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54

Pizure 4 shows the frequuney distridution
of the side lobe lovel for the cases considerst in
o/4imisaticn process, It shovs that out of 16 pyoseidle
conbinations 6f elemsnts only two element combinstione
give low side lobe leveld,

8ince ths radiatien jettera of Pig, 5 s

- donigned with U . = 1  and u,,, = 0,1, it permitse
the sntenns beas t0 be semmned to &, = 90° , wim
poak mi}-mx,uuumm-s.un. Other
Shges conniderst have Tegion of optimisation less Whan
the previous oase 1.0, Uy, = 450 smA U= 06 , The
redistion jatte:n of the o, timm casa whon region of
optinisation ie Ugyyy = .50 ad uy,, = o3 48 dyawn
in Pigure 5, The side lobe level within the regism
of optinisation is consideradly reduced, ss the highest
sidé lobe level is 8,76 4b delow the taln boam,

But high side lobes occurs out elde the region af
oytininution, the highest side lobe level outside the
rogion of optinisation is 1,14 4b down the min 1abe,
The locatione of elenent, juir fer the a,timwm mse

as neasured in weve lengths from the array center are
x "’135132"5 o!"“‘ufr snd ?‘ - 9.5 .
This permits the sateans desn te be scsnued te §, * 30
vith peak side loke level 8,76 4b dowm the main lobe
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FREQUENCY DISTRIBUTION

1, DYNAMIC PROGRAMMING TECHNIQUE Ax= A/2, U min., = .1
U max, = 78

'NO, OF CASES CONSIDERED = 16
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0, SPACE TAPER AFFROACH ax = .5A
NO, OF CASES CCHSIDE:ED = 54
AMPLITUDE OF MAIN BEAM = g

6, = 90°, U min. = .1, U max. = 1.

10— 1

90—+

’ |
]
: |

go —--— ¢& e ke o

= '70 = + - -+ —+

O H

> ' ! |

S 6o L. . . . . . N i T

Q i

- |

E.q 50 y . - . . . . . . . . ~ +

n

—~ . |

2 L!O— - - . . . . . . TS S

Sy

&)

= B +

3 30 ]

o)

2 |

é 20 - + T

a i '
10_ L e - - | f,
o A | I

o) 4 2 ) 4 5 () 7 8 9 10

SIDE-LCB:Z LeVel (AMELLTUDE)

FIG,~Q,




SPACE

TAFER AFIRCACH 6’

ANGLe OF SCANNING =30° U min., = .1, U max. = .50

AX = ,5A, ARRAY LediGTH = 19 A
TOTAL CASES CONS1DE“ED % 54 : }
_I_ | l o
F——L - Ln o bbb e
_ } ' ; , |
e f ' ¢ j * ! o= e e
5 | i .
| i | i H
| i ] ' ' »__.—I
A |
| ' i i ' i
toot— - - ¢ - T : ' ' - "
|
ol | . ’ |
Hgo}_—. ' - . B i ——
Sl | !
mBgo—— - 1
m .
o 10— -
[ a ,
§60—- T -
2 | I
B 50— ~
B3|
o:: ' —
C’-f‘{o *I— + 1 — "+ —
z ! .
3o~ b - A A
| : . ' i ! |
20_.~_M;L . + :,v + ¢ + + + + ——
. o i
o SR I
L IR N
o ! 2 3 4 5 6 7T 8 o 1o W 12 3
$1DE.LObE LeVEL(ALFLITUDE)
ELENENT LOCATIONS FCR OFLINUM CAME, X, = 3, X, = 9,
x3 =16, X, =19

