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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 spa-L~a1 filtering

technique was first described by Mai1loux~~~ , wherein

the properties of filtering in the spatial doma2 n were

outiined and the analytical synthesis of filters possessing

Chebyshev characteristics was presented. The ?resent

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

1



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 of the materials

so determined.

Using the numerical optimization technique, the

ov~rall 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-

ablt~ 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

specif ic selection of “off the shelf” materials.
In principle , the advantage of the numerical opti-

mization techniqua 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

2



be modeled to provide a reasonable optimization parameter.

In 1~articular , during the course of this study , the

design parameters material density , tensile strength ,

sheer strer~gth , dielectric strength , and machinab ility

were found to be of second order importance for typicdl

applications . For low loss microwave materials in the

range l<C r<2S~ 
these properties either varied little , or

were not determin~ble 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 scat ter ing

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-

mimion line , a wave transmission formalism is obtained.

A single wave transmission matrix A, relating the incident

and reflected traveliny wave voltages at the filter input

to those at the output, is constructed. Since the power

t ransmit ted  with respect to one volt at the input  is
simply (1/A 11) 2 , we operate directly on this  q u a n t i t y ,

and opt imize  the f i l t e r  response wi th  respect to the
desired rejection characteristics over the frequency

bandwidth . The op t imiza t i on  a lgor i thm used is a modif ica-
tion of the RAZOR search technique due to Bandler an~
MacDonald.  

( 2 )  
The synthes is  rrocedure  is g iven in

Section 2.

3



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 passbarids
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

.4



2. ANALYSIS AND SYNTHESIS OF PLANE STRATIFIED
DIELECTR i C S LAB SPATIAL FILTERS

The plane stratif it~d d ielec tr ic  sl~ U spa t i al f i l te r

shown in Figure 1 is configured in such d manru~r as to

provide a multiplicative element pattern modification

of the type shown in  Figure 2 for  a large planar phased
array antenna. The f i l t e r  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 1J0(=4iTxlO ~ henries/rn).

Basic to the problem of synthesis of stratified

dielectric slab spatial filters is ti-~~ analysis of

arbitrary transversely i n f i n i t e  layered lie lectric sheets

subject to plane wave incidence wi th  TE and TM polariza-

tions. This analysis and the fundamental limitations of

the dielectric slab spatial filter are presented in Section

~.1. The synthesis technique is presented in Section 2.2.

A time dependence ejWt is assumed throughout.

2.1 Analysis of Plane Wave Scattering by Plane Stratified

Dielectric Sheets

It is well known that the electromagnetic fields

tn the vicinity of a large planar array of radiating

apertures may be decomposed into linearly polarized plane
wave constituents . O nsequently, 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 ~-;ave incidence on a transversely

inf in i te  structure. Since arbi t rary linearly polarized

5
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s O ~ s~nO2
sin U

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>O at an angle 0 with

respect to the surface outward normal. We wisii to deter—

mine the magnitude and phase of the reflected fields
+

at Z=O , and the magnitude of the transmitted field at

Z-D for both incident polarizations asa function of

incidence angle 0; layer perlnittivity,cr
1; and layer

thickness , t1.
7
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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 ~th dielectric layer of ~he physical structure ,

with relative permittivity Cr and thickness t~ , is

represented by the ~
th transa~±ssion line segment of length

t.,. The characteristic admittance of the ~th line is the

wave admittance associated with the dielectric properties

of the corresponding layer for the particular incidence

angle 0, and is given 

a s 8



1) Kj/~11 for TE incidence
0 ,

Wc .c  /K., for TM incidenceri o i

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

, the

longitudinal wave number in the ~
th medium , is given as

0

2 )  K
i 

= 
C~~~

’6ri~~
S

~~
flO

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)

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 = vj /v~ j~ +~o
S22 = v / v I~ + 0
S12 

= V2/V~ j + ~0

S21 = V~i/V~~I V~1::O

9
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Figure 5 - Voltage Labeling at Ports of Two Port Network
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Each transmission line segment , and each j unction 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

where C1 and 
~ 2 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 C1 and ~2 
with the elements

~f 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 give n as

6) A11 = 1/S21

7)  A12 = — S 22/S21

8) A21 = S
11/S21

9) A22 = (S21S12—S11S22)/S21

11



Representing each line segment and j unction by its
two port wave transmission parameters , ~~ and ~~~ respec-
tively , the cascade connection of networks in Figure 4
results in

10) C A C-.0 —fs

where

11) A =

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

C+
12) = f s

0

and the transmission coefficient of the equivalent net-

work is obtained from equation (10) as

C

13) T = ~~~~~~ 1/A 11

The reflection coefficient at Z=0~ is then

12



14) r = A21T

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

15) A~ = A~ = ( Y .  +Y.~ ) / 2 Y .ill 122 i 1 1 1

16) A~ = A~ = (Y. -Y.~~1)/2Y.i12 i21 1 1 1

for the ~th junction, and
0

d ~~~~~~~~~
17) A . = eill

18) A~ = l/A~
22 11

19) A~ A~ = 0
12 21

for the 1th line segment. Examination of equation (16)

shows that for

13



20) ~~~~ . =
y .

1 1+1

the off-diagonal matrix elements are 0. Consequently,

at any spatial angle for which equation (20) is satis-

fied , the junction is transparent, and A~1 = 1. From

equations (1) and (2), this equality can o~cur only for
TM incidence , provided ci ~

Equations (1), (2), and (20) may be manipulated to

result in an expression for the incidence angle, 0, at

which a junction is transparent to TM incidence. This

angle is given as

21) 6T = ________

where c1 ~ c~~ 1. For either ci=l, or ci~ 1
=l, equation (21)

is the fami]Diar Brewster angle formula , and gives the

smallest angle, = 0~ , for which the junction is trans-

parent. For both c~ ~ 1 and c~~ 1 � l, 9T is also a
spatial angle at which total transmission is obtained

at the junction, provided.

22) C~~~1 
< c~ /(cj—l)

For the layered dielectric sheet embedded in free space ,

is bounded by

14



23) sin~~~ ~ <0 <90°T

where c ’ 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 0>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 c ’ = 3, the
lower bound in equation (23) is 600. and for r ’ = 5,

0the lower bound is 65.9 . For e >5 , the slope of the

curve is very slow, and little advantage is gained from
the larger values.

Figure 6 - Brewster ’s Angle versus Relative Permittivity, ~~‘

15



The principle task in stratified dielectric slab

spatial f i l t er synthesis is to reduce the spatial extent
of the Brews ter ang le 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

re f lection coeff icient is g iven as

25) = A~ /A~1 12 ill

= 

~~i ~~~~~~~~~~~ 
+ Y. ÷

,~)

and the magnitude , for small incidence angles 0, is large

for permittivity ratios p =Ci /C . +l>>l , or p<<1. To

achieve spatial filtering it is therefore, desireable

to select geometries which give permittivity ratios in

these ranges. This is par t icular ly  important in the case
of TM incidence for which F~~ is a monotonically de-

creasing function of incidence angle out to 0T• Since

the range of available microwave dielectric materials

lies in the approximate limits , l<c<25, structures

providing the spatial filtering characteristics shown in

Fi gure 2 must  be forme d by a l t e r n a t i n g  layers of high

‘3) and low 1) 1~ermittivity .

16



2 . 2  Synthesis of Plane Stratif ied Dielectric Slab
Spatial Filters

The principle objective of this study is to develop

a technique fc~ the synthesis of practical plane strati-

fied dielectric slab spatial filters for use witn 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 f i l ter  matr ix  characterizat ion given
in equation (11) 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 f i l t e r  normal
- Plane wave incidence angle , 6
- Slab relative permittivity , ci, i=l ,...,N
- Slab thickness , t~ , i=l ,... ,N
- Number of slabs , N
- Frequency, f

The objective of the synthesis procedure is to
determine the set of permittivities , { <~~} ,  and slab

thicknesses, {t 1~~, 
which best match the filter perform-

ance to the desired performance in both spatial and

frequency domains.

17



The desired spatial filter performance may be
specified by the spat ia l  var ia t ion  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 , specif ic  funct ional

variation control of the measure is limited by physical

realizability , as was shown in Section 2.1. In the region

0<sin 6<sin O,~, the f i l t er is to be maximally transmissive,

wi th in  P1db of perfec t  t ransmiss ion.  In the reg ion

sin6 2<s in8<l , the t ransmission coef f ic ien t  is to be less

than P2db. And in the intervening region , sin0,<sin6<sin~~~
the transmission is to be monotonically decreasing . The
forbidden region diagram may be f ixed  or varying in

frequency .

FORBIDDEN REGIONS 

— 1 I ~~~~ 11 2 ~100.05 P2
Z i 2 O. 0 5 P

.!__ .j_2 /..LL L~~
/_
~J LL ‘i.L. / ..~.J .L.i’ LL P 1

S in( 1
1 ~i n f )

2 1 .0
Si l l  ~/

Figure 7 - Forbi~~r~~n Region Diagram of Desired Spat ial
F i l t er  Performance

18



For incident waves which ~re Ti~ w~~ h ~~ spec~ to the
surface norma l , the transmission characteristics of the
dielectric interfaces are monotonicaliy decreasing

funct ions  of incidence angle . Hence , for app l i ca t ions

in which only 11-plane element pattern or grating lobe

control is required , spatial filters are re~~~i iy
synthesized according to the prescript~ un in Fi~~ur~ 7,

provided the sla b thicknesses are not so large as to
in troduce spur ious fa r  ou t pas sband as described by
Mai1loux~~~ . However , for the case of E-plane cont~~oi ,
or .the more general case of providing control ~ two

dimensions , the filter performance is fundamentaiiy
l imi ted by the Brewster an gle associated phe nomena as
discussed in Section 2.1. Conseçucntly, the syn thes is
procedure developed here has been sp~~~if ically  des igned

to limi t the spatial ex tent  of the f a r  out passband which

occurs for TM incidence wh i le simultaneo us ly max imiz in g
tri~.nsmission in the passband around normal incidence .

From the above cons iderations , the formal state-

merit of the synthesis goal is to minimize the function

U over a properly Jc-fin~ d multidimensional feasible

region in and 1 t
1
). The function U is defined as

25) U Maxj Min (~ T(~~,f ) ~~—l 0 ),0}

0 < - - 01
f ~c f < f1 n

05.p 2-t-Max- Max (j.T(0 ,rj —10 ) , 0}

0 <~ i~ -~~2 S

19



where

b, for b>a
Ma xi. a,b} a, for  a>b

Mm ( x ( 8 , f ) ) =  minimum value of x ( e , f )
0<6<6 1 in the two dimensional

f < f < f  space , bounded as indicated
1 h

Ma x ( x ( 6 , f ) ) =  maximum value of x ( 6 , f )
in the two dimensional

f <f<f space
1 h

and 
~h 

are the lower and upper frequency bounds ,

respectively; O~ is the angle , 6~ > 6~ at which the
slope of T(0,f)) with respect to 6 changes from negative

to positive ; and T(6,f) is the voltage transmission

coefficient given by equation (13) for TM incidence .

For the special case wherein only TE polarization is of

interest, 65 = 9Q0 and T(9,f) is taken as the TE trans-
mission c o e f f i c i e n t .

The effect of the first term in equation (25)

is to force the t ransmiss ion  loss in the spatial  passband
to be less than P1 db over the frequency band . The

e f f e c t  of the second term is to simultaneously maximize
the filter rejection over the spatial region 62<6<65
and drive 0~ toward 90°.

