
APPLICATION OF DYNAMIC PROGRAMMING 
TO ANTENNA ARRAY SYNTHESIS 

A Dissertation (, 
submitted in partial fulfilment 

of the requirements for the Degree 
of 

C MASTER OF ENGINEERING • 
in 

ADVANCED ELECTRONICS 

Sy 
MADHAVENDRA NATl 

t (140  

L. 	1995 

DEPTTT OF ELECTRONICS & COMMUNICATION ENGINEERING 
UNIVERSITY OF ROORKEE 

ROORKEE 
August, 1966 



--w-'& 44v ._ 

ai 	co alCO3Mlt4Ca CCC44MO3  
. 	-' 	 12  

I3co 	 JXT2 

it:xi 	'3aC', J 	 c' Coctt 

Q0 Vvcj c ucoo, 2oZo 

ocora c ci'o cm t'Z cc c 	"maw cu co. 

trc ci 	2øz, 10 	o2 ooa 

, rAct XXL Ctt aw V3 tri2 C 	 aOOO C 

JZcut. 

7thX O Ot? 	t3 tCO rix1 

cbt' 0 	cccZü c'  c. j,". --=# t o tc ir 
t, 	Cccv 	c2 	ozj 010i tbo Vvozc$, 

C C1  C. 

2L 
	

Ccrc 

c LO3O, 
Lco 



tic tzioi , u 	£3 flu U C 

t72OD to C=,r;:?OCO aCQ.9 CC0 CC 

to 

 

to t ccccrae 120Cefcz 

LC?DcZD c3 Cc& t23cJ 

CzCctt7 c2 cco0 	Cc rcna3 10 

oo CC 	cc& 	Cc? W• 

ccc1 eulo t:. t3 cto o 

_ 	,
- 

	# 	 •is v 

o :oo v Ino(TCcc 2ango c 	o ccC 
_'__'__) ,_ r.. 	( 	. 	 -'•• 	Lr' ''-- \_.  

~x CC2o Cc? C:L L2. ccc 

.1 	L 

OZ2 CC 2oc.( 

c3 Cczic 	j 	cc2j 	Dc Cc? 

S 



b, DAC 0 

cCc3 CcOCccç32127 r c `.. : t^' ' , c~ucx c ,7c'd, Coco - 

X1°^f1r~~1+ r 	r"'4 l"S 	 r ~ 2  

c..l 	V~,,ri3(~,... 	 .,. 	y 	}Ir"S,f 	:a(.Yço 	.223 to 	 w" t̀i/  

+.i.,.~ C223  Wl?.+7 ~4 ucoLrQ . 	O S-.d ~.3~%M ..J~ LJ 	„ 

j't" 	d° d^Tt"  	~ 
c~ 	t o  

Lsa_ o D .io o tit? c CJ .'u C CJ ( 	 c .k 	~ 	c _.r.._,4La v 
Ube. 

A 	 .c o C727 e 	C„ 6 

ca Co: c.  



A-4  PIP 

C a L14 n4i zv s 0 8 0 0 

1O 	0 U ) a O 3t3 0t3 Ol 13 

is sorcne D.YO2 s on 

iwz-cu Cro 
cf  
c0 ,4 Voo 0. 	C CZZc c2 -r•r L,.ii 	4'I 

C. 	L1J GV 	- -1  

ax2V O: 1o1c) 
cpc 	£o 

av 

zm ttc 	:ro 
ci cat 

r=V3ts= C2 
loop- WOW. sm .  

V 
cC Dt$0 

1c 	o t2y 
o1 ca 

c2 	ocQ. 



cct ,I (eM ,, w ) 

'X $ 	A 	AND t 	N 	 49. 52( Ur 

6,1 	 5240 
1 

6, 6asjütMg aU orb d at a 
TU •O1CLU IOI 	 94( 71) 

_lu 04 
t 

a1UD *,It hurni 
1hkt1fl t,, 





0223 cjc c ac a-ca ccz' 	OCV1'7 

& 	c 	ctKca ?tc Q 	•o cc2c 

C3 cmvj fC 	c 

c27 c&c 	¶ 	cz 	c'orr 

C'mt= czrj to to zc 	o 	c 	cz to 
' CvWAA4 

tW=-nCZ MO t=28 	r3 .o GC' 

cic c:o o2cz 	cm 	ocAx2 to 

bc2CcD 	D3 c2c c 	cZZv tZo 

o cci 	& ct3 occ3 e cj cc 

o Lcc3 &, 	 cjc 

AL (' ti :: !I3t C2L 
r1r 	•- 	 . _- 

C cy oc cc ewcc m ci to cZj 

cZ7O C327, 

L--1 	&) 2$22 tZ.-k= co oico COZO CW37 

C1?O cc C07 (23 0 cc 

cTc ro 	C? 	cc 	co i 

G tC3 	ir7CO A 2c thcc 	cI 

- tcm Co o:.cD czo Oc2 u 

c Fv" a =6rlolc= 	co 

CIAI~'-Xj 02C:7-13 00 



Cc3 &cc L22c7o 0 £c tc 

co 	2c cyo C 	VZo czo c 

DC3 co 

	

	t!? CD anemtzt2mzc::3o0 ¶QZ 

OL=C~vNSCMcr tO (cs) 

(o) 

Eo M Dc3 co t 	o zc 

to 	 Q =ac cc (D cJD c oto 

, ac co 3tcz, 

Me Ezn opLlo ,3c3t 

Lc, ZZIC=3 CL3 I2L?O8 	 E tVG22 O 	Y7 ccr 

c2 c ixx c 	1co o22 czcX c2i c 2.cD c 

czco c co 	ca ei vo0 

, o L7 c3 cccj 	cc 	Q 

2zo cO VO-"̂Z"vl c 	o W 	o c2 	cj To c32 

rjacn Q0 ox 2ocAto & 	i2g 	cLto 

cl o c)c co c 	o ttc cc czx7 	2x 

tto C, Vc cvrj 20 ccc2&3 t,o t 

to cJc? ,c'o So 	oc2 	xxczj 

,bvxa=~UAcmca to Zo czrvy, c 	zocAw c 

Wxcz cco t 

c 

	

	x= ccco cc occc tcz  

c coccCj cc uc  

c 	. coj c1 	o 	& 

tC3 	L22 cc 	cixr 

U23 Zo CV3ObQ 	c7CZJ 	1 'O G5 X 4 



D 

cocc3 c27 co cCcc? &•o c=o 	co 

go, czcc? 	?' /4 	ccj 2ic oc' 

ZC?O 

 

cm L-) cc e 	OLX 

o 	- oflo c 	txj Ccacc1 

tQ ro &x,o 	tvmca cwo ar=ng vm,  tx 

o_c 	!iC7 L2CC-C10  

no  cz 	ttcc cc ccao Ccco 

tc• ccoc2 

X ca.ci c2 	 ocr 

c10 cnn cc,',—no zc2r o CC7O 

co 	to 	co 02  H2O cc:: 	'cz 

fm ') t221 ccz2Dc0  

CA C4 
c't) 

c 	co 	co9  

2o 	xc a 'r.roo o C1O 2n.,  000  

3 	cC Wc c 	 a cz co 

C 	Io e cc1 

Cna"20 cz 	t2 	jc 	2 

c2r.o 2coo co 

0,0 	 3C3 7)3O ca 	c c 

cC 	cy ccz ccc •cr 	cc 

Q 	ocvo cc 	Zo 
tzo 

Q 3G czn  c:=lzvt-2j ctcc cC cç 



42 

c&xo c'o c cacX 	txi'o Aa c cxco 

ccc occ to cc ccro oç 

cio o ccj 
 

MO eco coczz 	vzto 

S&:, c.1 Co cc 	 io 
e 	•o Ct2J 'L3 CQ7 C 

c 	t3cz c=o 2a 

31cc cio cCo ci CCo 

C"O to to 	c2": c 2& 

ccc?c & c 

Oz-z o 	ccoe to 	o cC 

cc'o 	 occ 	ac2j z ccc 

cnto ?cz", co ccc 	ZM tfo Q 	 co 

oc$ c1?icc 	2c23 , co 	ccc 
Zx 	 o2cic, 	to £ 

£CO 	 0 

O7 Ican czc2 cC oltc, 

Go t'! 	C o 3OZ? Ct3 0ZCQC) 00 tO 

CC7 ac2 (fD 	OC 	t?C 	CO CZ7 	O 

c2 	cccto=co o 2o cC 	1r 	c2y 
IO 1 O 	o C273 Z?C cC coc. 

cocc 	cc c2QO cz.12 	crcj 

cc tz?c o2Lo cvj 3c 	 i1c cC 

Zo C43c 	cC ccz 	 ic 

cC o =cc C cc zc1 c tc1 VOLo tc 

/ 0 	zo 	 £ 



0 

cc=o 1  ZZC3 QO(Vf] 	3 O CCtC 

cOftc c 	o 	 o c 	c 	o 	Wc 

Q7CZZ' cc 	c 

U-10 ocZo 	o m c 	o cvi 

ostTh 2c 	ü cir c2j v,cD 	c• c 

o tic o2o 	02 O co Z 	t C70 

c31,co3 c2 cco 	C 	co Gcco c 
C-10 c1 Co cr.tj c 	 ' c. 

