Fourier Transform Method (Linear Array)
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Observation angle 6 (degrees)

-------------- Desired pattemn

Linear array

~=11.4=x2 SLL =-24.29 dB
————— Linear array SLL — _1933 dB

(N=21.d=7\2)

Woodward-Lawson Method (Line Source)

_________________
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Normalized magnitude

[JCY) Sy ———
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0 45 90

Observation angle 8 (degrees)

180

————— Desired pattern
Line-source |SF ()| (I=54) SLL =-15.92 dB
— — — Linear array |AF 0)| (N=10.d=A/2) SLL =-13.10dB
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----- Desired pattern

— —— Line-source |SF (8)| (I=54)SLL = -15.92 dB

Composing functions s, (6).
m=0,+1,+2 %3

Chebyshev Polynomials

7t T,w
61 7,
5__
T, 44 /T3
NI i
I 2l '/ T,
T { T LB1)/%
NS AL
_1.08.0.7520.5-7035 | ~N0.25_0570.75/ 1.0
T/l_/ﬂv__hj____g_{w___
/' 2t Figure 8-5 Chebyshev
' Ty 3+ polynomials To(x), T1(x), T>(x),
T5(x), and Ty(x).
m = cos(mu) =1 =Ty(z) _
m = cos(mu) =z =T,(2) z=cosu
m = cos(mu) =2z — 1 = Tr(2)
m=23 cos(mu) =47 — 3z = T5(2)
m = cos(mu) = 8z* — 822 + 1 = Tu(2)
m = cos(mu) = 16z° — 207> + 5z = T5(2)
m=6 cos(mu)=232z°—48z* + 182> — 1 = Tx(2)
m = cos(mu) = 647" — 1127° +567° — 77 = T4(2)
m =28 cos(mu) = 128z% —256z° + 160z* — 322> + 1 = Ts(2)
m =29 cos(mu) =2567" — 57677 + 432> — 120" + 9z = To(2)
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Ti(qcost) = gcost
To(gcos ) = ¢ cos 20 + (¢> — 1)
T3(qcos ) = ¢° cos 30 + (3¢> — 3q) cos #
Ti(qcos ) = ¢* cos 40 + (4¢* — 4¢%) cos 20 + (3¢* — 44°> + 1)
T5(qcost) = q° cos 50 + (5q5 — 5q3) cos 360 + (10q5 —15¢° + 5q) cos b
Ts(qcostl) = qG cos 66 + (6q6 - 6q4) cos 46 + (151;{6 - 24q4 - 9q2) cos 260 + (105{6 - 18q4 - qu —-1)
T7(qcos ) = ¢ cos Tl + (7q7 — 7q5) cos b + (21(17 —35¢° + 14q3) cos 30+
- (35(;7 - 7[]q5 - 42(;3 — 7q) cost
Tg(qcost) = ¢° cos 80 + (8q8 — 8q6) cos 66 + (28(18 —48¢% + 20(;4) cos 460+
+ (56¢° — 120¢° + 80¢* — 16¢%) cos 260 + (35¢° — 80¢° + 60¢* — 164> + 1)
To(qcost) = q° cos 90 + (qu — 9q7) cos 70 + (36q9 —63¢" + 27q5) cos b+
+ (84¢° — 189¢" 4+ 135¢° — 30¢%) cos 30 + (126¢” — 315¢" 4 2704° — 904> + 9¢) cos §
Tio(qcos 8) = ¢ cos (106) + (1Uq10 — 10q8) cos (86) + (45@10 — 804° + 35(;6) cos (66) +
(120¢" — 2804° + 210¢° — 504*) cos (40) + (210¢'° — 560¢° + 525¢° — 200¢* + 25¢%) cos (26)
(12640 — 3504° + 350¢° — 150¢* + 25¢%> — 1)
Ti1(gcosb) = ¢ cos (116) + (11q11 — 11qg) cos (96) + (55@11 —99¢" + 44(;7) cos (70) +
(165¢™ — 396¢° + 308" — 774°) cos (50) + (330¢'" — 924¢” + 9244" — 385¢° + 55¢%) cos (30)
(4624 — 13864° + 154047 — 770¢° + 165¢° — 11¢) cos ()

7+ T4(X)
6 ki
d| 5+ (or B)
X, COS{JZIJ N
44 >
Main
3t 0<6<90° lobe
i ] "=y
:_ @ =90°
05 3 0.
i =
180°=60>90° \ First Null
X, = X, COSu, =cos(§/_21]
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The array factor was derived in class. For N = 2M + 1 :

M
I
1+2 z = cos (me)] =1,
Iy 2
m=1

AF(Y) =1, 142 i II—?TZm (cos %)]
m=1

ForN =2M:

AF(Y) = 21, i II—TCOS [(Zm - 1) %] =2l i II_TTZm—1 (cos %)
m=1

m=1

AF () = Ty_1 (xo cos %) = Ty—_1(xo cosu)

— — d 2]
u—2—7T/1COS

For broadside case.

cm-1)m
2(N-1)

Roots of Ty_;(x) are x,,, = + cos ] form=123,,(N—1)/20orm=1,23,,N/2

Only positive zeros (0 < x,, < 1) are sufficient. The negative zeros will be automatically taken into account
in the following. For each m, the roots in y and w plane are:

X. .
il/)m = iz COS_l (_m) = Wy, M_/m = eiﬂpm
X0
Note that each m corresponds to a conjugate pair of zeros in w plane. If N is even, there is always a zero

atyy,, = mor wy,, = —1 which only appears in the visible pattern if d = ’% If N is odd, there is no zero at

Y = m. The array polynomial is constructed by

(N-1)/2 (N-1)/2

fn =[] w-wow-w= || @ -2cosmw+1)

if N is odd or

N/2-1 N/2-1

Fw) = (w+ 1) 1_[ W=w) W=, =(w+1) H W2 — 2 cos(if,) w + 1)

if N is even.

The array excitations (relative to I) are the coefficients of the above polynomial

It is important to note that we must always construct the complete polynomial of degree N — 1
regardless of d/A. What portion of this polynomial (how many nulls) will appear in the visible region is
another matter and it will be determined by d/A.

The array excitations can also be calculated from the Barbiere equations given below.
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ForN =2M +1:

=] = i — )Mk CM)(M +k —1)!
- em(M —k)! (k —m)! (k +m)!

k=m

m=0,123,---,M

c _{1 m+0
mTl2 m=0
For N = 2M :

= —i( )Mk y2k=1 M -1)M + k - 2)!
e _=m M=) k—m)! (k+m—1)!

m=123,---,M
The main beam maximum value is RO and it occurs at X, >1 which corresponds to U =0 or y=0.

For broadside case

_0.-.90°-180°su=¥=z%...0.. 74
0=0---90°---180° = u= 5=T= 0 ==
d d d d
cosu:cos(nl}--l---cos[ EJ xocos(yrﬂ---xo---xocos(nz]
Visible region 0S9S7Z':>XOCOS(7Z'%JS X< X,

The first null occurs at

X, = X, COSU, cos[ﬁ/zlj:wl Zcosllécos(N/_lJ] kd cosg,

Let 6 =7/2—a where ®, =2 is the FNBW then

/2
cos[ l<|[ 1}

%= COS[(;r d/A)sin a]

The region between X <X< Xy is the main beam between first nulls. The SLL is the main beam to side lobe

ratio and it is equal to R

SLL=-20logR,

R, =cosh (N-Dyost™ |, =cosh] 1 L oost R, -2+ RET) " - R

89



The optimum element spacing or the maximum allowable element spacing is given by:

cosl[lJ
-1<x, Cos(nme“Xj =d,., <A 1——X0 for broadside array

max —
T

for endfire array

The HPBW of a Dolph-Chebyshev array in general is given by

HPBW = 7 —2cos* [ll/:_gj Broadside

HPBW = cos (1—%] Endfire

_ . R
cosh [N - 1cosh «/?j

1 1
cosh( N _1cosh Roj

y, =2C0s "

L1 1 4R
- 2c0s 1{gcosh (N—_lcosh 1ﬁﬂ

Beam broadening factor: is the ratio by which the beamwidth of a Dolph-Chebyshev array is larger than the
corresponding uniformly excited array (with the same number of elements and spacing)

| S

L6 T : | .

/

Beam broadening factor f
.
|

1.2 — /

15 25 35 45 55
Side lobe level (dB)

(a) Beam broadening factor
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Tir oo, dB

Figure 8-7 Dolph-Chebyshev
synthesized array factor for a five-
o R S . element, A/2 spaced, broadside array

-10 08 06 04 02 0 02 04 06 08 10 Wwith —20-dB side lobes (Example
w = cosf 8-5).

| /N

. [ g
A /

I [
wu A i

0 15 30 45 60 75 90 105 120 135 150 165 180

N=6 element Dolph-Chebyshev array with SLL =-30dB and d=0.6A

0

[
) e
\fﬂ n AAYA

0
N=6 element Dolph-Chebyshev array with SLL =-30dB and d = d,,,, = 0.71694

5 30 45 60 75 90 105 120 135 150 165 180

91



10
N [ p

o AATA I AT

AT
o LT

0O 15 30 45 60 75 90 105 120 135 150 165 180

N=6 element Dolph-Chebyshev array with SLL =-30dB and d=0.8A
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