To ensure that the ultimate filter design represents

an optimum , yet practical, confi guration , the feasible
region in {c~~} and {t1} is bounded and discontinuous .
The allowed values of slab relative permittivity are
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taken from a table of available , low loss microwav~
m a t e r i a ls , and are  bounded by C r = 1 (vacuum ) and ~
modera te ly  la rge  va lue  a v a i l a b l e  in  pr~i c tice  (L =2~
is a ~r ac tica i~ uppe r bound at X b a n d ) .  The aj l o wu u

values ~~t slab toickness are conticuous in .i r~ ; j~~ ur~~~~io.~
design whica may c.~ fabricated using current manufact~~~ir~j

techniques for  large su r faces . A lower bound of . O 2O~
inches is represen ta tive , and an uppe r bound of 1 . 0 ”
is a reasonable eng ineering limit for x band designs .

In pr inciple , the filter synthesis may procu~ c

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 ~>>i , or p~-~~i, at tne dielectric

i n t e r f a c e s .  Such r a t ios  are obtained by c~~ structing

the f:lter with alternating layers of high (~~~~J) unu

b ’ . ~c~~~l)  pe rmi tt iv i t i e s .  Conseque ntl y ,  the syn thes is
procedure is designed to consider only filters of the

type shown in Figure 8 , which consist of N dielectric

layers  with permi ttivi ties {c 1}, i = l , . . . ,N , and thick-

nes ses { t1 },i = l , . . . , N separated by N—i layers of air
or low permi tti v i ty ( i 

~~~~ 
dielectric.

In the tigure , the high permittivity i~ yers uru

shc~wn to h~.ve arbitrary c . . It was found uurlng the

course of tuls study that the synthesis procedu~~ tyuic~i llv

resulted in a disposition of permittivities which is

near ly  symmetr ic  about  the geomet r i c  center of the f i l t ~~r .

Since this  is not at dj i  un reasonab ..e in l i g h t  of t h u
results obtained by Mailboux~

1
~~, and since i t  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 outl ine, the numerical synthesis procedure
is based on the RAZOR search optimization described by

Bandler and MacDona1d ’
~
2
~~. For a given incident polarization ,

(typ ically TM 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 {c.}, {t~~}1 where
the are symmetrically disposed with j = 1,... ,N/2 ;

and the t1 are the thickness parame ters of each f il ter
layer with i1,...,2N-1 (thicknesses of both high and
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low permit t ivi ty  layers are considered). An estimate

~~~~~ ~t?} i3 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 {c~~) ,  {t?} with large steps along the
multidimensional coordinate axes . After a set number

of evaluations of U, or after a set number of failures ,

as defined by equation ( 2 6 ) ,  the procedure concludes ,

identifies the cause of termination , and provides the

best estimate {c~~}, {t1} as defined by the minimum value

of U-f . . If a success is recorded , i.e., U~~f ,  the
procedure terminates and provides the solution set

,N/2, and {t.}, i=l,. ..,2N—l.

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 manne r in which the synthesis technique approaches

the optimum solution. In the second part, a spatial

fi l ter 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 f i l ter at various stages of the synthesis
procedure developed in this study . The synthesis is
carried Out only for TM polarization since , as demonstrated

above, filtexirig of incident TE waves does not present

a significant design problem. In obtaining these results,

s lab relat ive pe rmi t t iv i t i e s  were allowed to take on

any value in the range l<c 1 <25 , and thus the configurations

are not practical in the sense defined previously . The

synthesized designs are given only to illustrate the

resul t of repeated application of the procedure to obtain

the dciired filtering characteristic. The performance

goal ~S indica ted on each figure. In the spatial range ,

0 6<10°, the transmission loss is less than 1db . In

the range , 250.8 , the desired rejection is 10 db or
greater. The f r equency  band is 4% about 11.8 GHz.

The initial estima tes 1L
1
},j= b ,2, and

~~~~~~~~ ., 7 were raicen rom the filter design given by

The ou te r high permittivity slabs have
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~l
3 .08

~ 
and the inner h i g h  p ur r n i tt iv ~~ty  ~~ abs nuvu

:2=15.14. The layer thicknesses ~tr~ inche~ i n

the ~‘igh permittivity slabs , ~inu ~~.u ” trs~ int ervening

regions which are assumed to b~ free Spact . The per-

formance of t~ is filter for TM unu TE .ncide~;t polariza-

tions is shown in Figures ‘i anu ~0, ~~~pectivu 1y . For

TM and TE i n c l d Lr l ce , tne t i i t e r  p~ oviues  tnc required

low transmissIon loss i:~ tne s p a t ia i  ~us s~ unC and over

the entire freduency •n~;. ~owuver , r h u  spatial stop—

band is very narrow for :M ~ncldeiIcL ~.nd a spurious

f a r o u t  passoand  apj &~~:s for h~~tn po1ar~~zations near 60
0

incidence angie. The goa l or ~ r~e n u:ner ical  o p t i mi z a t i o n

technique is to e~~Im1ndte tne sp .;ious ~ assbands for  both

polar izatioas and extend tlie spati~~1 stopband for TM

incidence .
Figures 11 and 12 show the filter r~~ ponse af ter

200 evaluations of the function U. It is evident

m a t  the synthesis procedure is obtaining greater stop-

band extent at the expense of transmission loss in tnc
passband.  Fo r both polar iza tions , the spur ious pa ssn~ nu

has been significantly reduced. The thickness distr~ b~~t i. n

and re lative permittivity have been sign icantly alterud .

I-~fte r 400 evaluations of the function U , th~
syritnesize i fiiter response is as shown in F~~jures l .~

• and  14. i~i t tle  change has occurred w~ tn respect to the

rrcvious result , a l L  it ~s clear that a contInued search

in the immediate vicinity will not obtain thu des~~reu

result. Using the current h~~st estimate , as the starting

point , a large step size is introduced for the pattern

search to drive the result away from tOe local minimum .

And , after an additional 200 fun -tion evaluations , the

performan ce shown in Figures 15 and 16 is obtained,



which satisfies the design goals. In particular , the

extent of the stopband has been increased from th~ o rig i na l

160, beginning at 6=320, to ~~~~ beqian~ng at 8L~26
0.

Although significant transmission loss 1. ~s been intro-

duced in the passband , i t  may be removed iy furthe~.

optimization in the vicinity ot the current best esti-

mate . It is p a r t i c u l a r l y  i n t e r e s t i n g  to note tha t the
farout TM incidence passband peak has beer. moved well

outside the first layer Brewster angle and the width

at the 5 db points has been reduced from 300 for the

original design to 15
g
.

3.2 An Eleven Layer Spatial Filter for Use with a Large

Mechanically Scanned Planar Array

Ir. this section a practical filter design for use

with a large planar non-scanning array is presented.

Si r :e  the p e r mit t i v i t y  of mos t microwave ma terials  is
constant from S band to X band , the thickness parameters

de termined by the syn thes i s  procedure are given normal ized

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
(e’~25°) sidelobe and quantization lone ceductiori of 10

db for  a large , mechanica l ly  scanr ed , twa-dimensional

planar array of vertically polarized rectangular aper tures

over a 4% frequency band . The array possesses full

search track capability and rem~u ires a 100 spa tial
passband with maximum transmission loss of .1db . The

required coverage sector is ~60
0 a z i m u tha i ly , and _~~0

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 ful l

coverage sector , the filter design must  limit the Brewster

angle associated passband to ar1gleu q r eater  than 550~

Practical fil ters providing ~ 30° u—plane stopband may

be synthesized using eleven or more layers .

Figure 17 snows an ~lius tration o~ an eleven

layer filter w..ich satisfies the design goals. The

filter is constracred u.~.1 ng four well known dielectric

materials :  s t ycas t  zL.— K (r~ = L ]j=S) , an ~mersoIi

Cumming loaded cross-linked polystrene ; Trans-Tech DA-~
Alumina (. .~=~~ =9.5); stycast Hi—K 500F loaded chermoset

hydroc~ rLon ; ar.a (c 2=~~A =c 6~~~,~
=r
10=l. 02). The layer

thicknesses 
c
are given normal ized to f ree  space wavelengtn

at center frequency .

The filter performance is shown ‘n Figures 18 and

19 for E and H plane incidence , respec~ ively. In the

_ — -~~ -• •‘~ • ‘ 
~ ~ ~

‘ r~• - .L~~~~~~~ L - .~

E r  50 
_ _

c ~~~~ //// ~~~ / _ _

_ _ _ _ _ _ _ _ _ _ _  

0. 731 

0 
_ _

\ ~ 1. 02\ ~~~ \ 0.502

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~422

~~~ 2 ~ _ _ _

~~~~~~~~ 1 2\~~~~~~~~~~~~ i~~
8

_ _ _ _ _ _ _  ~s .0 2~//2/77 0.103

Figure 17 - Cross Suction 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 ap~roximately 18

0 to 610 at low freq-

uency and f rom 26° to 620 at the high frequency and
rejection is typically 14 db or greater from 30° to
550~ 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 passbartd , transmission is seen to be

roughly independent of 9 and 0, and consequently the
filter will not distort the main beam . In the stopband ,

.0 

~. 2 ,

- 70 j~ ~~~~~
-

, 
75 dB 

_ _ _0.8 —~

5d8 •

\
I.- 0 4

O

~~~~~~~~~~~~~~~~

S

~~~~ 

:~
02 ~~
_

~~~~~~~~~~~~~~~

[

~~

L;r 0 ~IO COS 

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 ot

the near in stopband edge for 0=90°. Over most of the step-

band , the rejection considerably exceeds 14 d.b. The

Brewster angle associated passbarid does not extend to

angles, 0, below ~3
0
, thereby reducing the SOJ threat!

The isolation between nomina l (or t ransmi t ted)
field polarization, and the cross polarization generated

by the filter is shown in Figure 21. As expected , the

peak cross polarized signal is genera ted in the vicinity

of 0=45°, 6=200, and in the farout passband region .

~~~~ ~~~~ . :
1~~~~.-r .. ~ .. - , . . . -

~~~~~ 
— .. . ‘

~~~~~~~~~~~~~~

_

~~~~~ 

:i.1 

Figure 21 - Isolation of Cross Polarized Signal Generated bj the
Layered Medium
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4~ CONCLUSIONS

The s trat if ied die lectric slab spatial f i l t e r  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 h~s 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 1~
A MODIFIED RAZOR OPTIt1IZAT I~N PROCEDURE

FOR SPATIAL FILTER S’~’NTHESIS

A .l Program A~.stract

The optimization program is a federation of three

modules named FILTER , RXS , and RZS which w il l  be described
as functional entities. FILTER is the main program

segment con taining in aedition , a subrou tine named U
which computes the objective function to be optimized ,

and DISPLA , a u t i l i ty  subroutine wh ich surp resses 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

thi 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.

Sufficien t flexibility has been incorporated into

the main program to allow the user to select a TRACE

option which permits witncss.~r.ç the deliberations of the

optimiz at ion by a printout of all perturbated components
and their  e f f e c t  on the objective function. In a ddi t ion ,

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.
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The second module RXS consists of a single ~ub-

routine RXTX which returns the complex-valued transmission
coefficient RT used only by th€ function U. RT results

from the matr ix  m u l t i p l i c a t i o n  of junc t ion  and line length
wave transmission matrices , and as this coefficient is

computed many times by the function 13 (even for a single

perturbation) , great care nas been exercised in tnc

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 SOUND serving in ancillary capacities of

determining whether the perturbations have p roduced

minimizat ion of the objective funct .~urn and s*~cond ly
ensuring that no perturbation is allowed to exceed its

prescribed range. RAZOR is the subroutin~ which in con-

junction with PATSER, PATMV , EXPLR executes the optimiza-

tion technique described by of Bandler and Macdonald~
2
~

In its broad outline the technique is to conduct a pattern

search (PATSER) around a base point by perturbing in t u r n

each of the components of the base point. 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 its activities. Otherwise , a point in the

v~ ctnity is randomly selected as a provisional base

poi.nt around which explorations are undertaken as befdce .