FIG0_1OO




64

4o 03co Ler Umn CSolned joovdcucly, oS oF
84 poroib2o oohinefican ¢y 9 ooohinntienn givo
oA o & D40 Prsos

o oodn oo of coaabiag 033 pocofbio odinte
Cican cad Shad cododiing tho ¢mDaticn Ay givoo
LT00e 0830 2000 Lowed An O0 ol Sho rorai o OCadned
by (aendo [moopomsmfan Qoo S0 M Shn o
RO poosren AGtey Ser (o pooGiclen ¢ 8o 9 Donon,
Do p2eomen Mo Goven £ b oxdan s, Uko frocoae
QAcwainticn o o 08lo 2bo 2oveld piwen Ty vonlsso
CoDienSicno Ao oivea 8 Ao 18 o Too vorfonn m'a*:sﬁc)
FAnmoeso %ﬁ oo 5o o oo sl & poovfcso (oo
OEeaacr, B orlfnSlone o counfloned ¢ o
Rl 4 ormbionticas giwe il Icho cwold Dolo
S0 fomost cafo fado fovod UPCape S0 QR
taltdsa o2 2c5000 cido dedo Lovold (moap 40 gSve: &
Vizvao 92, Sho dcuoot oldo Aeho cbintzeld by 80 cathed
40 €0 o oo v T Quoonde paorpnesior nolheld,

Cho oo vl Seo 0 oued o0 o
geaendined e of [RCa Wil 8 cuned o
QLT (30 0Rnat M CURenlo Loty Sodndos
Ao given €0 pof0isno ool & CAINIcasAcy 100 ol
o odeznoalo ep0 poetale Mo 002l oo UG



FREQUENCY DISTRIBUTION

L

3, CONSIDERING ALL POSSIBLE COMBINATIONS,ax = .5A

NO, OF CASES CUNSIDERED = 135
AMPLITUDE OF MAIN BEAM = 9 UNITS

90=900 U min. '='t1, U max. = 1.
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ELEMENT LOCATIONS
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APPENDIX=~A

PROGRAM DYNAMIC PROGRAMMING TECHNIQUE

H REFERS TO INCREMENT IN U

THE VALUE OF HI 1S ASSIGNED SUCH THAT K=1 GIVES UMINe

AAL REFERS TO LEMDASLEMDA=1

JLAST REFERS TO POSITION OF FIXED ANTENNA

KLAST GIVES THE VALUE OF U ABOUT WHICH THE PATTERN IS SYMMETRICAL
N CORRESPONDS TO THE POSITIONS ALLOTED TO X2

NA CORRESPONDS TO THE POSITIONS ALLOTED TO X1

1 CORRESPONDS TO THE POSITIONS ALLOTED TO X3

VARIATION OF U IS CONTROLLED BY K

ABE (K )CORRESPONDS TO THE ABSOLUTE SUM

PROGRAM ARRAY SYNTHESIS MJNATH Z

DIMENSION TX1(19)sABE(100)sL(19)sA(19)sAD(19)9B(19)sLA(19)sAF(19)
DIMENSION M(19)sUt100)sYY({19s100)sKA(19)sKCI19)sAH{19)sC(19)
DIMENSION KB«(19)

READ 100sHsHIsAAL s JLASTSKLAST
FORMAT(3F10e0,213)
ILAST=JLAST~1

PY=3414159

HAAL=AAL/2.

TP=PY+PY

TPH=TP#*HAAL

DO61J=1sJLAST

Ad=J

TX1(J)=TPH*AJ

DO62K=1sKLAST

AK=K

U(KI=HTI+H*AK

DO63JU=1JLAST

DO63K=1,KLAST

O=COSF{U(K)*TX1(J))

YY(JsK)=0+0

' ' STAGE=2

DOIN=25 ILAST

Nl=N=1

DO2NA=1»N1

DO3K=1oKLAST

AK =K :
ABE (K)=ABSF(1e+YY{NASK)+YY(NsK)+YY{JLASTK))
AB=ABE (1) ’

MA=1

DO4K=2,KLAST

IF(AB=~ABE(K) 154546 .