2I? 2co i 	) C 	VO 	cu 

C2 2J t) 	 o2j 

c2 	 o2!'i O 77 cQ 

c&o 	cc tj 	Lj 	t2"3 	cc 

xoo 	cco c 	 tho 

¶t7c 	 L 	2Zcc c 	to crct c cvc 

3 	?) C? t7 c 	O212J tX 	O C?C 

3 C--'O fO 

cc 	 C, t ci&o mnnco tto 

co) 1cz7 	A 	rcc jçz 

co:7 tr c2c 	oc1 tj 

c -c 	cz? c 	 cco 	o 	czxj 

C? (o CX C2XJO to (JVO Co 

C?c7 c2 

czo 	t::3 	c3 	o&ca Ct?O CO 

C 



G 

o) c'cc 	cc cc c 

to Cth tJ tZZ323 	LO cZ7 cr) o 

t2c o2 ?I!J 	 cc 	1cc2 

Qo xQi ol?, 	 to oS 

Q 	o 2o cz V!o czxj 

b) Cc 	7ZA cC 	vv& 	3o 

C= to ct33 i  

Co czy • tad o i2o c cX7 vcx?ic, 

o) t 	ccc2 	 cz to 

obc2 	L 	'o 	X2U 	o c.rjo) co 

acy czo cn c 	CO 	zc tcvozc:zjQ o 

c1 co 	c c!• 	c? 	 qc2 c a? cco 

uc0 T40 cJo cC 	evotto aca cC V—'o msm 

oto PIC 	czzb 	 ro t7 Co ZO5 t'o 

G~C=a CO Cao occcz c? 

) 	 cC 

C3 E2J tt7O 0 CC 	cCOC jz 

t-LIO cvc2 
0 

,2 uazi 	C) 1IZ? A t•.Ar 
-.---- 

cC 	c270 cc co 

I o O3 t7 CL2J O C2227 	O &)2 £3fio 
Co 	c 	cC 	ccco, L' 0 	cttt cC zc 

oco o CQL2 	tc&1 tx 



vi 

txc?o 	o(QCcD 

ZIVC3?oVo 	3 

r, 	 c 	cxto o?cc0  

o 1O tc3?QX 	1a Liao cO to ca#0  

rt 	cc2x e 	c'oc& ccc tc 

o Pn 	 c2 o 	t3 oczxo 

cc ccc 	 zoo cj x txz'o 	two 

i2c 

CZ? ticc c,o cy 

V ci C3 CI7 	 0 

rc 	) c to tvtc co 

pro  a 
I C/2 

r  (t ofa 

tJ 	 L:a%om QCZC) c 

/2 	zi 	7j• 	a tj 

ec'o c 

Co 	 c 	&o £ci 



B 

m cc=-.3 cx7 C= to 

o1 Cc:? 	 c G01O 	,1 QCO 

t, c 	1O 4c31 t7 

e1 C_.1 oL 	o' 

tr 	 DC cC ct3o 

tZ7 	CC 	 filin C-,;-71rCOn t7 U lb  
mo Gcz=lt L-411mlc:~ZC2 

c:v,oc:c2 c 	cco 	 cz cC Zo 

cntc= CZ7Z7J 	 c coc 

(cs) ç 	 rc cC 2CZ2 	 O 

2oc3 Cc 2v cCo en-'a o& & :2J Q?OCC t7 

cln2a 	CO oac 	 Co o Ino 	cco 

cz o 	cC 

c to co2 C?.0 t7 

cx2cz!cD . ccczo0 

cC t3 	oocj co c. •o c3,cxzo 0= c::o 

cxco 	oc1 t? 

?co tc it 	Ccroo zco cc? x±cz 

cC 	cczo Cfc c4 	o c1 cC lc 



9 

Mo Cc c 	£ 	co 

£Oczoc, tr 	o cc3 c'co 	c1 oxio 

cj 0Z 0 IJ 	c Z7 0 

3cz Cccco 

t) A 	vcc 	cZ?o imon, 3cci;7 

oc'or cO 23 37O t7 	t cjc' c3 W 

o VCC3 Q 	 3 ZZ7OØ 

czD V,= CXZ2 cac, c:o 	t&oQ t7 CL 

ec?o 	Cy v'2 	cc, cCoco 

f 	 cio $o ccc2 

co2j 	c. cO C J 

QC3(D cvoGcccc 	'.ic• tj 8 

go) roto ot2 ca coc 	2j 	C 

c?O cjx 	Ishfa tCn Lr 	cc Mon 

tZ7 Cj rco c C3iQ3 oczraco0 

C?22 mom C:=Oc~oo 

	

co cccc tJ co C3o2c c A 	tt 



MMO  ;u 02 ci cc 	c 	ti 
• -- _•_J•w• -i---- f 

oCACM cC ccz 

o t)cz 	et= 	W t& cio cC 

W 13 	3 co ca o ocJoo CO r 2p 

c2 	 c cc7c0  1f?C) 	o 

cx ccc 	 eo cxix bo oc 	c, 

C2 mt=ncjc, Ccvcx ccoo to 

br4 ca cç 	cjc cc, fc 

Oo c 	cc cyo t 	c 	t3 

ciz'c tco 	ci o to co occ& 

C?27 C3C C?c 

L txca cócc cc 	c to o 

o C1 Ot'2GZ 	Z7o 

G2zc4 	cc2 
cC 

 
2.2 	c77 cccc 	 j 	LO O3O 

CC tilo c3tc1 OMOM £cj CC 

CC OC---Mt7 cjzic ocxo c to tc3 co C 



000CLbjf7' cO 

(P co o 	c::t 

c 24 

c Ooj 	zca Ocxo0 

co 	(&c) cum 

c' 	 t, z?cDcJ 	cr10 	to jX' 

oo 

C cj c Q cc cco & 000tto ccr,3j 

c&= c2 to cc.j &' to CAC!~,tl-  C30 a cc 

cnr'n'c=rv, O3O c 

o ,J2c 	cz 

ccoo 	t c1c 

co c o2co 

j3) 	43m cw7 	caio c= 

oco c to 	t c 	c vc 

zxo c& 	 ccz ccxx' 

cce2. Oc 	 cc' CGcc'r3 c? evz 

L. . *...J JO 

o) ¶cc czjc 

) 	z2 crio 

ccoo o D 



43 	c 4 	']b 	 t3 	dtt3 

pt~~t'a, 6:~4" 0 pbr""W~p j Cato'! 

3 an 4T 

Cc: 

o cocc ?ozv, 	an to 	co 

PO 	000cjc Of 	cy' 0 tp 

'co c Vcci ca: 	t 

cc1 c an C  cN c 	Y-') ct 
cc a Vc?&3 mtoc vIQ c3 rQ 

XG C.3c c cX3 c to 

cczc,çj tZ7 cxo c? 	co0 

l:ic: al 	2cx7 

e7o zo 	?zc ttlo Uof c2 ci 	c2 

c:zla ticinfl, 	2C7 	t7 
!:o coco o? co c? eno 

to c jzz c 	o rc Cr'ccz ct? 

Co 23c cC 	c, f• 	o 

cc c&: cczç, 



SD 

ov Ex2od
a) 
 Cc7oA3 

oz 	tcxD c C1:?Q pc3c= Ot c 

vc ccu GCwcn ==bcr4,, c c3ccc0 

D.K. 
22,0  =a t 0 

ta 	 c' c 

gm 

 

 

1&o Q ZG3 c 	o zcc 

CIO C&cioo czc:=to e c Zc cvi co 0 c2c 

cZ2OO CC c zzro. D., 2CZZ3 C7O2O4l 

Cw cj 	cxcc t'o tr 	o cz?ccz 

O=n ci 	 ci Ct3O co 

vvuaca :12 no 2jco c? Q3 	Lwzt 7 oco c 

Ac 	C&, 	c2wo c ccjc, cici' 
ocç C:?, cctj o 

cci c=s af-I'vel9l, th c 	ci ti 	tz 	cTh 
to 0~~Zwe 

00) , 
VgVV4 6LOcalcooa tao ccx c. 

c 	ccc 	*& e O X2' 

?ZO 3(CO C1?O 12 Do2 

tj 

Ccz 	ccO 	cc: tc 

c&o crzo ô 

to 2o2 

CC c 



to 

Lccoo cm) 
cczoc, cf& 

c& c O 	co COSIC2 tj 

 t ø 2 

cDo Ccc3 o c 	o 	 co Loco 

zt?c 	c O2CQ 

c 	Qns Cc io b7o cç 

o c2 o Ln cn to t2 ca2o w 

& cz:i~vcn tZ7 

c .0  3 	 coo  c Coc 
k 	 j 

to c. c f.!o awca tj Cx 

c 	i1co c' c2z 2cc0 

qt 	zcc 

c2 L~Z=v ro ovc 

ctz1a ro 

c,co 

a 



cant 2cc c? 	M13 2o C=13=t MZ4nocoCcoo 

cco C7 cavcztasoc cco 	o csymmmo tD 

tc1 cLo cc t- 1 co o Co cc tz4; On= rx rZc Wo 

o to c73voc3 cc:ci to 	 t: 	£: O,o 
Cg 	tZc3 ¶C3 Q CV-1-1) 	O 27O ? CIO CQC 

o cc2o3 zc 

 