If there is no improvemen t, the process is repea ted for
as many times as spec i f ied  by KAPPA with a closer
randomly selected provisional base point.
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A .2 Program Description

The main program TEST 1 calls  for  user i n p u t  cf

NS, the number of non-air dielectrics , the associated

dielectric cons tan ts , slab thi cknesses , and the high and

low constraints on the perturba t ion vector PHO . In

addition , tOe f;equency range over which the fi I tur ~s

to perform is inp~ t as are the sine theta and transmission

coefficien t values characterizing the pass/stop bands and

performance in db.

Thus , for a spatial filter with six non—air
dielectrics conf igured symme tr ica l ly , 6 would be entered

for NS in response to the prompt NR SLABS=?. Also

3 values (IP= (~~S+l)/2) of non—air dielectric constants

arid 11 values (NSLAB1=2*N S_1) of air ~nd non—air thicknesses

would be inpu t. The dimensionality of toe perturbation

vector PHO would then be 14 (K=IP+NSLAB1), a nd whose
in~~~ial contents would be the 3 dielectric constants and

11 thick:~esses . 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 dicictric 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 hi qh o~ ~i.0

fo r a~~r tn~ cknesses.•. In response to the prompt for freL~-

uency ran ge , the user enters 3 values for low frequency ,

h i gh f r eq uency,  frequency increment normalized to center

frequency ; for example .-~8, 1 .02 , .02 would cover three

frequencies. The next six values to oc entered are

concerned with the filter ’s performance . The value

spec ified for DB1 determines the low cutoff figure  f o r
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transmission coeff icient in the passband and the values

entered for SN1 and SNINCI. in response to the prompt

STH1 and I~ CF~-? ~1efine the spatial limit of the passband

and the seq~.tence ot points w Lthl f l  the passband wh ich are
to ~~~ eva .~~~ t oh . S m la r rema rks apply to DB2 ,

S~ IN~’~ ‘*hicn .;pec.fy the st~~~band . Va lues of DB1— -- .1 ,

SN 1= .175 , ~N: \c1 = . o175 , bB 2=—lO .0 , S N 2 - ~ . 4 2 , SNINC2= .02

are ty~ .. ca 1 . The program next inputs ALPHA , LIMIT , EPSMI N ,
RHO , ETA , L~AP PA , b~ LTA , and FEPS. FEPS is the tolerance

wi thin which our oo~ ective function is to be minimized

anh is typica lly selected as .01. RAZOR conducts a pattern

search (PATSER) around the initial base point by perturb-
ing in 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) = l00*(HIGH (I)_LOW(I)) is the
parameter range of permissible values in the Ith component ,

and S(I) has values +1 or -l to establish directionality

of the perturbation .

Since dielectric constants are considered in the

range l-’25 and thicknesses . 0 2 - ~1 for  non—air  dielectrics
and .l- 2 for air dielectrics , we observe that selecting
an initial DELTA .l yields step sizes of 2.4 for dielectric

constants with .008 for non—air thicknesses and .19 for

air thicknesses.

EPSLON and DELTA are used as rela tive measur es o f

step size reductions , with DELTA<EPSLON signifying

that a pattern search , PATSER , would be useless at this

point. Initially EPSLON=EPSMIN* (ETA**KAPPA)

where EPS~1IN = .001 (a starting value)

ETA = 2 (a halving factor )

KAPPA = 3 (max of 3 random moves).
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l~oSMIN = .001 was selected so thdL EPShUh .001 = .008

thereby rendering the initial DELTA = .1 l ar ge r  than b~PSLON

and thus guaranteeing a PATSEL~ the firs t time through .

ALPHA is a parameter within PATSER which reduccu

the size of DELTA in the event tn~ tial explorations give

no ~~~~ uverne. t in reducing the value of the ~b~ uct1Ve

function . A value of .25 gives significant reuuctien of

DELTA , but coos not reduce too rapidly to obtain a

solution.

When al l  exp lor~ tions about the base point have
been unsuccessful , RA ZOR per turbs each component of the
base poin t by RHO*RAN DOM*EPSL ON/ lOO in or der to obtain

a new provisional base point about which  the process

can be repeated.  RANDOM provides rn ’~dom values between

—l and +1 with RHO selected as 400. L?SLON is then halved

by ETA and new explorations are begun .

Since an enormous number of funct~or~~i evaluations

-1ius t 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 func tion U is
summarized in Figure 7 an d in equa tion 25 . Its

actua l implementation is performed in two steps. For

each fixeh sine theta (sine theta = 0 through SN1 in

steps of SNINC1) cycle through the range of frequenc ’~es

FLO through FHI 10 steps of FINCR constantly determining

(JM h~- C A B S ( R T ) - OFFSET where OFFSET = 10.0 1 (.05*OB1)

and RT is the complex valued transmission coefficient

returned from a call to subroutine RXTX . The negative

of the minimum va lue of these UMN values is kept as the

first part of tue ob)ective function .
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The second pa r t  is determined in the following manner.

Beginning with f ixt ~d sine theta va l ue OL SNI’, oyete

t h r~ uq h t he i it  i p it • . t~~~ I i i  hi i~~ t I IL I I

ol VINCI~ con~-t t-iiit ly t i O ( e I l f t i I l l u g  (IMX (7th:; (i~P) olL ~7;l;’r wh~~i e

OFFSET 10.0 1 (.05*DB2). Continue this process with

the next fixed sine theta value incremented by S N I N C 2

over its previous value only for  as long as the, ce nter
frequencies CABS (RT) values are declining.

A.3 Program Flow of Principle Pro~rams and Subroutines

To give a more complete description of the optimiza-

tion procedure , the following paragraphs simultaneously
outline program flow and comment on toe implementation of

the principle programs and subroutines. RAZOR ( Ø °, ~min 1~~
- ,kappa ) is the principal procedure in the optimization

process. ~ O 
~~~~~~~~~~~~~ kappa are FORMA L parame ters

through which the ~riitia1 values are acquired from the

calling program . Within the algorithm 0, 130 are local

variables, K is the dimensionality of the 0 vector , and

ó is common (i.e. global) to RAZOR and has been initialized

by the main program to a value ä>~~~~ * aPP~ to ensure

bypassing the IF 6<c criterion in PATSER whic~i RAZOR invokes

at the outset of its deliberations .

Comment: initialize the local quantity ~~~~ to reflect

the starting value . Set up the initial direc-

tions for the explorations. Initialize the

starting ri and then invoke a pattern search .

If a poin t is uncovered with a func tional
value wi thin the FEPS tole rance specif ied ,

then termina te the pr ocedure otherwise renew
the search (kap pa n umber of times i f necessary )
with an arbitrary point randomly selected in

the vicinity of 00 
and with a reduced c value ;
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00
0 

= 13 ( 0°) ;  for x :=l step 1 untIl K DO S.:1 ;

PATSER ~~~~ 130°);

If finish (130°) then go to FIN ;

for j:=l step 1 until kappa DO

Begin comment in it i a l i z e  a local variable 1300 to the bes t

functional value and a local vector 0 to
contain the coordinates of a randomly

selected point in the vicinity of ~~~~ Anotr~L~
local variable 130 is initialized to contain

the functiona l value at the random point.

e and S are reduced and a pattern search

is initiated;

for i : l s tep 1 until K DO O~~:O ?  +p *RANDOM *r ;

r:=r/n ; ó :~~~~O—0°I/K ;

U Ø : U ( Ø ) ;  PATSER (0,130);

I f 130<~~0
°

The n Li :  begin comment set UØ~ to the re turned  improved

value UØ . Establish e as the
direction of improvement and

to the re turned improved loca tion

U0 ° : U0;  ~~ : r0_ O °; 00 : 0
End
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Else

Begin Comment reset UØ to the startiny tunctiona l value
~ Ø
0 over which there was no improvement

and set 8 in the opposite random d i rec t ion ;

uØ :=uO°; 8 :=O °— 0

End ;

Comment set local 0 as the new extrapolated point from
~ O in the 6 direct ion and ~ equal to the square

of the magnitude of 6. Invoke a pattern move;

O :O
0+6; ó n j e j 2 ; PATMV (~~Ø ,Ø ,Ø

0 ) ;

Comment if the returned functional value is an improve-

ment then return to Li 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 randohi point is

selected even closer to

If 00<130° then go to Ll ;
If finish (00°) then go to fin

End ;

Write (“no convergence ”);

Fin : End

PATSER (0
0,1300) is the chief searching procedure . 0

0

and ~~~~ are formal parameters and 0, 130 are local variables
in the fo l lowing algor i thm .
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LI. • IF &<c then go to fin;

Comment initIalize the local variables 0,00 to the
corresponding va l ues transferred through

FORMAL parame ters 0°, U0”. Then invoke

EXPLR to perform initin .~ explorations .

J , U0 will be changed hopefully to art

l :~~~rOV ( point arid its turictional value ;

U 0 : U0°; 0 :0°; EXPLR ( ü Ø , Ø ) ;

If 130>130°

Then begin comment there is no improvement in any

of the explora tions . Reduce
size of ~ and try again;

tS: u *ó; go to Li

End;

Comment an improvement was detected. Change the

formal parameters Ø~~,UØ~ to ref lec t  the
improved location and its functiona l

value . Establish into 6 the general

direction of improvement . Set the local

quan t i t y  0 to contain the new extrapolated

value and ~S to contain the square of the

magnitude of 6. Invoke a pattern move

(PATMV) and return to L2 if there is an

improvement , o therwise begin anew by

returning to Li;
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L2: ~~~~~~~~~~~ 6: Ø-Ø°; 
~~~~~~~~ Ø :4°~-8;

~

PATMV (U O , O , . O °) ;

If 130.130
0 

then qo LII 1.2 t~lse (JO to Li;

Fin: End

p~~ 4.~f (13Ø0~~~Ø
0) where ç~° is the vector describing the

best location so far and 0 is the extrapolated location

around which explorations are to be performed within

PATMV , is best described graphically in terms of a two

dimensional 0. If the explorations depicted below un-

cover a better point than 0, then that point is returned

in place of 0 and the functional value at the uncovered
point is returned to 130. Within the algorithm K is the

dimensionality of the 0 vector, while ó and the vector

8 are common (i.e. global) to PATMV . The func tiona l
value of the original extrapolated point 0 is computed
immediately upon entry into PATMV and is retained in a
local variable named tJPHI. It is against this local

quantity that functional values of exploratory test

poin ts (about 0) re turned by EXPLR are compared to
determine if improvement has occurred.

PATMV first performs exp lora tions (using EX PLR )
wi th a new ~~

= .‘~~/< and r e t u r n s  in to 0 any of the possible
locations indicated and into 00 the correspond ing

functional value. Note that e is the direction estab-

l ished ear l ier  in the process and re f lects the genera l
direction of improvement from some former ~~0 loca tion

• to the present O~ locat ion spec i f i ed  upon en try into
PATMV .
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THE CIRCLES ()
DEP ICT THE9 9 9 POSSIBLE
EXPLORATORYI I I

— — — — 

PROBES FOR
IMPROVE D 0

I 

- - -

I

PATMV AT ~~~~~~~~~~~~~~ ATMV ENTRY

6 VECTOR ~~~~~ 6EXTRA PO~~~~ D 

0~ LOCATIO~~ ATSUPPL IED TO

ENTRY 

FORMER Øo

Figure A-l - Initial Exploration in Subprogram PATMV

If the exploratory moves about 0 fail to uncover a better

point or in the case there is an improvement but there

.s no sig n i f i c a n t  change in each componen t Ø
~ 

i.e. for
every i 10~~0 <lO 6*~ O~~~, then the step size is halved
to l/2/ ~7~

’ an d explorat ions are conduc ted about a new
0extrapolated location half as far away from 0 in the

6 direction as shown .

