, AFCRI-7TI-0234.

Ehrenspeck, H.W., and Strom, J. A. (1971b) Short-Backfire Arrays, AFCRL-71-0368.

Ehrenspeck, H.W., aund Strom, J.A. (1971¢) The Four-Element SBF Array:
Variation of Parameters for Optimizatior of Performance, AFCRL-71-0559.

Fulmer, M. R., and Moseley, R.E. (1£50) Determina:ion of antenna directivity by
pattern integration method, The Ecsav (No. 2), Scientific Atlanta, Inc.

Oettl, H., and Thomanek, L. (1958) Monopuls-Antenr.e der Bodenstation fur

tellitenfunk der Deutschen Versuchsanstalt fur Luft und Ravmfahrte V,
NTZ-Nachrtech. Z. 21 (\r. 10):531-634.

Stegen, R.J. (i254) The gain-be.mwidtk product of an antenna, IEEE Tr.
Antennas and Propagation, AP-12 (No. 4):505-504.

Preceding page blank

. R

5

RRETIEY: Y

W ekt el




T YRRy T

(/f Al ica Lae sy

Jacieutaule ik ot 2 UL

L oralaiy e a kol

S
b2

NI

43

Appendix A

Description of the Slot Dipoles Used as Fead Elements
in the 3-GHz Array Model s

In the previous reports on backfire antennas and arrays (Ehrenspeck and
Strom, 1971 a, b, c), little information has been given about the structure and
input impedance of the slotted dipole 2nd the feeding mechanism of the short-
backfire feed element. It nas been established, however, that for best operation
the dipole should be located approximately midway between the large planar
reflector \f and the smaller disk reflector R. This geometry creates a high
standing-wave field distribution 1n the cavity space between the reflectors M and
R, with its maximum field amplitude at the location of the dipole feed. This
effect substantially increases the input impedance at the terminals of the dipole.

Normally, slot dipoles are constructed as terminations on a 50-chm air
coaxial line. Impedance-matching can be accomplished by slight adjustments in
the iength of the half-wavelength dipole. In the case of the SBF element, however,
the tmpedance 1s increased to a value of approximately 175 ohms and so this
method cannot be us.d because of the unfaorable mismatch at the 50-ohm
terminal.

The approach taken to provide a simple method of impedance compensation
1s 1llustrated in Figure A1l. This view exposes the center conductor of the
50-ohm air line and the dipole .rput .erminals. The impedance transformation
ts accomplished by undercutting that portion of the center conductor that

immediately precedes the dipole te 'nuinals in the form of a coaxial line
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transformer. With a length of this section made ore-quarter wavelength at the
frequency of interest, its characteristic impedance & for best matching may ke
calculated according to the equation Z = /2 122 , with Z1 the characteristic
impedance of the transmission line and 22 the input impedance of the feed dipole.
For our application, Z1 = 50 ohms, 22 = 176 ohms, ancd Z = 93. 8 ohms. The

length of the quarter-wavelength section is 2. 5 cm for the 3 GHz design frequency.

A typical Smith Chart impedance representation of a single SBF element ir
an SBF array is shown in Figure A2 for the {requency range 2. 9 to 3. 1 GHz.
Its VSWR reaches 1.0 at the design frequency (3. 0 GHz).

3lot dipoles are well 3uited as feeds for linearly polarized SBF atennas
and arrays at frequencies below } GHz. If cross- or circular-polarization
responge lo a criterion, sleeve dipoles are more advantageous. They have been
used in several applications (Ehrenspeck and Strom, 1971c}. At the higher
frequencies, close tolerances in construction of slot dipoles must be maintained
to ensure array uniformity. Power requirements may also be a limiting factor
fur high-frequency applications. These disadvantages have, however, been
overcome by a new type of backfire feed that will be described in a later report.
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