T=AB

AB=ABE (K)

ABE(K)=T

LINA) =K

MAzMA+1

A(NA)=AB

IF(MA=1}T79T94
LINA)=1



NS

CONTINUE | ®
CONTINUE

PUNCH 302sN» {LINA)sNAZ1,NY)

302 PFORMAT{2MN=12,(1914))
AC=A(1)

MB®1
IF(N1=1)11s11942

42 DOBNA=2,N1
IF(AC~A{NA) 1999910 (

10  TsAC | \ /
ACSA(NA) " [ \ \
A(NA)=T
MIN)xNA
MBaMB+1

9 AD(N)=AC
IF(MB=~1)11s11+8

11 M(N)=1

8 CONTINUE
GO TO1

41  ADIN)I=A(1)

M{N)=]
1 PUNCH 200sMIN) sNsADIN)
200  FORMAT(2110+F1048)
STAGE=3,4
DO121=34ILAST
Al=1
Il=]=-1
DO13N=22,11
MN=N{N)
DO14Ks1sKLAST

14  ABE(K)SABSF(LletYY{MNSK)+YYINSK)+YY(I oK) +YY(JLAST+K))

AE=ABE(1)

MC=1
DO13K=24KLAST
IF(AE=ABE(K) 115515416

15 T=AE
AESABE(K) -

ABE(K)=T
MCaMC+] ’
LA(N)=K ;

16 BI(N)=2AE '
IFIMC-1317417+13

17 LA(N)=]

13 CONTINUE
PUNCH 303s1s(LA(N)aN22+11)

303 FORMAT(2HI=I24(1914})

AE*B(2)

Mp=1 ™~
IF(I1-1)81451452
82 DO18N=3,11
IFII1-2121421944
44 IF{AE~BIN]} 119219920
20 T=AE
AESB(N)

BIN)=T



19
21
18_
51
53
201

23

25

26

27
&4

304

4%
30

29
3l
28

KAL) SN

MD=aMD+1 ‘

AF([)=AE )

IF{MD-1)21s21418

KA(I)=2 [N 3
AF{1)=B(2) \

CONT [NVE \

GO-TO &3 t

AF(N)=B(2) %
KA(D)u2 1%
KAI=KA(T)

PUNCH ZOIoM(KAl)oKA(I)aI’Aftll
FORMAT(3110+F1045) & |

DO22J= JLASTJLAST | | .
Ad=d | ) \\ 1
JlmJel | \\ R

s

D024 1=3+J1 i
KAT#KA(T) ooy | |
MKATSM{KAL) Lo N \
DOZSK:I.KLAST

AKsK !
ABE(K)*ABSF(1.4YY(MKAI0K1+YY(KA19K1+YY(!|K1+YY(J'K)i
MA=1

AB=2ABE(1)

DO24K=2 ,KLAST

IF(AB«ABE{K))25425426

T=xAB

AB=ABE(K)

ABE(K)=T

KB(I)=K

MA=MA+1

C{l)=AB

IF(MA«1)27927924

Ke(l)sl

CONTINUVE

AG=C{3)
MBa=1
PUNCH3049Js (KB(1)s1239J1)
FORMAT(2HJa12+(1914))

DO281=4y9J1

IF(J1-3)31931445%

IFLAG=CUT1))29+29930

T=AG :

AGsC(I)

C(I)eT

KC(J)=l
KCJeKC(J)

KAKCJsKA(KCJ)

MBaMB+]

AH{J)BsAG

IF(MB-1)31v31428
KCl{J)a3
AN{J)=sC(3)
CONTINUVE
KCJ2KC(J)



22
204 -

KAKCJ=KA(KCJ)
PUNCHZOQ.M(KAKCJ)gKA(KCJ)’KC(J)onAH(J)
FORMAT(41105F1045)

- STOP

END

W01 « 09 ls 19100



100

3 |

62

63

71

72

APPERDIX~0

PROGRAM FOR CHECKING SIDE-LOBES NEAR HAIN LOOE
PROGRAI FOR PUNCHING ASE(K)oUMEN LINA)BLZ
DIMENSION TALILO}SABE(R1)sL{19)9AL1D)ADLLID)oB{19)oLALLD)»AFLLR)
DIMENSION MIID)IsUI91 oYY (IDeDL)ohAL19) eHCILID) sAHELD) o CE1T) RBL1D)
DINENSION VULQI)o¥YYY{10s91)90ELD])

READ 100oHsHIsAAL s JLASTSRLAST WKL
FORMAT(3FP10.0»313)