0 9 9

II
~~~ 

-

~
0° LOCATION AT

NEW EXTRA POLATED VECTOR PATMV ENTRY
~~~= ..q. + ~~~

°

ESTABLISH ED \FORMERLY

~.SOME FORME RQ O

Figu re  A-2 - Explora tions About New Ex tra pola ted Vec tor
0

S
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Finally , if there is still no improvement or in the case

there is an improvement but there is no significant

change in every component Ø j in the aforementioned sense ,
then the halved step size l/2/V~ is used agai n but
explorations are conducted about a new extrapolated

location half as far away from ~~0 in the negative 6 direction
as shown.

N~~ EXTRAPOLATED ~~ ° LOCATION AT PATMV ENTRY

VECTOR ~~ = - ~

~~~1/2V
’
~7K

• SOME FORMER 0°

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

EXPLR (UØ°,Ø)

130° and 0 are formal parameters. Within EXPLR 00 is
a local quantity . EXPLR will change 130° and 0 to an
improved functional value ar.d an improved point , re-
spectively. K is the dimensionality of the 0 vector ,
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In graphic  terms of a two d imens ional  ~~, EXPLR w i l l
r e tu rn  i n t o  0 any of the possible pos it ion s indicated ,
and into U~

’° the correspondi ng functional value .

9 9 

sdel

Figure A-4 - Two Dimensional Graphic Representation of EXPLR

The cente r poin t  is the loca tion of Q’ upon entry in to
FXPLR . In the event that EXPLR is unable to find an

improvement in U~
’0 at any of the locations sdel away

from the center point , upon exit from EXPLR , the origin d

f u n c t i o n a l va lue ~~~ and the ori ginal  ~ loca tion rema in
unch anged.

FINI SH (00°) 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 call ing program .
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APPENDIX B
MICROWAVE DIELECTRICS FOR APPLICATION IN
STRATIFIED DIELECTRIC SLAB SPATIAL FILTERS

The table ‘jiveri in this appendix summarizes the

avai labi l i ty  of low loss microwave dielectrics su i tab le
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 such represents an up
to date compilation of available data . Where possible ,

informat ion r e l a t i ve  to physical  properties is included.

All materials in the table have constant or nearly

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

In th is 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 opt imizat ion programs and subprograms
is given in Appendix A.
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f l _
~~~~ T~~ST1 (INPUT ,TAP ,O()TPUT,T A P~ 6~ Uu 1PLJT)

~~~~~~~~~~~~ (S ‘T~of I/ E R 1Y F~~P~~’ ~ ORK~~N~ OP~~T~~~~ A T t 0 N  PRC) G PA M

~~~~~~~~ IS IJS FD I - ~ CONJU NCT ION ~ I T~4 ~xS • RZS3
C O M M O N  /RZR/ K ,OEL TA ,AL PI .~A ,LtMiT ,N ,N2 ,N5,~ P8L ON,TII~rTA(15 ),

* S C t ~~) . F E P 5 , T R A c E , L O w ( 1 S ) , H I G I ’ i C 1 5 ) , P A N t ~~ C 1 S )
LOG ICA . .  T P A C E ~,ODO
PEA L LO~CO~~’ON / u F C T /  D ( 1 3 ,F P S c 1~~~ ,NS.I~S( A 5 5 , T P . O D D , F L O , F * . iT , F ? N C P ,

* DB1 ,S ,8NT 1 ,D~ 2.5~~ ,SN INC 2
OIi~LNsI O~ ‘-.A(~~) .M S G ?C2) .uS~~S ( ? )  • Phr ,(15) ,OIELCTC ~~0)
~~~~ VSGfl0.~E~~SMIN,P~4G ~0-~,ET~~,s~AP P A , 7$ ,I)EI. 7A ~ /
“ A A  ~~~~~~~~~~~~~ L O . - 1 •

C . , , . . I rJ PUT  ~~~~~ ~~~ fl~ NQN.A~~R rtTELECT RTCS
C ..,.. I f l 5 L A~~3 IS T~~ TOT A L F

~uMS!P oF L I P  ~ NON.A IP DIELECTRICS
C..,,,TP IS T-~E NUU~~EP ~~ ~ IFFER~~~T NC~N.A IR DIEL~~C 1 RT C 5
C,..,,K IS T~lE DIM EN SION OF P~4O Vp CTOR •TorAL NP OF PE RTt IRB A ~’4~~ .~.~
I C A L L  DISPLA(Q ’~NR SLABSR ,I.?)

PE A D (1,$) NS
YF (NS •.E, 0) STOP
N S L AB S~ 2*NS
N S L 4 R 1~~N S L A S S . I
T P~~

(
~’~S+1 ) / ~

K u !  P + N S L  A~~I
C , ,. . .I N P L j T D :E ~~ C~~~( I )  I~~t 10 IP t !NITT~ LIZ3. EPS VECTOR

u I ~,Cot ~~( 2 o , 2 a q , MsG 3) IP
28~ Fr r~~~A T C *  E P S C I  TO *,12 ,*)a*)r’ ~~~ D I S P L A  ( M S~.3 ,2 ,  i )

‘~EAD (1 . *)  (DTELC T (T) .1.1 u P )
0001 • IMUE.
TF~ UOOC I4 S ,2 ) ,EQ . 0’) 000S,FALSE .
r~~~ 78 Tal. T P
I ~*2*IF P S ( T ~~.1 )~~1 ,0

~F C O D 0  •A N ~~. (T ,F~~,yP )) ~0
‘x’2~~(T Pi.I)
F~~S (ix.1.’)3t .0

V iNS / 2 +  1— 1
~p s (r * )aDrELcT (Iv)

7b ~ O NT I ’ 0 t
~~~~~~~~~~~~~~~~~~ D ( 1 )  1*1 ‘

~ O N S L A R 1
N~~OD1T C2 ( .290 ,M $G 3 ) N 8L A~~1

290 FO~ ’- A”( * 0 (1 TO *,I2,*~ a*’~
CALL OISPLA (M S (3,2 ,1)
P E A D C 1  •*) (DCI) .1:1 ,~~8LA ~~1

C...., I?dPU T C O N S T  A j N ~~S ~~~~~~~~~~~~~~~ ON FNT IR~ PMO V E C T O R
C . . , . , Tt P uT 1Oi~(T) Iii 1 0 K

.CCOE (20,?9I,~*SG3) K

29 1 F~~P~~A T ( *  LO~~(i T O  *,T2,s)z*)
CALL DTSPL4(P’SG3.2.1
P~~A o~~1.*) ( L O ~~( I ) , 1 : t  •~~)

C....,!~.-’uT ~lI~,~- (I~ 111 Trj ~
~NCC )E (20,29?,~~SG~~) “

292 c0PM (...~I G~.4 (1 TO *,2, *)a*)
rALL C)ISPLA(~4SG3.~~. i)
~E A D C 1  ,*) C k y G I . 4 ( T ) , ! u 1  •~c )

SU
8’~
C..,~~.!NI7I4t,1’r ~~~~ ~IEC1’ TO I~~PtI T OT ELECT R IC S ~ THICK~JESS~’SI~Q 7Q T u l . P
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79 PM O C I ) S D T E L C T ( f l
00 80 I 2 I u N S L A B I
I X aIP. I

80 P M O ( 7 X ) s 0 ( I )
C.,. • .INPUT FREQLO~ ,FREQk1 ,FREOINCRC A L L  D ! S P L A ( M S G 2 , 2 , I )

RE. A D (  1 u s) F L O , F H ! , F !N CP
C ,,..,!N PUT DaI ....................

CALL D IS PLA( 4$’10811 ,I .l)
READ (j,*) OBI

C ,,,,.IN PU T S IN (TN ET A1 ) t 8 IN C TH E YA I ) T N t REM E NT
CALL O!8PLA (jOHST~ I% !NCRI,1,1)
PEAO (1,*) SNI.,SNINCj

C ,,.,,!NPUT D 8 ? . .. . . . . .. U . S. .. . . . . .
C A L L  O I S P L A ( 4 H 4 D 8 �u , 1 , 1)
PEA DC I . *) 052

C , , , I N P U T  S I N ( T M E T A 2 )  % S I N ( 1 M F T A 2 ) T N t R E ~~E N T
C A L L  D Y S P L A  ( 1  O~i S T M 2 % T N C R u ,  1, 1)
P E A D C I , *) 5 N 2 . S N I N C ?

C , . . . . !N P U T  A L P M A  t M A X  L I M I T  OF Ii F U N C r T O N  E V A L U A T I O N S
C A LL D ! S P L A ( Q k A L F A , L . M T I , 1, 1)
P E A O ( 1 , 5)  A L P h A , L I M I T

C... • .!TvPUT E P S M T N , R I 4 0 , E T A  , K A P D A  .t)PLTA
C A L L  D ! S D L A ( M S G , 3 , I ’ )
REA O (1 ,*) E P S M T N , R H O , E T A , K A P P A . O E L TA

C ..,., D E S I P E  T R A C E  O P T I O N
81 C A L L  O~~S P L A ( q I I T R A C F  7 / F , I , 1 )

Q
~~A D C ~~.3 q 0 )  T I P A C E

390 F O R M A T C A I )
?~~C I T R A C E  • N F .  IMT )  GO TO ~2TR ACES.TR UE.
GO TO 83

82 T F ( I T R A C E  .NE , I M F )  GO ~~ R I
T RA CE I S F A L SE

C . , , . , I i P U T  F U N C T I O N A L  E P S I L O N  F F P 5
63 C A L L  D t S P L A ( 8 ~~F C T  Ep Su,j ,1)

P E A D C I . * )  F E P S
C A L L  R A Z O R ( P l 4 0 , E P $ M ! N  , R M O , F 1 ’ A , K A P P A )
W RT TE(6 , 391 ) CP ~4 O ( I )  .1*1 . K )

391 FORMAT (~ EIS .M)r ,n TO I
ENr )
F UN CT ION U C N A F ~F ,P~~f l )
DP~Lr~4 S T O N  PHOC I)
COMMON /R ,~R/ x ,DEL TA ,A L P I~4A,L !MTT,N,N?,N3.EPSLON,TMFTA(t5 ),$ S (1ci) ,F F P S ,TPA c F ,L flW (15) ,MIG~4 (t S ) ,RA N GE (IS )
LOGIC AL TRACE ,030,N0TIST
PEA L LO~COMMON /UFCT/ £)(13),F PS(IU),N$,NSt ABS,TP,000.FLO,FMI,FTNCP ,

* O81,SNI,SNINCI,DR?,5N2.SNIPJCP
C OM PLE ’~ PT
rtATA TWOP !/b .28318S~ 07I79b/

C.,,,.rP ANSFFW PERTURBED VA LUES •FPSCT) 1.1 TO IPs F R O M  PM O V E C T O R
C,.,,,Tr) A PP PO PRTA TE EPS v E C T O P  C O M P O N F N T S  FO R $ U B R O u T I N E  R X T X

