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EVALUATION

This report is a full description of an optimization technique
{rom which spatial filters composed of dielectric layers can be designed.
The purpose of the filter is to allow energy radiated by an antenna
aperture to pass nearly unaffected in the broadside or near broadside
direction while significantly attenuating all other radiation. Because
of these properties, this filter is very useful for possible Jimited scan
applications as grating lobe suppressors. In this application, the
principle benefit to the Air Force would be in allowing the use of larger
elements in the aperture thereby reducing the total number of expensive
control elements. This reduces the overall antenna cost. There are also
applications to smaller antennas such as monopulse trackers.

IR ‘ O

<

PETER R. FRANCHI
Project Engineer




TABLE OF CONTENTS

Page
INTRODUCTION AND SUMMARY | .. ... ..iiiiinrennennnnnnnnnns L1
ANALYSIS AND SYNTHESIS OF PLANE STRATIFIED DIELECTRIC
SLAB SPATIAL FILTERS.-..-.---..--a-..ooo-o-.o-..o-oo-.---oo S

2.1 Analysis of Plane Wave Scattering by Plane Stratified
Ple lectEic! SREeES e s lalssisa s o sl e s s ois o alesialsis soiviaaiaoisisn D

2.2 sSynthesis of Plane Stratified Dielectric Slab Spatial

DA T TSGR s e Tl e R e B e A e E o e S R

NUMERICAL RESULTS::ccsocccccosncccess 0 0 00 O O R D iy o o

3.1 Synthesis of Seven Layvey Pilterg......sveicevssocaccss 24

3.2 An Eleven Layer Spatial Filter for Use with a Large
Mechanically Scanned Planar Array........ceeeeeeeeese. 34

4 CON GG TN S e e e e rose raire) sl e e et b Lo p Lo el o B0
APPENDIX A
A MODIFIED RAZOR OPTIMIZATION PROCEDURE
FOR SPATIAL FILTER SYNTHESIS A-1
APPENDIX B
MICROWAVE DIELECTRICS FOR APPLICATION IN
STRATIFIED DIELECTRIC SLAB SPATIAL FILTERS B-1
APPENDIX C
PROGRAM LISTINGS c-1
REFERENCES civvoviivsivonteiidsosssnes i s S e B N e e e BRI, - ¢
v

e ————

Y

PRECEDING PAGE‘BLANK-NOT FIUWﬁP




Figure

icC

11
12
13
14
15
16
17

18

LIST OF ILLUSTRATIONS

Dielectric Slab Spatial Filter over Planar
PRAaSe @i ALLaY s s e s civss o s sislosiais s aishaioles sitelais ola oo slatels slele

Multiplicative Element Pattern Modifier for
27 QoL 1) i) T B =9 o 10y o A e e e S I S S N Sl O oo

Stratified Dielectric Slab Cross Section ....ce....

Equivalent Circuit for Arbitrary Layered
Dielectric SEructure ..secessseles B 56 Ao B

Voltage Labeling at Ports of Two Port Network .....
Brewster's Angle versus Relative Permittivity, e'..

Forbidden Region Diagram of Desired Spatial
Filter Performanc% C GO E O DG O 6 O O A 00 0 D RS O G

Generic Configuratiens for Stratified Dielectric
SPatPal i FIIESES: e ettt attarshsl e araba et iarin. s 5t e el .06 9

TM Power Transmission of Seven Layer Spatial

Filter (from Mailloux(l)

| RS e S ate m nia k5

TE Power Transmission of Seven Layer Spatial
(1)

S T A Py

Filter (from Mailloux

TM Power Transmission of Seven Layer Spatial
FBilter JLoavan 0GB 60500 Ol G T L0 O O O RO G LT

TE Power Transmission of Seven Layer Spatial
130 R A e R S T O K1 OO £ L O G o R i i e i .

TM Power Transmission of Seven Layer Spatial
EBilter iiveeate: I o A R R R O A R R TR A

TE Power Transmission of Seven Layer Spatial
PLECEE v cisivm oin v BV biba SRS (B o e 4 e S el Sl S Bl e SR e S S

TM Power Transmission of Seven Layer Spatial
EAECET ivsaio e v v e v d sreese e sbemee Sl D s O o e

TE Power Transmission of Seven Layer Spatial
Plltel seisssnsnviavs snasves kR O P R R e

Cross-Section of Filter Synthesized by Numerical
Optimization c.cseeo. B8NS e e 8 I T G b R e

TM Power Transmission of Eleven Layer Spatial
Pilter cccacovis R T RGO SRS T N R e e e

vi

10

15

18

22

25

26

27

28

29

30

31

32

35

36




LIST OF ILLUSTRATIONS (Cont.)

Figure ~fage
19 TE Power Transmission of Eleven Layer Spatial Filter,,K 37
20 Transmission of Fields Generated by X-Directed

Magnetic Currents on the AYFAY ..i.svvisvcsessvssivssnes 38
21 Isolation of Cross Polarized Signal Generated by the

Layered Medium..... A B N P 2 e R R AN 39
A-1 Initial Exploration in Subprogram PATMV .............. A=17
A-2 Explorations About New Extrapolated Vector ........... A=l

A-3 Explorations About New Extrapolated Base Point in
=8 Dlirection’ .. ..

e L e e R P A-12

vil




1. INTRODUCTION AND SUMMARY

This report summarizes the study of a stratified
dielectric slab spatial filtering technique to provide
element pattern control on large planar arrays. Specific-

ally, the objectives of the study were to:

- Develop a computer optimization technique for synthesis
of stratified dielectric slab spatial filters subject
to realistic constraints.

- Synthesize optimum filter designs subject to required
rejection characteristics and frequency bandwidth

requirements at X-band.

The stratified dielectric slab spatvial filtering
technique was first described by Maillouxi;), wherein
the properties of filtering in the spatial domain were
ouvtiined and the analytical synthesis of filters possessing
Chebyshev characteristics was presented. The present
work extends Mailloux's earlier results by providing a
numerical technique for synthesizing filters with arbitrary
spatial characteristics. As a consequence of the method
developed here, the physical constraints encountered in
practical filter design (e.g., material availability and
layer thickness) may be directly parametrized, thereby
providing a practical filter design as the output of the
synthesis.

The principle point of departure of the analytical
approach to filter synthesis, as typified by Mailloux's
results, and the numerical approach presented here, is
associated with the ultimate design goal. In the




analytic approach, the degree of specification is limited,
essentially, by the algebraic complexity of the constituant
equations, with the result that the design goal must
necessarily have limited scope with respect to the overall
degree of freedom associated with the physical structure.
For example, in the analytical procedure given by Mailloux,
this effective restriction results in the specification

of the filter only in terms of the desired electrical
performance. To be sure, this may lead to practical
spatial filter designs. However, the procedure results

in a specification of dielectric materials which may, or
may not, be obtainable in practice. In effect, no material
selection control is provided by the analytical synthesis
procedure and the practicality of the synthesized filter
depends strongly on the availability orf the materials

so determined.

Using the numerical optimization technique, the
overall design goals may be factored into the procedure.
With respect to the selection of dielectric material,
this procedure is also deterministic. However, as a
particular goal, we may ask the optimizer to select one
or all of the materials from a predetermined list. By
judiciously constructing this list, such that only avail-
able materials are represented, the optimizer will always
synthesize a design which is readily fabricated. By
interference, such a design would be low cost due to the
specific selection of "off the shelf" materials.

In principle, the advantage of the numerical opti-
mization techniquz is that the available solution set is
not artificially constrained to a limited space, spanned
only by those physical parameters which are ammenable to
direct inclusion in an analytical expression. It is
clear, however, that in practice, not all physical (elec-
trical and mechanical) properties of the structure can




be modeled to provide a reasonable optimization parameter.
In particular, during the course of this study, the
design parameters material density, tensile strength,
sheer strength, dielectric strength, and machinability
were found to be of second order importance for typical
applications. For low loss microwave materials in the
range l<er<25, these properties either varied little, or
were not determineble from available data. Consequently,
the scope of the synthesis procedure has been limited to
the consideration of material selection, layer thickness,
and frequency bandwidth.

The synthesis procedure developed in this study
proceds from a wave transmission analysis of scattering
of incident plane waves by infinite plane stratified
dielectric slabs. An equivalent circuit representation
of the layered media is constructed, and from the scatter-
ing matrix description of the constituent networks rep-
resenting junction discontinuities and length of trans-
mission line, a wave transmission formalism is obtained.
A single wave transmission matrix A, relating the incident
and reflected traveling wave voltagés at the filter input
to those at the output, is constructed. Since the power
transmitted with respect to cne volt at the input is
simply (l/All)Z, we operate directly on this quantity,
and optimize the filter response with respect to the
desired rejection characteristics over the frequency
bandwidth. The optimization algorithm used is a modifica-
tion of the RAZOR search technique due to Bandler and
MacDonald.(z) The synthesis procedure is given in

Section 2.




In section 3, an eleven layer stratified dielectric
slab spatial filter design is presented. The design goal
was to achieve less than .1 db insertion loss in the spatial
pass band, and greater than 10 db rejection in the spatial
stop band over a 4% frequency band. Since the permittivity
of most microwave materials is constant from S band through
X band, the layer thicknesses are given normalized to center
frequency wavelength. In addition, the designs synthesized
are such that the spatial extent of spurious passbands
produced for TM incidence by the Brewster angle phenomenon
is minimized.

Three appendices are included. Appendix A summarizes
the modified RAZOR algorithm and associated computer
programs. In Appendix B, a table of available low loss
microwave dielectrics is presented. This table gives
a summary of microwave materials currently available and
their properties (where known). Appendix C is a compilation
of computer programs developed during the study.




2. ANALYSIS AND SYNTHESIS OF PLANE STRATIFIED
DIELECTRIC SLAB SPATIAL FILTERS

The plane stratified dielectric slab spatial filter
shown in Figure 1 1is configured in such a manner as to
provide a multiplicative element pattern modification
of the type shown in Figure 2 for a large planar phased
array antenna. The filter is assumed flush with the array
face. Both relative permittivity and thickness of the
slabs are arbitrary, and assumed uniform. All media are
assumed to have permeability uo(=4ﬂx10_7 henries/m) .

Basic to the problem of synthesis of stratified
dielectric slab spatial filters is the analysis of
arbitrary transversely infinite layered dielectric sheets
subject to plane wave incidence with TE and TM polariza-
tions. This analysis and the fundamental limitations of
the dielectric slab spatial filter are presented in Section
2.1l. The synthesis technique is presented in Section 2.2.
jut

A time dependence e is assumed throughout.

2.1 Analysis of Plane Wave Scattering by Plane Stratified

Dielectric Sheets

It is well known that the electromagnetic fields
4in the vicinity of a large planar array of radiating
apertures may be decomposed into linearly polarized plane
wave constituents. Oonsequently, for spatial filter
analysis and synthesis, the array may be removed, and the
properties of the filter may be examined with respect to
monochromatic plane wave incidence on a transversely
infinite structure. Since arbitrary linearly polarized
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Figure 2 - Multiplicative Element Pattern Modifier for
Spatial Filtering

waves in the vicinity of a dielectric interface may be
decomposed into TE and TM components with respect to the
surface normal which remain decoupled upon scattering,

the analysis may be further simplified by independently
determining the transmission and reflection character-

istics of the device for the individual components. The
complete solution is then obtained by applying super-
position to reconstitute the fields in all regions.
Consider then the plane stratified dielectric
sheet shown in cross-section in Figure 3. For conven-
ience and without loss of generality plane waves are
considered incident only from Z>0O at an angle 6 with
respect to the surface outward normal. We wisih to deter-
mine the magnitude and phase of the reflected fields
at Z=0+, and the magnitude of the transmitted field at
z=-D  for both incident polarizations as a function of
incidence angle 6; layer permittivity,erl; and layer

thickness, ti'
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Figure 3 - Stratified Dielectric Slab Cross-Section

Having specialized to the scattering of plane
waves which remain decoupled at the dielectric inter-
faces, the field problem may now be reduced to an equiv-
alent transmission line problem in a standard manner.
The equivalent circuit representation is shown in Figure
4. The ith dielectric layer of the physical structure,
with relative permittivity €, and thickness ti, is
represented by the ith transmission line segment of length
ti. The characteristic admittance of the ith line is the
wave admittance associated with the dielectric properties
of the corresponding layer for the particular'incidence

angle 6, and is given as




1) Ki/

¥.=
1

wuo for TE incidence
’

we .e /k., for TM incidence
ri o i

In equation (1), w is the angular frequency, and Kiv the

longitudinal wave number in the ith medium, is given as
o

w 2
2) St =—J St
i C Yeri sinb

since the filter is assumed embedded in vacuum.c is the
speed of light in vacuum.

It is a simple matter to construct the voltage
scattering matrix representation of the circuit in
Figure 4. Given any lossless, reciprocal two port net-
work, as shown in Figure 5, the voltage scattering matrix
is defined by

3) v =svY

- -+ y :
where V and V' are the vector representation of scattered
and incident traveling wave voltages, respectively. By

definition, then, the elements of S are

4a,b,c,d) S11 = Vl/Vlivz.0
= v 7utl
o VZ/VZ‘VIEO
- + -
“3 * VZ/Vllv;:O
+

S21 < Vl/V2|vI:o




T

v Y
— t t R
N t N-1 N
Yo R e = o{—=JoT o
IN r;’
Yel's. Vot ' h INeINe YN Yo %
Jo{ o m SRR o—{ o Yo
-3 i : : ! e
| JUNCTION | 2 N-1 N
I
| i
| |
] I
Z=0 Z2=-D

Figure 4 - Equivalent Circuit for Arbitrary Layered
Dielectric Structure
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Each transmission line segment, and each junction may be
represented by its two port scattering parameters. By
appropriate manipulation of port voltages, a single
scattering matrix may be obtained for the network equiv-
alent of the circuit in Figure 4.

A more convenient representation of the circuit is
in terms of its traveling wave transmission characteris-
tics. The traveling wave voltages at the ports of a two
port network are related by

) G rie

where C, and C, are the vector representations of the
incident and scattered traveling wave voltages at ports 1
and 2, respectively, as defined in Figure 5. By properly
associating the elements of C; and C, with the elements
of V" and V', the elements of the wave transmission
matrix, A, are obtained in terms of the elements of the

voltage scattering matrix S, and are given as

6) All = l/s21
7 Ajy = =S,5/8y
8) B, =

21 = 511/89

9) Ajy = (57151278715,5)/89

11




Representing each line segment and junction by its
two port wave transmission parameters, ég and gi, respec-
tively, the cascade connection of networks in Figure 4

results in

10) go & é gfs
where :
PR -
11) B A
i=1

is the complete wave transmission representation for the
network, and gfs is the traveling wave voltage vector
at 2 = -D . In particular, for no excitation from 2Z<-D

1 Ces
2) gfs = g
0

and the transmission coefficient of the equivalent net-
work is obtained from equation (10) as

Cfs
13) P e & = 1/

C

A
& 11

The reflection coefficient at Z=0+ is then

12




14) i

]
>
L

21

Formally, equations (13) and (14) completely specify
the scattering properties of the equivalent circuit in
Figure 4 for monochromatic TE or TM incidence, and it
remains only to determine the parameters of the various
junction and line length transmission matrices. These
are obtained from elementary transmission line theory
and are given as

J o i) L
15) Aill Ai22 (Yi +Yi+l)/2Yi
16) AJi = Ai = N A P
12 21
for the ith junction, and
=g,
17} Ag = e -
11
18) A‘f = 1/A‘ii
22 11
19) Al =af =0
12 21

for the ith Jine segment. Examination of equation (16)

shows that for

13




20) Y =Y

the off-diagonal matrix elements are 0. Consequently,
at any spatial angle for which equation (20) is satis-
fied, the junction is transparent, and Ail. = 1. From
equations (1) and (2), this equality can o&cur only for

T incidence, provided € # €i41"

Equations (1), (2), and (20) may be manipulated to
result in an expression for the incidence angle, 9, at
which a junction is transparent to TM incidence. This
angle is given as

& .
CRELTIER. i
al e Tl l‘éiET7ET_1

3k 1+

where € # €i41 For either si=l, or €; .4

=1, equation (21)
is the familbiar Brewster angle formula, and gives the
smallest angle, GT = 98, for which the junction is trans-
parent. For both € # 1 and €41 #1, GT is also a
spatial angle at which total transmission is obtained

at the junction, provided.

22) Cpay <& AT

For the layered dielectric sheet embedded in free space,

QT is bounded by

14




23) s:‘.n"‘#C <9T<90°
g +1

where ¢' is the smaller relative permittivity of the
first and last dielectric laYers.

As a consequence of equation (20), the layered
dielectric sheet will have regions of high transmission
to TM incidence at angles 6>45°. From equation (23),
this region of high transmission may be reduced by
selecting the dielectric constants of the outer layers to
be moderately large. A plot of the left hand side of
equation (23) is shown in Figure 6. For ' = 3, the
lower bound in equation (23) is 60°, and for ¢' = 5,
the lower bound is 65.9°. For ¢'>5, the slope of the
curve 1is very slow, and little advantage is gained from
the larger values.

Figure 6 - Brewster's Angle versus Relative Permittivity,

&S

€




The principle task in stratified dielectric slab
spatial filter synthesis is to reduce the spatial extent
of the Brewster angle related passbands while maximizing
transmission in the desired spatial passband near broad-
side, as shown in Figure 2.