C= to 
cczL cnto  C 	 __ 	O li-N= v9m  

& cfo vc Cc:? 0 	c23 	1 7o2 czi 	ci2o 
nno o2 	 a cvc Cc r 

c 	o Cic z22 c:i o c2o 2co 7o2. C 

o C22 	C 	o 	CoCo t1 c310 c 

cc=411  c tj c,2 cZc tt--Zco (Tc 	o c 
Coo c 	o c=o 2c702Co 	cZc c2 co Lc== c 

DO tc cc2 0  

'Lt 	X7cxO 	t)= c1CZ jci t 	o cco 

c10 gt= c,"& 	c!o 2o 2C010 

t7O tJ2tD to Czo 2c00- c 	3 t3 12C 

Dno 1 	 c? vz 9cv,  sc 	çj 

atx 	cx27 2c 
2co1 ccj t.co0  C 

) 1;x 	 CC ci 	cC 



c?3o DtOO t' tO ot 2ctic 2wc2 tCi tO c&CZ O 

ct 

	

oc'o 	 o to to tio c 

241-00 :i:Qr a 

02.2200 c=S 	 O tt2o 	COC3D oo doc c 

t =Cwcv Zo vj co Mo 

	

two 	 c2 
40 cc tot th ctco & c3ccc 

ttna w c 	co £? vzo 	L1b2I 

co 	 0 

notcot G 

	

o cc 	cco t7 c 	c 	CcD 

ZX?Z? cOZ?IXØ CCZ ccO 

cc3c jocc 0 c Cc cmoo o2 

: /Q cc 	 oo 	o 

c2 
c MOCuoCCO tj 0 Y0  C7 

POO 	-a 
	

v2. 

oo 

zavoao C OD 0 	
) 	occ 	c o2Zo oz2c 

sc:n,  c& 	cco ccX? o ov^v== t=n  

c=$"- 



'- 	c 	o 

o. C 	c? OCOO ? O c1Q 	0 

to 	co o 	cc o txx c9 0==i cnn  

~Cxo cz 	ac,~o 	o2 tz 	'2G0 	totxx 	. 

cto ltonnllll~ao c2 

b,-,z 	=2 co 20 27o& tO 

c? 1t23 	cc3 (J411 0 	mccxmq0 	2Qco 

oczç tc o C'j t=-,,,,tjcz 	 CC 

Crc txzaco czj 

*Zz 	 o 

J bo oz 	to 1pzc 

ct 	c&co a cco cc co to 

(D) 

U1 	 =bc c? zo 

Coz cto tx co c,ajtrtzl cn c2 	c? 

Lino boa cW 	tj 	?c? c 	o cycG o 

cC 0 MMIca LO In't =00~ czx cC 

oo Eno 2CUC $o czc$j 	Cz 

CJo 

	

c 	mu Tco 

cc 

 

	

cv= ttlo 	 C j3C 

	

o2 t' 	amp ma cj ccx i 

cC o 	=ct co abcva cm o vc,—,14  

cC 	pc 



(0) 

U0 	1 	, c2call clu C=3 I? 	Q41ccz 

to Qoct3 co C?Z7OVM cpc2,-n v-,-Znlv"'9(n ox230 

Van o to2o cc 12 	 cw cza 	cz 

xc?G ZWC1EL 
Mot 

c 	occc EC7 tcX c2 C3 

o cc 

, f

D 
0 00000 1 

tZZC  - 
 3bo 	20  X L ococz C-:"---Jc mt  

Z7OO CVo o2=-- 3o rtem cu oxco c2 c 

ooc 	rS1c 3tc 

2O 3p c 	o crr7 ctZzc tO 

1JJ 	3 	J v c lvb,~~r-n  

A 41c2c 	cc c& tC3 02 	ccz' 

t~.3 	ji23 ccc o 	o t' 

o tco o2 	o czzco ca,2 	 ccoc 

tcc cccc t 8 	'c$ 



Cl

to 

 cc3 OCZol C24C:7C 	o eczxi oCo 

7O cc MQ c3t0 c 	VC--V trj 

cat tic c3cCZ)7 C 	 o tc CC  

ciz? c 	CXCe 

ccc r2Zc cc&' 

&r Cc 	t--,,,nn r- 

o 	c2 c, 	fccc 	c7cc 

cc3 	 C 

2 	c:co 	3Qzc3 cro &o CO 

&c 	 1ci cc&çi, 

3 

f 	7 

v.-,7o to 	C== co 	t 	o 

CC 02==~;o voczc1 CC:? (o rc ro 
cC 	ccD 	 Jon Cg 	ccro c 

CUM 

aocQcJ 

C 	 CV c x ccc 

2=111130 C2~1 ccc ocic CC CIO 
c22j ce GL?7 cC 

ccy c!x'ci co 2 	2cio2. CCU t 



Co 

c 	 cc 	cC OAD Cc2CC 

t=cc - aucc cj 	txc4 co 	L7o c1cz73 

'1a cc o 	cC 2ca 

o c2 c occczc, cc tocoo Ccvo cma  

CX3 tcJ CC c 2' 	cc? c C2D 

C, 	2o 	cZc3 c tx 	c27 
o c2i ccc ctj0 

2D cc to tcT Cc c c 

c cci czcicc 

~o 2cco c2 Co t;2i c - c- cyjr 

o tCC 	Co cc' cz2 
cc cc 	c c 

& 	7oa OZD ?2Zt 	c D 

ccz c' oczco 	 22 c 

Zo c'co 'cj tc 	o cczjo o,3c3 ccz ctxD 

tcn 	cc  

L7 CI 	) acc c2 o CCC7 

C3 to c3o 	 Cc cQc cz 



fit 

zTr -'-- 	- 

C2 of cZ N? 

	

£cx c"7 o& 	c cnxvo  

cC o2co 

	

o o. ew, cz cv= 	c occxo0  

tZ7O 	Q223 	cc' CC o 

tO C23 

0) 

c22c cC *Ot 



22 

00 	c2ic to tc Z20 t)c= Ac cccc1 

C3 c= C3O c'?OC Ctc to tx1 cW00  

2 	 c 	o cxo 1ccz 

cca 13c,  Vo 06#00a 

Zc7 OCCCO3 cc1 c? 	O excao 

C tO 	 o ctvj 

t2C) 	c ozc& ccicz! c 2 t 	t=8  

to cix,9 	c - 

c 	C7 t3& Ø  

	

oa, r r-1 	 3C2( 

ODO 	çr 	 c2uco 

t.o cor 	c 	 ct  

c2c 	cc1 cj c Gc1 Q jccLo 

xbic3 c ccc2 	£co2cz cc 

A 	 co tc o? cccZ cczj 

	

wzzc2u çpca 	Co ccc2 

	

C 	 ?c? c 

=0 tc 	 o 	cc2i: 

CD 	 ? ci:o 	c ?cccc 

C7O 

£oc 

Co1 cz'o tO 

c) 127O C 	o2c 	 cxc 

ezjzxo,  



c2co 
cc3 c?z7 tj ccc 	c'c3 cxcuo v 	cçj 

o2c=c To co tco cC 
c co tcc to 	 cq, t 
tWo =a  co 2cto 	 CIO rctcb c3 

o Occfrj c? tcç' oc cVO V= 	ca 
rczc ccz'o 	 tO 

C oco crX o =0 ovo 	Z?CiJ cvo  c 	cjo 
Ztc? cC c2c 	t2Z 	'' 	 2 
tcç2 ccc 	tt cz Lcnrc=o 	1x 

cc, 	cX c$c ecc 

t7 

 

Motc1 o 	 cc3 cm toccc1 

0,  ci cz&n,ej, cC 	cnn cC 	c cztO 

to Co 	 cco czvc ctzc½ 
t::,xo,  co r 	o 	izc cx 

cl':Oc4 cC 

1 ccc 	?cc? 22c' 

Z2z cxj c? cd tzc2 

iLr actic 	vça occ 	ccc' 

rns to co c3 cC mtaoa 	co ?c? 
cc c2 	o&o ci co 	cc 	cC 

cwjo E7 	01, t1c=c c 70  

tc 	c 	crco t 	tcz22j 



24 

z ci occca&. to a 95 I to cc 

c2cro 	D om"-'GDiiC'. a t D7 	m'so 'L t 	0aa C 

a nc 	s 	cvzt7 	to CcC1D1 

	

O. AC) 2Xc 	O 	- ' 	Eo 7 cz 

0 = 	camc3x1 tt cco.  