00 2? T a I , t P
T x u I * I
f ~S (I X ) ~PM0 C T )
TF (000 S A N D . ( !.E Q . T P ) )  ~O TO 2?
‘ K12*( IP,! )
I ~ N S / ~ + I •
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~‘5 (I ~ 
) 
~~~ C ~V22

C,,.,,1RA \SrE ~ PEI~TU PBEO V A L u E S  •r . ( i )  ~1IP•1 TO Ks FROM PMO VECTOR
C.,.. Tc ‘~ECTDR •1,1 TO NSLABS .1% Fc,p S U R R O U T 1 N E  RX TX

I~ ~ SL AB S • I
00 2 3 !s~~,NN

23 D C I ) I P I . I L ( I X )
~~~~~ : I N 1 (  ( F M I . F L O ) / F I N C R + O , 5 )  • I
~~~~~IN T C S N i / S N IN C t + O , S )  + 1
NFCt , N’r.(NFR+~ ) ‘2
O~ F SE T u 1O .0**~~.O~ *D R1
P ’J O T 1,~~T$ .F A L S E .
DO 2b !;~~.iT~~
5kN~~( ~

.1 )*5\’NC 1
r,~ 27 J 11 , N F R
T P I Lu T .I~O P I * ( F L O . C J .j ) ~~F I N C P )
C A L L  R X ~~X ( N S L A B S , S K N ,  I P I L  , f P S . D . P T )
LJM N~ C A 8 S  ( P 1 ) — O F F  S~ T
IFCNOTI ST) GO ‘TO 28
NOT 1STI .T PIIE.
Ut ~ I

2b T F C u ~~N .L T .  ~IN ) U M T N I U M N
27 CONT~~NU~2b C O N T I N I J E

T1u.~~~ ’N ~~(ti M T ~~,O .0)

C ace a a e — a — a.. a a a e e — e a C. — • S Sa SS  a a ~ a ~~e a e a — e a a S S

U W T N a I 0 0 0 0 .0

~J O 1 1 S T I .FA L 5F ’ .
5s . NISNP

I0~, Vu IMIN

~~~

IL aT ,~OPI* C FLC+ C -.~— i ) SF INCR)
C ALL ~ X T X  (N3~~A B 3 , 5 K p . j, IPIL ,FP3,D ,RT)
TF~~J •EQ .NFCFNT) U M T N * C A R S C P T )
J~4 X C  ABS ~~T).oF~ SET
TF (NOTIS ” ) L~ - T&) 30
~~ T 1 5 T :.T~~UE
LIYA X 3 i J ~ ’X

30 7 F ( . .~-’ x , ,, 7 . jv ~~~’ )  ‘ ‘ ~~A X ~~L~~~X
2 9 r o~~T I ~. ‘E

S S - . 5 N NC2
IF CU M I N .LT , ~) GO Tfl 100
12 * A M A X  I C U ’~A 1 • 0. ~ )
‘J~~

’ 14 T?

~F C T P~.CE . ) ~d~TTE (6, 1o2 ) N4ME ,U,fl~ LT 4,FPSLON,(Pkfl(T) ,TS1.K)
102 F O P M A T ( 1 X , ~~b , Q X , 3 G ? 0 , 1 0 / ( I 1 X , ~~G2 0 .I 0 ) )

p E 1’ u N

Su~iw (~uII\E OIS PLA(~~SG,N’A0S,L YNE S )O~ ’~ENSION 
M~~ (~’,(~~ ) ~M(~~)

D A T A  NC R LF/  ~O01 0O fl 00OO0t I0O 0O0OflR ~
TF LD (I.~

(,~ W):TFT (Iw, T4K),AND,5HyFT(MA SK (k),~~)Ng MA X 0 (MTNO (P’J~ DSsb ) ,1)
00 100 Iut .N

100 ~~~~~~~~~~
‘~~‘~~- r~U i ø ’ ( N )
(10 1’~’~ 1 :1,5
J u l  2* (5. 1)

L



1 F f  I F L D ( J , 1 2 , M S U B N , . NF .2R  ) GO TO 30Q
102 C0NT INU~l Ou TF (J .L E .  56) GO TO 1O ~NuN. !

GO TO 106
105 J u J + l 2

M (N)iOP(AND(MSUt~N ,MASK(J)),SMIFT(NCPLF._ J)’)106 N.N , 1

TF (LINES .EO. 2) ~PI1E. (6,1Oy,107 r~’PMA 1 (1~.4

~P 1TE (b) (MCI • I~~1 . N)
RETURN
END

c-s



r~~~~ 1~~
-
~F 1 ? ’ T .T A P ~~1, O~ IT PU. ,1A P E 6IO UT P U T . T A P E 1 0 )

C.~~15 , ’. ts O(~~AM C’~IMPU TES ~~ O u I A R T ~~P M A V E  LE N GI M DESIGN

~~~~~~~~~ 15 USED IN CON JUN CT ION ~T TM R~ 5 • P28 3
CI M M O N  / R Z P /  K , D E L 1 A , A ~ P M A , ( I M T T , N , N 2 . N 3 , E P 5 L O ~I . TM E T A ( 1 5 ) ,

* S( 15 ) , , S , T R A c F , L r ~u~( t ’j ) , M I G h C 1 S ) . R A N G E ( 1 c )
L G1C AL TPACE,00r)
Pf ~L LOn
COMM O N /‘)FCT/ ~ (13) ,EPSC I a) .NS,NSI A B S .  T P , 0 0 0 . F L  O , F M I  , F I N C R ,

* D ,SNl ,~~N TN CI , 0R2.5~F)2,SNINC2
‘)I~~~~NS I O\  -‘SG (3) ,MSG?C? ),MSGS (2), PMO(15 ),OIE LCTC1O)
I A T A  MSG /10~ F PSM IN, PMO • I O N , E T A . K A P P A  • 7 M , D E I T A a  /
OA ’A ~SG 2 / l c , r~~E~ L ’~.— i  •

C.,,,.1N0 ..I N 5 ,  1~~~ NuM~3ER OF NON.AIP DIELECTRICS
C ,, ,,.N S L A R S  IS TME OTA L NUMBER ~F A IR % NON .AIR D I E L E C T R I C S
C . , , , . T P  I S “~~~ NL~

.
~~ER O~ ~~~~~~~~~ NON.A !q D I E L E C T R I C S

C ., ,.,  I S  T I ~E D I M E N S I O N  F P MCI V F C T O P  • T O T A L  NR OF PERTURBATIONS *
I C4 L ~. D I S P L A C Q H N R  S L A B S I , I , 2 )

P E A D ( 1 , *) N S
T F ( N S  • L E .  0)  S T ” ) P
N SL A BS a2 * N S
N SL AS 1*N A ‘3 3 • I
IPX( k ,S.1

C . . . . . O E T E ~~Y 1 N ~~S IF N5 IS (
~O0 OR FV E N

C .....SET S ~:~~~.NS ~)1.1 IF N3 IS EVEN
~~~~~~ ~ ~ .IP,N SLA51 .1 IF  ~ S 15 000
~~~~~~~~~~~ ,~E0UC TNr, 1~ f N~~IMBFP OP P E P T I I p ~~A’r 1~~~ C O M P O N E N T S
C.,,,,r- IME PMr VEC TOR A S A RESULT OF TME ~ I0DLE DTEL FCTPXC
C . , 1 1  A P Y I 4 c ;  ~~ LAM~ oA/(a *SQ p ’TCEp STLflN ))

001):, 1 P ~ F .
K :1 P 4 N S ~ A B 1 — 1

~‘ c (~~~j~~~ (o 3,2) •E(~. ) C,O TO u?

•
,,•,,T~~Pf’ r )JE LC , (~~ I:~ ‘0 IP ~ INTIT*LI7E E P S V E C T O R

ENC D D E ’d0 ,28~~,M SG3 ) IP
28q F Q R M L T (*  E PS (t T O *,72,~~)a*)

C A L L  D T SP L A (’-~S (3.2 .I )
. 5 )  (DIELC I (T) • I I 1 s i P )

~r 7~ ~a 1 , T P
~
E -~ S~ 

‘X • i ):i • C

T F ( 0 0 D  • A N r ~• ( T , E . s , T ? ) )  GO T O 7~

F~~S ( T i — 1I: ’ .0
I V ~ ‘~ S / 2 4 — 7

E P S  (IX ) rl ~ C T ( Y

r ”  T ? t . I~C. . , . . ~ ~. PU~ ( ! ) 1:1 ~~ ~~ ‘. ~ 1
~~~~~~~~~~~~~~~~~~~~~~~ N51451

2qr ,  ~~~P~~A T *  DCI IC $ , I~~.*)s*)
CALL DTS PLACMSG3 .2., )
R E A D ( i ’ s  C ~ C:). I a  I • r 5~ A P  )

C . , . , , I \ P U ’T rONS TI~A I N 1 S  1fl P4,kIC,H ,PANO~ flN ENT IRE P1411 V F (TOP
C....,r~ Pu’ L OM( T ) I~~

’i Tfl~~
ENC~~r-~ (2O~~?91 ,M 5~~~~) ~

291 c O R ~ - A 1 ( *  L 1T~I~C I 10 * , T 2 , *)~~*)
C A L L  I~~~~L ~ r ’~5G3 .2 .~ )
REA D (1’s) C L I J ~~ C ~ ) , 1:1 ,K

C . , . . .T ~~PLT ~ I G ~~( I )  T~~l T~~ s

0 — 6



E N C O D E C - 2 0 , 2 9 2 , M SG5) K
292 F O R M A I C * M I G N ( 1  TO • ,12, * )s * ’ )

C A L L  D I S P L A ( M S G 3 , 2 , t )
R F A D ( 1 , * )  C M ! G H ( I ) , ! u l , K )
DO 8~1 IiI,K

) ‘100 • 0* C M IGN ( I) .LOMt~ I) )C I . . . . I N I T I A L I Z E  PM O V E C T O R  TO I N P U T  D I E L E C T R I C S  Z T H I C K N E S S E S
00 79 T S 1 ,TP

79 PMO(T).D IELC T( I)
NN I IN $LABI /2
NN2.NNI+2
N N 3 ~ NN I +1
IJ u I
DO 80 I :1, N S L A R 1
IP !J~~I P + r J
!F C O D D )  GO 10 801
IF ( 1 . E Q . NNI l op . I , E Q ,N N 2 )  GO Tb ~fl
PpiO(IPIJ )ur)(~~)
T J u I J s I
GO 10 80

801 !FC I ,E0 5 NN 3 ) GO T~ 80

TJ u IJ + 1
80 CONT INUE
C, ....INP LJT FP LOv~,FREQ HT ,FREO INCR

CALL DISPLA (MSG2,2,!)
R EA D ( 1 , * )  F L O , F H I , F I N C R

C ,,,,.!N P U I  DBI ,. ., ., . ., . ., . ., ,. . . .
C ALL OT SPLACaMDBI I.1,I )
(i~~AD (1 ,* ) 081

C ,.,.~~TNPU T 5 IN (Tu l E T A 1 )  2 S IN C T H F TA I ) IN C R € M E N T
CAL L. O !SPLA (IOHS IP4I % IN CR I ,I .1)
P E A D (  1 .s )  SNI  ,$NTNCI

