CHAPTER III

ANALOG COMPUTER APPLICATIONS IN DESIGN OF NONUNIFORMLY SPACED ARRAY

As studies on the realization of the designated directional

pattern by using unequally spaced array we have the one in which

the infinite Fourier series component of a given directional pattern
are approximated by the infinite set of series,but the need toinvert
the matrix equal to the number of elements contained in the array .
this method is difficult to use in practice , as well as the one in
which a directional pattern is obtained by relating 2 pattern funct-
jon obtained from the continuous line source to a distribution func-
tion of element spacings/ , is only an approximaté method and the rad
iation pattern obtained has some deviations from the desired values,
especially in uhe far out_sidelobes.

This thesis introducs the applications of an analog computer tc
the pattern synthesis of nonuniformly spaced arrays in order to obt
ain the more satisfied patterns. The value of this method is that a
directional pattern can easily be observed or examined in the form
of visual curve on the monitor ossilloscope of an analog computer.

Firstly, a 1ike1y configuration of element is chosen and the
array factor is programmed into an analog computer.After the direct
ional pattern has been displayed on the monitor oscilloscope the

more satisfied patférns can be obtained by the perturbation method.
The coefficient potentiometers providing on the analog computing

panel wiich correspond to the element locations are adjusted to
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vary,or perturb,the location of each element one gt a time and to
select the position which produces the best pettern that can be -
observed from the oscilloscope. After the location of all elements
are perturbed , the process is repeated until perturbing the elem
ent locations offer no significant improvement of the radiation
pattern.The sucess of this method depends on the choice of the ini
tial element locations and how freedom the computer is allowed in
the examination of the possible alternative locations for each ele
ment .

For convenience,the initial element location is based on the
density tapering method(s@e anpendix)of design nonuniformly spaced
array.

Let consider again to Eq.(20). the array factor of nonunifor

mly spaced array

N
flu)i== P Zv% cos 2Tz u

n =1l

If z the distance of the nthelement expressed in wavelength
from the center are given, the mathematical cperation of algebratic
summation can be performed by @n analog computer and f(u) will be
simultaneously plotted on the monitor oscilloscope. In so doing, the
block diagrams corresponding to the array factor equation must be
first constructed .

The variable u or £in® in this equation is chosen to be
the time variable or computed time of an analog computerwhich is
denoted by %t . Thus f(u) ' will correspond to the voltage level

for instantaneous value of t
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Preparation of Block Diagram

Now we will illustrate by block diagrams how to solve the array factor
equation by the combination of computing elements.

Generation of 2003(2ﬂzn§)

The generalized coswt can be obtained as a solution of the following eg®.

2x 2
%;z fox = 0 3 if t=0 , x=1

The above equation can be made into the following Block Diagranm :

ey . P e

cos

Fig.%a The Bleck diagram for generating coswt .

_~:[::>>__, the summing integrator

where — represents the summing amplifier

) the coefficient potentiometer

Each terms of cosine function ,200s(2ﬂznt), can be generated by this -
set of block diagram where the ooefficient potentiometser w corresponds to

2Hzn and the initial condition is changed to 2V,
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The complete block diagram of the array factor equation required one

more summing amplifier to sum up the N+l terms, as shown below
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N
£(t) = 1 + 2 E _ cos(ZITznt)

001092 (t=u=sin®= 0—l )
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Example

The element locations of nonuniformly spaced array designed for

the pattewn of =25 dB midelsbe level,from the Taylor’s line ssurde, by

lensity tapcrimg method ( see appendix ) are as follow
&otal ntmber of elements = 2N + 1 = T

Zq = 0 (center element)
B, = 0765 A

Zg = 1.155 A

%3 — By15—A.

The array factor can‘be written as follow :
f(u) = 1 + 2[c08(2ﬁ0.765u) + cos(2m1,755u) + cos(2ﬂ3.15u)]
- 1 + 2eos(4.81u) + 2¢es(11.02u) + 2cos(19.8u)

This equatien is programmed to an analog computer by following

steps .

Scaling

In computation with an annlog computer,the independent and dep
endent variables are replaced by time and voltage respectively. The
range of computing voltage must be allowed for sach type of analog
computer and it is ﬁecessary that variations in the voltage of depe
ndent variables be within this range .