At any junction, i, of the equivalent circuit, the
reflection coefficient is given as

J 3 J
25) - A /A
i 1,071

I

1418

(g ~Tiag)/ (%5 530

and the magnitude, for small incidence angles 9, is large

for permittivity ratios p =ei/£i+ >>0 6 p<<i. To

achieve spatial filtering it is tierefore, desireable

to select geometries which give permittivity ratios in
these ranges. This is particularly important in the case
of T™M incidence for whicb }ng is a monotonically de-
creasing function of incidence angle out to eT. Since
the range of available microwave dielectric materials
lies 1in the approximate limits, 1<e<25, structures
providing the spatial filtering characteristics shown in
Figure 2 must be formed by alternating layers of high

(ei >3) and low (e;2 1) permittivity.

16




2.2 Synthesis of Plane Stratified Dielectric Slab
Spatial Filters

The principle objective of this study is to develop
a technique for the synthesis of practical plane strati-
fied dielectric slab spatial filters for use with large
planar arrays. The particular technique developed is one
of numerical optimization wherein it is possible to
synthesize filters which are optimized with respect to
electrical performance in both the spatial and frequency
domains while constraining the solution space such that
only practical filter configurations result.

The spatial filter matrix characterization given
in equation (1l1) of the preceding section is constructed
such that all electrical and physical parameters effect-

ing filter performance are modeled. These parameters are

- Plane wave polarization, i.e., TE or TM with
respect to the filter normal

- Plane wave 1incidence angle, 6

- Slab relative permittivity, €y T=l, s v vy N

- Slab thickness, ti' Il N

- Number of slabs, N

- Frequency, £

The objective of the synthesis procedure is to
determine the set of permittivities, {ei}, and slab
thicknesses, {ti}, which best match the filter perform-
ance to the desired performance in both spatial and

frequency domains.

L7




The desired spatial filter performance may be
specified by the spatial variation of the power trans-
mission coefficient as shown in Figure 7. In the figure,
the desired performance is given in terms of forbidden
regions since, in the spatial domain, specific functional
variation control of the measure 1is limited by physical
realizability, as was shown in Section 2.1. In the region
0<s}n 8<sin 61, the filter is to be maximally transmissive,
within Pldb of perfect transmission. In the region
sin62<sin6<1, the transmission coefficient is to be less
than P,db. And in the intervening region, sin®,<sinb<sing
the transmission is to be monotonically decreasing. The

forbidden region diagram may be fixed or varying in

frequency.

TRANSMISSION COEFICIENT (dB)

i
b
e

|

l

|

MONOTONIC

Sir\(}u E L i
| 2 10

sin ¢

Figure 7 - Forbidden Region Diagram of Desifed Spatial
Filter Performance
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For incident waves which are TE with respect to the
surface normal, the transmission characteristics of the
dielectric interfaces are monotonically decreasing
functions of incidence angle. Hence, for applications
in which only H-plane element pattern or grating lobe
control is required, spatial filters are readily
synthesized according to the prescription in Figure 7,
provided the slab thicknesses are not so large as to
introduce spurious far out passband as described by
Mailloux(l). However, for the case of E-plane control,
or,the more general case of providing control 1a two
dimensions, the filter performance is fundamentally
limited by the Brewster angle associated phenomena as
discussed in Section 2.1. Consequently, the synthesis
procedure developed here has been specifically designed
to limit the spatial extent of the far out passband which
occurs for T™ incidence while simultaneously maximizing
transmission in the passband around normal incidence.

From the above considerations, the formal state-
ment of the synthesis goal is to minimize the function
U over a properly defined multidimensional feasible

region in {ni} and (ti}. The function U is defined as

-Uop;
25) U=Max{ Min (|T(6,f)]|-10
0<0<8,
<E<E
n

), 0}

£
1
-05p,
+Max{Max (|.T(6,£)|-10 ),0}
02<9<b
fl<f"fh

1)




where

; b, for b>a
Max{a,b}= a, for a>b
Min (x(8,f))= minimum value of x(8,f)
0<e<el in the two dimensional

£ Sfcp space, bounded as indicated
1 h
Max (x(8,f))= maximum value of x(8,f)
92<e<es in the two dimensional

space

£ . <F<F

1 h

fl and fh are the lower and upper frequency bounds,

respectively; 6_ is the angle, 6. > 62 at which the

slope of |T(6,f?| with respect tz 8 changes from negative
to positive; and T(8,f) is the voltage tgansmission
coefficient given by equation (13) for T incidence.
For the special case wherein only TE polarization is of
interest, 9, = 90° and T(8,f) is taken as the TE trans-
mission coefficient.

The effect of the first term in equation (25)
is to force the transmission loss in the spatial passband
to be less than Pl db over the frequency band. The
effect of the second term is to simultaneously maximize
the filter rejection over the spatial region 62<6<9s
and drive 8g toward 90°.

To ensure that the ultimate filter design represents
an optimum, yet practical, configuration, the feasible
region in {ei} and {ti} is bounded and discontinuous.

The allowed values of slab relative permittivity are
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taken from a table of available, low loss microwave

materials, and are bounded by Ey = 1 (vacuum) and a
moderately large value available in practice (L!:25
is a practical upper bound at X band). The allowed

values of slab thickness are continuous 1n a range guaranteeing a
design which may be fabricated using current manufacturing
techniques for large surfaces. A lower bound of .020"

inches 1s representative, and an upper bound of 1.0"

is a reasonable engineering limit for x band designs.

In principle, the filter synthesis may proceed
from this point without further restrictions on the solu-
tion space. However, as was discussed in Section 2.1,
the desired filtering characteristics are best achieved
for permittivity ratios p>>1, or p<<l, at the dielectric
interfaces. Such ratios are obtained by constructilng
the filter with alternating layers of high (Ll~3) and
low (fizl) permittivities. Consequently, the synthesis

procedure is designed to consider only filters of the
type shown in Figure 8, which consist of N dielectric
layers with permittivities {ei}, i=1...,N, and thick-
nesses {tiF,i =1,...,N separated by N-1 layers of air
or low permittivity (e #1) dielectric.

In the figure, t%e high permittivity layers are
shown to have arbitrary € It was found during the
course of this study that the synthesis procedure typically
resulted in a disposition of permittivities which 1is
nearly symmetric about the geometric center of the filter.
Since this is not at all unreasonable in light of the

(1)

results obtained by Mailloux y Aand sance 1t is
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Figure 8 - Generic Configurations for Stratfied Dielectric
Spatial Filters

desirable to limit the number of different materials
in the filter, the last restriction imposed on the
solution space disposes the permittivities symmetrically.
In broad outline, the numerical synthesis procedure
is based on the RAZOR search optimization described by
Bandler and MacDonald(z). For a given incident polarization,
(typically T™M for most applications), frequency and band-
width, desired spatial performance criterion (e.g. Figure
7), and number, N, of high permittivity dielectric layers,
a modified pattern search is conducted to locate local
and/or global minima of the function U (equation (25))
within the bounded feasible region of {ej}, {ti}, where
the Ej are symmetrically disposed with j = 1,...,N/2;
and the t; are the thickness parameters of each filter
layer with i=1,...,2N~-1 (thicknesses of both high and

&2




low permittivity layers are considered). An estimate
{sg}, {tg} i5 used to initiate the search. If the
pattern search does not locate a minimum of U which

satisfies a predetermined measure of success, £ that is

€ ’

26) U >

a new pattern search is initiated by randomly perturbing
the estimate {e?}, {C?} with large steps along the
multidimensionai coordinate axes. After a set number
of evaluations of U, or after a set number of failures,
as defined by equation (26), the procedure concludes,
identifies the cause of termination, and provides the
best estimate {ej}, {t;} as defined by the minimum value
of U—fa' If a success is recorded, i.e., U<f , the
procedure terminates and provides the solutioh set iijk,
5=1,...,N/2, and {ti}, i=l,...,2N-1. :

A detailed account of the procedure is given in

Appendix A.
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3. NUMERICAL RESULTS

In this section, numerical results are presented.
In the first part, results are given which illustrate
the manner in which the synthesis technique approaches
the optimum solution. In the second part, a spatial
filter design is given which provides far out sidelobe
and quantization lobe control for a large mechanically

scanned planar array.

3.1 Synthesis of Seven Layer Filters

Figures 9 through 16 show typical results obtained
for seven layer filter at various stages of the synthesis
procedure developed in this study. The synthesis is
carried out only for T™ polarization since, as demonstrated
above, filtering of incident TE waves does not present
a significant design problem. In obtaining these results,
slab relative permittivities were allowed to take on
any value in the range l<g;<25, and thus the configurations
are not practical in the sense defined previously. The
synthesized designs are given only to illustrate the
result of repeated application of the procedure to obtain
the desired filtering characteristic. The performance
goal 1s indicated on each figure. In the spatial range,
0'6<10°, the transmission loss is less than 1ldb. 1In
the range, 25°<@, the desired rejection is 10 db or

greater. The frequency band is 4% about 11.8 GHz.

The initial estimates 1Lj},j=l,2, and {ti}o,
i=l,...,7 were taken from the filter design given by
Maxlloux(l). The outer high permittivity slabs have
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el=3.08, and the inner high permittivity slabs have
€2=15.l4. The layer thicknesses are .25//Ll inches in
the high permittivity slabs, and 1.0" in the intervening
regions which are assumed to be free space. The per-
formance of this filter for TM and TE incident polariza-
tions 1is shown in Figures 9 and 10, respectively. For
T™ and TE incidence, the filter provides the required
low transmission loss in the spatial passband and over
the entire frequency band. However, the spatial stop-
band is very narrow for ™ 1incidence and a spurious
farout passband appears for both polarizations near 60°
incidence angle. The goal of the numerical optimization
technique 1s to eliminate the spurious passbands for both
polarizations and extend the spatial stopband for TM
incidence.

Figures 11 and 12 show the filter response after
200 evaluations of the function U. It is evident
tnat the synthesis procedure 1s obtainlng greater stop-
band extent at the expense of transmission loss in the
passband. For both polarizations, the spurious passband
has been significantly reduced. The thickness distribution
and relative permittivity have been sign. _icantly altered.

After 400 evaluations of the function U, the
synthesized filter response 1is as shown in Figures 13
and 14. Little change has occurred with respect to the
previous result, and it is clear that a continued search
in the 1mmediate vicinity will not obtain the desired
result. Using the current best estimate, as the starting
point, a large step size is introduced for the pattern
search to drive the result away from the local minimum.
And, after an additional 200 function evaluations, the

per formance shown in Figures 15 and 16 1is obtained,
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which satisfies the design goals. 1In particular, the
extent of the stopband has been increased from the original
160, beginning at e=32°, to 31° beginning at 8=26°.
Although significant transmission loss has been intro-
duced in the passband, 1t may be removed by further
optimization in the vicinity of the current best esti-
mate. It is particularly interesting to note that the
farout T™ 1ncidence passband peak has beern moved well
outside the first layer Brewster angle and the width
at the 5 db points has been reduced from 30o for the
original design to 15°.

3.2 An Eleven Layer Spatial Filter for Use with a Large

Mechanically Scanned Planar Array

In this section a practical filter design for use
with a large planar non-scanning array 1s presented.
Since the permittivity of most microwave materials is
constant from S band to X band, the thickness parameters
determined by the synthesis procedure are given normalized
to the free space wavelength at the center frequency of
the operating band, and the design may be considered
universal for this frequency range.

The design goal is to provide a minimum farout
(9>250) sidelobe and quantization lope reduction of 10
db for a large, mechanically scanred, two-dimensional
planar array of vertically polarized rectangular apertures
over a 4% frequency band. The array possesses full
search track capability and requires a 10% spatial
passband with maximum transmission loss of .ldb. The
required coverage sector is 360° azimuthally, and -5°
to 50° vertically. An SOJ threat is postulated to be
uniformly distributed in azimuth within 20° of the

horizon.
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To provide the required rejection over the full
coverage sector, the filter design must limit the Brewster
angle associated passband to angles greater than 55°
Practical filters providing a 30° E-plane stopband may
be synthesized using eleven or more lavers.

Figure 17 shows an illustration of an eleven
layer filter wiiich satisfies the design goals. The
filter is constructed using four well known dielectric
materials: stycast Hi-K (el=ell=5), an kmerson
Cumming loaded cross-linked polystrene; Trans-Tech DA-9
Alumina (a}=bq=9.5); stycast Hi-K 500F loaded thermoset
A 6=Lq=rlo=1.02). The lavyer
thicknesses are given normalized to free space wavelength

hydrocarkon; and (e,=¢,=¢
“ =¥

at center frequency.
The filter performance is shown in Figures 18 and
19 for E and H plane incidence, respectively. In the

\\'\\“\\\ ;o.éi
o I 0.022

< \\\V’ﬁ\\\\ o
o2
L Lin 3 > N
/\/\ o ‘, > T “6_'{03 3

Figure 17 - Cross Section of Filter Synthesized by
Numerical Optimization
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spatial passband, the transmission loss is less than .15
db over the 4% frequency band. The E-plane spatial stop-
band extends from apﬁroximately 18° to 61° at low freqg-
uency and from 26° to 62° at the high frequency and
rejection is typically 14 db or greater from 30° to

55°. Excellent stopband rejection is obtained in the
H-plane.

Figure 20 shows a center frequency contour plot in
sine space of filter transmission in db for plane waves
incident at angle 6,0 with respect to the coordinate
system of Figure 2-1. The plane wave generator is
assumed to be an X-directed magnetic current on the
array. In the passband, transmission is seen to be
roughly independent of 6 and #, and consequently the
filter will not distort the main beam. In the stopband,

sin B 5in @

sin B

sina  sinflcos

Figure 20 - Transmission of Fields Generated by X-Directed

Magnetic Currents on the Array
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the rejection is greater than 10 db except in the vicinity of
the near in stopband edge for ¢=9OQ. Over most of the step-
band, the rejection considerably exceeds 14 db. The
Brewster angle associated passband does not extend to
angles, @, below 330, thereby reducing the SOJ threat/
The isolation between nominal (or transmitted)
field polarization, and the cross polarization generated
by the filter is shown in Figure 21. As expected, the
peak cross polarized signal 1s generated in the vicinity

of ﬂ=45°, 6=20°, and in the farout passband region.

NFCT AVFARY AN T Ny
,;-\g VR AR AT B
e ¥y Al { 2% ¥ R pE
: A% Fati®aiPin e Wl

——
|
o
1
5
1
l
s
L_ sina = sint/lcos O
Figure 21 - Isolation of Cross Polarized Signal Generated by the

Layered Medium

39




4, CONCLUSIONS

The stratified dielectric slab spatial filter syn-
thesis technique given here results in practical filter
designs which provide considerable element pattern control
for large mechanically scanning and limited scanning
arrays. For a hypothetical mechanically scanned two
dimensional antenna, a filter design hes been presented
which reduces farout sidelobes and quantization lobes

by more than 10 db in a region extending from 26° off

the antenna normal to 610.
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APPENDIX A

A MODIFIED RAZOR OPTIMIZATION PROCEDURE
: FOR SPATIAL FILTER SYNTHESIS
\
i
A.l1 Program Abstract

The optimization program is a federation of three
modules named FILTER, RXS, and RZS which will be described
as functional entities. FILTER is the main program
segment containing in acddition, a subroutine named U
which computes the objective function to be optimized,
and DISPLA, a utility subroutine which surpresses the
automatic carriage return and line feed after printing
a prompting message.

The main program permits the user to input all
pertinent parameters such as: the number of slabs of
the spatial filter, the initial dielectric constants
and thicknesses, tolerance ranges over which the opti-
mization is to seek its improved values, the frequency
ranges over which the filter is to operate, the sine
theta and transmission coefficient values which character-
ize the pass/stop bands and the performance in db, as
well as the parameters ALPHA, LIMIT, EPSMIN, RHO, ETA,
KAPPA, DELTA, FEPS which govern the conduct of the opti-
mization process itself.

Sufficient flexibility has been incorporated into
the main program to allow the user to select a TRACE
option which permits witnessing the deliberations of the
optimization by a printout of all perturbated components
and their effect on the objective function. 1In addition,
the program has been structured so that only a minor
alteration by the user, if he so desires, will enable
him to treat special filter configurations like symmetric

filters, quarter wave length layer filters and so on.




The second module RXS consists of a single sub-
routine RXTX which returns the complex-valued transmission
coefficient RT used only by the function U. RT results
from the matrix multiplication of junction and line length
wave transmission matrices, and as this coefficient 1s
computed many times by the function U (even for a single
perturbation), great care has been exercised 1in the
construction of the algorithm for the total wave trans-
mission matrix computation.

The last module RZS consists of six subroutines
named RAZOR, FINISH, PATSER, BOUND, EXPLR, PATMV, with
FINISH and BOUND serving in ancillary capacities of
determining whether the perturbations have produced a
minimization of the objective function and secondly
ensuring that no perturbation is allowed to exceed 1ts
prescribed range. RAZOR is the subroutine which 1n con-
junction with PATSER, PATMV, EXPLR executes the optimiza-
tion technigue described by of Bandler and Macdonald(zz
In its broad outline the technique is to conduct a pattern
search (PATSER) around a base point by perturbing in turn
each of the components of the base pointf If the search
exposes a new point for which the objective function has
been minimized to within a tolerance specified by FEPS,
RAZOR returns this new point to the main program and ‘
terminates 1ts activities. Otherwise, a point in the

vicinity 1is randomly selected as a provisional base

point around which explorations are undertaken as before.
If there is no improvement, the process 1is repeated for
as many times as specified by KAPPA with a closer
randomly selected provisional base point.