ILASY e JLASTY ~L

PY23416159

HAALGAALZ2 e

TPepY+PY

TPHaTROHAAL

DOB LISl o JLASY

AdaJ

TX1{J)eTPREAJ

DO62K sl oKLAST

AeK

UK eI +H2AK

D063Jol s JLAST

D063 pXLAST

O=sCOSFLUtR)OTHILY))

YY{JoK) =000

DO1H=2 - ILASY

Hlaie) :

DO2Ac] o)

DOBK=sl s KLAST

AReil

ABE(K)IABSF I 1odYYENASK IPYYIN o ) 4YY{JLAST 2K} )
ABSABELL)

MAn])

DOGK=2 9 KLAST

IF(AB-AQZ(K) 15500

TeAD

ABsABE(K)

ABE (I} =T

HAsHA+]

LitA)eE

ALRA)sAB
[FIMA=1)TeTod
LINAYs}

CONTINUVE
IFELINA)=1)29T70 02
DO72Kal oKL
Aflofl-]

VUK sHRAR



%05

DOT3J#) 2 JLAST .
DOT3K=] sKL
OxCOSFLUUIK)I=TXI{J)}

YYY{(JsK)1=QeQ

DOT6K=] sXL

BE(R)=ABSF L 1aoYYYINASK IRYYY I N K I*YYYEJLASTIK))
PUNCH 303.NA«{BE(K)sXelskKL)

CONTINUE

PUNCH 302sNsfLINAJsNA=L#NL ]}

CONTINUE

FORMAT{2HN=12+(19141}}

FORMATII201X9811F7a4))

STOP
END

LY

01 .09 s 19 91 9}



APPENDIX~C
PROGRAN FOR RADIATION PATTERN

- PROGRAM ARRAY SYNTHESIS MeNATH 2
DIMENSION YX!I?)tAaE(ZQO)tU(ZGQ!rYY(K?ﬂZQO"

READ 100,HsHIoAAL o JLAST o RLAST
PY*3,14159
HAALSAAL/Z2,
TPupyY+pPY
TOHRTPRHAAL
DO62Km Iy KLAST $ AKeK=~}
UK ) =HeAK
READ 101,J
Aduj
T4 InTPHEAY
DOZKeli o KLAST
OaCOSFLUIKI®TIXIIY ]
YYLJsK)m0D0
IF{J~-19)1+30+30
DO3K=]1¢RLAST
ABEIR Julo¢VY {1 oKI+YYLIS oK )SYYI84K)YY (194K}
PUNCH 200+ {ABE(K) oK=L sKLAST}
FORMAT(3F1040+213)
FORMAT(12)
FORMAT{10FB .4}
ST0P
END



Y APPENDIX=D
- -~ AND
| APPENDIX~E
: ® CARDS TO BE USED IN PLACE OF + CARDS FQR APPENDIX £
< PROGRAM SPACE TAPER APPROACH
PROGRAM ALL POSSIBLE COMBINATIONS &
¢ C PROGRAM ARRAY SYNTHESIS MoMATH 4
CIMENSIGON IXlt1?30A8£l91)»L(19)nA1193-A3tl9)th19ipAF£1’)qKA(1ﬁ)
DIMENSION UL91)sYY(19091)sKE(LD)vAE(LY)
READ 100aHoMIoAALJLAST KLAST
100 FORMAT(3F10s00+213)
ILASTe JLAST ]
PY=3,141%9
HAAL‘AﬁLfZQ
IPapY+PY
TPHeTPAHAAL
DO61J=m} o JLAST
AJjsJ
61 IX1{J)nTPH*AY
DOB2K=] o KLAST
AKX _
62 UK )aH] +HRAK
DO6II=) 2 JLAST
DOG2Ks] pKLAST
OsCOSF(ULK) #TX1LJ))
¢3 Yy} w040
DOIN®10s1LAST -+
DOINs3 JILAST »
POZNA®& 9 |
flmN-1 .
DOENAS 2 eN] -
DOSI=1e3 +
NAlsHA~] .
DO3LxlsNAL .
DOAE=] o KLAST
AEwi
Y ABE(E )mABSF {1o4YY(1sK)IPYY{NASKIPYY(RoKI*YYIJLASTK))
ABSABE( 1)
MAs]
DOBK=m2 o KLAST
IFCAB~ABE(X) 160697
6 T=AB