 $ 	cc o  

	

j'~ ,...~,..,~.~''`,~ 	5..~-""^~ ~; 	/+~ 
Cc' 

ft,~ w~ig`* 	, 	•,'~'^ xi? 	R°'y 

	

~.r-.~•..~..w.,.:N►4x 	C.L''hwy...?'►.~ 	~.1 4.+C '4...,,lkr 	lt,....,,,,,j 	r..,JL:.:,r+Ki'..1 dM1 

cc c t c;.. -, ` 	cc 	tx 	..  

vt 	3O 	?O0 CCc C2D34P 	xc 

	

 cc 	c2 toL: 	2oc ' c 

oc 

C 3 	 LJ0 	o 	G 	cT V JO 



rte , 	.10.. 	be 

* 	s $& r"o atuøy of mac► tsJp* 
~ W r mot .r *tt flcs aw .i*ib 03~ 



. 	 ccz° r2cc 

1300 9933,000) 0 	W. 

'ic 	C 	c2 ca-,ttain /xio c2 ioz?2&P 

p 

Do Z 	O fl, mrumrn "Vcxc?o oo" o iecvw 

?c:-c3 c2 	tzq7d 	ZiVo 

89  Dzcz 0  un cc c2 4ccc 	£ 

Vo23 cco7 ?C V. 	t2J 

coe 	O2 

tov 

Cocorj c 	0 	Ccj—,Moot  

Am' i1J o, 

a 	r!) 	1300 4p 

6UU 

Go  O c04!zc2 A 	 ci? 

ca Cvt%3c 	=Zq Cc 	C3 

¶ 	 lie 	 cc ca 
Vzoovu to V-10 

e 

to  

Go DcJo L:c4co c3 	1:,c!:7 czjc Cc 

C? zc•ao Zz 



E)o Dt Gt 	ct 	'L\ cot 	 pcx 	c 

Zc Lccr 2Vc3rP 3D 	L 

• co so* 	tjD W300 
too 0 ozio  a 

cc 	 flo 	OthD bocc t 

t, 	=2 O 	CtO lamxp ivc3,sr1n 

DD, o W50 lip"Aso 

txt'cx ixr U 	c 	Co 

2 	Ycy 	£C3, Ei3 	C20 

80 Cc' 	 t21 Vcc v! 

C-9 c 3tCCQ$ 	cjaa £*VCQ* zanto cc acato 

t~lo Cflc4 ZC70 

, O7 V2z7 E° t C12& 	c&tc 	Ic 

c• 	o lWo Lzvo we  

C32C In A CCO 	 OCcD Cc 

Cz 	cz° uvcoo 	c2 2xr 

G3 £ 11!!. tot 
2C5 ft~l 040 

O 	 V3 

000 G £?Zi ,v 	 ç3O• 

o, 
 

0Ccao c2 cnca gZ4 DOj 	otc 
t7O 	Ic30 (iX) Vo 0 



17, at 	a 	ixmo-,w 	o 

wce, 2=7t  c? Co 	4 0  

wo 	no 	 c 	Cna lo 1)j40 1vo 
E2Z co pmt O 	Vo, t4C 00050  

141. 	I'. COAV  lcwj,4t,?4  

IN uo CL't3,  D 0126 Cnmr-7 ,=l V. t1cr 

at 	uc&o 	V 

2Q 	V 	c, 	" 
L:?7° iQC, ZW2,0 C 2LAO 2JE?Q 

2cq cjc 

,rasw  

t) CccoD &Z 

1700 	404 Cc 	?47, 
910 	 j 	 cro2 	c 	x 	 2  

tL, c 4tC) Vo2 t3 ro,2 

a 	nozco Umzo 11  A uoto 	anan &tc Lc1oD 

	

02 4nago 	O, 	.1* 
24 0.  

OVxcP 	 cz;a LIVO.)*  

VO4 A 0 Coo 2G 

c3c: 	 t; 	WO 



230 00 cib 	0 cc= C32c.cD t= ',','ç2 

cc 

XD. V, 	0 flOe 	 iro4po 2000 

, A0 	Ivzz Ccxii?c 	tJ 	tci 

Coj 	D __ 	 ThXJ 

Voa two wf j 41I 	4 o 	uvwe  

	

30 t14 	cx 	 cizt 	to 

(-, 	c' Em r4trmce Lnto c4o Vm'cA 

L 

	

flct 	Do tlmous 0 Ocz 

Avz'~--Vco 21J tIroa c /c3 Cal Lvoj, Vc, I2Ø1C 

root Ntv 	 c 	'Vv oc 

to LIX 4j, 1O tO t1o3 

G9hqc2 1 

V70 	 Gb 	co 

L3 	 22 £zrjo L7OQ 

J (6\) U020 00 EIoH gGc c:3% 

24 £2 	00 	c 8 2 

az 	cc 	I2fl 

Vo2,0 00 Ni20 , 4 
ccao wø 

7o 	a 

C7 	L'zcJc° 



Cc& Czo 0 	o Co 2o 

I?Z?D° gi. WIS= Cvcc0  c 	ivo 

Vn* I4261326 15,340  

=2 ?*4 ct= ° XA3 

tttn tZ7 =3c3 	 P/* 

n 	vao  aA4190 1300  to 

c2c r4X? t?ZO C", 	t 	02cx 

ci 201) 	a 	 vrao 

1300 Cc g, 

Cl. 44 

Eo, 4i "°D 





3cf3 cL3Z7 O 	t5J 

e Ac cx c2 co tzco tc2o C2 Cc6=  

VCEj 	&z 3 

tat c vcj zc' cccziJ, (o c 	D 

cj D2S CO 	 i 

	

c 	tzz3 jo 	C 	ci c'1 

	

wti%o 	o C7cZ? C 	C to (C2 
ry txo ocoz C23 c& 'ccc cc 

	

2occD 	t7 cC2!J 	Oxj V2o 

 

¶to 	 oC 

COO C oac,r3 a 

t'oc3o c 	° 2X LZ?OcXo 

o cvc 	&7o 	 c 

ba  cx vCal=nCcz cc tj 
c 	jc7Z. ao 	cC 

zCco c 	cc 



Gro 	cjo c vci 

c2 cC 

co 

 

t*:Zn cL'o cj o 

zjcz 	 c vrc1 

c 	cjo Ccccz Lcc 	tcz zcc 

Qcd 	 tod,; cc t c.cc cC 
a 

1ccx3 t• POOL  

•o 	eL=! 	occ7!b3 c 	&co 
Coc pccr c 	 rtj CO c 
•Wco cC 	 cj2 	Cci, c 
•cro ccor c t3 c-.3 ty o 

C3 Cd 7An r 	c 	72c 

t 	£02t7 c? c•i 
2 J tCt7 co 	czo c 

	

o 	QcII tcc Cc c 
CSZ13 	V$3 XLJ3C .O O 

co 	 Ccccc 

2-,Y3 uo cmc cc o cco 

cC 
 

	

cz7f-,~C3 rn 	aucm ns to zP trj 

7 r 31 y 	 1006 

Oc ziio21 c 	c oct 



tor 

C Cc2cc 	 o cz 	c2o o 

a v 	 &, 	to co 

o 	Ckc cz o 	cco2 cC70 

C 	mtn= Cc? & co co cocan2=  

occo o ,7c t;:27 

Cc• 	c- c2 ZD 	sCi 2Z 	0 

van( 	' '-'- -''• e p -  r' 	r. 

Co go czcv 	z2cz1 zo 

ccz cC c;i co 	in a 	oc 

fl n LA tr, OG) 

1i 	 t7 

C-co PIC 	 cz (o 

) c 	 cc1cca u 



1 

40*Ml tar r x '* ~~► do" woos** air 
r2is to to dodos 0 Iqw $II* OU '. 

* • a2 	
1! 