A.2 Program Description

The main program TEST 1 calls for user input cf
NS, the number of non-air dielectrics, the associated
dielectric constants, slab thicknesses, and the high and
low constraints on the perturbation vector PHO. In
addition, the frequency range over which the filter 1is
to perform is input as are the sine theta and transmission
coefficient values characterizing the pass/stop bands and
performance in db.

Thus, for a spatial filter with six non-air
dielectrics configured symmetrically, 6 would be entered
for NS in response to the prompt NR SLABS=?. Also
3 values (IP=(NS+1l)/2) of non-air dielectric constants
and 11 values (NSLAB1=2*NS-1) of air and non-air thicknesses

*would be input. The dimensionality of the perturbation
vector PHO would then be 14 (K=IP+NSLABl), and whose
initial contents would be the 3 dielectric constants and
11 thickmnesses. The next two input parameters would be
two sets;of K (here, 14) values for low and high pertur-
bation constraints to be placed on the permissible ranges
of the PHO vectors components. Typically, a low of 1
and a high of 25 have been placed on the PHO components
associated with dielctric constants, a low of .02 and
high of 1.0 for those components associated with non-air
dielectric thicknesses, and a low of .1 and a high of 2.0
for air thicknesses.. In response to the prompt for freg-
uency range, the user enters 3 values for low frequency,

high frequency, frequency increment normalized to center

frequency; for example .98, 1.02, .02 would cover three
frequencies. The next six values to be entered are
concerned with the filter's performance. The value

specified for DBl determines the low cutoff figure for




transmission coefficient in the passband and the values
entered for SN1 and SNINCl 1in response to the prompt

STH1 and I'ICR=? define the spatial limit of the passband
and the sequence of points within the passband which are
to be evaluated. Similar remarks apply to DB2, SN2,

SNINC2 whicn specify the stopband. Values of DBl=-.1,
SN1=.175, SNINCl=.0175, DB2=-10.0, SN2=.42, SNINC2=.02

are typical. The program next inputs ALPHA, LIMIT, EPSMIN,
RHO, ETA, DAPPA, DELTA, and FEPS. FEPS is the tolerance
within which our objective function is to be minimized

and 1s typically selected as .0l1l. RAZOR conducts a pattern
search (PATSER) around the initial base point by perturb-
ing 1n turn each of the components of the base point. The
actual absolute step sizes used in PATSER are SDEL=DELTA*
R(I)*S(I)/100 where R(I) = 100* (HIGH(I)-LOW(I)) 1is the
parameter range of permissible values 1in the Ith component,
and S(I) has values +1 or -1 to establish directionality
of the perturbation.

Since dielectric constants are considered in the
range 1+25 and thicknesses .02+1 for non-air dielectrics
and .1~+2 for air dielectrics, we observe that selecting
an initial DELTA=.1 yields step sizes of 2.4 for dielectric
constants with .008 for non-air thicknesses and .19 for
alr thicknesses.

EPSLON and DELTA are used as relative measures of
step size reductions, with DELTA<EPSLON signifying
that a pattern search, PATSER, would be useless at this
point. Initially EPSLON=EPSMIN* (ETA**KAPPA)

where EPSMNMIN = .001 (a starting value)
ETA = 2 (a halving factor)
KAPPA = 3 (max of 3 random moves) .




EPSMIN = .00l was selected so that EPSLON = .001 *2° = ,008

thereby rendering the initial DELTA = .1 larger than EPSLON
and thus guaranteeing a PATSER the first time through.

ALPHA 1s a parameter within PATSER which reduces
the size of DELTA in the event initial explorations give
no improvement in reducing the value of the objective
function. A vaiue of .25 gives significant reduction of
DELTA, but does not reduce too rapidly to obtain a
solution.

When all explorations about the base point have
been unsuccessful, RAZOR perturbs each component of the
base point by RHO*RANDOM*EPSLON/100 in order to obtain

a new provisional base point about which the process

can be repeated. RANDOM provides random values between
-1 and +1 with RHO selected as 400. EPSLON is then halved
by ETA and new explorations are begun.

Since an enormous number of functional evaluations
must be performed not only in exploratory moves but in
evaluatory criteria, LIMIT (the maximum number of function-
al values to be computed in the entire optimization
program) has been set to a large value, typically on
the order of 1000. The objective function U is
summarized in Figure 7 and in equation 25. Its
actual implementation is performed in two steps. For
each fixed sine theta (sine theta = 0 through SNl in
steps of SNINC1l) cycle through the range of frequencies
FLO through FHI in steps of FINCR constantly determining
UMN=CABS (RT) - OFFSET where OFFSET = 10.0 4 (.05*DB1)
and RT is the complex valued transmission coefficient
returned from a call to subroutine RXTX. The negative
of the minimum value of these UMN values is kept as the

first part of the objective function.
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The second part is determined in the following manner.

Beginning with a fixed sine theta value of SN2, cycle

through the range ot irequencles FLO through L o steps
of FFINCR constantly detormining UMX-CABS(RT) - OFiesSET whetr e
OFFSET = 10.0 * (.05*DB2). Continue this process with

the next fixed sine theta value incremented by SNINC2
over its previous value only for as long as the center

frequencies CABS(RT) values are declining.

A.3 Program Flow of Principle Programs and Subroutines

To give a more complete description of the optimiza-
tion procedure, the following paragraphs simultaneously
outline program flow and comment on the implementation of

the principle programs and subroutines. RAZOR(ﬂo, €min’P
n.kappa) is the principal procedure in the optimization

process. ﬂo, ,0,n, kappa are FORMAL parameters

e
through which tﬁéninitial values are acquired from the
calling program. Within the algorithm g, U@ are local
variables, k is the dimensionality of the @ vector, and

§ is common (i.e. global) to RAZOR and has been initialized
by the main program to a value 6>amin*nkappa to ensure
bypassing the IF &8<e¢ criterion in PATSER whica RAZOR 1nvokes

at the outset of its deliberations.

Comment: initialize the local quantity U@® to reflect
the starting value. Set up the initial direc-
tions for the explorations. Initialize the
starting ¢ and then invoke a pattern search.

If a point is uncovered with a functional
value within the FEPS tolerance specified,

then terminate the procedure otherwise renew
the search (kappa number of times if necessary)
with an arbitrary point randomly selected in

the vicinity of ﬂo and with a reduced et value;



ug®: = u(g®); for i:=1 step 1 until « DO §;:=1;

kappa o o
e=c * - .
€=, . *N ; PATSER (@, Ugd ) ;

If finish (Uﬂo) then go to FIN;
for j:=1 step 1 until kappa DO

Begin comment initialize a local variable Uﬁo to the best
functional value and a local vector @ to
contain the coOrdinates of a randomly
selected point in the vicinity of ﬂo. Another
local variable U# is initialized to contain
the functional value at the random point.
¢ and § are reduced and a pattern search

is initiated;

ug®:=u (8°);
for i:=1 step 1 until k DO ﬂi:=¢? +p *RANDOM*¢ ;

ei=e/n;  8:=|g-2°1/k;

Ug:=U(Q); PATSER (@,Uf#);

1f ug<ug®
Then Ll: begin comment set Uﬁo to the returned improved
value Ug. Establish 8 as the
direction of improvement and g°
to the returned improved location
0.
up°:=ug; 6:=g-8°; p
End

O

:=p




——

Else
Begin Comment reset U@ to the starting functional value
Uﬂo over which there was no 1mprovement

and set 8 in the opposite random direction;
ug:=uf®; 6:=¢°-g
End;

Comment set local @ as the new extrapolated point from
g° in the 6 direction and § equal to the square

of the magnitude of 6. Invoke a pattern move;
p:=g°+8; s:=|e|%; pAaTMV (Ug,p,28°);

Comment if the returned functional value is an improve-
ment then return to L1 for further refinement
until none better is found. Then check if the
returned refinement is within the FEPS tolerance
which causes a termination of the RAZOR optimiza-
tion. Failing this, the next randohlm point is
selected even closer to ﬂo;

If Uﬂ<Uﬂo then go to L1;
If finish (UB°) then go to fin

End;
Write ("no convergence");
Fin: End

PATSER (g°,Up°) is the chief searching procedure. g°
and Uﬂo are formal parameters and @ ,UF are local variables

in the following algorithm. )




Li: . IP O6<e then go teo fin;
Comment 1nitialize the local variables #,Uf to the
corresponding values transferred through
FORMAL parameters ﬂo, Uﬂo. Then 1invoke
EXPLR to perform initial explorations.
#,Uf will be changed hopefully to an

improved point and its functional value;
ug:=ug®; @:=g°; EXPLR (U#,#);
1f ug-ug®

Then begin comment there is no improvement in any
of the explorations. Reduce

size of § and try again;
d:=a*d; go to Ll
End;

Comment an improvement was detected. Change the
formal parameters ﬁo,Ugo to reflect the
improved location and its functional
value. Establish into 6 the general
direction of improvement. Set the local
gquantity @ to contain the new extrapolated
value and § to contain the square of the
magnitude of 6. 1Invoke a pattern move
(PATMV) and return to L2 if there is an
improvement, otherwise begin anew Dby

returning to L1;



L2: up®:=ug; 6:=p-g°; #°:=p; @:=2°t6;
6:=|6§2;
PATMV (UZ,8,8°);
LE Uﬂ'UﬂO then go Lo L2 else go to L1;

Fin: End

PATMV (Uﬂo,ﬂ,ﬂo) where Go is the vector describing the
best location so far and P 1s the extrapolated location
around which explorations are to be performed within
PATMV, is best described graphically in terms of a two
dimensional #. If the explorations depicted below un-
cover a better point than @, then that poilnt 1s returned
in place of @ and the functional value at the uncovered
point is returned to Uf#. Within the algorithm K is the
dimensionality of the § vector, while 6 and the vector
8 are common (i.e. global) to PATMV. The functional
value of the original extrapolated point @ is computed
immediately upon entry into PATMV and 1is retained in a
local variable named UPHI. It is against this local
quantity that functional values of exploratory test
points (about f#) returned by EXPLR are compared to
determine 1f improvement has occurred.

PATMV first performs explorations (using EXPLR)
with a new 5=/8/« and returns into @ any of the possible
locations indicated and into U@ the corresponding
functional value. Note that 6 1is the direction estab-
lished earlier in the process and reflects the general
direction of improvement from some former ﬂo location
to the present ﬂo location specified upon entry into
PATMV .

10

b
(1




THE CIRCLES O

(? 9 ? DEPICT THE
POSSIBLE
, | | EXPLORATORY
- PROBES FOR
¢_______ A N _¢ IMPROVED ¢
I I 5/K
EXTRAPOLATED
(5 VECTOR Q= f+¢°
SUPPLIED TO #° LOCATION AT
PATMV AT PATMV ENTRY
ENTRY

SOME FORMER ¢°

Figure A-1 - Initial Exploration in Subprogram PATMV

If the exploratory moves about @ fail to uncover a better
point or in the case there is an improvement but there
s no significant change in each component ﬂi tees for

3 - ol ST
b lgi ﬁ?}<10 Igil, then the step size is halved

to 1/2/5/K and explorations are conducted about a new
extrapolated location half as far away from g° in the

8 direction as shown.

LY 12V ek
é

¢° LOCATION AT
PATMV ENTRY

NEW ExT‘PgAPo TED VECTOR—"
®= + ©°
S
ESTABLISHED N
FORMERLY A

e SOME FORMER ¢°

Figure A-2 - Explorations About New Extrapolated Vector
e ¥ 2+®

a=11




‘ Finally, if there is still no improvement or in the case
there 1s an improvement but there is no significant

change in every component ﬂi in the aforementioned sense,
then the halved step size 1/2/37? is used again but
explorations are conducted about a new extrapolated

location half as far away from ﬂo in the negative 6 direction
as shown.

NEW EXTRAPOLATED ®° LOCATION AT PATMV ENTRY
VECTOR ¢= - § +¢°

——

SOME FORMER¢°

Figure A-3 - Explorations About New Extrapolated Base Point in
-6 Direction

EXPLR (ug°,g)

UEO and g are formal parameters. Within EXPLR U@ is
a local quantity. EXPLR will change ug® and # to an
improved functional value and an improved point, re-

spectively. « is the dimensionality of the @ vector,




=

In graphic terms of a two dimensional @, EXPLR will
return into @ any of the possible positions indicated,

. il . . :
and into U@~ the corresponding functional value.

b--- - 00— =2
| ! I sde
o

Figure A-4 - Two Dimensional Graphic Representation of EXPLR

The center point is the location of @ upon entry into
EXPLR. In the event that EXPLR is unable to find an
improvement 1in ug® at any of the locations sdel away

from the center point, upon exit from EXPLR, the original
functional value UQO and the original @ location remain
unchanged.

FINISH (Uﬂo) is the logical procedure which furnishes a
value of true if the functional value contained in its

formal parameter is within the tolerance FEPS initialized
by the main calling program.




APPENDIX B

MICROWAVE DIELECTRICS FOR APPLICATION IN
STRATIFIED DIELECTRIC SLAB SPATIAL FILTERS

The table given in this appendix summarizes the

availability of low loss microwave dielectrics suitable
for use in stratified dielectric slab spatial filters.
The data presented was obtained over the period of

1 Apr 1976 to 1 Oct 1976, and as
to date compilation of available
information relative to physical

All materials in the table

such represents an up
data. Where possible,
properties 1is included.

have constant or nearly

constant electrical properties from S band to X band.
The loss tangent of all materials is less than .002.
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APPENDIX C
PROGRAM LISTINGS

In this appendix, program listings are given for
all computer programs written in the course of this
study. The listings are self-explanatory. Information
relative to the optimization programs and subprograms
is given in Appendix A.




PROGRAM TEST{(INPUT,TAPE{ +OUTPUY TAPEGBOUTPUT)
CovoceT IS I8 THE VERY FIRST WORKING OPTIMIZATION PROGRAM
Ce-veelY IS USED IN CONJUNCTION WITH RxS ¢ RIS}

COMMON /RZIR/ KeDELTAALPHAZ IMITonNIN2oNSoEPSLON THETA(1IS),

* SCIS) vFEPSoTRACE1LOW(IS)IHIGH(IS) s RANGE(LS)

LOGICAL TRACE,ODD

REAL LOwW

COMMON /ZUFCY/ D(13),FPS(14)Y NSeNS|  ABSeTPsODDeFLOCFHTIWFINCRY

s DBI oSN oSNINC1sDR248N2¢SNINC?2

DIMENSTION MEG(3)eMSG2(2)eM853(2)e PHACIS)DIELECY(S0)

NDATA MSG/IORESSMINIRMO o+ 1OMIETAIKAPPA o THDELTAR /

DATA MSGR/I0HFREQ LOWHI o 6Ky INCRR/

CoeeeeINPUT NSy THE NUMBFR DF NONeAIR DYELECTRICS

CeevesNSLARS I8 TWE TOTAL NUMBER OF AIR X NONwAIR ODIELECTRICS
CenvsalP I8 THE NUMBER OF DIFFERENT NONgAIR DIELECTRICS

CesessX IS THE DIMENSION oF PHD VECTOR o#TOTAL NR OF PERTIRBAY NuEx
{ CALL DISPLA(OHNR 8L ABS=41+2)

READ(1es%) NS

IF(NS .LE, 0) STOP

NSLABS=2%8NS

NSLAR{aNSLABSe|

1PB8(NS+l)/2

KsIPeNSLABY
CoeeeeINPUT DIELCT(Ll) Isy TO IP X INITYALIZE EPS VECTOR

ENCODE(2092894M8G3) IP
289 FORMAT (% EPS(! TO #,12¢%)m%)

“aLL DISPLA(MSGIs2et)

READ(je®%) (DIELCT(TYeIBio]IP)

npnNa, TRUE,

IF(MOD(NSs2) L,EG, 0) ODDe= FaALSRE,

DO 78 I3 1IP

Ixze*]

EPS(IXeli)Ei , 0

FPS(IX)aPIELCT(]

IFCODD LAND, (T1,EGL,IP)) GO TN 78

TX22¥% (TPe])

FPS(Ix=1131,0

IvyaNS/2+1=1

EPS(IXx)aDIELCT(IY)

76 CONTINUE
CoeoooeINPUT D(1) I=1 TO NSLAR{

ENCODE(20¢2904MSG3) NSLARY
290 FORMATY (% D(1 7O ®,12¢%)a®)

CALL DISPLA(MSG3eRe1)

READ(fo%) (D(I)olIsi NSLARY)

Cooeas INPUT COUNSTRAINTS LOWeHIGHIRANGE ON ENTIRE PHO VECTOR
CoeesossINPUT LOWC(CT) Isf TO K

ENCODE (200291 sM8G3) Kk
291 FORMAT(® |_OW(L TO %,72¢%)a%)

CALL DISPLA(MSG3e20e1)

READC1o%) (LOWCI)oeT=lek)

Conees INPUT HIGH(IY Tel To K

FNCODE(20¢2924M8GY) K
292 FORMAT(#HIGH(] TO %,12.%)u%)

CALL DISPLA(MSG3020i)