The maximum computing voltage of the above equation occurs when
u = 0 and equals to 7 volts, If the YEW Type Analog Computer shown
in Fig.4a is employed for this computation , requirement for the
amplitud.e sca’ ' ng is unnecessary since the computer range of compu-

tation voltage is =10 V through 10V .
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Time scaling

Although this equation has given voltage which is within the
range of 10V, it is necessary to do time scaling because of the -
frequency response of the computing element and the necessity of
recording the solution .

The analog computer equation may be written as

()

1]

1l + 2c0s0.481t + 2co0s1.102t + 2co0sl.98t

where t 10u is the computer time after the time scaling

number 10 time scale factor,

]

Block dig:am

The computing equation is illustrated by the block diagram

as follow :

(:p.481 0.2 oy

0.1
«102 \\<H e

L/ e L1
A | £(4
0.2 q
ov
ﬁ<:::g 0.98
0 22
L1 <
i}o.z Fig.3c The block diagram
l ¥ for the example
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Patching

Patch cor‘da are used in connecting cemputing elements accerding
to the bleck diagram. Fig.4billustrates this procedure for the bleck

diagram in page 17 by using YBW TYPE 3304 ANALOG COMPUTER .,

Fig.4b Connection of the computing units
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Solution Recording by High Speed Computation

After the setting of the coefficient potentiometer is completed
the calculation is alrendy to be operated. Introduce the solution -
voltages into the monitor oscilloscope and the solution waveforms
can be observed , For convenience,it is suggested to select the high

speed computation.Fig.5 illustrates the result .

Pig.5

"

The visual 9uzrve

of a dirsecticazal

~\ pattern as seen

/' \ from oscilloscope
\\ ] / of an analog com
¥5

puter.,

//7

P

Following the foregoing procedures various patterns of nonuni
formly spaced arrays can be examined. Table.l provides the initial
values of coefficient potentiometers to be set in perturbation meth
od,Fig.6 =12 show the characteristics of nonuniformly spaced arrays

obtained from these settings .



. Table.1l The initial values ef ceoefficient potentiometer settings .
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Humber Design Coefficient Potentiometer Settings Time
of sidelobe . scale
elements level(dB) 2124 2llzp 2“23 factor
15 0623 0.72
20 Q.21 0465
25 0.185 0.585
L 27
30 0,16 0.54
35 04145 0.5
40 002 Q.47
15 04365 0.78
20 0,33 0,705
25 0,29 0.6l
30 0.25 0459
5 21
35 0.23 0455
Lo 0421 0.52
15 0.15 0.16 0.62
20 0.1k 0.l 0.75
25 0.13 0,36 0,685
6 o7
30 0.11 0.315 0.635
35 0.1 0429 0.58
o) 0,095 027 0456
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Number Design Coeffli cient Potentiometers Settings
of sidelobe
elements level(dB) 2Tz, oTig 5 oTig, 3 2ﬂzh

15 0.25 053 0.84
20 0.23 0.U47 0678
25 0.205 0.415 0.7

-
30 0.175 0,42 0.7
35 0.16 043L 0.625
Lo 05 0432 0.59
15 0.11% 0Oa34 0,59 0.865
20 0,115 0431 0452 0.8
25 0.1 0.27 0.L46 0.735

8
30 0.085 0.23 0.415 0.69
35 0.08 0.21 0.385 0.65
Lo 0.075 0.2 0436 0.62
15 042 0.u15 0.65 0.88
20 0.19 0.37 0.575 0.83
25 0.18 0.33 0.515 0.76

9

30 0.145 0429 0.U47 0.72
35 0.135 0626 0.L43 0,68 “
Lo 0,125 0e24 Oy 0.65
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Vimbey Dagien Coefficient Potentiometer Settings
of sidelobe
elements 1?Z§§ 21z, 211z2 } 2ﬂ23 Zﬂ?h 2ﬂz5 2Tz
15 0.09 0,27 | 065 | 0,675 0,39
20 0,00 0.25 | 0,415 | 0.6 0.84
25 0,072 | 0.22 | 0,365 | 0.535 0.77 |
" 30 0065 | 039 | 0432 0.405 0.73
35 oaoéé 0,17 | 0.29 o;&;A 0.7
e} . 0.,062.1 10,16 | 0.87% | 0.425 0.66
15 0.16 | 0,315 | 0.5 0.7 049
20 0e15 0e29 || 0uL5 0.625 0.86
25 0.135 |° 0.255 | 04395 | 0.56 0.8
! 30 0.2 0:22 {10.35 0.51 0.755
35 Q.11 0e2 0.32 0.475 0.72
Lo 0.1. '0.19° | 0.3 045 0.685
15 0.07 0.2 0.36 0.5L5 0.72 | 0.915
20 0.065 | 0419 | 0.335 | 048 0.65 | 0.87
25 0.06 0417 | Q.29 0.l3 0.58 | 0.81
b 30 0.06 0.1L5 | 0.25 0.38 0,53 | 0.77
35 0.058 0.135 | 0.23 0435 0.L95| 0.7L
L0 0,055 0.13 | 0.215 0433 0.465| 0.7
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The sidelobe characteristics of noruniformly spaced arrays,
so designed are examined and are plotted in Fig.1l1 in which the
relationships-:between the design sidelobe level and the achieved
first sidelobe level are described.