10
10

13

12

11

200

16

15
17

17
18

204

21

20

22
22
19

ABsABE (K)

ABE(K)=T

L{iI)=K

MA=MA+]

Al(l)=AB

IF(MA=1)8+8+3

Lil)=l

CONTINUE

AC=A(l)

MB=1

DO11I==2+3 +
DO11I=1sNA) *
IFLAC-A(1))12+s12913
T=AC

AC=A(1)

A(l)=T

M(NA)=1

MBaMB+1

AD(NA)=AC
IF(MB~1)999911
MiNA)=]

CONTINUE

PUNCH 200!M(NA!ONA'N!AD‘NA’
FORMAT(3I10sF10.5) '
AC=AD{2)

MD=1

DO18NA®5,9
DO18NA=3 N1 »
IF(AC~AD{NA} 155154156
T=AC ’

AC=AD(NA)

AD(NA)=T

KAIN)=NA

MD=MD+1

AF{N)=AC
IF(MD-1)17+17»18
KA(N)=4 +

KA(N)=2 *
CONTINUE

KAN=KA{N)}

MKAN=M{KAN)

PUNCH 204 sM{KAN)sKAIN) sNsAF(N)
FORMAT(3110+F1045)
AGeAF(10) +

AG=AF(3) *
ME=1

DO19N=11,18 +
DOISN=4 9 TLAST *
IF(AG~AF{N})20+20+21
T=AG

AGz=AF (N)

AF(N)=sT

KCsN

MEsME+1

AE(N)=AG
IF(ME~1122+22+19
KC=10 +

KC=3 : *
AENSAE (N)

KAKC=KA(KC)
PUNCH204 ¢ M(KAKC) o KAIKC) sKCHAEN
5T0P

END.
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-100

ann

101

31

150
72
¥4

75
73

74

69
67

J

: APPENDIH~F
PROGRAN DYNAMIC PROGRAKIING GENCRALIZED FO3NM
ARRAY SYNTHESIS-GENERAL CASE Zz 2071766
DINENSION UL200)»C(600)sLAt12)+ABE(200)sL125)MM812,200)0A¢28)
CORCDN PYohioHePeTPY
SENSE SUITCH 1 ON WILL PUNCH OPTItWNY VALUES OF K FOR EACH VALUE OF
84 ARD N
SENSE SHITCH 1 OFF WILL AVOID THE ABOVE PUNCHING
SCNSE SUITCH 2 ON WILL PUNCH OPTIMUM LOCATIONS OF XleX20X3cesETCe
FOR CACH VALUE CF 1 AND FOR EACH OF TuO ANTENNA LOCATIONS
BENSE SUITCH 2 OFF 4ILL PUNCH OPTINMUM LOCATIONS OF X1leX2sM3ceesflTC e

FOR CACH VALUE OF 1§ tHJN LAST Tu® ANTENNA LOCATIONS ARE BEING COXP

LANT2NOs OF ANTENNAS
JLALTZNO. OF AHTENNA LOCATIONS
LAST=R0. OF TIMES THE COMNPARRISON 15 REWUIRED
READLIOO oMsHI p AAL o JLAST o KLAST o LANT

FORMATL(3F10.00313)
N2e2
NBel
LialeN2e2 ARD N3el REFERS TO COMPARISION OF X2 AND X1
Li22eN2eBARD N302 REFERS TO COMPARISOR OF X3AND X2
LioBeN22s AND N323 REFERS TO COVPARISON OF X4 AND X 3 AND SO @
NAnJLAST=LANT &2
LASTaLANT=1
PYe3s146199249
IPYopPYepPY
READLIOL s181oM29M3 AN
FORMAT(3139sF1140)
PepPY/AH
DO311ebilpH2 13
Afal
DaCOSFLAL&P)
Cil)oDeD
Liel
PUNCH2G2oN2sN3s LL
FORMATIBTS)
IFUSENSE. SYIYCH 4112613
PRIBTY 165082283l L
Hlang
M2oHb
DOLlisi]l o442
GoT074
AleJLAST
M2aMl
PRINTISONNZeRIsLL
GoT0158
Nlopw]
Liloli=}