READ(1o%) (HIGH(T)oy21eK)

DO BU Tzl K
84 RANGE (T)&100,0%(HIGK(I)®LOWCT))

CoosooINITIALIZE PHD VECTOR YO INPUT NYELECTRICS X THICKNESSES

PO 79 TsfsIP

C=2




79 PHOCI)®DTIELCTY(T)
DO 80 T=y,NSLABY
IX3[Pel
80 PHO(IX)=®D(])
CooaeeINPUT FREQLOW/FREQNT+FREGINCR
CALL DISPLA(MSG2920y)
READ(1+%) FLOWFHI9FINCR
c.....INPUT DBl.lO.O...O..I....O...
CALL DISPLA(UHDBI®ef 1)
READ(1e*) DBY
Cooess INPUT SIN(THETAL) X SIN(THEYAL)INCREMENT
CALL DISPLA({OHSTHIXINCRBo, 1)
READC1e*) SN{SNINCY
CooeeeINPUT DBRassnsrenssesesavoess
CALL DISPLA(UMDB2B¢t oY)
READ(]+%) DB2
Cv...IN"UT SIN(THETA2) X SIN(THFTA2)INCREMENT
CALL DISPLA(IOHSTHR2XINCRE91,1)
READ(1e%) SN2¢SNINC?2
Connee INPUT ALPHA X MAX (TMITY OF (j FUNCTYION EVALUATIONS
CALL DISPLA(GHALFA L MTBel 1)
READ(1e%) ALPHAWLIMYT
Coeeeal NPUT EPSMINGRHOGETAIKAPPASDELTA
CALL DISPLA(MSGs301)
READ(1e%) EPSMINIRHOIETAWKAPPAWDELTA
cocouuDEsIRE TRACE OPTION
81 CALL DISPLA(IHTRACE T/Fetot)
READ(1+¢390) TTRACE
390 FORMAT(AY)
T*{ITRACE NE, IHT) GO YO A2
TRACE=,TRUE,
GO TO 83
8¢ IF(ITRACE JNE, {HF) GO TN 84
TRACEm,FALSE,
Cenees INPUT FUNCTIONAL EPSILON FFPS
83y CALL DISPLA(BNFCT EpSmeioel)
READ(1e*) FEPS
CALL RAZOR(PHOIEPSMINYRHOWFTAyKAPPA)
WRITE(69391) (PHO(I)ol®ioek)
391 FORMAT(SE1S,8)
60 TO
EnD
PUNCTION UCNAMF ¢PHDY
DIMENSTION PHOC1)
COMMON /RZR/ KeDELTAVALPHAGL IMIToNON2oNSJEPSLONyTHETA(1S),
s S(15) sFFPSeTRALFWLOW(IS)sHIGH(L1S) sRANGE(1S)
LOGICAL TRACEODDWNOTIST
REAL LOW
COMMON /JUFCTY/ DCI3)EPS(1U) ¢ NSINS ABSyIPIODDeFLOsFRIZFINERY
¥ DB1+SNIeSNINCY1oDR2ygN2¢SNINC2
COMPLEY RTY
DATA TWOP!/6,2831853071796/
Coeoses TRANSFFR PERTURBED VALUES #pPS(1) Imy TO IP2 FROM PHWO VECYOR
CO...QTO APPROPRIATE EPS VECTOR COMPONENTS FOR SUBROUTINE RXTX
DO 22 1={,1P
Txz2%]
EPS(IX)=PHOC(TY)
1FL0ODD LAND, (I,EQ.IP)) GO Y10 22
TXa2%(IP+1)
1YRNS /241 w]




FPS(IX)sPRO(IY)

22 CONTINUE
Coveae TRANSFER PERYURBED VALUES or (i) giP¢l TO K# FROM PKO VECTOR
Cooess™0 O VECTYOR oImy TO NSLABSey# FOR SURROUTINE RXTX

NNSNS ABSe
D0 23 T:{yNN
TXS[e]1P
23 D(I)=PHO(IX)
NFREINT( (FHI®FLO)/FINCReQ,5) ¢ |
ITHRSINT(SNI/SNINC140,5) ¢ 1§
NFCENTE(NFRei1 /2
OFFSET®{0,0%%{ ,05*DR!)
NOTiSTE ,FALSE,
D0 26 I=1eITHR
SxNs(Jw{)*SNINCY
DO 27 JEjsNFR
TRPILATWOPI*(FLO+(Jey)2FINCR)
CALL RXTX(NSLARSISKNeTPIL¢EPSyD4RT)
UMNSCABS(RT)=0FFSET
IFINOTISY) GO TO 28
NOTISTS,TRIE,
UMINSUMN
26 IFIUMN LTe UMIN) UMINBUMN
27 CONTINUE
26 CONTINUE
Ti{aeAMINT (UMINGO,0)
c.---...---u.--..‘.--.-'--U’.-.-'--....---.—-.-
UMINZ1000040
CTrSETE{N 0%X( ,05%DR2)
~OoT1STa,FALSF,
SkNBSN2
106 VelIMIN
DO 29 Jsi{ «NFR
TPILSTWORI®(FLOs(Jwi)®FINCR)Y
CALL RXTX(NSLABSsSKNsTPILIFPSyD,RY)
TFlJ JEQ,NFCENT) UMINECABS(RY)
UMX2CABRS(RT)=QFFSET
IF(NOTIST) GO YO 30
NOT1STE, TRUE,
UMAXBLMYX
30 IF(UMX .57, UMAX) UIMAXEUMX
29 CONTINUE
SKNESKNESNINC?2
1F(UMIN LT, V) GO 1O 100
T2z2AMAX 1 (UMAX40,0)
UsTiev?
TEF(TRACEY WRITE(60102) NAME qUoeDELYA'FPSLONS(PHO(T)eTI®1sK)
102 FORMAT(IXsAbsUX93G20.10/011%956G20,10))
RETURN
END
SUBROUTINE DISPLA(MSHINADS INES)
DIMENSION MSG(1)eM(g)
DATA NCRLF/ n00100000006000000000R /
TFLOCI oKy IW)SSHIFTIIWeT oK) (ANDSHIFT(MASK(K) or)
NeMAXO(MINO(NADSeS) 1)
PO 100 ImieN
100 MtT)sMSG(T)
MEUBNEM(N)
DO 102 12145
Jei2¥(5e7)

C-4




102
104

105

106

107

IFC TFLD(Je12eMBUBN) NF,2R ) GO YO 304
CONTINUE

1F(J (LE, 36) GO TO (0S8

NENel

M(N)SNCRLF

GO TO 106

JelJ+le
M(N)ZSOR(AND (MSUBN¢MASK (J)) e SHIFT(NCRLFemJ))
NaNel

M(N)=0

IF(LINES EQ, 2) WRITE(69107)

FORMAT(IH )

WRTITE(6) (M(TJeI3leN)

RETURN

END




PROGRAY TEST2(INPUT ,TARES yOUTPUT+TAPEGOBOULTPUT ¢ TAPELD)
ConassTHIS PROGRAM COMPUTES ThHE RUARTER WAVE LENGTH DESIGN
Coaens'!T I8 USED IN CONJUNCTION WYTW RXS ¢ RZS83

COMMON /RIR/ KoDBLTAsAl PHAG IMTIToNoA2eNIJEPSLOMNTHETA(1S),

L] SCIS) eFEPSeTRACEoLOW(19) 9 HIGHC(I8) s RANGE(1S)

LDGICAL TRACEODD

Re “L LOwW

COMMON JUFCT/ D(13)4EPSCIU) 4NIyNS L ABSsTPoCODeFLOWFHIWFINCRY

* DEB1 18N +SNTNC1eDB2egN2¢SNINC2

NIMENSION MSG(3) e MSG2(2)9MSG3(2)y PHOCIS)IDIELCT(10)

DATA MBG/10MFPSMINIRHO o 10MeETAWKARPPA o THDE| TAS /

NDATA MBG2/10HFRED LDeMT ¢ bMeINCRg/

Coeses INPUT NS¢ THE NUMBRER OF NONeAIR DIELFCTRICS

CoonseNSLARS I8 TWE 7OTAL NUMBER 0OF ATR X NONeAIR DIELFCTRICS
CooseslP IS THF NUMBER OF DIFFEREBNT NONGAIR ODIELECTRICS

Coneese® IS THE DIMENSION OF PHO VFCTOR oTOTAL NR OF PERTURBATIONS®
i CALL DISPLA(9HNR SLABS3s1¢2)

READ(J+8) NS

1F (NS ,LE, O) 8TOP

NSLABSa23NS

NSLABI=NS_  ABSw1

IP=(MNS+l) /2
Coeea e PETERMINSS IF NS [8 ODD OR FVEN
CoveeeSETS K=[PeNS( 8831e2 tF NS I8 EVEN
Ceveee % «2]PeNSLARJwl IF NS I8 00D
Conose TS REDUCING THE NUMBFR OF PERTIIRBATINN COMPONENTS
Ceeveasli THE PHD VECTOR A8 A RFSULY OF THE MIOOLE DYELFCTRIC
Ceeae:VARYING AT (AMBDA/(UXSQRY(FPSILON))

npDa, TRUE,

KzTPHNSLAR I wj

TF(MONDINSe2) JEWe 1) GO TO 4o

CODE.rALSE .

KgK.'{

Cooend INPUT DIELCTC(LI) It TO IP X INIYYALIZE EPS VECTOR
Y- ENCODE(20428B74M8G3) TP
289 FORMAT(® EPS(1 TO %,72,%)3%)

CaLL DISPLA(MSG342014)

READ(1 %) (DYELCT(IyelztelP)y

Do 78 I3i.lP

Ix=2%]

EPS(Ixel)at,l

EPS(Ix)YaNIELCTY(])

1F(ODD (BND, (1.,EUIP)) GO TN 78

TX=2%(TPea])

EPS(Ixely=1,0

TYSNS/2+4te]

EPS(IX)IESNIELCT(TIY)

78 COMTINUIE
co'oc.”\p'JY DCY) 1=y TO NSLARY

ENCONE (2 ¢2904M5G3) NSLARY
290 FORMATY (» DY TO #,72+%)a%)

CALL DYSPLA(MSG3¢244) :

READ(1e®) (D(l)elal NSl ARY)

Conses INPUT CUNSTRAINTS LOWIHIGHIRANGE AN FNTIRE PHO VECTOR
c..oooerUY L()W(Y) 12} TN K

ENCODE (20291 yM8GS) K
294 FORMAT(® LOWll TO %,72¢%)2¥)

Catb VISP 2{MSG3s2ry)

READ(CLe®) (LOW(TI) Tzt ek)

Cuu.THPUT HIGH(L) 181 To K



ENCODE(20¢292+M363) K
292 FORMAT(®HIGH(L TO %,724%)m5)
CALL DISPLA(MSG3¢20t)
RFEAD(1e%) (MIGH(I)orst oK)
DO 84 Tmy K
84 RANGE(T1)®100,0%(HIGH(I)eLOW(T))
CoeeeeINITIALIZE PHO VECTOR YO INPUT DTELECTRICS X THICKNESSES
DO 79 131,41P
79 PHO(I)RDIELCT(D)
cNN{BNSLABY/2
NN2aNN1¢2
NNIaNNT ¢t
1Je}
DO 80 I=1.NSLABRY
IPIJEIPe1J
1F(ODD) GO TO 80!
IF(lEQsNN1 ,0R, 1,EQ,NN2) GO YO a0
PHO(IPTIJIED(T)
1IslJ¢d
Go Y0 8¢
. 801 TF(l EQ, NN3) GO To 80
PuOCIPIJ)ED(Y)
1Je]Je+l
80 CONTINUE
CooveoINPUT FREQLOWIFREQHTIFREQINER
CALL DISPLA(MSGR9201)
READ({+%) FLOIFHIWFINCR
c'l..tINPUT GB‘QI!....O...OO.OO...O
CALL DISPLA(UHDBIEBeyel)
READ(1e%) DB
CooveeINPUT . SIN(THETAL) %X SIN(THETA{)INCREMENT
CALL OISPLACIOHSTHIXINCREy1,1)
READ(1e%) SN1oSNINCH
conoooINPUT OB2 5 cecasndonyaesndssalse
CALL DISPLACUHDB2Eyq101)
READ(1e%) DB2 ;
CoveooINPUT SIN(THETAZ) X SIN(THFTA2) INCREMENT
CaALL DISPLACIOHSTHRXINCREy1,1)
READ(1o#) SN2¢SNINC?
CeneeeINPUT ALPHA X MAX LIMIT OF |y FUMCYION EVALUATINNS
Call DYSPLA(OHALFA MTRy141)
READ(1+%) ALPHAWLIMIT
CovooeINPUT EPSMINGRHOWETAIKAPPAWNELTS
CalLlL DISPLA(MSGy¥¢})
READ({o%) ERPSMINIRHOIETAOKAPPAWNF| TA
CevnsoPDESIRE TRACE OPTION f
81 Call OTSPLA(IHTRACF T/Fetot)
READ(1¢390) ITRACE
390 FORMATC(AY)
IF(ITRACF (NF, IWT) GO TO B
TRACE=z,TRUE,
Go 7O 83
82 IFCITRACF NE, I1HF) GU T.0 Aj
TRACES ,FALSF,
Cosses INPUT FUNCTINNAL EPSTLON FFPS
3 CALL DISPLAC(RHFCT EPSEBetlel)
READ(1e*) FEPS
CALL RAZNR(PHOIEPSMINIRHOWFTA9KAPPA)
WRITE(100591) (PHO(T)eTx1yK)
391 FORMAT(SE15,8)

G/




GO 10 ¢
END
FUNCTYION U(NAME,PHO)
DIMENSION PHO(1)
COMMON /RZR/ KoDELTAsA( PHAeL TMIToNON2INSsEPSLONGTHETA(15),
* S(1S)sFEPSeTRACELOW(IS)oHIGH(1S) s RANGE (1S)
LOGICAL TRACE+QDDeNQTLIST
REAL (Ow
COMMON /UFCT/ D(I3) EPS(14) NSNS ABSsIPyODDeFLOWFHIWFINCRY
% DB1ySN1oSNINC)eDB29SN29ySNINCR
COMPLEX RY
DATA TWOPI/6,283185%071796/
Coeesses TRANSFER PERTURBED VALUES OfpPS(1) 1wy TO IPz FROM PHO VECTOR
CeeeosTD APPROPRIATE EPS VECTOR COMPONENTS FOR SUBROUTINFE RXTX
00 22 1s141P
I1xs2*%]
EPS(IX)sSPKHN(T)
IF(ODD +AND, (1,EQ,IP)) GO TOO 22
IX®m2¥(IPe¢])
1YaNS/2¢1e]
EPS(IX)BPHOCTY)
22 CONTINUE
Ceososs TRANSFER PFRYURBED VALUES ep(l) IslPe¢l TO X3 FROM PMO VECTOR
CoeoeeTO D VECTOR @18y TO NSLARSeiw FOR SUBROUTINE RXTX
PHNIPEPHN(IP)
NN3NS_ ABSel
NN BNN/2
NNZZAN] ¢2
NATENNT ¢
1Js]
DO 23 181 4NN
IJIPBIJeTP
1fCOND)Y GO 10 20
IF(I.EGeNNT (OR, [ EG.NN2) 60O T 49
D(L)ePROCIJIP)
1Js]Je!
GO T0 23
19 N(1)E0,25/8ART(PHOTP)
Go 70 23
20 1F(I ,FG, NN3) GO Tp 19
D(I)2PHO(IJIP)
1Js]Jet
23 CONTINUE
NFREINT( (FHISFLO)/FINCR®0,5) + ¢
TYHREINT (SN /SNINCI40,5) «
NFCENTB(NFRe1) /2
NFFSETE1{0,08%( ,05%NR1)
NOTLIST=,FALSF,
DO 26 T31elTHR
SNz (1wl YS8SNTNC Y
DO 27 Jas{«NFR
TPILBRTWOPI®(FLN+(Jw | 87 ({NCRY
CALL RXTX(NSLABSsSKNeTPIL«EPSyDyRT)
UMNECLRS(RTY JeQOFFSETY
TIF(NOTIST) GO TO 28
NOT{ST2,TRUE,
UMINZIMN
28 IFCUMN (L Ty UMIN) LIMINSUMN
27 CONTINUE
26 CONTINUE




TiseAMINY (UMIN2 O, 0)
c...-.....-..---...uDm...-.-.--...........-.-..
UMINE10000,0
OFFSET=10,0%%(,05%DB2)
NOTSISTe  ,FALSE,
SkNaSN2
100 VelUMIN
DO 29 JmiNFR
TPILSTAOPI*(FLO*(Jm 1 )*FINCR)

o CALL RXTX(NSLARS+SKNsTPILsEPSsD,4RT)
TP(J ,EG NFCENT) UMINSCARS(RT)
UMXBCARS(RT)eOFFSETY
1F(NOTIST) GO YU 30
NOT1STe,TRUE,