*1 W tb 	roturn 
I 

~ r r as t" * in * ft 	. ivoloUq 

This wl► .** .ititso obtsn+I ► +1 U ao2 ' 
vvaaflens3 tsdini Los ssi2ab3a* 



c-P 

4e 	 C? 	C3 tDt3 

£ co 	OCJ2i ?C3 1O 

%7 	 c7 c:= 

Vzoo ¶o 	oo c 	cj!cc co c 

cn~n ro 	ci coc2c 	occ ( o 	o vc 

co o 	c 	c c 

c? zZ,00 o2c 	oz'c27 tc3 etc 

cc o2 	c to 	 .2 

•1 	flcz 
_I d_j,pØ 

S 	 I 

k 	D 

S 

cc o an 	cc c2co 

co cXo, 



rt ' 	 c3 oZcxOo, 

0 0 	t7 	C 	tt3 

D 02 On 

9zo o2c ca t2Q to ocy xIcc zxz 
C-0 cXJ cc o az natc,-rca  

cc 	ccic vc2- o 

cc' ozj 	oc_zc cic 

ccc c2cz 	 ic 

cc t7 

04 n 0 0 	I 8 0 
11 ("Ill 0 Of 1:1 too LIO oo 

cat 

C 

C 

1'c.'oc2vo onam c? Zc 	& M. to 

C cc CC OCLXO iv 



an 0 

	

00 	 : 

ctoo (oO 	oe 

	

Goo 	CO) ciS 

C2 	 0,0 

lun 

az 

to  

	

DO 	TV/)  t 

c2 

cccc 

t3A) 	H2Qco(•27Vc 1 ) 

c? o2c 	tw 	2c 

ccc'c 



Vc c tj o2cO ccucvo vo 	 3cc cD 

n 
T3 ; 	 a—A q3  

2 cz2c7 O O' O1O rtc 	z o 	xc 
CZ 	 so, 	c 

x c 	o 	c7 	 Ccc 

cc 	 A7c cc2 c 

	

o 	co eo4  ca VXo cr t 

	

oz e11-20 ac 	m 	 c2 o±xc 

Oc=c c2 c. 

c?c o 2cr £c co cx ccc2.o 

0 sr&rb 	w 	cc cxc cj to 

. 2O 	 2o Ecioa Coo 

L--loC=0 MCI a 	t3 

c 	ty 25 
cciic cj 	t7 c2j 

co 

 

Ze c2 



CLIO cj cc Ot3C 23 	C 	O 

cx oc2j o t=n o& 	o c 	VXCG 

BnL, ---ua ms 

	

ccczc cpdj 	c? 

//7 )Cz3 	ct 

I4 	a cm 	ocx c•cj . 

• t 	oo 
ctz,a cz,$oo 	C 	tcc 	cz o 

3 cc2& cc 

t 	cco tn 

o? t o22j rc1 o&rLc toco c? tto acc c 

ccc o2czzo o cd c2oZo2 

c c2z? 	xtoo C-- 12  

C327 	'' 	3 D4 

o2i 	 UZI aa cx 	ccc cc & 
= 5cml C=Vcz,-q-= Go c:= -28 t 

C?O crAO c7 cl ccxx ccc 	 c73p 
t• 	txx z 	C-Z:-2 c2cc & x 2 	c 

L1CC3 	 co t& cc 
cc 

cc .  zc2c c t4 RZO 410  

, 

cccx 	cc c2 	3cf3 



	

AZ 	 Q7 

	

t All-i'm  ID 1211 	 ia 	CZD 

07c c 	o u tCn 	cco 

*coca t) 	cco (2A 

1,10 0 cn, ¶x ccço to t 	o 

, GX3 £:Q 	co 

Dc 	CIZ tc2 c 2c 

tZc2 So z10 t, 

t C-c tc 	 o to  

CD c c 	CC o 

ccz 	o vc'c3 c7 	ca ze  

0 	 c2 



rø000 	o) 

	

0 1 	D 	OQOC 	• ta 23 

0 y'i r-r—J 

o c 	Ccc3 S c t 	cx cco c- o 

Ct27 	At1cu0  luo  

Go  

CC 	C) 	0 	2Q 

Ctz 	oO 

V1,3  Vo  oQ 
40. 

czi 	 00 

3 cçz2ti 	cc3 c:i % 

c? 

0 	 cc ctc tio   

io 



Issoe 	 o 	ct 

c:) I1C' 	ZO 

xtc z'occ, 	o czcxcco AO 

C-Itc=n voz 	tx 	MO 

& 	ciwo czio 	b&i 

t?c 	oC occ cc2• 

c2 	o cc$zo c E 	cct1 to 	er to 

	

4o c1co o Z 0 ell zx c 	j cc 	cotc 

c co it1c 	t 	 Cc 

't3 co c 0 c2cxo cc 	tb 	e=2.2 tD c2lc2v 
r Z 	tD 2CO 	cjo, 

Ce S,3 czo29 a3Qo z tC 2ct, 

ecc1Doo 0=0 o2 

O CD 2OZ Of-'3 	Q 	X2 	t,o 

tf 41 cm CCZP to WO c 2c0a 

02czo 	ccco c 	obo 

viatoco 	c o 	to CG 	J27 

3c 02c2C 	?C? t 	 tc ZiX 

	

to cvc t 	/ D 	txi Zo 

	

fl 1Q 	 c1 > 



.110 

M) 3 	o ¶o st2z c? U 	Cobco zcm 

o Vc 	c? 

Sa £ oc 	cLtqi co 	 tQt--L= 

c3 P 0g cco c3 tLm ccr c ciz 

C 	0C'~I-f "In OC7 vc 	c CC3 

AD 	2o t3 	cc tz ccc 

cvc 	c. c2Zc tj ic ccc c 	oc cmv no TI 

'O3QC c'c 	o AOAC o to O2CZ c 

o c2c c ccc 	c c 	c~o &io2 c 	c 

q=2 cl OO 	C!) O 	I1!C$ 

c oc' co c2 	t• to c c 	cc1 

CIPC3 	oc o zcc1 

ccz to 

•2 xv 	cx 	2 	o L 



IZ- 

flcyj C oa CO 

cco ccc 	oc'rc £O Co 	o 

cz 	c2 c 	cc7o o2cc 	cz 

cz, 	323 o oco o2== Lc2e c2o 

Q 	CXtZ7 	 CXO t 

o L.3cz7 t3 C 	%c•. c?oc cnrzbo Cc 	coo 

o cc 3  to czocnZ06 vcC cC t 

cc occ 	o 	 c.cij  

crjc 	LzCc3 tc:1  Co 	2c c& Zoa cic  

o IC3O3 cj tD to cC 	=cc; C 	O C0 '31CO 

o CiA 	 C to C3 2-r-,7 

co &MCCIZoorcz x) 	 cC 

Qi&O VZo 	 to 	coczcj 

Ej vpLC2=0 OCflC cC CJ c3c'Z £ 

ct2o 	 7o o c2 	0 2Czro 1 

ccc1 	2c cC cc c 

o co 	o 	tv 

cz3 	o o2co c7z= 10 	i&a o 

cXo cC o 	CZZU du cpcj 

tVQ 

	

	 ca 

cjW ccoo 2O 

rco d, 	c o 0 • 
cccCo £c32 & >' 



	

O 	c 	 ¶X2O 

	

ca 	 Ac 	to tCc?o 
aw, cct 	o zclvcm o 

c' 2 Tfamo cav 0,,W 
cz t c i • 	u o cc3 

cc o t'cc3 cc'o co czo 

Fv2j 	to 	 cct2o 
to 	ac czc 1c2= t ?c 

c 	z , 

AC! 	 j 	 CXO 

C3 2 	c 
c• o&cz c 

ccz?Qcx 
Ctxx? c:c o IrMln 

"49010 IZO CZ & LZnGa3 docx  
cc) 

 
to 	zct 

Z3c-, cx 
b 	ccc 	cc C 	: - 

	

o)Lccc) c:: 	 co 
(o vcco cz 	 D t tx 

ccxzx3 

 

OC22Z cm cc t:0  

vr 

	

3 	 ,, ?:• 
'4IML 

/ 



MAI 

(rip rb too ,6004b 0, 

ISO z=r-f4lo 	 C3 XO cvo 3' 	0? t wo v71 

to £2 

n,o cro pcyo o 

=p"JuCO cccc o cci to v 	4 ) 

tZI =0  ccttj L2oc!? 

rao tc co cC cnao 

GoV€VS b t) Cct?cZ2b, 

cz' cocfo 	to ccc C 

cc2cJ 	CC3 Cvo v e £1 	 ao CC 

cto Co 	cCc 

Cc cz oacx tp 	, o1!G cco 

C3 	 2 t=bo 

Co vc2o c 	cc & 	cccx a 	co2o C 

C2 tv-nCca 

to CbZO 



1• . 	 .- - 	
. ._Sl 	 J. t 	 -ma- - --.--t- l... --* 

D000?A 	 oi 
a 	.4% .-a S -.4 	-- -_-. - 	- -.. -- ------- 	 -a----.---  __-_,••.• * _•••• .•_•••_•• 

t 	 o2ccx 

T3 MO 

t72 

cap t) 	to cm 	) eC2 	t 
r 3co 

ox c O 

vc vit c2 Zan am 
ancu/'n cc rtt'lo 	 so 

oCc=1 

0 cca 	 0 

• t:C; 	F$ C :!) $ c4 

t 	 Qm Lot: In 



BIND 

O 

.-v cam' 2CD & 	cc 	c:C '+ 

 

Cc ccô  

3C  ~  c1r 

£43 	c2 tt 



0 

DECISION NUMBER 

(DI SPLACI'M N FROM ARRAY ORG-i IN WAVE_LENGTH) 

ELEMENT COV1 RI"TG A;; A FUNCTION OF DECiSiON NUBER FCR A 

LINEI.R ARRAY 

t 	} 

it E~EME41T COVER' GE I, 

nd L4 NT CUV RA 

3rd %LEMiL:N T 0V 
	G 

0 2 L 6 8 to 12 14 16 )8 2c 22 2Z 

9 ELEI,:.r;NTS A1i.AY CA.3E.nx - .5 X , 
ARRAY LE.*iG 'H = 19 A 

(0th EL M NT 1D LtiST ELEMENTS AL FIXED) 

FIG. -2. 