C , . . . , T N P UT OS2.....,........... ...
C ALL DISPLA(uMf)M?1 ,1,1)
R F A D ( j , * )  Ob ?

~~~~~~~~~~~~~ S I N ( T M E T A 2 )  2 SI~ 1( T M E 1 A 2 ) T N t R E M E N T
C A L L  D T S P L A ( I O H S T H 2 2 ! N C R I , I . 1)
~E4O C l ’ 4 )  S N? , S N T N C 2

C ....,INP UT A L PMA ~ M A X  L IM I T  OF u FU~-CT!ON E V A L U A T IO N S
C A L L .  O T S P L A C 9 H A L F A , L M T I ,I ,I )
RE ’ A O ( l , * )  A L P H A , L I M ! T

C. • , .TNPU’T 5 M T N , R ~ 0 , E T A , K A P P A , D E L T A
C ALL DTSPLA (MSG,3,1)
P E A D ( j , * )  EP 5MTN.k H~ ,E TA ,KA pP A ,~ F~ TA

C ., , , ,D E S I P E  T R A C E  O P T I O N
81 CALL OTS PLA( QMTR4 CF T/F,I.t~REA O (j ,3 90 ) Y T R A C E
390 F O R M A T C A I )

T F ( I T P A CF ,Np ’ , 1M T )  GO 10 8~T R A C E s . I PLJ~
GO TO 83

82 T F ( I T R A C E  • N E ,  pIF ) GO 1.0 ~~TR ACEI SFALSE .
C ..,..TNPUT FUNCTIONAL EPSTLON FEPS
63 C A L L  ( 1 ! S P L A C $ H F C T  E P S ’ . l . l )

R EA O (j , * 1 FEPS
C A L L  R A Z O R  (PM O ,E P SM IN,Pu1O ,fyA,K A PPA )
SRI TE C l O , j Qj  ) (P~l Q(  I )  • Ti !  ~K )

391 FO PM A T (5E ’15 .8)

C-7



GO TO I

FU N C T ION U ( N A M E , P k O )
DIMENSION PHO (I)
COM M ON /R ZR / K ,D E L TA ,A t PHA ,LTM !T,N ,N 2 ,N3.E PSLON ,TME TA (15 ),

* S (15 ) ,FFP S,TRA cE ,L 0wC 15) ,PI IGM (1S) ,PANGUIS )
L OG I C A L  T P A C E , 0 0 0 . N U T 1 5 T
PE A L LOS
CO MM ON /U FCI/  D ( 1 3 ) , E P S ( 1 u ) . NS,NSL A B S ,T P ,0 0 0 ,F L O , F M I ,FT NC R .

* D~~l , 8 N I , S N T N C 1 . D 8 2 , S N 2 , S N I N C 2
COM PLEX Q’~
D A T A  T~~OPI/b,283t ~~S3 07 I7Qb /

C, , , , , TPAN SF FP PE~~
1’UPBED vAL UE S •EPS (T) t~~1 

TO I P s  F R O M P HO V E C T O R
C.,,.,To A PPROP R IATE EPS vECTOR CciMPONE~ TS FOR SUBROUTINE RXTX

c~ o 22 T ;1 ,TP
Ix ’2 ’I
EPS (I X )’PMO( T)
T F C O D D  •A ND , (t, EQ ,!P )) GO TO 22
Tx u2~~CIP4 ’I)
Y VIN S/2 ,l .I
EPS (Ix ) IPM O (TV I

22 C O N T I N U E
C ,,,, .TPA NS FE P  PER’ uRBED VA LUES •~~( I )  !u I P . 1  TO ~~S F R O M  PP$ fl V E C T O R
C,,.,,TO 0 vECTOR •i~~t 

TO NSLAR8.l~ FO R SUBROUTINE RX TX
PMOIP,PMrI(IP)
NN3 NSLA~~3.1

~~~~ 3INNI +1
Ijut
00 23 i u 1 , N N
!0,P uIJ ,IF
T F (O (D O ) Go i~ 20
IF (..EO.r .JNI •QR~ £.~~~.NN2) GO 1~
0 (1 )IPMO(IJIP)
TJIIJ,1
GO TO 23

1-9 0 (1)10,26/SORT (PHOTp)
GO T O 23

20 TF (I ,E Q , N N ’S) GO TO 19
DC T)apMO (IJ)P)
TJ’IJ,!

23 C O N T I N u E
NFRiINT ( (F~~7.FLO)/FINrP.O .S) + 1
TTM PS INT C SN I/SNI N C I ,0 ,6) +
NFCEN T a(P’jFR+I )/2
( 1FFS E T & l O ,O * * ( . O S * f l R 1
NOT ~S 1: .F AL SF
DO 2i~ T :I,IT-~R
S~~~~

( I~~t ‘SNINC I
oO 27 Jul ,N~~R
TPT L 1TMO P I*C F L ’IsC J . 4~~~ tR ~
C A L L  ‘~X T X ( N 3 L A M S , S K N ,  TP I L , ! PS , l 1 , P r )
UM PJI C AR S (P1’)eOFF SET
IF ( N O ’IS T ) GO TO 28
NOT ISTu • TRUE .
‘~ I -N —

28 T F C . ~’N . L T , I~~~~~t’.’
~ ~‘M: N~ 1, ’~r~27 C O N T i N U E

26 C O N T t N ~J€



T1S.A M T N I  (u~~IN ,O .~’)C S C• 5 •~~~.5 S • . 5 S a Sa5.C5S0S.5S.sa.S.5. .. . . . . .5 .5q

U M T N. 10000 • 0
OFFSETIIO ,0**(.O5*082)
NOT I STI.FALSE ,

100 V u U M I N
N) 29 J s j , N F R
‘P I L  I T’~OP~ * C FLOs C J—t ) F I NCR)
CALL RXTX (NSL AB S ,SKN ,TP IL ,FP S.D .R ’T )
IF (J •FO ,NFCENT) UM IN u CAB S (R T)
UM X $CARS (RT ).OPFSE T
TF (NOTIST) GO T~ 30
NOT ISTu .TRUE .
U M A X $ U M X

30 !FCuMX .GT. U MA X )  I I MA X U U MX
29 CO NT INUE

NC?
IF I UM IN eL.T. V) GO 10 100
Y ? *A M A X I (U M A X . f l,0)
U,T1 +T2
T F (TPA CE M R T T E  (6,1 02) N AM E ,(i,OFLT A .EPSLON, (PHO (I),T .1 ,K )

102 F O RM A T C 1 X ,A b , a X ,3 G 2 0 .l 0 / ( 1 1 X ,5 G 2 0 ~~IO ))
RE TURN

SU BRO UTI N E D IS P LA ( MS r , , N M DS , I T N FS ,
DIMEN SION MSG (i),M(5)
DA TA NCRL F/ 00010000000000000000B /
TFLO ( I .X. IM)I 8H IFT (IM ,!+K) .AP4D, S (4TFT (MASK (K ) .K)
Nu M A X O  ( M ~~ P g 0  C N A D S , 6 )  . 1)
~~L) 100 I.1.N

100 M (7 )iM SG fZ )
M 5 U B N I M ( N )
00 102 1.1.5
J:t2~~(5•T)
I F (  L I (J ,t2 , ”S~~~~ ,NF .?R ) Go TO toa

1~~2 r N 7 \ I E
10~ T F C J  .L E .  ~~~) C,U ~~~

‘

•
N ) N C L

r ’  T~ 1O~
105 J . J+1~~

106 ~~~~~~~

TF ( L. INE S .F~~. 2~ n P T T E ( b , 1 0 7 )
107 r~ P~’A1( 1~

*01 TE (6) (M ( I). I~~1 ‘N)

F N

0•
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PR IG R A M ~~~ T3 (1 N PL T ,~~AP EI , O tJTPUT ,TA P E 6iOUT PUT , TA P E1 O )
C ,.,.,T !S  P~~._~; ~-v 

~5 ES5~~N : IA L L Y  TES TI EX CE PT T H A T  IT
C , , . . , ! N C O R P O R A T E S  A TAb LE SEA R C H FOR PHY S ICALL Y REAL IZABLE
C, . . .,~~! E L . E C T R T C  M A Y E R I A I J . IT IS USED IN CONJU N C T ION W ITH

• R l S u ( w H IC ~ nO ES A T A R L E  S F A R C M  IN SUBR . E X P L R )
CO MMO N / R Z R /  K , D E L T A , A L  P M 4 , L t M T T , N , N 2 . N 3 , E P 5 L Q N , T $ ! T A ( I ~~) ,
• S (1S ).FEPS,TRACF.Lo~~(tS ),HIGH (15),RANGE (1S)
L O G I C A L T W A C E p OD I
P E A L  L0~
CO’~~~

\ / i ’ F i/ D( 3 )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* D b 1 ~~S N l . S N I N C t . Q R 2 , 5 N 2 , 3 N I N C 2
D IM E N S I O N  ~ S O . (~~ ) , M S G 2 ( 2 ) . M S G 3 ( 2 ) ,  P M O ( 1 5 ) , D I E L C T ( I O )
D A T A  ~SG/ 1O r ’EP 5~’~ N s R H O  • t0 k,ETA ,KAP PA ~ 7H~ OE L TA I /
D A T A  G 2 / I C M F Q E D  L O , ’ - ~T • ~H . I N CR , /

C , , , . . y N P U ’  N S, ~~~ ~~~~~~~~ OF N O N . A I R  D I E L E C T R I C S
C. ... . N S L A P S  15 I - F  I D I A L  N U M B E R  OF A~~R 2 NON.A IR D IE L ECTR ICS
C.,.,,IP IS T~~ N~,’~1b~ R CF 0~~ FFQFNT NON.A IR DIELECTRICS
C,..,.K 15 Tp 4~ DIME NSIO N OF PH() VECTOR •TOTAL NR OF PERTURRAT IONS~
1 CALL OISPLA(9HNP SLABSS .1,?)

R E A D C 1 .* )  NS
T F C N S  .L E ,  0 )  S T O P
NS LA B Su 2* NS
N SL AS IIN SL A r~~.1
7 P s ( N 5. 11/ ?
K i I P , N $ L A - ~,I

C. . . ,, 1 P L, T ~~FLC Tt I ) I’: TO IP 2 ‘N ITTA L IZE (P5 VECTOR
F r ~CCD~~(2O,2 RQ ,MSG3 ) IP

289 Ff l~~U A T ( *  E~~8 ( t  TO * ,12, *) . *)
- t~~ . DIS P L A (*M S C ,~~..~,

~EA L ’( : .4 )  r D ! F L CT ( : ) o Iu l , I P )
1r’ 1)..T PLF .
T F ( M O D ( N S , 2 )  .E~~. 0)  C~D Di .F A L S E .
Or ’ 18 T z1 ,T P
I xi~~*I
~ PS ( I X .  ~~~~~~ • r~~
EPS (T )~~01FLC TI~ i
IF (ODP • A ’  ~, ,c L ~, (R)5 GO TO 7~
I x ’2 4  ( 

~F P S ( I ~~.4 )u, .02
:Y s .S / 2 ’ l — I

78 cor ~~~ FC .....T \ P T 0 ( 1 ’ ) 1:1 T U  
~S~~~~1

~3 0 E r 2 0 , ,~4 SG~~) N 5 L ~~P 1
290 Ffl~~~A T ( *  D C I  ‘(1

CAL .~. ~~SP~~A( ’SG3 d. 1 )
RE A D (I • • ) I (  • I ~ I • ~~~ A M

C,,,.,IN?~~T C N . ’ -~A~ - i  ‘ C IC~~
,
~~A NGp N ENTIRE P~ O VECTOR

~~~~~~~~~~~~ ~ flA ’T) IC
FNC O r )E (2 0 .?g 1 , v 5G3 ) ~

291 f~~~ M A T ( m  ~~~~~~~~~~~~ ~ fl

CA L L ~‘SPLA( ’~SG3 ,?,I~
PE A D (1 ‘‘) ~ L ~~ ( j  )  *1: . K

C.,,.. TN P . T -~Ir,~~( ! )  l a l  ‘!
~~~

292 FO R M A T C *M I G ~~(1 TO ~~~~~~~~~~~~~~~
CALL O- ’ 5 P L ~~~( S G 3 . ~~’~~~
.
~~ AD( i .e ) f—’I(,P4( I )  • T & I  •k )

~~~ ~~~~ ~~~~~~~~~~

RA N G E  CI ) s~ 0~~.I’ I.~-’1 C.k( I )— L fl~’(I 
) )

( ‘ - i  U



C . , . , , T N T T I A L I Z E  R H O  V~~C T n P  TO INPUT OTELEC IR ICS 2 THICKNESSES
D O 79 Tu~~, T P

79 PHO(I)~~~!~~~CT(1)
or 80 r~~1,NSL4s1
I z3IP.!

80 P M O ( I X ) I D ( I )
C . , , . , I N P U T  F R E Q L O W , F R E O H I , F R E O I N C P

C ALL DISPLA (MSG2,2, I)
PEA O( 1 , 4)  F L O , F W I , F T N C P

C ~~~~~~~~~~~~~~~ 
0S I .................. .

C A L L  O T S P L A ( Q H N 3 I a .  l i t )
~E AD(j, *) •)t3 ’

~~~~~~~~~~~~ 5tN(T~~~T~~~) 2 SIN( Tp iFT4~~)~~P~~REMENT
C A L.. OIS PLA C1O ~~8 T I %TNC~’~$,1 ,l)
R~ 4D (1,*i SNl ,SNINC~

C ,,.,,TNPUT OP2.I.....,.. ......... ..