UMAXayuMX
30 IFLUMX 6T, UMAX) UMAXEUMX
29 CONTINUE

SKN=SKN¢SNTINCR2

IFC(UMIN LT, V) GO T0 100
T2SAMAX]I (UMAX40,0)
UsTleT?
TF(TRACEY WRYITF(69102) NAME,UeDFLTAEPSLONs(PHO(T) I8 oK)
102 FORMAT(1XoAb¢d4X03G20,10/(11Xe5G20,10))
RE TURN
END
SUBROUTINE DISPLA(MSGoNWDSe| INES)
NIMENSION MSG(1)eM(8)
DAYA NCRLF/ 00010000000000000000R /
IFLOCT oK o IW)RSNIFT(TWoT@eK) AND,SHTIFT(MASK(K)sK)
NgMAXO(MINOCNWDSI6),1)
ro 100 ImieN
100 M(T)asM8G(])
MSUBNSM(N)
DN 102 Im145
J=12¥%(Se=1)
IFC TFLDCJei2+M8UBNY NF,2R ) GO T0 104
102 CNNTINIIE
104 1FCJ JLE, 3%&) GO TN 108
NgNe!
M(N)SNCRLF
60 10 106
108 JaJele
MIA)BUR(AND (MSUBNeMASK(J)) o SHIFTI(NCRLFeeJ))
106 wveNe!
MIN)B0
IF(LINES EG, 2) wWRITE(6e107)
107 FORMAT(IW )
WRITE(S) (M(1)elBieNn)
RETURN ;
END



PROGRAM TESTI({INPUT (TAPES ¢yDUTPUTTAPESBCUTRPUTYyTAPELO)
CoeaeaeTHIS PROG aM [S ESSENTYALLY TESTY EXCEPT THAY 1Y
Cooees INCORPORATES A TABLF SEARCH FOR PHYSICALLY REALIZABLE
CoaoeePIELECTRIC MAYERIALS, IT 718 USED IN CONJUNCTION WITH
C.e0eeRXS ¢ RZSU(WHICH NOES A TABLF SFARCH IN SUBR, EXPLR)

COMMON /RZR/ KoDELTAVALPHAGLIMTIT  NoN2eNIsEPSLONTHETAC1S),

& S(IS)sFEPSITRACF\LOW(1S)oHIGH(1S) s RANGE (1S)

LOGICAL TRACF,,0DD

REAL _LOw

COMMON /UFTT/ D(13),FP3(14) NSNS ABSsTPsODDeFLOsFHTIFINCRY

s DB1eSNTISNINCL e DR2egN2eSNINC2

DIMENSTION MSG(3)sM8G2(2)eMSGI(2)e PHO(1S)sDIELCT(10)

DATA MSG/{OREPSMINIRHO ¢ 10HIETAekAPPA ¢ THeDELTAZ /

DATA M8G2/10MFREG LOWHT o+ 6HeINCRe/

CeooeeINPUT NSy ThF NUMBFR OF NONwAIR DTELFCTRICS

CoeoeoeNSLABS I8 THFE TOTAL NUMBER OF AJR X NON=AIR DIELECTRICS
CovoselP IS THE NUMBER OF DIFFERENTY NONoAIR DIELECTRICS

CoaoeeXK 1S THE DIMENSION 0F PHD VECTYOR oTOTAL NR OF PERTURBATIONS=z
{ CALL DISPLA(OHNR SLABSBe1¢2)Y

READ(1e%) NS

TF(NS LFE, 0) STOP

NSLABSE2#¢NS

NSLAB{BNS_ABSw]

1Pa{NS+!)/2

KeIPeNSLAST
Coenose INPUT DIELCTCI) I®% YO IP %X TNYITYALIZE EPS VECTOR

ENCODEC(20+2R94MS3GI) TP
289 FORMAT (% EPS({ TD %,72,%)8%)

FLil DISPLA(M3GIe2et)

READ(1e®) (DYELCT(IyoleloIPy

OnDa, YRUF,

TF(MOD(NSe2) ,EG. 0) ONDE, FaALSE,

NN 78 Ist,tP

Txald*]

FPS8(Ixeidel N2

FPS(IX)=NIFLCT(])

IFCODD AND, (l1,EQ,TP)Y GO YO 78

Ix828(YPe1"

FPS(Jxwl)ai,02

IYaNS/2¢viw?

EPS(Ix)anIFLEY(]IY)

78 COMTINUE
Cooosee INPUT D(T) 181 TO NSLAR]

FNCONE(200290¢M8G3) NSLARY
290 FNRMAT(* DC1 TO %,72e¢e%)x%y

CalLL DISPLA(MSGY2v1)

READ(1e%) (D(I)elxm{ ,NSLARY)

CooeaoINPUT CONSTRAINTS I W HIGHiRANGF NN ENTIRE PHO VECTOR
c'oloo!\‘puT LOwW(Y) J&l 7O «x
ENCODE(20 4291 e MSGY) &
294 FORMAT (4 LOW(, 1D ®,72,8)a%)
CALL DYISPLA(MSGR 20!
READ(1oe%) (L NDW(]I)YeT2iex)
Cooeao INPUT HIGKH(TI) f21 Tn &

ENCUDE (2002924 M8GS) K
292 FORMAT(®HIGH(] TO ®,72,¢%e8%y

CALL DYSPLA(MEG3e2a 1)

RELD(Y) o) (ATGH(I)ogEiex)

GO B84 18] ek
84 RANGE (1)8300,0¢(mIGWN(TIelOweT))

-1 U




Cooeoe INITIALIZE PKD VECTNR TO INPUT DIFLECTRICS X THICKNESSES
DO 79 =, 1P
79 PHO(I)&DTELCT(I)
DO 80 =i NSLABI
ITXs8IPel
8¢C PHO(IX)SD(I)
CeoeaaINPUT FREQLOWIFREQHT ¢ FREQINCR
CalLL DTYSPLA(MSGR2el¢y)
READC(f{v®) FLNeFHIFINCR
c...O.I\‘Du? ne‘.l‘al..l..o.l...t..i
CALL DISPLA(U4HDBI®eysl)
READ(1e%) DB
ConnasIWPUT SIN(THFTAL) X SIN(TRETAL)INCREMENT
CaLlL DISPLA(IO-STHRIZINCRBY 1)
READ(1o%) SNTWSNINCYH
C.....INDUY ne?otoooooacn.tcuoolo..
CallL DISPLA(UHDB2Bey 1)
READ(Y{+%) DB2
Coveee INPUT SIN(THFTAZ) X SIN(THETA2) INCREMENT
CALL DISPLA(IONSTH2XINCRBy1,1)
READ(1vo%) SN29SNINC?
Cooeos INPUT ALPHA X MAX LIMIT OF U FUNCTYION EVALUATIONS
CALL DISPLA(SHALFA )  MTBetsl)
READ(]e%) ALPHAGLIMYIY
CoooeeINPUT EPSMINJRHUWETAWKAPPACDELTA
CALL DISPLA(MSGe3o))
READ(1o3) EPSMINIRHOIETAIKAPPAYDEL TA
CoooeoPESIRE TRACE OPTION I
81 CalLL DISPLA(OHTRACE T/Fetsl)
READ(]e390) YTRACE
390 FNRMAT (A§)
JFCITRACF  NE, IHT) GO TO 82
TRACFa, TRUF,
GO T0 RYJ
82 TECLTRACF  NE, 1HF) GO TO Ry
TRACFe FALSE,
Cooeas1t/PUT FUNLTINNA EPSILON FFPS
83 CALL DYSPLACRHMFCT EPS20lel)
RFEAD(1e%) FEPS
CALL WAZNR(PHOIEPSMINIRHDWFTA9YKAPPA)
WRTITEC10,39)% (PHOZT) T8t ek)
394 FURMATISF 1S, 8)
Go 10 1
END
FUNCTION [I(NAME 9PHOY
DIMENSION PHOCT)
COMMON /RZR/ AvCELYAoAlPHAo(TMI1.NONPoNSQEpSLON.THFTA(157.
L SCIS)sFEPSyTRACEZLOW(15)sHIGH(IS) ¢RANGE(1S)
LOGICAL TRACE+O0NINOTIST
REAL LNw
COMMON /UFCT/ D13 4FPS(1d) yNSINSL ABSsTPeODDeFLOWFHRIWFTINCKRY
* NHLsSNIeSNINC1 DRI ySN2¢SNINC?
COMPLFX RT
NATA TWOPI/6,2831853071796/
Conene TRANSFFR PIRTLEKED YALUES #pPS(TY ey YO PR FROM PWN VECTOR
CoevensTO APPHOPKRTATE FPS VECTOR CAMPONFNTS FNR SUBROUTINF RXTX
NGO 22 1s1y1P
Ixs2%;
FPS(TXi2PRO(T)
IFCOND LaND, (T,EGL,1P))Y GO TN 22

C=11




IXs2%(IPe1)
TysN8/2¢1e!
ESS(IxX)SPROCTY)
22 CONTINUE
Covese TRANSFER PERTURBED VALUES an(1) IxIPei TO K FROM PHO VECYOR
CoeoeoeTO D VECTOR oImy TO NSLABSeyx® FOR SURROUTINE RXTX
NNSNS_ABSw!
DO 23 T=1 4NN
TXsIelP
23 D(I)=EPHO(IX)
NFRSINT( (FRrTIeFLO)/FINCR+0D,5) +
TTHRSINT(SNI/SNINC190,5) ¢ ¢
NFCENT3(NFR+{)/2
OFFSET®1O0,0%%(,05%0R1)
NOT1STa ,FALSE,
DO 26 Isy,T1TNR
SKNE(Te] YRSNINC Y
NO 27 JsyNFR =
TPILBTWOPI®(FLO¢(J=y)8FINCR)
CalLlL RXTXYX(NSLARSsSKNoTPIL+EPSyDyRYT)
UMNZCARS(RT)QFFSET
IF(NOTIST) GO YO 28
NDTISTe,TRUE,

UMINBUMN
28 TF(UMN LT, UMIN) UMINSBUMN
27 CONTINUE
26 CONTINUE

TiaeAMING (UMINGO0,0)

c-..-- Y A A RN L LN KR N ey X eypes X 3L LA J
UMINZ10000,0
NFFSEY=10,0%%(,05%DR2)
NOT§ST=,FALSE,
SkNSSN2

100 VaiMIN
DO 29 Jms1 NFR
TRPILETWOPI#(FLO+(Jwy ) ®FNCR)
CALL RXTX(NSLABSySKNsTPILEPSsNGRY)
1F(J ,EQ,NFCENT) UMINBCARS(RT)
UMX3CARS(RT)eQFFSET
IFINOTISY) GO YO 30
NOT1STe,TRUE,

UMAXE(MX
30 IF(UMX (GT, UMAX) UMAXmUMX
e9 CONTINUE

SKkANSSKNESNINE

IFCUMIN (LY, V) GO 0O 100

T2BAMAX | (UMAX40,0)

UsTieT2

IFC(TRACE) ARITE(69102) NAMF ,UWDFLYAIEPSLONI(PHO(T) o I®] oK)
102 FORMAT (IXoBb6edX 93620410/ (11xe5G20,10))

RE TURN

EAD

SUBROUTINE DISPLA(MSGoNWDSe| INES)

NIMENSTON MSHB(1)eM(R)

NATA NCRLF/ 00010000000000000000R /

TPLOCT ok o TW)ESHIFT(TWyT¢K) ,AND JQHTIFT(MASK(K) oK)

NgMAXO(MIND(MWPRSeb)41)

RO 100 J=2ien
100 M(T)EMSG(I)

MSlUgNaM(N)




102
104

105

106

107

PO 102 Tateh

Jaide¢(bel)

IFC IFLDCJI 0120 MSUBN) NF (2R ) GO 1O 104
CONTINUE

IF(J LE, 36) GO TO 108

MNaNel

M(MN)ENCRLF

GO TO 106

JelJele

M(N)BOR(AND (MSURNIMASK(J)) o SHIFY(NCRLFe=]J))
NeNel

M(N)Z0

IFC(LINES FQ, 2) WRITE(6¢107)

FORMAT({K )

WRTITE(AK) (M(1)eI31eN)

RETURN

END




e o

CoveeeTHIS SUBePROGRAM IS CALLED RXS
CoooeelT IS USED IN CONJUNCTION WITH FITMHER TESTL/TEST2/TESTY/
SURROUTINE RXTX(NSLARsSKNoTPILOEPSeDWRT)
COMPLEX RTWUsJeGLRT g TYe8(292)0A(2,2)¢AD(1402¢2)
DIMENSION EPS(1)eD(1)oYOC14YoAJ(IUr2s2)
REAL KAPPA(1U)
FQUIVALENCE (S15eSC1e1)) o (S21¢8(291)) o (RLTYNTY)
DAYA J/(04084)/
C
Ceeoos COMPUTE KAPFANS AND YONS ORFALZ
c
SKN2ISKNESKN
DO 100 ND=iNSLAB
KAPPA(ND)=SQRT(EPSIND)e8KN2)Y
100 YOCND)SERPS(ND)/KAPPACND)
C
C.,,.,coNSTRUCT JUNCTION wWAVE YRANSMISSION MATRICESs AJ, OREAL®
C
NSLAB1aNS_ABw}
DO 110 NOBtoNSLARY
RLYYSL ,0/(YOIND)+YO(NDe¢1))
S113(YO(ND)eYO(NDe ) SR TY
S2132,0%YQ(ND)SRLTY
RLTYZYO(ND*1)/YOUND)
AJINDyY et )a1,0/821
AJ(NDyiy2DmS11/821
AJIND 920 )SAT(NDY 1)
AJIND 242 )8 (RLTY®S218821¢S511%811) /821
€

CooacelONETRUCT LINE LENGTH WAVE TRANSMYSSTION MATRICESy AD, OCOMPLEX®

G
ADIND o1 ot JSCEXP(J®KAPPA(ND¢ 1 )STPTI *¥D(ND))
AD(NN2c¢2)38 ,/ADINDyL01)
AD(NDt‘I?a)z(G:'OI)
110 ADCEND92et )2 (0,00,)
£
CoeaseoeFORM TNATAL WAVE TRANSMISSION MATRYXe A, OCOMP_FXa
C

DO 130 NDNEYW2

PO 130 MDele?

A(NDIMD)=2(0,00,)

I; (‘\'C‘atk’;gvﬁ) A("J'““)'(?.OO.)
130 CONTINUE

P JA0 NDstoNSLARY
NDiSNS(L AReND
DO 160 ID=ie2
DO 160 kKD=s1+2
TY®S(0,;60,)
DO 150 LNDefse
UE(0e90,.)
DO 140 MND3le2
140 JelUeADINDT oLDsMD) XA (MDD ¢KD)
150 TYRTYSURAJINDLWIDWLD)
160 S(TDekN)=TY
PO 170 INs1e?
NN 170 Kheiel
170 ACTDeRD)IBS(INKD)
180 CONTINUE
GLRTE(YO(NSLAR)®YOl1))/(YNINSLAR)4YO(1))

=14




C'..'l

(1)

TYSA( o1 ) +GLRT®A 14D
RETURNS TRANSMISSION
RTS(1,+GLRT)I/TY

RE TURN

END

)

\'"»~'~F'c"t\'

-
L 2

Py

Lxs




CaveveTHIS SUBPROGRAM 18 CALLED RZ28%
CoceeelT IS USED IN CONJUNCTION WITH EITMER TESY1/TEST2/
SUBROUTINE RAZOR(PHOIEPSMIN,RHOGFTAIKAPPA)
DIMENSTION PHI(LIS)IePRO(1S)
COMMON /RZR/ KeDELTAALPHAo  IMTToNoN2oNSoEPSLON THE TAC1IS),
L S(IS) oFEPSyTRACEGLOW(1SY¢sHIGH(1S) sRANGE(1S)
LOGICAL FINISKeTRACE
REAL LOwW
CALL SECOND(TIME)
NBi
Ni®i
N2EO
N3s0
NyEQ
1Cs0
CovsesEVALUATE FUNCTION AY SYARTING POINT
UPHOSU(6HRAZORY ¢ PHD)Y
IF(TRACE) WRITE(691) UPHOe(PHO(T)elmioK)
1 FORMAT(1HO 24X s6HUPHD %¢G20,10015X,SHPHO B¢3620,10/(11Xe5620,10)
CoveeoFINISH CRITERIA SATISFIED 0
IF(FINISH(UPKHO)) GO T0 (4
DO 2 I = 1K
2 8(71)s1,0
EPSLONBEPSMINS(ETASsKAPPA)
ConessCONDUCT PATTERN SEARCH
IF(TRACE) WRITE(H9100)
100 FORMAT(7H PATSRY)
CALL PATSER(PHOWUPHQ)
Cooeee?iINISH CRITERTIA SATISFIED
IF(FINISH(UPHKO)) GO YO (4
DN 10 J31KAPPA
NyashNend
UPHOBU(6MRAZDOR2 ¢ PHO)
IF(TRACE) WRITE(693) NdoUPHO(PHA(I)oIm10K)
3 FORMAT(UR N 291Ss16Xeb6HUPHD E¢6G20,10/6X¢SHPHO 2,3620,10/
¥ (11X95620410))
NyBN
IF(NGT,LIMIT) GO To {2
CoseaaelBRTAIN NFW STARTING POINY AND EXPLORATORY PARAMETERS
DELTAS0,0
DO 4 [=214K
RANDOMEB®Y ,0¢2 ,0%RANF (0,0)
PrI(T)SBOUND(IoPHO(T)+RHOSRANDOMBEPSLON/100,0)
Te(PHI(I)=PHOC(I))/RANGE(I)%100,0
“ DELTASDELTA«T*T
DELTASSGRT(DELTA/K)
CoseseEVALUATE FUNCTION AND CONDUECTY PATTERN SEARCH
UPHISU(OHRAZDORI WPHT)
NENel
N{EN]lel
TF(TRACE) wRITE(be85) UPHIW(PHYI(TYelm]eK)
9 FORMAT(LHOsUXy6HIIPHT ®¢G20,10016X,SHPHI ®¢3620,10/
. (11Xe%G20,10))
FRSLONSEPSLON/ETA
TFE(TRACE) WARITE(6e101)
FRARMAT(TH PATSRZ)
PATSER(PHIZWUPKHT)
ME AN JMPROVEMENT |
PulolLTLUPKD) GO YO 7
o ToLIM]IT) GO Y0 32