DO2RAaND ]
Lile 10 OF TEAMS TO BE ADDED
IFLLLY) 70270469
00 64 Jolelll
IFLI~116Te67968
HBoRA
6070 69



en RAhelAli=1)
69 LEebil~]
56 LAT I oL e 30
70 DOBRa] JKLADT
- YRNe0,
IRELLLIIOT»37980
08 DOGSI=1eLL)
LleLall)y
CALLO(LDsR o A}
66 TERMeTERIeCLIA)
I LLL~LASTIOT o #1087
71 CALL 2 HAeKo 1))
 CALLO N« K e 1CH
716 SUNe] «ACLIOIHCIICILTERN
CO103 A
8y CALLOLNARK s 1D)
CALLOt W s IE )
CALLG{ JLAST o e 1)
BT0  SULel¢CUIDISCITTI+CLITIHTERD
9 ARSI efOLE{ SUIN)
ACADE(Y)
ael
o0aRe2 sl AnT
IPLAS-ALEIR ) 10300
9 ToAS
AtaATC (K}
ANEER )T
< LAY REFEND TO THZ CPTILUR POSITICH OF K POR CACH VALUE OF RA ARD 1)
LiA)ell
tamiihel
6 AlLlAy=AD
IFUIA-1)1T4T02
7 Lilliie)
2 Cont IRGE
ACSALIND)
941 |
IFLE=12Y4) 9826002
42 DOBLASN2a MY
JPLAC=ALNA) 1999510
16 TaAg
ACsAL1IA)
LAY ST
LPHLAL o3 oHA
e Llnisl 3 |
] Al Papl
Gelefi) 18 THE OOTINMUY LOCATION OF X1 FOR A LOCATICN OF 22 AT N
{2ely I8 THZ OPTINWT LOCATICN OF X2 FOR A LOCATICN OF X0 AT N oM
B0 18 THE ORPTIEU LOCATICH OF X3 FOR A LOCATIQT OF X6 AT R aud 89 «
1IF{0=1111e1100
X CitLbefi)al}d
A PapAlNDY
8 CCIATINVE
GO T4 49
51 HiLLeN)=N3
AlPoALLD)

MNn



b 4

43 IF(SENSE SWITCH 1177978
77 PUNCH 200N (LINA)sNA=NIINL)
18 IF(SENSE SWITCH 2)79.80
80 IFCLL-LAST) 1979286
79 LA(1)sM{LLsN)
C LACI)slIslelL) REFERS TO THE OPTIMUM LOCATIONS OF XtLL=1)eX(LL=2)
C sevseeaX2sXl FOR EACH LOCATION OF N
IF{LL1)81+81+82
82 DOB31a2sL L
NB=LAL{I-1)
LxstL-1+1
83 LA(T)sM{LXsNB)
81 PUNCH ZﬂloN’AMP’¢LA(IlOI=19LL)
1 CONTINUE
N2=N2+]
N3aNS+])
Li=ld+]
No=Na+1
IF{SENSE SWITCH 318586
88 PUNCH 202sN2sN3sLL
86 JIPLLL=LAST)T2+73+84
84 sT0P
200 FORMAT(ZHN'!Z.!I?Iﬁ))
201 FORMAT({2HN=124¢ 1X4HAMP=F10a601Xs(1514))
202 FORMAT!IBHNZ'I2'4X3HN3'IZI#K3HLL'IZ)
END
SUBROUTINE Q(JeKel}
COMMON PYsH1 sHoP»TPY
AJaJ
AK=K
ANGBAJ*{HT+H®*AK)
23 IF(ANG=24)21+21922
22 ANG=ANG=2,

GoT023
21 S=ANG#100,
=5
Rs]
1F(S~R~eB8)2640284+25
25 I=]+]
24 RETURN
END
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