C ALL. OI S PLA (.3p 40 82 1, I ,1)
QF A D C I ,* ) 052

C ,,,,.TN PU T S IN (IHFTA2 ) S S IN(T HE TA 2 )T I I J C PEME t JI
C ALL OI SPL A( IO P4 S TH ? ST N C R a ,t .1)
RF A D (1 , *) $N? ,SNI N C ?

C,,,,,IN PUT AL PHA S M A X  L IM I T OF U P tI NC T T O PJ EVALUA T ION S
C ALL D T S P L A ( 9 M A L F A ,L  M l i i i  .1)
P E A D ( 1  is )  A L P M A , L I M I T

C., • , .T N P UT F P S M I N , R H O , E I A , K A P P A . D E L T A
C A L L  D T S P L A ( M S G , 3 , 1 )
R F A D ( 1  , S )  E P $ M I N , R H O , E T A , K A p P A , O E L T A

C.,,,,DESI P~ TRACE . OPTION I
81 C ALL. OI SPLA(QM TRA C F T/F,1,I)

PE A DC1. 3 90) TIPA CE
390 FO PMA T (A j )

IF (1TWA CF •NE 1 XMl ) GO 10 8?
TO ACE., I RUE
Gfl 10 83

82 ‘F (1” RA C F ,NE , IHF) ;o TO 81
TRA C F . ,F A L SE .

C ,,.,,~~~PuT F U N ’ : T T O N A L EPSILON FFPS
83 rA L L  DT SPLA (8HF C T EPS .,l,1)

RFA O (1.*) FEPS
CA LL ? f l M( P HO .~ L~~~’ 7 Na ,RRO,F T A , K A P P A )
~~~ IF C IR ’ ’O~~T) ,TII .k)

39i F~ ~~~ y ( ’~ V),t) )
00 TO
F r~
Ft ~C 1ION t I ( N ~~ME, PH f l )

DI’~ENSION PHfl (1)
C OMM O N /PZR / K , L T 4 ,A L P HA , ( TM II ,~l ,N? ,N3 ,1PSLOM ,THFTA(1 5 ),
* S ( 1 5 ) , F E P S , T R A C E , L O W ( 1 S ) , H I C ’ H ( 1 S ) . R A I~G E ( 1~~)
L O G I C A L  TRA CE ,00r), N O T IST
R E A L  L0~C O M M O N  / U F C 7 /  0(11) ,FPS (i~~) ,N 5 ,NS LAB S ,TP ,O0D ,FLO ,FM I ,F TN C~~,
* OM 1 ,SNI.SNINC I ,DR ? ,5N 2 ,SNIN C 2
cn~A P LF ~ ~ T
O A T A  T~~Q P T , t ~. ? b %3 l ~~~)~~0 7 1 7 q b /

C ,,, ,,  ? A  4 SF~~ R P~ P T ’ 1 . t ~ I ~i~U I I ~~S •FPS (1) Id IC J P  F R O M  P HD V~~r T f l R
C ,.,,.To A PP~~(IP~~’ A T E  F P S  vE CTO R CnMPONF~iTS FO R SU6ROtI’TINF RX TX

r io ~? Iu i ,IP
l x  :~‘~~
F PS( lx ~~~‘ — C

TF (U01 ~
•
. C~~.H. , ’P ) )  GO TO 22

‘ ‘— I i



! YsNS/2. 1.1

~~~~ :x )’PHouv22 ~O N T 1NU E
C , , ,., T R A N S F E ~ P E R T U R B E D  V A L U E S  ‘ D C I )  T . !P , 1  TO K F R O M  PPI O V E C T O R
C ,,,,1 Yr ’ C) VECTO R •t’l TO N 3LABS .~~ FO P SUB ~ OU T IPd I R X TX

N N I N S L A $ 3 . 1
00 23 1z1,NN
‘x’I.IP

23 O ( I ) I P M O ( I x )
NIRs IN~ (F..’I.

~ LO)/,T Nrk+O.S) + 1
ITHR3 INT( S N I/SN INC I+ 0 ,5) ‘ I
NFCENTS (NFi .’+l )/2
OFFSET .1 fl ,0S*(,OSSOR I
NOT ISTi .F AL SF
oo ~6 I .I .TTMR
51u(N1(t .1 )*SNrP~JC1
00 27 J 1I , N F P
tPILRT~~OPIS(F LO+ CJ— j) *F IN CR)
CALL ~XIX(N 5LAB5 ,SK r~,TPIL .Ep3,0, RT)
CYNiC A RS C ~T ) .OFF SET
IFCNO T IS T ) Gr~ ‘Co 2$
N~~’lST ..TPUE.
C M I  N U U M N

28 I c( uM.~. .L T . UMIN ) UM IN$UMN
27
26 CO NTINU E

C ..oe.  . e a ee e e~~~~~~~~~~~ e. e e .eo _. n~~~~~_ . es•o

10 0 0 0 .0
(IF~ SF TulO. O**( ,O5.fI)A2)
NC 1’ 151: ,F AL SF
SK N.SN2

100 ‘~~~l J M I N
00 2Q J~~i . ’~F R
IPTL u T~~3P I* (F L O+ (J~~1 )*FINCR ,
CALL ~xTx (N$LA BS ,SKN, TP IL ,FPS,D .R T)
~F (J I ED .NFCE \T) UYTN.CA P SC PT )
u ~ x : CA ~ S P T  ) • OF F SET
I F (NrT~~S~~) ~~~~

‘ TO 30
~ ‘ ISTS ,’P E.

30 T F V ” x •GT . u ” A X ) U M A X m u ~~z
29 r c NT I r~ t.

5K N S N 4~ N ~ C 2
IF (U M IN •LT , V ) GO ID 100
T2.A M A X I (U M A X , 0 ,fl)
j , 1 1 .1?
IF (TR AC E ) TIE (e ,.102 ) NA ~~~ ,I),D F L T A ,E P SL O N , (P P 4 O (T ) ,I i 1 , K )

102 C O PMA (1 J ,A b ,~~X ,3 G 2 O , 1 f l / C I 1 X ,5 G 2 f l.t0))
P~ TijPr.~

SuFii~Ou ’I~~F f l T S P L A (M5 G , ’~~D3 ,~ T NE 3 )
D M E NSTON MSG (1),~~($)
D A T A  NCH L F / 000t 0 00000fl0000 0 nOn O R /
TFLC (t I -. )uSP4~~F’ ( T+K ) ,Ar ’JD .SH7FT (MASK ( K )

O~ 100 I=I ~~ .
100 M (T ) S M S G ( I )

M 5 ~~~~ ~ M ( i~~~)

12



D(~ IO (~ Iii. ’,
Jul ~*(‘~.fl
T~~
( IFL0 (J,12,MSUt~N),NF .2R ) GO TO l 0’4

102 CO NT INUE
1O~ IF(~ ,Lt., 3 6 )  GO 10 l O S

N iN, I
M CN ) IN C R L F
GO T O 106

• lOS J .J .1~• M(N) I O P(A ND(MS L J F4N ,MA S K (J ) ) ,SM I F TCNC R L F , .J ) )
106 N.N+I

I F ( L I N F S  ,F Q , 2 )  ~ P 1 T E ( b . t 0 7 )
107 F O R M A T C I M  )

WR ITE Ce.) ( M ( f l ,~~~$~~~,p j )

RETURN
END
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C,,,,.’~~IS S ~~~~~~~~~ IS  C A L L E D  pY S
C , , , , , ’T IS ~~~D IN CONJ UNCT ION ~I1M EITHER T E 8 T I / T E S T 2 / T E S T 3 /

Su Q ~~Ou ” I N E  ~ X T X ( N S L A R , S x N ,  I P I L  . E P s , O . R T )
~ : M P L t X  P T , u , J . G L R T , T Y , 3 ( 2 , 2 )  . 4 ( 2 , 2 )  , A D ( 1~~.2. 2)
~ X M E N S I O N  F P S ( 1  ) . U ( l ) , v O ( 1~~) . A J ( 1~~,2 , 2 )
~~FA L ~.A PPA ( 1u4 )

~1i IV A LE N C E (811,8 (1.1)) • (321,5(2,1)) • (R LT Y ,Ty)

~ 4 T A  J / ( O .. l . ) /
C
C . . , , ,CO M PLJ IE  ~ A P R A \ $  AND YO~~S • R FA L �
C

S ~ ~ 2’S ~ ~ $ 5k N
no i n c  \~~ :j , ’~~~L~~ B
K A P P A ( N uS Q T (~ PS (ND). 3KN2)

100 Y t’lCNr ))CEPS ~\~~) /kA PP ,A (ND)
C
C ...,.CON STPUCT J U N C T IO N  *A V F  T R A N S M I S S 7 O N  M A T R I C ~~S, U , •R~~A m
C

N SL  481 ~ -N 5 LA 5 . i
00 110 \0al,N SLA B 1
P L T Y 1. O / C ’ ~0 ( N 0 ) , ~~0(’~J D 4 1 ) )
Sll u (YO (N D ) .”O (ND+ I ) ) *PL TY
521.2 , ~I* YO I ND *RL TV
RL TV2 V O ( N Q e 1 ) / V O  (ND)
A JC N D , I. )ul .0/321
AJ (N0,’ ,201S11/S21
A J (\’ ,2, ’ )C A J(N D ,i. 2)
Aj~~Nt) ,2 ,? )* (R L 1Y $52 f $ $2 j+ St1*51l ),521

C
C.,,.,00NS ’R L C T  $ I N E  LENGTH ~AV I TR A N S M ISS ION M A T k IC F S ,  A D, •C0~1P L EX $
C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
A ’ ( N  ,2 c ?)~~I ./AD (NO , I • I )
4 0  1 .2): ( .0 • )

110 A0 ( N~ .2. 
1 ) ~ ( • • •

L

C.,,,,F O R U ~ ‘1~~L ~A V f  TR A N SM I S S I O N  M A T R IX ,  A , •CO M PL FX
C

0~ 133 ~~~~~~ .2
~ C- ~3o
A( ND, ~ D ) = C • .0 •
I~ (ND.t~~.Yr ) A~~~.~~,Yfl’,3(j.,O, )

130 OO~-~~~N~~L
C

1R C, ‘-m u- I ,NSLg~~t
ND ~ = N 5 L A B.. N

~“: 160 ~~ :~~~2
OD 160 kD;i,?
Tyt ( ~) • •0 •
~ 15c LOdI ,2
UI (0, 0 • )
03 1’4O “D~~~,?