It is noted that the smaller the number of elements the

poorer the approximation,
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The half-power beamwidth characteristics of nonuniformly spaced
arrays so designed are also plotted in Fig.12 in which the relatio
nships between the achieved half-power beamwidth and the total len
gth are described.

vIt is noted that the shorter the total length the wider the

half-power beamwidth .,
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It can be seen from figures 6 to 8 that nonuniformly spaced

arrays firstly obtained have the directional patterns with 1nqrea\
p {(K) hvnv‘v %)
sing eidelobe levels in the farout region . This will llmlt tké

operating region of the antenna. 3
The results showm in Fig.9,10,11 and 12 introduce the‘ﬁmyé‘:}’w

to perturb the element locations to achieve the drsired patterns.

The following items are suggested in perturbing the element posi

tion and are realized from studying on the results of Fig.9712.

1) p 57 decreasing in thé half-power beamwidth is desired
the total length must be increased,providing the
increase in:// the values of coefficient potentiometers

2) For the directional pattern of sidelobe levels below
-13,.5 dBythe density of the elements in the central

part must be higher fhan at the end of the array,

Another important otféot"thét must be considered in determin
ing the best element locatiun is that the disbtance between an adja
cent elements should not be closer than 1 wavelengths since large
values of mutual interaction between the elements would be effected.

The following results were obtained from the perturbation
method done with an analog computer,in which the desired directicnal
pattern was the type of neafly equal sidelobe levels throughout

the visible range ( u=0-1 ).The element locations are selected

to give these sidelobe levels as migimum o8 possible .
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Table.? Nonuniformly spaced array which the;élement locations are

selected by the perturbation method to give minimum

averase sidelobe level .

Numb Minimum ave |
umber| ) ement location in wavelength Totall Ave |gidslobe level Beam |
of element{ g o !
element 2y z2 Bg zy z5 | length spac [1ative dB width ‘
4 | 0.425| 1.28 2,56 A P.853A| 0.26 | 1,7 14..9"§
i

5 | 0.835 1.7 3.4 A\ D.85 A 0.24 | 12438 12.{;

6 | 0.43 | 1.289 2.13 126 Ab.852A| 0.21 | 13.46 10.5

1 0.857] 1.74 | 2.64 5.28 AD.88 A | 0.179| 14.92 8.6O]

8 |0.42 | 1.3 |2.2 | 342 " o4Ab.891r| 0.176| 15.08] 7.5

9 |o.e8 |1.78 |2.7" 3,67 728 D.905A} 0171 1534 6.5 |
10 0,429 1.22 [ 2.3 |3.2 4.,1218.24 A .91 A| 0417 | 15.39 5.8

O

11 | 0.86 [1.99 |2.75 | 3.68 | 4.8 |9.2°A|.92 A|-0.169| 15.43 52

Table.2 above shows scme results of nonuniformly spaced arrays
desirmed by the perturbation nethod in which the element locations
are selected to give the directionél pattern of hinimun avera~e side
lobe 1eve1.Fig.1§ shows their patterns comparing with the minimum side

lobe patterns obtained from the equally spaced arrayse.

T15%bAB10
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Twe 1mportant characteristics of the dlrectlonal patterns of nenuni

formly spaced arrays shoewn in Fig,13 are Plotted for ' 'various number of

elements in Figelde It 1s seen that higher number of element prov1des

the pattern of lower 31delobe level and narrower beamw1dth JFigure 15.-
shows the relation between the s1delobe levels and the total length of
the array for both the case of equally snacem arrays (dotteh line) and

unequally spaced arrays (selid line) with the element spacing selectel

te give the minimum average sidelobe level,
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