%nm~~ n !!E- nc,:~n 

L 	 co2r.co o cdz.o c31c co ccoG 

XiG cc1 OW co cC?c3 

	

t?tX?o tMo 	V. c(L) / 	c2c 

oczf 	c a 	) Cc 

	

LC 	c 	 t 

2t'c 	oco cz vo2o o2 
C= 0

0 c) CX 

° C COc&3C 	coc 

o 	Mtn 

	

 C —  log.  Z~ 

I2V 	2CCQ 	QO O3C 

(z!2) 	cAo V occcc v 	cc 

0 ) cz 	ocjcj c 

U) ,M=3 ma= coo cc?ca 



T13 	c3 z 	) 	ca to 

cc3 	£ 	q c&o cccx bo 	ccx 

Ocz1Oc3o co Gco to 	: 	 o o 

C2 rl to 

cco c 	 /x2crc 	& 

&J tQ?O 	too 

) 

VC:7 01 

2q tx czi c V, c 	2) 	cc cto 

C2.0 

) 

O2 )a U Q ZZ)t) 

tb(E~) C3CQO (O tO 

ct,3 v. to 



C'11( 	 t ) e 

cco vo co cc1 	coc cozz, 

cccso 	cr) 

CCo r; t) (JCO(2 Tz- t) 

t1 Zo tAZi tx Z' *2) / 	ccZ 	co0  

13O3O 

 cn 

t3 cztiz cg ocs6e)/a cac 

) 



Q co 

9fts 's  it  z ) 
	

c 	 t) 

	

voo 	ccz000 0zr z 

	

cz 	(a) (sv cz 

LJC 

(;po OvC3, co 1 co cX3 	ca0  to  

C31al raCcQTo cSc) co c 	C? 

0 7.00jO 3O 'no 

t) Co cam 
to 2to (Cc) c2c 	Lo 	c2 c'Cro 

ojoo ozc 	tae 	o&zi 	co 13cc, cZi3 to 

2o 

17 
D (zq 	 t)z 

bo OL'Z 	a cc 	o tC3 
13 

o : 	 C3Cv b:?Cp= 

cc: 	oc3, 



c•icn jrj g
7 

1 

Gtc' 	CD a C 	'oc2 

O3 CVco LCC:3 $a CX 	 CCG A 

cc o? 	CcQ zc ?cc'SM 33 ccz 	o 

occo 	c? cC 	tof2o o OC 	o cczo 

cc 	ca t7 	cC jpCfjt=oco 

cX 	 2tp occo o o to occ 

So rC t 	 G000 	o 	o c2co 2o 

to 	c 	 Co.c3 cC co ctco 

co vcce c 	:n cij 	ci O2CC1c3 

D cr2c 	PC3 

 

C= cZV$O C=~.= co 203 

r=- CC 

Octj 	c2 c&c CC oc 

C-1110 C, aj crcz?c 	>' fscr?o 
' ISO tctm c, 0 	CO C=a (o 	co 	co 

czo o 

C7 	 Z~l 

or-c140 	cZo ccw o2cr c?o 

CO -%, o 	 1!3cc MO crzj o 

coc cIx 	to czcc OCJ 	 20 

tto oz 	CC 	co occr 

oc 	oo c to Q2CDt C=- ? 	rtC 

oa=Mto  



t?tx 	 ': 	C13Q c 
or,- 	9 	co2cco co cvamco2D 

cczo CC 	 mzW bo 1 

cO P23 2 to MO ocxc vco 00 a 

09 0009mcattcz 	o 	vuVw 

to 	to3 o oczxco t oczoc 	cto0  

Z10 cczio 	o2izc 	t 	ry c±? o 

oco vcz 'T to 100, tao 	occ  

7 c 	c2cx c7a oc 	cj c 	cc 

AWZ 

C t!j 	cio 	cC c, 

bV 3 O&33I 

Clawo Li 0 %3r 	C? c2 C?C3 	C9 no 

Q C? An & 	Cc 

J tO s C3 	c& o rtft1c 

c 	czv3&, if X /22. 

txx 	cza cro Ow D t3 10 

MM toc 	r2c' c10 	 OC 

t 4m tb 
C 



Cc'a% cilc 2o 	in =to C'cD 

czjo c.? 	ct'o 4G 

to o 	zo L2cc. cco c 

yJaD cLxr?o 	Q 

X23 CC 41CM"0120 ci3tcc, sv= V Ccc 

NZ c 4 tj t 'ccz pcô 

90 cccxi to 

ccOc2n 7X23 	CC TV O tX) 

c :, $o3 c2C3OC 

2, zz 

3, CC?t2 C 	fi 

x= 	2cz C3 C7 

ec cz7 t 	 & 
SAO c10 	cy 	c2iz ow 0 

Ca vn= 

45 	 c,oc';o ccc f tw, 2zo 

o&—Cc; 	(O 	tZ7 cC C?O 

Z?3 cOCC32' O ZO ctx 

c;t, 	o& 2eo 2i 

toac, tac 

2z c 	oij c? 	co ci •ccQ 
n4 
4.' 



W ~ i 

0 
x O,, I 

~• 
Z (aj  I 

I i I ~ ~ I If ~ •r ^ 4 

00 

— — r --  — fi t 

cTJ 
co g 

4 ~ ;n , 3 ?' 
W f~ E 

. ci 

I bo N 0 E 

O ! W 
f< 

1 	<T 

_Z O o Pa• cl z 

W z d 

W H 
P4 

4 	CA t` 	(0 Ul n N 	r-' O 	w cV M .7 	~(1 (r~ r~ 	CO 



54 

Pkurs 4 ors the %rILusq 4ir ►t 
of the 0340 toes level ter w ails wrist t is 

oaissti 	roosss, It obois suit out of 16 )o 031 

sosbinst$nas at eats os3y two #fit cM*nsfless 
tva Isv a*, Ulm Vial 

Since the V"W ; tter► St Pig. If 
• 4er .* with 	a I and 	+. 0,1 0 it musu 

► taw bees to be •a ► to ► 	90, 
0 

oak side Is 3ays3 no at* this 4,14 db, mar 
s eisøSMra& hsys r.jt.s of •ptisiastia.. 	+► 

" 	 revt s as. i... 	a ,050 Md 	- ,$ . *5 
distia ,ttt.n St the Oa ti e r As" r 	of 

• tsi.st 	IS 	to ,950 aM 	a *1 isi mt 

IS no'. 5M T)s *34. 3sbe Iavtl within the nOM 

side lob. level is 8.71 4b below the tMs bees. 

Put high old* lob. cos out $I" the rogue St 

optisisstScnØ the hest SAO lobs del outside the 

of øpti*isetion is 1,14 0 4st the *in lobs, 

The►+an t e St +tit, yu tot the s ti ass 
as seasurad inwave lmnths from the otray motor are  

z~ - 105 , 	-5 ,0 	• 4.5 Md 24 • 9*1 

This POMIss the auto  	be sa ied te  
with seek sUe lob. del 8.76 0 dove the sam lOb. 



r 

1 , DYNAMIC I OGNAMMIN TCI!1Q. 

SPACING QUANTIZATION ax 

NO. OF CA )ES CuNSIDE1ED =16 
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D 
APPENDIX—A 

PROGRAM DYNAMIC PROGRAMMING TECHNIQUE 
H REFERS TO INCREMENT IN U 
THE VALUE OF HI IS ASSIGNED SUCH THAT K=1 GIVES UMIN. 
AAL REFERS TO LEMDA,LEMDA=l 
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 
I CORRESPONDS TO THE POSITIONS ALLOTED TO X3 
VARIATION OF U IS CONTROLLED BY K 
ABE(K)CORRESPONDS TO THE ABSOLUTE SUM 

C 
 

PROGRAM ARRAY SYNTHESIS M.NATH Z 
DIMENSION TX1(19),ABE( 100)sL(19),A(19),AD(19),B(19)+LA(19)+AF(19) 
DIMENSION M(19),U(100),YY(19s100),KA(19)'KC(19),AH(19),C(19) 
DIMENSION KBI(19) 
READ 100sH,HbAAL,JL.ASTsKLAST 
FORMAT(3F10.0,2I3) 

STAGE-1 
I LAST=JLAST-1 
PY=3.14159 
HAAL=AAL/2. 
TP=PY+PY 
TPH=TP*HAAL 
D061J=1,JLAST 
AJ*J 
TX1(J)=TPH*AJ 
D062K=1 ,KLAST 
AK=K 

2 
 

U(K)=HI+H*AK 
D063J=1►JLAST 
D063K=1,KLAST 
O=COSF(U(K)*TX1(J)) 