C=-16




CoseaoPROJECT NEW POINT
NELTAB0,0
DN & 131K
TEPHO(I)ePHI(])
TIsT/RANGE(]1)%100,40
TRETA(I)sTY
PHI(T)SBOUND(IoPHOC(YT)*T)
6 DELTASDELTA+TI*T]
UPKIEUPHKHO
CeveeeCONDUCT PATTERN MOVE
IF(TRACE) WRITE(6&9102)
102 FORMAT(7M PATMVY])
Call PATMVIUPKIWPHIPHD)
CoooeseOUTCOME AN IMPROVEMENT (
I1F (UPHT (GE UPHC) GO TO 9
CeseeoeRETAIN BESY POINY AND FUNCTION VALUE

7 UPHOBUPH]
CeoaeePROJECT NEW POINT (s
DELTA.OO
no 8 III.K

TePHI(I)ePHO!T)
TIST/RANGE(13%100,40
THETA(I)sY
PHO(TI)SPHIC(])
PHTI(I)3BOUNDI(TsPHOC(T)+T)
8 DELTASDELYA+TI#*T{
TF(NeGT,LIMIT) GO Tp 2
CooaeeCONDUCY PATTERN MOVE
IF(TRACE) WRITE(6¢103)
103 FORMAT(7TH PATMVZ)
CiLL PATMV(UPHIWPHY (PHO)
ConeneJUTCOME AN [MPROVEMENT ¢
IF(UPHI LT UPKHO) GO YO 7
CouaoePINISH CRITERIA SATISFIED 1
9 IF(FINISH(UPHO)) GO TO {4
1 9] CONTINUE
CALL SECONDC(TIMEL)
TIMEETIME (=T TME
WRITF(6911) NyTIME
11 FORMAY(®OND CONCLUSION BY RAZOR AFTYER®oJUe* FUNCYION EVALUATIONS®,
* 8 ANDX¢FT7,2,.%8ECONNG*)
GO TO 16
caLL SECOND(TIMEY)
TIMESYIMFleTIME
WRITE(6913) TIME

13 FORMAT(SUKOLIMIT ON FUNCTION EVALUATYONS EXCEEDED BY RAZOR AFTER,
* F7.,29BH SECONDS)
GO 10 16

14 CALL SFCOND(YIME!)

TIMEZTIMF{eT IME
WRITE(6915) TIMEWN
15 FORMAT (33HOCONVERGENCE ORTAINED By RAZOR IN¢F7,2¢
* 14H SFCONDS AFTEReIS,21 W FUNCTYION EVALIUATIONS)
ié6 NysNehY
WRITECEG91T7) NLIN2INTyNUoUPHOe(PHROCT)gI®] oK)
5 FORMAT(37H THE FUNCTION EVALUATION BREAKNDOWN 18/110,
8 GH BY RAZOK/110e1UR BY PATMVy AND/J10e¢9N RY FXPLR/
UHOFINAL PARAMETER VALUES,4H N 3¢]S593X,
B GHUPHO 24G1S ToSXeSHPHN se315,7/(13X96G615,7))

Ce17




END
LOGICAL FUNCYION FINISH(UPHN)
COMMON /RZR/ KoDELTAALPHAG TMYToNoN2INSIEPSLONGTHETA(1S)
¥ SCIS)vFEPSeTRACE«LOW(IS) s HIGHULIS) s RANGE(15)
LOGICAL TRACE
REAL LOw
FINISH3 FALSF,
TF(UPRDLLT,FEPS) FINISHE,TRYE,
IF(TRACE) WRITE(6e100)
100 FORMAT(IW FINISH)
RETURN
END
SUBROUTINE PATSER(PHOWUPHD)
NIMENSION PHITIS)epHOC(®
COMMON /RZR/ KyDELTAGALPHAWL TMIToNoN2oNIJEPSLONyTHETA(15)Y,
- S(IS)+FEPS TRACEWLOWEISY I HIGH(1S) ¢ RANGE(1S)
LOGICAL FINISHsTRACE
REAL LOW
1 IF(N ,GT, LIMIT) RFYURN
CeneeoEXPLORATORY INCREMENT YOO SMALL
TF(DELTALT,EPSLON) RETURN
IFCFINTSH(UPHO)) RETURN
UPHIBUPKD
DO 2 lafqgk
P4 PuI(I)EPHOT])
CovseolONDUCT EXPLNRATYION AROUND BRASE POINT
Call EXPLR(UPHIWPHI)
IF(TRACE) WRITE(60100)
100 FORMAT(7H PATSER)
ConoeeN.TCOMF AN IMPRUVEMENT [
tF(UPHTILLTLUPKO) GO YO %
CoovaeRENDUCE EXPLORATORY INCREMENT
7 DELTASALPHA®DELTA
ga FO
CeeeeeRETAIN BFSTY POINT AND FUNCTYION VA UE
ClnnooanJECT NEw POINT
3 DELTA=O0,0
UPHUIUPKHT
DN 4 I83ieK
T12PHI(1)wPHO(I])
TeT{/RANGF(1)%100,0
TRETA(CI)=TH
PrO(I)BPHIC])Y
PT(1)2BOUND(IsPHU(T)®TY)
“ DELTAZPDEL TA¢TTY
TP (FINTISHIUPKO)) RFTURN
TF(NJGT(LIMIT) RETURN
CeooaeCONDUCT PATTERN MUVE
CalLlL PATMV(UPHIWPHT (PHNO)Y
TF(TRACE) WRITE(&e100)
CeeseeNUTCOMF AN TMPROVEMENT [
TF(UPHI®IIPHCYZ Y07
END
FUNCTYINN BOUND(]IsEXPR) ;
COMMON /RZR/ KeDELTAsALPHAS| TMTIToNOIN2INIWEPSLONTHFTA(15),

. SUIS)eFFPSyTRACEWLNWIIS)eHIGHR(IS)sRANGE(1S)
REAL L0Own

BOUNDZAMAX] (AMINI (HIGH(TI)oEXPR) oL OW(Y))

;;’LTJV";

ENP

i




—_

SURROUTINE EXPLRIUPHOWPHT)
DIMENSYION PHWI(L)
COMMON /RZR/ KeDELTAvALPHAGL IMIToNeN2oNIGEPSLONsTHETA(IS)
. S(1S) s FEPSsTRACEILOW(1S) ¢ HIGH({5) yRANGE (15)
LOGICAL TRACE
REAL LOw
DO 4 I=mi,.K
SPDELEDELTA/100,0%S(TI%RANGE (I)
Conees INCREMFNT PARAMETER
PHISAVEPKI(I)
PHI(TI)aAMAX ] (AMINI (HIGH(T)oPHISAVESDEL)sLOW(TI))
ConeeeEVALUATE FUNCTION
UPKIBU(OHEXPLRIWPHT)Y
NaNhNe¢e!
NIENY4
Ceoeos QOUTCOME AN IMPROVEMENT |
IF(UPHMI.LY,UPKD) GO YO g
IF(NGGTSLIMIT) GO Yo ¢
Coneso INCREMENT PARAMETER IN OPPOSITE DYIRECTION
S$(1)EeS(T)
PHI(T)SAMAX| (AMIN] (WIGH(T)ePHISAVeSDEL)oLOW(I))
CoevesEVALUATE FUNCTION
UPHIBULOHREXPLR2yPHI)
NaN+|
NIENYed
Coooes OUTCOME AN [MPROVEMENT |
1F(UPHT,LT,UPHO) GO TO 2
CoeeesRESET PARAMETER

{ PeI(I)aPHISAV
60 7O 3
Cooee:~ETAIN BEST FUNCTION VALUE
2 UPHO=UPNT
3 TFINGGTLLIMIT) RETURN
4 CONTINUE
RETURN
END

SURROUTINE PATMV(UPKHOWPHI o PHO)
DIMENSION PHYI(1)sPHOCY)
COMMON /RZR/ W oDELTASALPHAG IMIToNON2 NI oEPSLONTRETAC1ISY,
# SCIS)sFEPSyTRACEWLOWCIS)YoHIGH(LIS) ¢ RANGE(15)
LOGICAL TRACE
REAL LOw
Me i
CoaoeeOBTAIN EXPLORATORY INCREMENT
DELTA=SQGRT(DELTA/K)
C.....ExPLORATnﬁv INCREMENT TOO0 SMALL [

! TF(DELTALLY EPSLON)Y RETURN
CooessEVALUATE FUNCTION
2 UPHISU(SHPATHY ¢PHI)

NaNel

NOENC ¢

TF(NGGT Sl IMIT) RETURN
CoosoesCONDUCT EXPLNARATION
CALL EXPLR(UPKTI«PHT)
CosaesQUTCOME AN IMPRUVEMENT [
IF(UPKHY ,GE ,UPKO) GO YO 4
CoeosoPARAMETER CHANGE STGNIFICANT [
DO 3 [&)ax
TFLARSIPHICIVYwPHO(TY) ¢GT 1, Fe6¥aRS(PHOC(I))) GO TO 10
3 CONTINUE

C=19




4 TFINGGTLIMIT) RETURN
GO TO (Se7¢9)eM

CevneeREDUCE EXPLORATORY INCREMENTY

S NELTASO,SSDELTA
Ma?2

CeeoesoNEFINE PROJECTED POINT NFARER BASE POINY
DO & &l 4K

6 PRI (1)Z80UND(ToPROCT) ¢, S®THFTA(T))
GO T0
T Mzd
CesoeeDEFINE PROJECTED POINT IN OPPOSTTF DIRECTION
DO 8 =ik
S(l)=zeS8(1)
8 PHTI(T)SBOUND(IoPHO(T )™ S*THETA(T))
Go Y0 2
9 RETURN
ConesoeRETAIN BESTY FUNCTION VALUF
10 UPRQEUPHY
RETURN .
END
)
Cc=-20




CovoeeTHIS SUBePROGRAM IS CALLED RZS84
CenoeelT IS USED WITH YESTY YO OCPYIMIZF WITH
CooseePHYSICALLY REALIZABLE NIELECTRIC MATERIALS,
CooesoREFER YO SURROUTINE EXPLR FOR THE TABLE SEARCH,
SUBROUTINE RAZOR(PHOIEPSMIN,RHOETAsKAPPA)
DIMENSION PHI(1S)PKOC(1S)
COMMON /RZR/ KoDELTAWALPHALTMIToNON2INSIEPSLONyTHETAC(CIS),
L S(IS)IFEPSyTRACESLOW(IS)YoHIGN(LIS) sRANGE(1S)
t OGICAL FINISHeTRACE
REAL LOW
CALL SECOND(TIME)
Nm i
Ni=§
N2sO0
N3a(
NUBO
1€=0
CoeoeeBEVALUATE FUNCTION AT STARTING POINT
UPKOBU(SOMRAZORY ¢PHO)
IF(TRACE) WRITE(6ey) UPHOW(PRO(TIYelafeK)
i FORMAT(IMOsUXsOHUPHD B3eG20,10018X,SHPHN =93620,10/(11Xe5620,10))
CooveseFINISH CRITERIA SATISFTED
IF(FINISH(UPKO)) GO TO 14
PO 21 8 14K
2 8$(1)=4,0
EPSLONBEPSMIN®(ETA®SKAPPA)
CooseeCONDUCT PATTERN SEARCH
IF(TRACE) WRITE(60100)
100 FORMAT (TN PATSRY)
faLl PATSER(PHOWUPHO)
CoeeseFINISH CRITERIA SATYISFTIED !
IF(FINTSH(UPHO)Y) GO YO (4
DO 10 JmyKAPPA
NysNeY
UPHOBU(BKHRAZORR ¢+ PHD)
IFI(TRACE) WRITE(He3) NUsUPKHOe (PHA(I) eIzl oK)
3 FORMAT(UR N 291Ss16Xe6HUPHD B89620,10/76XsSHPHO ®¢3G20,410/
¥ (11Xe5G20,10))
NgaN
IFINGGTLLIMIT) GO Yo (2
ConeosOBTAIN NFW STARTING POTNT AAD EXPLORATORY PARAMETERS
PELTA=0,0
DO 4 lmlek
RANDOMzw! , 042 ,0%RANE(0,0)
PHTI(1)=BOUND(I+PHOCT)¢RHO¥RANDOMEEPS ON/100,0)
TeE(PHICIIaPHO(T))/RANGE(TI)*100,0
4 PELTASDELTA+TST
DELTASSART(DELTA/K)
ConsesEVALUATE FUNCTION AND CONDUCTY PATYERN SEARCH
UPHISIHHRAZNARY 4 OHMT )

NgNed
NisNT ¢}
TECTRACE) WRITE GeS) UPKIe(PHTI(Tyelafok)
5 FORMATIHO s U4X g 6HUPHY 246204100 1SX,SHPHY ®93G20,10/
& (11¥e65620,10))

EPSLONSEPSI ON/ZETA

IF(TRACE) WRITF(belnt)
104 FORMAT(TH PATSRZ)

CaLb VATStJ;DuT.lﬂHI)
CoooseNUTCOME AN [MPRUVEMENT [

c=21




1FIUPRT LT UPRO) GO TO 7
TE(NGGTSLIMIT) GO To 12
Coooe e PROJECT NEW POINT
NELTAZ0 .0
DO 6 1=slen
TePRO(T)ePHRI(])
TIeT/RANGE (1)*10),0
THFTA(TI)mY
PHTI(T)SBOUNDCTWPHO(Y)eY)
() DELTASDEL TA+T1#*T1
UPHI=UPHN
CoeaasCONDUCTY PATTFRN MOVE
IF(TRACEY WRITE(60102)
102 FORMAT(THM PATMV L)
CALL RFATMV(UPHIWPHT PHN)
CeoaoeNU!TCOME AN IMPROVEMENT [
TF(UPHTGF ,UPHO) GO T0 9
CeenoeRETAIN BEST POINT AND FUNCTYYION VAL UE
7 PHOSUPHT
CoesesPROJECT NEW POINT
RFLTA=O0,
NO B8 Ialek
TsPHI(T)=PHO(])
TIsT/RANGE(TI)®100,4,0
THETA(I)=Y
PuN(T1)2PHTIC(])
PHT(I)SBOUNDIT +PHOC(T)eT)
8 PELTASDELTAST1I®TY
(FINGGTWLIMIT) GO To 12
CoveeelONDUCT PATTERN MOVE
1F(TRACE) WRITE(60103)
103 FORMAT (7K PATMV?)
Call PATMVUPHTWPHT PHN)
CooeeesQUTCOME AN IMPROVEMENT |
TFIUPRI LT UPHN) GO TO 7
C-....FINIS~ CQITEPIA SATISFIED
1IF(FINTISKHCUPKO)) GO YO 4
10 '\TIA\;E
tALL SFCONN(TIMEL)
TIMESTIMF [@TIME
WRITE(&e11) NoTIME

11 FORMAT($ONO CONCLUSION BY RAZOR AFTER*4I4e¥ FUNCTINN EVALUATIONSS®,
s ¥ ANDBoF7,2,%3FCNNDGH)
¢o Y0 16

12 CALL SECOND(TIMEL)

TIMESTIMF{eTIME
WRITE(6e13) TIME

13 FORMAT(SUHOLTMIT ON FUNCTION EVat JATTONS EXCEENEN RY RAZNOR AFTER.
. F7.248H SECONDS)
Gn T0 16

14 CatLl SECOND(TIMEY)

TIMESTIMF |«TIME
WRTTE(6915) TIMEWN

15 FORMAT(IINOCONVERGENCE ORTAINED Ry RAZOR INeF7,24
* Jure SECNNDS AFTEReTIS 21 W FUNCTION EVALUATINNS)
16 NuzgNeNU
WRTITE(As1T) NLoN2INToNUoUPHO o (PROCT)oI=]ok)
17 FORMATI(N7N THE FUNCTYION EVALUATINN BREAKNDOWN 1S/T110,
* 9m RY RAZNDR/110¢14m RY PATMVy AND/110¢9H BY EXPLK/
» QUrROFTINAL PARAMETER VALUFS4H N =2¢]Se3x,

C=22




S

s oMUPHN =2yG15,TiSXsSHPHO 3¢G1S.7/7(13X06615,7))
RE TURN
EAD
LOGICAL FUNCYION FINTSH(UPKHQN)
COMMON /RZR/ KoeDELTACALPHA Gl IMIToNeN2 oINS oEPSLONZTHETA(1IS),
¥ SCIS) oFEPSITRACELOW(IS)eHIGH(15) ¢+RANGE (15)
LNGICAL TRACF
REAL LOw
FINISH=,FALSE,
TF(UPHOLLTFERPS) FIMNISHS ,TRUE,
IF(TRACE) WRITE(69100)
100 FORMAT(TH FINISH)
RETURN
END
SUBROUTIMNE PATSER(PRDWUPHO)
‘DIMENSTION PHI(1S)ePHOC])
COMMON /RZR/ KeDELTAsALPHAWLIMIToNON2oNIIEPSLONITHETA(IS) o
6 S(1S) sFEPSyTRACEWLOW(CIS)oHIGH(LS) yRANGE (15)
LOGICAL FINISHeTRACE
REAL LOw
{ TFIN (GT, LIMIT) RETURN
Censoef XPLORATORY YNCREMENT TOO SMALL (
1FIDELTALLT,EPSLON) RETURN
IFCFINISH(UPKO)) RETURN
UPHIZUPKHO
RO 2 1. 4K
2 PRTI(T)aPKO(T)
CoueeeCONDUCT EXPLORATION ARODUND RASE POINT
FrLl EXPLR(UPHIOPHTY)Y
[F(TRACE) WRYTE(69100)
100 FORMAT(T7H PATSFR)
CosoeeOUTCOME AN IMPROVEMENT {
TF(UPHT LT, UPRO) GO TO 3
CoaseeREDUCE EXPLORATORY TNCREMENT
T DELTASALPHAXNDELTA
60 Y0
CeveosoeRETAIN BEST POINT AND FUNCTION VA[ UE
CooeoePRNJECT NEW POINY
3 PELTAZC,0
UPHOBUPKHY
DO 4 Is)ek
TisSPHI(l)YePHN(T])
YT /RANGE(1)Y*100,0
THETA(T)=TY ¢
PHO(TI)=PWI(]
OHT(T)SBOUNDITPHRUCT)eTY)
u NELTASDELTA«T&T
IF(FINTSHUPHO) ) RETURN
IFINGGT L IMIT) RETURN
CooeeslCNNDUCT PATTFRN MOVE
CALL PATMV(IPHTI«PHT PHN)
IF(TRACEY WRTITE(be100)
CotoooﬁUTCﬁMF AN IMPROVEMENT |
TP (UPHTI=LIPHOY Yy Ty 7
END
FUNCTION BOUNDLIsEXPR)
COMMG'" /Qlﬁ'/ “Ot)ELYAcﬂlp"A'L!My’.NoN?QN}.tPSLONOTHET‘(15)o
¥ SCIS)sFFPSyTRACFILOWLISYIWHIGH(1S) s RANGE (1S)
pfﬂL Lﬂw
ROUND3AMAXT (AMTNT (HIGR(T)eFXPR) oL OW(T))

C=23




RETURN

END

SURKOUTINE EXPLN(UPHDOWPHT)

DIMENSION PWIC(Y1)

COMMON /RZR/ KeDELTAWALPHAS IMIToNoND2oNSoEPSLONGTHETACIS)
. S(IS)FEPSeTRACEWLNW(ISY 9y HIGNCIS) sRANGE(1S)
LOGICAL TRACF
REAL LOW
COMMON ZUBCT/ D(13)4EPS(14) NSeAS(ABSeIP
NDIMENSTION TAR(L(92)

DATA TABL /1400140301 ,05¢1 1ol 1uvi 15014201,230

130l abllolell ol oSelebeloTr1eBote

2e002.802¢2124302,3202,U02,U85,2,UB12,502452,
2¢530265042¢5502,6212,.,7,2,8,
3.ﬁp3.3203.“03.503.66.3.7503.7603.78.3.8203.30.
0.000.300.0-14.5.“.‘320 3.005.2090“05.55.5.65!5.680
S eB164016,07 10,1 006,306:506sb06807906,8016,9%,
T.007,12¢0 Ba008,208,5¢8,79,8, B¢ 9,009,549,6,
9,7¢9,8, 1060080410 11900 12¢00 13,00 14,0,
15.00 1b.00 17.00 1”.0' \Q.(). 20.00 21.00
22.,0¢ 23,0y 24,04 25,0 /

DATE NR/GQR/

DO & Ts)eK

SNELEBDFLTA/100,0%S(1)*RANGE ()

Coveoos INCREMENT PARAMETER

PRTSAYEPHIC(I)

PHTI(T)SAMAXT CAMINI(HTGR(TI) epHISAVESDEL)+LOW(I]))
CovnesfFR I LLE, IP ®PH] COMPONENTS ARF DIFLECTRICSH
CoveecScARCH TARL FOR TrHE CLOSESYT NDIFLFrTRIC CONSTANTY
CovsseAND REASSIGN THAT VALUF INSTYEAD 0O TWe COMPUTED VALUE

1Ft]l 6T, 1P) GO YO 90

PrIIZ0,01%AINT(100,0%PHI(T)eN,5)

NSTMINE9QG, 0

nn BB L31eNR

TARLL=TARL (L)

1FtPRII LEN, TABLL) GO 10 99

NISTBARS(PH]ITeTARBLL)

IFCDISY GF, DSTMINY GN TO &A

DSTMINBDTSY

LNC=L
88 CONTINUE

PHI(I)aTABL(LOC)

CoooeseEVALUATE FUNCTION

90 UPHIBUCOREXPL R ¢PHTY

Nehed

M3ISNTe
CoaeeeOUTCOMF AN JMPROVEMENT |

IFIUPHTI LT UPKHD) GO TO 2

TE(NGGYRLIMIT) GO Tn |
Coeveee ]NCHEMENT PARAMETER Th OPPNASYTF PYRECTION

S(1)3e8(T)

Prl(T)saMAX (AMINT(RTIGH(T) ePHISAVeSODFL)Y sLOW(T))
ConneofFDR T (LF, 1P OPH] COMPONENTS ARF DIFLFCTKICSH
CovneeSFoRCH TABL FOR THE CLOSEST NIFLFCTRIC CONSTAATY
Cooesehh? REASSIGN THAT VALUF TNSTEAD Of THE COMPUTEND VAL UF

IECL 6%, IPY 6O TO 100

Pul 20,01 %A INT(100,0%PHRI(T)e0,5)

DSTMINE9QQ,0

DO 99 LsYehw

YaRLLsTARL (L)

L R IR B R R R R R




IF(PRII ,EQ, TABLL) GO TO 100
DISTSARS(PHIT«TABLLY
IF(DISY ,GE, DSTMIN) GO YO 99
DSTMINZDIST
LOCsL
99 CONTINUE
PHI(I)=TYABL(LOC)
CoooeeEVALUATE FUNCTION °
100 UPHIBU(BHEXPLR24PHT)
NzNet
N3aN3et
CeoesesOUTCOME AN IMPROVEMENT |
1FIUPKHILTLUPHD) GO YO 2
CoaeooRESET PARAMETER

1 PHI(I)aPw]ISAV
Go 10 3
CoooeoRETAIN BEST FUNCTION VALUE
2 UPHOBUPHY
3 IF(NGGTLIMIT) RETURN
“ CONYINUE
RETURN
END

SURKOUTINE PATMV(UPKDIPHT 4PMD)
DIMENSION PHT(1)ePHO(T)Y
COMMON /RZR/ KeDELTAIALPHAGL IMIToNINQINSoEPSLONTHFTA(1S),
s S(IS)sFEPSITRACEWLOW(IS)eHIGH(15) sRANGE(1S)
LOGICAL TRACE
REAL LDOw
Mgt
Cooese BTAIN EXPLORATORY INCREMENT
DELTABSORTYI(DELYA/K)
CuvnesEXPLORATARY INCREMENTY TOO SMALL

{ TF(OELTA LT,FPSLON)Y RETURN
CoosssEVALUATE FUNCTION
2 UPH]ISUISHPATMY 4PHI)

NeNeld

NOENZ2 ¢ |

IFINGGTLIMIT) RETURN
C'.‘..CONDUCY EXPLFQAVYON
CALL EXPLREUPHT ¢PHT)
CooseseOUTCOME AN [MPROVEMEMY [
TP {UPRHT GE,UPKRD) GO TO 4
CooosoPARAMETER CHANGE SIGNTFICAMT |
DO 3 1elekK
TECABSIPRTI(T)wPHO(T)) 46T 1 Feb%aRS(PRO(I))) 6O TO 10
3 CONTINUE
4 TFINGGT oL IMIT) RETURN
GO TO0 (S¢7¢9) M
CovoeeREDUCE EXYPLORATORY JNCREMENTY
S NDELYARD SeDEL TA
Mg/
CooeeelFEFINE PROJECTFU POINY NFARFR RASF POINT
DO & Im).K

b PHI(T)ISBOUND T 'm0y ) e ,SETHETA(T))
Go 0 1

7 Myl

CovoeoNEFINE FRO ¢ Sy MY N DOPPOSITE DIRECTION
DA &8 18] K
S(T)=2eS(7)

8 PRI(T)SHOUND( [ «PHU(T e SSTHETA(TY)

‘ e
-~ d




6o Y0 2

g RETURN
eoeeoeRETAIN BEST F ‘
10 UPROBUPHY UNCTION VALUE
RETURN
END
(X ]




. PROGRAM SILTFRI(INPUTWOUTPUTTAPF 1 aINPUT s TAPEGBQUTPUTsTAPEY)
CoooeeTHIS 18 ThE ORIGINAL WORKING PLOYTING PROGRAM
DIMENSION T(103)eST(103)vD(21)+EPS(22)¢DIELCT(6)¢FREQ(H)
* SAVE(6910¢)
CoMPLEX Z
LOGICAL NDDSKIPITY
NAaTA ST /100%0,0 ¢ ,999 4 0,0 o ,20 /
NATA T /101%0,0 + &50,0 o §0,0 /
NATA TWQOP! /6,2831853071796/
call PLOTF(3044)
DO 100 I=1e100
100 ST(I1)s0,01%(Jmi)
Coeess INPUT NS¢ THE NUMBER OF NONWAIR PDYELFCTYRICS
CovessNSLARS IS TWE TOTAL NUMBER NF AR X NONeAIR DIELECTRICS
CeoneelP IS THE NUMBER OF DIFFERFNY NONeAIR DIELECTRICS
110 PRINY %41t !
PRINT #,'NR S_ABSE!,
READ(1+%) NS
TFINS LE, 0) GO TO 140
NSLARS=32%AS
NSLAR1aNS_ A4BS=!
IPs(NSei) /e
Coeoee INPUT DIELCT (1) It TO 1P X INIYIALIZE EPS VECTOR
PRINT $41EPS{L YO t,IPet ),
READ(1+3) (DIELCT(TI)elmiolIP)
00Dz, TRUF,
TE(MOD(NSe2) EQ, 0) 0ODD®,FALSE,
DO 78 1si,y1P
Iya2¥]
FPS(Ixel)sy,0
EPS{IXYaDIELCT(D)
15 (ODD LAND, (I1.,EQ,IP)) GO YO 78
Txs2%(1Ps1)
ERPS(Ixel)sy, 0
JYSNS/2¢i el
EPS(IX)SNDIFLCTYCIY)
78 CONTINUE
C.....INPUT P(Y) sy TO NgLARY
PRINT ®,910(1 10 'sNSLARL W' )"y
READ(1e8) (D(I)eIs1,NSLARY)
ssess INPUT TE OR TV MODE sunenesosssnscesan
12 PRINT #,'MODFOTE/TMgat
READ(19390) INMODE
390 FORMAT(A2)

MOPEZ2HTM
1F(INMODE (ER, MODFY GO YO 113
MODES2NTE
TF(INMDODFE +EQs MODE) GO TO 113
6O 10 112

CooeeoINPUT SIN(THFTAL) SIN(THETAQ) DRy DB?
113 PRINT #¢18THi¢48TH24pRICDB221
READI1e®) STHI+STHZ,DE1sDR2
Poeveas INPUT FRFG LOWsHIGH, INCR
PRINT %4 tFREN LOwWekIGHsINCRg'y
REAUC]I o¥) FLNWFM]sFINCR
NERETET( (FHAlePF L N)/FINCR o 0:5) ¢ |
ConnooNFETERMIAF TF DATA PRINTING DESIREN
‘14 PRINT BetnaNT PRINTING OF NATA oY /Nz3!,
READ(1+300) INTRCE
SKIPIT=,TRUE,




118

10

130

C'..'.

394

393
200
300

135

IFCINTRCE LEQ, IHN) GO TO (48

SKkIPTTa,FALSF,

IFCINTIRCE <ER, fHY) GO 10 4%

GO 10 114

CALL A‘IS(1.503.5|10H S!Nn”’-o"0.‘.'0"0.0.?)

CALL AXIS(1.5¢3,5¢29KHTRANSMISSTION COFFFICIENTY (DB)029¢5,990, 9250,
0 10,0)

CALL PLOT(1,5¢3,5¢=3)

Lel

DO 130 I=mieNFR

FaF0+(lmy)#FINCR

TPILSTWOP$F

FREQ(_)mF

LaL+!

DO 120 Jmioei0}

CALL RYTX(NSLABS«ST(J)}oTPIL MODE+FPSeDe2)

TJ=CLBS(2) %2

YJIIO.'ALOGlﬁ(TJ)

T(J)BAMAXI(Ts@50,0)

SAVE(IeJ)aY(]J)

CONTINUE

CALL LINE(STeTe1010e1eSe]®y)

CONTINUIE

TRACE OUY SAVED nATA...IlCl.OU'.l-.

WRTITE (He3Gd) (SAVE(Kel1YeKmt ¢NFR)

FOARMAT( (Xe&(FT7,303X))

IF(SKIPIT) GN YO 300

DO 200 Jsmiei0}

"NITE(60393) ST(J)e(SAVE (K JYeKzt (NFR)

FORMAT (I XoFS, 32X 06(F7,303%X)y)

CONTINUE

8aS,%8TH1

CALL PLOT(S¢0,003)

CALL PLOT(Se5,5¢2)

CALL SYMBOUL(999 495460407 0dHgTHT 40, 04)

SaS,*STH?

CalLl PLOT(Ss0,043)

CaLl PLOT(SeS,5¢2)

CALL SYMBOUL(999,95,60.0794MgTH2,0, 04)

SsS5,+0.,1%DR}

Call PLOY(040S¢3)

CALL PLOT(S,¢8¢2)

CaLlL SYMBOL(S419999,¢,07¢34pR1e0,,3)

8$25,+0,1%DR2

CELL PLOY(0,0833)

CALL PLOT(S,0802)

CALL SYMBOL(Sq19999, 9,07 ¢3HDR240,,3)

CaLlL SYMBOL(1,0®14Seel oSHLEGEND 4O, eb)

L=0

Yze],S5

PN 135 1145

YeYe, 25

DO 135 Jete2

L3L+!

XE,5¢2,5%(Je1)

TFlL 6T, NFR)Y 60 Yo %6

Catl SVNQDLfYOVO.IQL.ion.Q.])

Call SYMRACOL(X¢,20Yo 1 o7THFRED & 40,07)

CALL NUMBRER (999 ,999Q 04 oFREQ(LYIOS02)

CONTINUE

C=2%




e

136 CALL PLOT(7,92%,50%)
GO T0 110

140 CALL PLOT{0,400,0999)
ENDFILE 4
SYOP

«o»

END

SUBROUTINE RXTX(NSLAR'SKNsTPILIMADE'EPSsDIRT)
COMPLEX RToUeJeGLRY TYS(202)0A(2,2)0AD(210202)
DIMENSION FPS(1)eD(1)eYO0(21)0AJ(210242)

RFAL xAPPA(21)

EQUIVALENCE (S11¢8(101)) o (82148(¢201)) o (RLTY,TY)

DATA J/(0a0ly)/
€
CoeoeeeCOMPUTE XAPPANS AND YONS ORFALR
o

SKN2ESKNESKN
DO 100 NDBINSLAB
KAPPA(ND)ESQRT(EPS(ND)mSKNZ)
YO(ND)YSKAPPA(ND)
TF(MODE ,EQ, 2HTM) YO(ND)SFEPRPS(ND)/KAPPA(ND)
100 CONTINUE
c
CoeeeoCONSTRUCT JUNCTION wAVF TRANSMISSION MATRICES, AJ,
C
NSLAR|8NS8| ARw ]
DO 110 ANDsl oNSLABI
RLTYZ) ,0/(YOCND)*YO(NDeL))
S11=(YOI(ND)=YO(ND*1))RRLTY
§2.82,08Y0(ND)*RLTY
RLTYSYO(ND*1)/YOIND)
AJINDyt1o1)my,0/821
AJINDy192)2S11/821
AJIND 201 )BAJ(NDel )
AJINDg2e2)B(RLTY*S21%S21¢511%811),821

seess (ONSTRUCY LINE LENGTH WAVF TRANSM78SION MATRICFS,

s Ne Nal

ADIND s Yo i JBCEXP(J*KAPPA(ND+1)&TPTY| *D(ND))
ADINNy292)8  ,Z/ADIND 10 Y)
ADINDs142)28(0,90,)
110 AD(ND o2 ot )i8(0s004)
C
CoeesoFORM TOTAL wWAVE TRANSMISSION MATRYIXy A, OCOMPLEX®
C
PO 130 NDzie2
DO 130 MNe1,2
AC(NDeMD )a(0,40,)
1F (‘A‘DctnoM\')) A\ND'“D)'f‘o'O.)
130 CONTINUE
C
DO 180 NNai«NSLAB;:
NDIaNSLAReND
DO 160 IDeie2
DO 160 KDBY¢?
TY:(G..O.)
PO 150 LDt 2
Vel «904)
hr 4 Mh=

i 9«

140 UBUSAD(NDL oD DI RAIMDeKD)

29

OREAL =

AD,

OCOMPLE Xx




AD=AD37 960 RAYTHEON CO BEDFORD MASS MISSILE SYSTEMS DIV F/6 9/5
SYNTHESIS OF PLANE STRATIFIED DIELECTRIC SLAB SPATIAL FILTERS U==ETC(U)
DEC 76 J H POZGAY: S ZAMOSCIANYKs L R LEWIS  F19628=76=C=0189
UNCLASSIFIED BR=9389 RADC=TR=76=408

NL
i g
.. DATE
FILMED
. D77




-

150 TYSTYSUSAJ(NDIeIDILD)

160 S(IDekD)mTY
DO 170 ID=t,2
00 170 KD=y,e2

170 ACIDexN)aS(IDIKD)

180 CONTINUE
GLRT=(YO(NSLAB)®YO(1))/CYO(NSLAR) ¢YO0(1))
TYSA(1e1)eGLRT®A(1+2)

Coeeeso RETURNS TRANSMISSION COEFFICIENY oCOMPLEXS
RT=(1,¢GLRT)/TY
RE TURN
END

(1]




-_——

PROGRAM FILYRUCINPUT¢OUTPUT,TAPE1gINPUT s TAPESBOUTPUT«TAPEY)
CeoosoMODIFIED FILTERY PROGRAM TO WORK ON & SLAB CASE
CooeoeWNITH SET STH{ ¢STHReFLOsFHIFINCRopB1,082
CozoeeONLY DTELECTRIC ¢ TMICKNESSES ARE INPUT
Cooeoe THESE INPUT VALUES aRE PLOTYED ON THE GRAPH,
ConeeoNOTER ALL AIR DIELECTRICS WHAVE BFEN ASSIGNED EpPSmi, 02
Covene TH CONFORM WITH A PHYSICAL FOAM APPROXIMATION TO AIR,

DIMENSTON T(103)eST(C103)eDC21)0EPS(22)0DIELLCT(6)¢FREQ(S)

* SAVE(60101)

COMPLEX 2

LOGICAL 0ODD

DATA ST /1004040 ¢° ,999 o 0,0 o 20 /

DATA T /101%0,0 9 «50,0 ¢ 10,0 /

DATA TWOPI /6,28318%3071706/

CALL PLOYF(30e4)

DO 100 Isiel00
100 ST(I1)30,01%(Xe})

STHIZ, {74

STHZE U2

PRizey} 0

NR28e10,0

FLO3,98

FHls) 02

FINCQI.OR !