3 
 

YY(J*K1=0+0 
STAGE-2 

D01N=2,ILAST 
N1=N-1 
D02NA=1,N1 
DQ3K=1 ,KLAST 
AK*K 
ABE(K)=ABSF(1•+YY(NA,K)+YY(N,K)+YY(JLAST,K) 
AB=ABE(1) 
MA=1 
DQ4K=2►KLAST 
IF(AB.—ABE(K))5.5,6 
T=AB 
AB=ABE(K) 
ABE(K)*T 
L(NA) K 
MA=MA+1 
A(NA)=AB 
IF(MA-1)7,7,4 
L(NA)=1 



4 	CONTINUE 	 $ 
2  CONTINUE 

PUNCH 3029N*(LlNA)9MA*1r141) 
302 FORMAT(2MNs12,(1914)) 

ACsA(1) 
MB *1 
IF(NI-1)11,1.1,42 

42 DO$NA*2,N1 
IF(AC-AMNA) 19,9*1© 	 f 

10 TMAC  
ACA(NA)  
A(NA)*T 
M(N)aNA 
MB*MS+1 

9  AD(N)*AC 
IF(M8-1)11.11.8 

11 M(N)s1 
8 	CONTINUE 

GO 101 
41 	AD(N)*A( 1 # 

MiN)*1 
1  PUNCH 200,MIN),N,AD(N) 
200 	FORMAT (2110, flO.5 ) 

C  STAGE-3,Li 
DQ1U1*3o3LA5T 
At*1 

I1*I-1  - 
DO13N*2.11. 
Nils*MIN I 
D014Ks1,KLA3T 

14 ASE(K)*ABSF(1.+YY(MN,K)+YY(N,K)+YY(I,K)+YY(JLA$T,K)) 
AE*ABE! 1) 
MC*1 

0013K*2 *KLAST 
IrtAE-ASEtK 115.15,16 

15 T*AE 
AE*ASE(K) 
ASE(KI*T 
MC.*MC+1 
LA(N)*K 

16 B(N)*AE 
IF(MC-1)1791Tr13 

17 LA(N)1 
13 CONTINUE 

PUNCH 303,1+(LA(N3hN*2,I1) 
303 PORMAT(2HI*12,(1914)) 

AE*8(2) 
Mp*1 
IF 111-1)31.51.52 

52 Dp18N*3rt1 
IF(I1-2)21,21,44 

44 	IF(AE-~SIN)119,19,20 
20 T*AE 

AE•S(N) 
B(N)*T 



KA(I)*N 
MDaMD+x 

19 	AF(I)*AF. 
IF(MD-1)21,21,18 

21 	KA(I)*2 
AF(I,*B(2) 

18 CONTINUE 
GO TO 53 

51 	AF(N)*B(2)  
KA(I) 2  

53 KAI*KA(I) 
12 	PUNCH 201#M(KAI).KA',(j,),I,Ac(I.) 
201 FORMAt(3I10,F10.5) 

D022J*JLAST,JLA$T 
AJJ  
J1*J41 
D024Is3pJ1 
KAIUKA(I)  
MKAI.M(KAI)  
D023K*1 #KLAST 
AK*K 

29 	ASE(K)zAB$Ftl•+Y'Y(MKAI#K14`Y(KAI9K?+YY(ItK1+Y~'(J.K11 
MA *f 
ABaABE(l) 
D024K*2 9KLAST 
IF(AB-ABE(K)125,25,26 

25 	T TAB 
A BABE (KI 
ABE(K)*T 
KB(I)*K 
MA*MA+,1 

26 C(I)*AB 
IF(MA'1)27,27,24 

27 	KB(i)1 
24 CONTINUE 

AG*C(3) 
MB* 1 
PUNcH3O4,Js(KB(II,I=3 J1) 

304 FORMAT 12HJ*12i(1914)) 
D028lu4+J1 
IF(Jl-3)31,31,45 

45 	IFIAG—C(fl )29r29,3O 
30 h*AG 

AGC(I) 
C(I)*T 
KCdJ)aI 
KCJ*KC(J) 
KAKCJaKA(KC.J)  
MB*MB+1 

29 	AH(J)*AG 
IFtM$-1)31,31,28 

31 KC(J)a3 
AH(J)*C(3) 

28 CONTINUE 
KCJ*KC(J) 



a 

KAKCJ&KA(KCJ) 
22  PUNCH204•M(KAKCJIaKA(KCJ),KC(J),J,AH(J) 
204- FORMAT(4I109F10.5) 
• STOP 
END 

.01  .09  1. 19100 
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APPEtDI3 -O 

C 	PROGRAM FOR CH'eCUUNG 1D LOBES C#CAtt MA14 LO3E 
C C PROGRAM FOR PUNCHING AdE(K,)WHEt LtUA)a1Z 

D1M FSIMN TXI(19),A3E(91),L(19)iA(19)*AD(19),U(l9),LAtZO),AFI1 ) 
D ES15Zt, t4(1.9),Ut91$sYY(19,913rtAt.I,91,UCl19),AH(19)oC(19t,K8().91 
D1 VS10 UUt91) YYY(19s91),bCt91) 
READ 1OO,H,HthAALsJLA$T,L.LASST,KL 

100 	FORtAT( F1O.O#3I3) 
I t,A4.1aJLAST-1 
P" Y*3.141 9 
HAALzAAL/2 s 
TPcP?+PY 
TPHc TPOHAAL 
D041Js1 oJLAST 
4JkJ 

01 	TX 1 ( J) *TPH*AJ 
DO62 v1 oKLA T 
AK*K 

62 UII)*HI#H*A( 
DQ63Ja1,JLA$T 
D 63 ,',1 PKLAST 
OaCOSFIUtK)*TX1(J)) 

63 	YYtJeK.)O 
DOlta2 p I LAST 

DOV Aa1,31 
DO3K 1 o KLAS T 
Att*K 

9 	'AM tb )eASSP(1.+YYtNA#K)+YYI Kt4YY(JLAST*K)) 
Ai3 A8 U ) 
MAc1 
DO4t *Z * .LAST 
tF(A8-A3Z(K) )5 5tO 

5  TaAD 
Ai3cABEtK) 
ABE(K) T 
•I4Aa4A+1 

0 	A(4A)&A.6 
IF(4A-1)7a7tr4 

7  L(NAla1 
b 	CONTINUE 

71  OO7UU"IIKL 

72 	UUC V4 H*Ate 



0073J#1.JLAST 
D073K'l .KL 
OsCU$FflIU(K)*TXl(J) t 

73 	yr?(JsK)*Q+o 
DOIbKal.KL 

76 	BEtK)cABSFtl*+YYY1NA►K)+YYY!9*K)+YYY(JLA$1*Kj) 
PUNCH 3O5.NAn$E(KliK.1,K!.) 

2 	CONTINUE _ 
20 	PUNCH 302,N,(L(NAhhNae1,NlI 
I 	CONTINUE 
302 FC6hAT (21Hm R, ! 1914 t 1 
$05 	FORMAT(I2,2X,( 1IF7«4) ) 

STOP 
END 

001 	+09 	to 19 91 91 



9 

C 
CC 

62 
1 

2 

30 
5 

100 
101 

200 

APPE$D I X < 

PROGRAM FOR RADIATION PATTERN 
PROGRAM ARRAY SYNTHESIS $«NATH 2 
DIMENSION TX(19),ABE(ZO0),U1 ZOO),YY(19p200) 
READ jO0,H,HIrAt,,JLAST,KLA5T 
Py*3,14159 
HAALsAAL/2 • 
TP*PY*PY 
T$►H.TP*HA.AL 
DO62(s1 *KLAST $ A1,..K-1 
UtK)+~H*AK 
READ 101,J 
A J'IJ 

TX-# J)*TPH*AJ 
DOn lt:UI,NLLA$T 
IadSF(U(K)*T.X(J) 

IF C J-19)1030.30 
003KaI.KLA$T 

ABE()*1,+YY(1*K)+YY($oK)4YY($,KJ*YY(19,Kj 
PUNCH 200, (ABE (K) ,gw 1, KLAST ) 

FORMAT (3 '10,0s213) 
FORMAT(12 ) 

PORZ4AT t IOFa.4 ~ 
STOP 

ND 



APPENDIX-P 
AND 

APPENDIX—E 
* ARS TO OE USED IN PLACE OP + CARDS POR APPENDIX £ 

C  PROGRAM SPACE TAPER APPROACH 
PROGRAM ALL POSSIBLE CON INATIOHS ' 

C C PROGRAM. ARRAY SYNTHESIS M.NATH 
DIMENSION TXtt191,A+ Et9i),L(19),Atl9l*AD(19),M(l9),AP'41~►.hKA(19I 
DIMENSION U(91),YY(19.91).KE(19),AEtl91 
READ 1OO,H,NI sAAL,JLAST,KLAST 