NFREINTC( (FHI®FLO)/FINCR ¢ 0,5) ¢ 1

MONE=22HTM
Ceooee INPUT NSy THE NUMBER OF NONeAIR NDYELECTRICS
CoeeessNSLARS IS THE TOTAL NUMBER OF AIR X NONeAIR DIFLECTRICS
CoveeslP IS THE NUMBER OF DIFFERENT NONeAIR DJELECTRICS

NSBb

NSLABSE28NS

NSLABisNSLABSe]

1Ps(NSel) /2
CoooosINPUT DIELCTC]) I®1 YO IP X INITTALIZE EPS VECYOR
110 PRINT #,0EPS(1 Y0 ',IPs')am!,

READ(1oe%) (DTELCT(I)elmioIP)

IF(DTELCT(1) LLTe 0,0) GO To 140

000E,TRUE ,

1F (MOD(NSs2) L,EQ, 0) OND=, FALSFE,

N 78 1si.1P

1x82%]

FPS(IXel)ml,0

EpS(IX)EDIELCT(])

1F (00D (AND, (1,.EU,TP)) GO YO 7a

Ix=2¥(IP+])

EPS(lxet)=) 0

1YSNS/2¢ e

EPS(IX)SDIELCT(IY)

78 CONTINUE
CooeeeINPUT D(T) I=1 TO NQLABY

PRINT %41N(1 TO 'oNSLAR]¢')a'y

READ(Le*Y (D(1)s13),NSLARY)

CALL AXIS(1¢503,5¢10HSINE THETA @ 008,00,90,0,2)

CALL AXIS(1,5¢3,5929HTRANSMISSION COEFFICIENT (DB)929¢5,0¢90,9e50,

3 .’000)

CALL PLOT(16503,50=3)

L=1

PO 3130 IsleNFR

FefLNe(lel)®F INCR

TPILETWOP] *F




120
130

FREQ(L)aF

Ll +!

DO 120 Jmiet0y

CaLlL RXTX(NSLABSOST(J)OTPIL.MODFoFPS.DoZ)
TJaCABS(2)%82
TJE10,*ALOGI0(TY)
T(J)SAMAX1(TJe=50,0)
SAVE(IJ)ET(J)

CONTINUE

CALL LINE(STeTe10101eSelel)
CONTINUE

CoveseTRACE NUT SAVED OAT‘ooaounnonoo..:o

394

200

WRITE(69394) (SAVE(Ke1)eKm)(NFR)
FORMAT(IXeb6(FT4303X))

385 u‘S*H‘

CALL PLOT(S¢0,093)

caLlL PLOY(S¢5,5¢2)

CALL SYMBOL(999,0S5,6¢07suHgTHL 40 +4)

835,%¥STH2

CALL PLOT(Se0,003)

CALL PLOT(S¢S,5¢2) ¥

CALL SYMBOL(999,¢5,6¢,0T7¢dMH8THR,40,04)
8.5.’0.1'081

CALL PLOT(0,0S5¢3)

CaLL PLOT(S,e8¢2)

CALL SYMROL(S,1¢999,0,07¢3HDB190,,3)
SsS5,¢0,1%0R2

CALL PLOT(0,08¢3)

CALL PLOT(Ss0802)

CALL SYMROL(S,1¢999,4,07¢3HDB2¢0,,3)

CalL SYMROL(1,09¢7Seelo6HLEGENDyO,06)

L=0

Yze0,78

DO 135 13145

YaYe , 2§

PO 135 Jsi+2

LEl+1

XE S¢2,5%(Jet)

IF(L ,GT, NFRY GO Tn 136

CALL SYMROL(XoY¢,085,,10L@100,0%1)

CALL SYMBOL(X®e2e¢Yo 19 THFREQ ® 4,0 07)

CalL NUMBER(999,¢999,0,1¢FREQG(LY oA 402)
CONTINUE

CALL SYMBOL(0,00®) 750,101 2HDIELFeTRICSBe0,012)
DN 200 xsled

CALL SYMROL (999,09999,00,102H ,0,92)

CALL NUMRER(999,00999,00,1¢nNJELCT(K)s0ae2)
CALL SYMROL(0,0922,00,1012-THICKNFSSFS890,012)
CALL WHERE(XO0¢YOeFACTR)

CoaseseSINCE AMFRF HWAS REEN CALLED AFTER A CALL YO SYMROL
CocoseTHE CONRDINATES RETURNED TO X0OoY0 ARF THOSE OF THE
CooeeelAST PART NF THE SYMROL DRAWN,

CoooeoeMENCEs TWEY REQUIRE A SLIGHWT ADJIIGTMENT YO LOCATF
CevsoeTHE CONRNINATES OF THE BEGINNING nP THE NEXT SYMROL,
CoosoeTHE NEXT LINE ADJUSTS POR TWE & SYMBNL WHICH wAS
CoooneTHE LAST DRAWN HEFORE THE CALL T0O WHFRE(XO0eYOsFACTR)

Y02Y0e, 08
La0

DO 202 Ksleb
XsX0




—p—

YsY0e(,258(Ke})
DO 203 KKsi,4
(W I
1P(L ,GT, NSLABYL) Go TO 139
CALL SYMROL(XoYoeele2N ¢0,02)
CALL NUMRER(999,00999,00,1eD(L)e0,03)
X8999,0
¥Y8999,0
201 CONTINUE
202 CONT INUE
139 CALL PLUY (7 003,5¢0%}
60 10 1130
140 CALL PLOT(0,00,0999)
ENDFILE 4
s$T0P

END
SURROUTINE RXTX(NSLABeSKNoTRPILoMODEIEPSeDRT)
COMPLEX RToUWJIGLRY ¢ TYe8(202)9A(2,2)eAD(2])0202)
DIMENSTION EPS(1)eD(1)eY0(R21)0AJ(2102¢2)
REAL XAPPA(2Y)
FQUIVALENCE (S13e8(101)) o (S21¢Sc2¢1)) o (RLTY,TY)
DATA J/(0,01,.)/

C

CeooeosCOMPUTE xAPPA\S AND YO\S OREAL®

C

SKN2SSKNSSKN
NDC 100 NDmi NSLAB
(APPA(ND)ISQRT(EPS(ND)-SKNZ)
YOIND)BKAPPAIND)
1F(MODE LEQ, 2HTM) VO(ND)OEPSCND)/KAPPA(NO)
100 CONTINUE
&
ConwesCONSTRUCT JUNCTION WAVE TRANSMISSTON MATRICESy AJ, OREALw®
c

NSLAB{aNSLABw

NN 110 NDzj«NSLABI

RLTYS1,0/(YOCND)SYO(ND®L))

S11&8(YO(ND)aYOUINDSL))IBRLTY

82122 ,08YO(ND)SRLTY

RLTYYSBYO(ND+1)/YO(ND)

AJ(NDot1oy)®Y ,0/821

LJINNs1e2)ES11/821

AJIND o201 )BAJ(NDO1v2)
: AJIND92+2)s(RLYYS®S21%821¢811%811) /821
CoooeasCONSTRUCT L INE LENGTH WAVE TRANSMISSTON MATRICFSs AD, OCOMPLEX®
Cc

ADIND ¢ 191 JCEXP(J*KAPPA(ND¢YSTPT| #DIND))
ADCIND ¢ 290281 ,/ADIND 1 01)
ADIND 91 92)E(0,90,)
110 ADINDy2e132(0,00,)
c
CovsosFNIRM TOTAL WAVF TRANSMISSION MATRYIXe A, OCOMPLEX®
c

00 130 HN=te2
RO 130 MD=fe2
A(NDOMD)IZ(0,00,)
TE (MDJEQGMDY A(MDemMD)B(1,00,)
130 CONTINUE
Cc=-33




DO 180 NP3 oNSLARY
NDISNSLAReND
0O 160 1Dmi 2
0O 160 KD®1e2
TY®B(0,¢0,)
DO 150 LDhe1,y2
Us(0e90,)
D0 140 MD=1e2
140 UaU*ADINDL oLDyMDISA(MDoKD)
150 YYZETYeUSAJINDLIoIDILD)
160 S(!DekD)ETY
DO 170 INmie2
PO 170 KDsY¢2
170 ACIDIKD)SS(INyKD) B
180 CONTINUE
GLRTSC(CYO(NSLAB)eYO(1))/Z(YO(NSLAR)4YOC(C1))
TYSA(1e1)eGLRTYSA(],2)
CooeeeRETURNS TRANSMISSION COEFFICIENT oCOMPLEXEZ
RYS(1,¢GLRT)/TY
RETURN
END
(X ]



100

110

800
810

100
110

120

130

PROGRAM CONTOR (INPUTsOUTPUTTAPEGSINPUTTAPEGSOUTPUT)
DIMENSION EP8(22)+D(21)0U0(SE)evO0(SY)
READ (S¢800) NSLABS

IF (EOF(S)NE,0) CALL EXIT

NSLABENSL ABS¢

READ (Se810) (EPS(I)elmioNSLAB)
EPS(1)si,

READ (S¢e810) (D(I)o1m1NSLARS)

DO 110 laleS0O

UO(I)s(1el)%0,02¢]1,E=05
VO(l)e(lel)®0,02¢1,E=0S

CONTINUE

CALL CROSS (UOsV09S0e¢SNINBLARIEPS,D)
GO 70 100

FORMAT (161S)

FORMAT (8F10,0)

END

SURROUTINE CROSS (UQesVOINUINVINSLABIEPSID)

DIMENSION UOC1)oVOC1)eEPSC1)eD(1),INOM(S1951)¢ICRE(S5]484)

COMPLEX TTM,TY7E

DATA TPIL/6,283185308/

D0 110 IUsSI¢NU

vsuo(iv)

8131,/(1,=U/%82)

D0 100 Ivei,yNV

vevo(iv)

INOM(IUsIV)=2100000
ICRS(IUNIV)®100000

IF (Uss2+ve92 ,GEol,0) GO YO 100
WeSQRT (] ,eUss2eyss2)

$2881/(] ,owks2)

STHSSQRT (] ,enks2)

CALL RXTX (NSLABeSTHoTPIL92NTMIEPSIDoTTM)
CALL RXTX (NSLABeSTHoTPIL2HTE'EPSIDITTE)
Cisusvensge

Cesveyvs§?

CIsS2s(Usn)*s?

TaCABS(C2%TTMeC3I*TTE)

IF (T LT,1,E=10) Try,E=10
Tee200,*AL0G10(T)

TeAMINI (Y4999,)

INOM(TUsIV)aT

TeCABS(C1#(TTMeTTE))

I1F (ToLT.1,E=i0) Try ,Emi0
T20200,%AL0G10(T)

TeAMINT(T4999,)

ICRS(IVeTV)aT

CONTINUE

CONTINUE

WRITE (64900)

NIUSMINO(25sNU)

DN 120 IveieNV

WRITE (60910) C(INOM(TUSIV)etUSB] ¢NTU)
ConT INUE

NTUSMINO (S5 ¢NUI)

WRTTE (he900)

DN 136 1vsieny

WRITF (by910: (INOMCTUSIV)etURR6eNIU)Y
CONTINUE

C-35




WRITE (64920)

NITUSMINO (25sNU)

DO 140 IvmieNy

TWRITE (60910) C(ICRS(TUSIVYeTUBLNTU)

140 CONTINUE

WRTITE (64920)

NTUSMINO(ST oNU)

DO 150 IvateNyV

WRITE (6¢910) (ICRS(IUsIV)etUB26eNn]IU)
150 CONTINUE

RETURN

900 FORMAT (1H1:10XeTHNOMINAL ¢/)

910 FORMAT (1Xe2614)

920 FORMAT (1rH1910XeSHCROSS /)
END
SURKOUTINE RXTX(NSLARGSKNGTPTL oMONE+FPSyDeRT)
COMPLEX RTeUoJoGLRT 4 TYeS(292)0A(2,2)9AN(210202)
DIMENSTON EPS(1)eD(1)9YO0(21)0AJ(210202)
REAL KAPPAC(R2Y)
EQUIVALENCE (S110SC191)) o (82308¢201)) o (RLTY,TY)
DAYA J/(0,01,)/

o

CooeosCOMPUTE XAPPANS AND YO\S eRpAL®

C

SKN23SKNSSKN
PO §00 NP31eNSLAR
KAPPA(ND)SSQRT(EPS(ND)eSKNR)Y
YO(ND)SKAPPA(ND)
1F(MODE (ER, 2HTM) YO(NDIZEPS(ND) /KAPPA(ND)
100 SONTINUE
C
CosaoeCONSTRUCT TUNCTION WAVE TRANSMISSTYON MATRICESy AJ, SREAL®
c

NSLAB1SNSLABe]
DO 110 NP=3eNSLARY
PLYY31,0/(YOCND)#YO(ND+]))
S11=(YO(ND)®YO(NDSL))SRLTY
82152,0%Y0(ND)*RLTY
RLTYZSYO(ND*1)/YO(ND)Y
AJINDyteyY=1,0/821]
AJ(NDoy1e2)=2811/821
AJIND92e1)3AJ(NDeLs2)
AJIND9292)3(RLTY*S218821+811%811)/82}
c
CoeneeseCONSTRIICT LINE LENGTH wWAVF TRANSMISSTON MATRICESe AD, OCNMPLEX=®
c

ANIND o1 o1 )SCEXP(JSKAPPA(ND®YISTPT  SD(ND))
ADIND2e2)8] ,/BDIND Y 9Y)
ADIND 9 192)2(0,90,)
110 ADIND201)2(0400,)
c
CooseeFORM TDTAL wAVF TRANSMTISSION MATRYXe A, OCOMPLEX®
c
DO 130 NDs1,2
NO 130 MNs1,2
‘(~D'M“)I(0..O.)
IF (MDGENGMD) A(NDeMDIZ(1,00,)
130 CONTTNUE ?
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140
150
160

170
180

DO 180 NDs{NSLABR)

NDiSsNSL AReND

00 160 IDsis2

DN 180 KDBie2

TYys(0,00,)

00 150 LDs1,2

“.‘o..o.)

DO 140 MD=Ei 2
UsUCAD(NDL LD eMD)ISA(MDKD)
TYSTYUSAJ(NDLeIDLD)
S$(10exD)TY

00 170 10&t¢2

00 170 KD=ie2
ACIDIKD)SS(INKD)

CONTINUE
GLRTS(YO(NSLAB)eYO(1))/(YO(NSLAR)¢YO(1))
TysAC1e1)eGLRTSA(142)

CooesoRETURNS TRANSMISSION COEFFICIENT oCOMPLEXS

RYS(1,6GLRT)/TY
RE TURN
Fun
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MISSION

RADC plans and conducts research, exploratory and advanced
development programs in command, control, and communications
(c3) activities, and in the ¢3 areas of information sciences
and intelligence. The principal technical mission areas
are commnications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intsl!ligence
dasta collection and handling, information system technology,
dionospheric propagation, solid state sciences, microwave

- physics and electronic reliability, maintainability and
compatibility.
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