100 FORMAT(V100#l3) 
1t.#. ?*Jt»AST-1. 
9'Y*3.14139 
I4AAL.AA ,/2. 
'1P*PY+PY 
TPH*TP*HAAL 
0061)*1,«LAST 

61 	'1X1(J)*TPK'AJ 
D0b K*1.,t(LAST 
AK*K 

62  
D063J* 1.JLAST 
D06 Km1#KLAST 
O*CO$PftJ(K)*YX1tJ)) 

DO.1Nw20,ILASI + 
001N*3, ILAST 
DO2NA*A,9 + 

OOZNA*2,N1 
0D 1*1#3 + 
NA1*NA-1 
DO3 l 1, NA 1 	 ~► 
#D4K*I *KLAST 

4 	A8 tRt*A!$F{1w+YY(I*K)+YY(NA*K)+YY(N*K)+YYt,JLAS"TpK)) 
AS*ABEt 1 t 
MA*I 
D03.2 ø KL.AST 
tr(A5-AØ LK))6,6s7 

6 	i *A$ 



ABaABB(K) 
ABE(K)aT 
L(i)*K 
MAaMA+1 

7  A(I)aAB 
IF(MA-1)8,8,3 

8  L(I)al 
3  CONTINUE 

ACaA(1) 
MBa1 

10  D0111==2,3.+ 
10  D011ial,MAI 

IF(AC—A(I))12}12913 
13  T a AC 

ACaA(I) 
A(I)*cT 
M(NA)aI 
MB=MB+1 

12 	AD (NA) aAC 
IF(MB--1)'999,p11 

9  M4NA)al 
11  CONTINUE 
2  PUNCH 200,M(NA),NAsN,AB(NA) 
200 PORMAT(3I109F1O.5) 

ACaAD(2) 
MD-1 
DQ18NAs5s9 + 
D018NAz3,Nl 
IF(AC—AD(NA))13915916 

16  TvAC 
ACaAD(NA) 
AD(NA)aT 
KA(N)aNA 
MD: M0+1 

15  AF(N)uAC 
IF(M©-1)17,17,18 

17  KA(N)*4 -i- 
17  KA(N)a2 
18  CONTINUE 

KAN:KA(N) 
MKANaM( KAN ) 

I  PUNCH 204,M(KAN)sKA(N),N,AF(N) 
204 FQRMATt3I10,F1O.5) 

AG■AF(lO) -f 
AGaAF(3)  * 
MEa l 
D019Na1L,18 t 
0019Ns4! ILAST 
IF(AG—AF(N) )20,20,21 

21  T:AG 
AG:AFCNI 
AF(N)*T 
KC*N 
ME•ME+1 

20  AE(N)aAG 
IF(ME_1)22,22s19 

22  KCa1O + 
22  KC=3 
19  AEN=AE(N) 

KAKC%KACKC) 
PUNCH204,M (KAKC) sKA (IBC) ,KC,ABN 
STOP 
END 



PROGRAM DYNAMIC PROGRA9'i1I16 GENCRALUCD FO :4 
C C ARRAY SYNTHESIS—GEtERAL CASE 	Z 20/7/44 

DIMENSIONU(200).C1400t,LA( 12).ASE(2001+L(223).1112,200).A425) 
COO PX.NI sN*P,TPY 

C 	SENSE SWITCH 1 ON TILL PUNCH OPTIMUM VALUES OF K FOR A.CH VALUE OF 
C 	4AANDN 
C 	SENSE SWITCH I OFF JILL AVOID THE MOVE PUNCHING 
C 	SENSE SWI TCH 2 ON t1LL PUNCH OPTI44UN LOCATIONS OF *i,X2,X3.e. TC, 
C 	FOR EACH VALUE OF r AND FOR EACH OF T }O ANTEN 1A LOCATIONS 
C 	SENSE SWITCH 2 OFF .ILL PUMSCH OPTI 1U14 LOCATIONS OF X1.XZ*X3**,UC. 
C 	FOR EACH VALUE OF M i'H r4 LAST TUO AMIENNA LOCATIONS ARE 6EING CONE 
C 	L.At4TaN0. OF AN1 Nt4AS 
C 	J1.TcNO. OP ANTENNA LOCATIONS 
C 	LA5t NO. OF TIMES THE COMP;A#Rt5ON IS REQUIRED 

READZOO,H HX oAAL.JI.ASTOXLAST,LANT 
-100 	FORt4AT (3 100 # 3 13 ) 

N22 
N3.I 

C 	LLc1aN2a2 A ~D fBcl REFERS TO CO" ARISIO.3 OF X2 AND Xl 
C 	LLc2,N2~3A14tD N3c2 REFERS TO C PAR1SON OF X3A34D Jt2 
C 	LL,  N24 AND N33 REFERS TO COMPARISON OF X4 AND X 3 AND 50 O~ 

N4cJLA$T-*LANT.2 
L.ASTcLANT~*1 
PYc3.14159243 
TPYcPY+PY 
READ'10I aM1,N2,M3 aAr1 

101 FOI. ATI3.3,P1LO) 
PaPY/At4 
DO3lI't41,t42,M8 
AIiI 
DaCOSPIA!*P) 

31 C (i) cD+D 
LL'1 
PUN 120Z,NZ.N3. LL 

150 FORMAT(914) 
72 	IF(SENSE. $tIITCH 4)12.13 
12 	PRINT 150.N2eN3,LL 
13 	i4loN2 

M2°N4 
7) 	DO1cM1 .142 

401074 
73 	tllnJLAST 

PRh14Tl50,,N2vN3,LL 
481075 

74 Nt*N*1 

DO2NAQN3,N1 
C 	LLI.# U09 OF TERMS TO SE ADDED 

IF(LL1) 70*70+69 
69 	00 64 Ic1,LLI 

IFt i'1I61.67,69 
b7 NSz to 

401069 



u 

	

+ 3 	:J cI.A4 i,t I 
00 	I<XOIwL—I 
64 	LAM I Imc1I1,4,W CI 
70 

TC cO. 
II 1U 1I0 `a +T*Ofd 

Ge 

66 	T t loTE(4+(I 2A I 
IF( t. LAST#O1af.l. T 

?) CALL U Aatia1D) 
CALLO (t 	IC 

710 SUC4)IIC)+TR 
00703 

I ` 	CALLQ 11A,,1rID) 

CALLO(J ►ST.taIG) 

	

D 	t!~ 3 0 tI ($U ) 

t=~As 1 
L)C22,tU.4T  

5 TaA3 

AC IrIlaT 
C 	LC1AI (2CFE1:3 TO T 2 cPTI::U PQ ITLQ OF X P33 CAC VALUE OF NA At tJ 

	

4 	Atf~A) AO 
IFClA-1I7,7#a 

7 	L1i9»Ie+1 

ACcA4~~I 

42. 	DOSNACn2o ~l 
IF$AC A(fiA) )9,9,tQ 

10 T''AC 
ACsAI( A) 
AiC A)* T 

C 	(4(1,) 1G Th t T IIU: LOCATION OF *1 FOR A LOCAT1C4 OF }c2 AT t 
C 	 IS Tit..,. 0PT1t 1 LOCATION OF X2 FOR A LOcATIVI OF XD AT t 	a~ 
C 	:113Rt) IS T C OPT IKUI LOCAT1# OF X3 Ft1Z A LOCATICI OF 24 AT t t4 ? So 

1~4'~a~—Et1l~~►i~rq " 
$ C(6La4) D 

, 	 AItDI 

GO TO 43 

Afx'PaA4t3S) 



43  IF(SENSE SWITCH 1)77.78 
77 	PUNCH 200.N,(LtNA),NA=N3.N]) 
78  IF(SENSE SWITCH 2)79.80 
84  IF(LL—LAST) 1,79.86 

79 LA11)•M(LL,N) 
C 	LA(I)f(Iu1.LL) REFERS TO THE OPTIMUM LOCATIONS OF XILL~►1).X(LL-22 ). 
C  .......X2sX1 FOR EACH LOCATION OF N 

IF (LL1)81.81.82 
$2 DQ$31s2,LL 

NB&LA(I-1) 
LX*LL—I+1 

83 LA(I)=M(LX.NB) 
81 	PUNCH 201►N,AMP, (LA(I) v I*l,LL) 

I  CONTINUE 
N2sN2+1 
N3aN3+1 
LL*LL+1 
N4sNN4+1 
IFl$ENSE SWITCH 3)85,86 

6s 	PUNCH 202,N29N3.LL 
86  IF(LL-LAST)T2.73.84 
84 STOP 
200 FORMAT(2HNwI2,(1914)) 
201 F©RMAT(2HNaI2r1X4HAMP$F10.6r1X,U514)) 
202 FORMATt/3HN2*I2,4X3HN3*I2r4X3HLLa12) 

END 
SUBROUTINE 0(J,K.I) 
COMMON PY.H1,H,PsTPY 
AJaJ 
AKaK, 
AN mAJ*(HZ+H*A1.) 

23 IF(ANG-2.)21,21.22 
22 	ANG•ANG-2 • 

GOT023 
21  5&ANG*100. 

Ins 

IF(S—R—.3)24,24:25 
25  I=I+1 
24  RETURN 

END 
•01  .1  3,  019091004 
001200001100. 
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