IMO ~Jgt.AO (N~~,.LD~~M0)*~~(Mr),Kr’)

150 T Y I T V . ; IA J ( N r ) j , I f l , L O )
i b O  S r T D , k f l ) : ’V

0~) 17 0 I~~= 1 , ’
tY’ 170 ~‘zl,?

tiC.
180 CO N IT r IE

C. dT : 0~~~9LAM ).
l O ))/(Yfl(N~~~Ap ),vO(1))

c—i ’..



TV ’A (1.1 ) •r~. ~~‘ $ - ‘

C.,,,.PF TURNS IRA ~~!55~~’N ‘~~~ C~~~~
’

RETURN

•0
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C,,.,.1’MIS ~~~~~~~~~~~~ IS CALL E D RZS3
C,,,,,IT IS L~SEO I N  CONJUNCT ION ~ I T M  E I T H E R  T E S T I / T E S T ? ,

SUBROUTI NE R42OP (PMO ,EPSMIN ,RMO .ETA ,KAPPA)
DIMENSION PHI (t5),PHO (15)
CO MMON /PZP/ K,DELTA ,ALPHA ,LIMT T,N ,N2,N3,EPSLOM ,T HE’. £115),
* S (15 ),FF PS,TRA CE ,LOW (IS ) ,HIGP4( 1S ).RANG E (1S )
L r ’ G I C A L  F I N I S~’i.T PA CE
R E A L  L ” b’I

CA ~~.. UC D N D ( T : u E )

N ii

~3S0

‘C~ 0
, , . , , F V A L U A T E  F U N C I I O N  A T S T A R T I N G  P O I N T

UPP4OiUCbMRA ZORI ,PMO )
IF (TRAC E ) ~PITE (b.1 ) IIPHO. CPMO (T) .I.1.K)
FORMAT (Ih4O ,4X,6HUPHO s,G20 .lO,15X .SHPHO .,3G2O ,1 0/ (j1X,5G2O ,1c )~

C.,,,,FTN ISM CR ITE R IA SATISFIE D
!FC FINISH(UPWO )) GO TO 1’ano 2 I

2
EPS LO N IE P SM IN *CE IA ** KA P PA )

C . . . . . C O N D U C T  P A T T E R N  S E A R C H
IF (T PACE ) WRITF (6,100)

100 FO~~ A T C 7 k PA ISRI )
CA .~ PATSER(PHO,UPHO )

~~~~~~~~~~~~~ CR ITERI A SATISFIED I
tF (FTN ~ SH (.PHO)) GO TO ta
Or) 10 Ji 1 ,KAPPA
N ~j a N • N
URHO SUCb HPA ZO R2 ,P~~~)
I F ( I R A r E )  ~“~I T E ( 6 . 3 )  N 4 . u P H O , ( P H p ( I ) , ! : I . K )

3 FOPMA T (LI~l N i,IS,Ibx ,6ML JPHO s,G20 ,t0/bX ,SN PH O ~ , 5 G 2 O , i O /
* (I1X ,5G20.XO))

N~~ iN

tF~ N ,GT ,L MI~~) GO ~0 12
C ., , , ,O R T A I N  \F~

. S T A R T I N G  P O I N T  AND EX PLORATORY P A R A M E T E R S
O E L T A Z O  , 0
DO 4 Izt , .~P a N OON . .  1 ,  0+ 2 . 0 b R A r ~F C O  .0)
PMI (I)$I3OUNOCI,PHO(I),PHO$PANDOM *FP$LON/100 ,O)

4 DFL TA ZDE LTA+T *T
D E L  1A .Sf ~P T (DEL IA/ K )

C . . . . . E V A L U A T E  F U N C T I O N  A N D  C O N O U C T  P A T T E R N  S E A R C H
u P M I i U ( b H P A Z D R 3 , PP ~T )
I N + 1
NIIN I.1
T F (T RA CE ) l~PITE. (b .S) uP~~I, (Ps T ( T ) , I s 1 . K )
r 0 P M A T ( i N O , ~~~~ b MUP~~I a ,&?O,tfl,15x ,SHPHI ‘,3G20 ,1O/

• ( l 1x . ’G 2 0 . 1 0 ) )
~ PSL~~~ SE PSL O N/P TA
I~~
(
~~~*CE) 

.1~k!’F(b,Ic,I
1.I r~~~~A T C 7 M  PA TSR2 )

- , ~ A T SE ~~(Ppi~ , UP~~y )
- 
. • . ,• ‘0” ~ A ’ IM PROV EM EN T C

~~~~~~~~~~~~~~~~~~~~~ (~O 7 1 7
:‘ ~~~~~~~~~~ ~~I’ GO T~ 12 

-
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C.,,,,PRO JE C T N1.~ POINTD E.L TA s O.0
00 6
T a P H O (  ) . - Nj  ( I )
TlaT /RANC,f C I )$100 ,O

— E TA C I vi
PM ! (I )vBOLNO( I ,PM O( I

6 DEL TA 3D EL TA +T l*T1
U PH IIU PHO

C .,.,,CONDUCT PATTERN MOVE
!F (TRA CE ) WR YTE (6, 102)

102 FORMA T (7 .4 PA T M V I )

C A L L  -~~T M V C U R . - l ,PHI ,PHD)
C..,.,OUTCCME AN IMP. OVE.MENT

IF CU ~~~I , ’E, uP~ C~) GO 10 9
C.,..,RETA IN BEST PO!NT AND FUNCTION VA L UE
7 UPHO*UPNI
C.,,,.PRO JFCT NE6 POIN T

DO ~11PM! (I).PMO Y )
‘j;T/ R A N G E (I ,~~I00 ,O
T p~F T 1 A ( I )IT
P p-4 0 (I) iP~~ (I)

8 DEL TA .DELTA. T 1*T 1
IF (~~,G~~,L M I T) GO TO 12

C , , ,, , C O P I O U C ~ P A T T E R N  M O V E
I F ( T Q 4 ~~E )  w P ! T E ( 6 ,  10 3 )

1 03 r r R M A T C 7 ~ PA TM V 2 )
CA LL. PATM y (UPHI ,PHT ,PMO )

C.,,,,~ uTC.C )ME A N IM PROVE M ENT
I F C U P k T , L T . u P H O )  GO 70 7

C,,,.,FI NIS.. C P ITE RIA SAT7S~~TED F
9 !FCFIN TSM CU PMO)) GO TO j~tO C O N T I N U E

CALL SE C O NO C T IM E I )
I I’~’E ~T I M E 1.11
~R I IF (6.11) ~ , ~ I ~~ .F O R M A I ( * D N f l  CQNCL.jS~ ON BY 

~A 7O~ A F TER*,ILI, * FU NCTION EV A L L A’UONSS ,
$ * A NC ) * . F 7 .2, * S F C O N O S * )
On 10 1~

12 C A L L  S E C f l ’~O ( I IM E 1 )
71N1 1 MFI .TTM E
..~~TI((6,13) T IM E.

13 wO p M A T (5~4kn L T Y I T  QN FUN CT IO N E V A L U AT IO NS E X CEED E D BY ~A ZO O A F T E R ,
* F7,2,BH SECONDS)

GO 11) lb
14 C A L L  S F C O N D C I I ” E 1 )

T IM e~:TTMF1 .TIME

~~ ITf(b, 15) T T M E , ~
i s  F f l P M 8 T ( 3 3 H 0 C O N v E R G F ~ !CF O R T A I N E r )  By R A ZOR I N , F 7 ,2 ,

* i~~ SECO NDS A FTFR, IS ,21 H FUNCTION E V A L ( I A T I L O N S )
lb

.~~T T r (~~. 
17) N 1 ,N2 .N~~

,N1
~,tJ PM fl ,( PHO(t ) ,I u 1 .K)

17 r~~P ’~A~~( 3 7~i Tb~ ~ U~~~I !~~N E VA L UAT IO N BREAK r)~J~ N 15/110.
$ 9k BY R A Z O R , !  1 O , 1 ’ J M  #V PA TM V ,  A N C ) / I1O ,Q N R~~ FIPLM/
* 2~ i ..CF I .NA L PA RAM ET E R VA L U FS, 4H N a.I5.3x ,
• b~~jPH0 :,C,16,7,5x,SHpkfl s.r,1S,7/ (13X,6GIS,7))
P~~T . N
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E N D
L O G ! C A L  ~~~~~~ • T N I S M C pk~~)
C~~~~~

\ /~~!~~/ ~,DE L TA ,AL PMA ,L IM TT,N ,N2 , N3.E PSLON ,’T~ FTA (t5),
* S ( I 5 ) , F E P 5 , 7 R 4 C E , L O ~~( l 5 ) , ~~! G H ( t S ) , R A N G E ( 1 ~~)

.~‘~~~CA L TRA CE
R fA L L.r’~
FI~’ IS~~:,FA LS E,
!~~(U P~~’.LT .FF PS ) F T N T S~ z,I RUE
I~ 
(TR A C E) ~~IIE (~~,1o0)100 ~ A 7(7~. F I N I S H )

~ F1~~ ~
F ~
Su BRr U I~~E PA ’S€ ~~(PHO,L~PMO)

~I”~~NSIO~ ~~~~~~~).PH0()~
C O M M O N  / P Z R /  ~ , D E L 7 A , A L P H A , ~~T M T T , N , N j , N 3 . E P S L O N , TH ! T A ( 1 5 ~~,

$ S c , s ) , F ~~p s, 1pA C E , L o w ( l s ’,, H I r , H ( IS ) , R A N G E C 1 5 )
L D G I C A L  F I P ’ J 1 5 ” i , T P A C F  

-
PEAL L0~T F ( N  •C 1 , LI M I T ) ~FTUPN

C .....EX PL flR A T O P~V IN C RE I~’ENT TOO SMA LL
T F ’CDE L 1A .LT ,EPSLON) R E T U R N
IF (~ TNTSH (UPNO )) RETUR N
U P ~ I’ UP 

P~ 0
On 2 I a t . ~2

C, .,,,CONDJC T FX P L DR A T I Ci N A ROUNO BAS E PoINT
C A L L E X P L~~C U P M T  ,Ppq )
I~~( T P ~~C E )  ~ R I T F ( b .  100)

100 WDR M i j(7 ,.~ P A T S E R )
~~~~~~~~~~~~~~ A N  IM PROV EM EN T

f~~(L.~ p.I ,LT ,UPMO) GO 70 3
C,,,..RE~~L C E EX PLO RATORY IN CR EM EN T
7 D F L T A a U L P -~A * O E L i A

~O 
TO I

C...,.PE~~A l N  c~F5I ~D I N T A N D  F U ~ 1 C T T O N  V A J UE
C,.,, ,P p

~~JEC 7 N E .~. POINT
3 !)~~LTA :(.f)

r~r ~

~ I ~~ I (I ) •P~~ C I)
T:~~1 / R A N D F C I ) * 1 0 O , O
~~~~~~~ T A ( ~ ):~~I

1 ) ‘~~-~T (I)

~~~~~ A :DELTA ,T *I
C c T \ T5~~(UPWl)) RFTUR~.

IF (\ .Y’.L IM IT ) RET URN
C.,,,.Cc~~DuC P A T T E RN ~ CJV E

CALL PAT Y~I ( u P~-it ~P~~7 ,~~M P )
F(~~ A CE ) nRTTF(6 , 100)

C ,,,.,n u T C M E A~ T M P P G V E M F P . JT I

ND
FUN C T ION hr N n (I , E % .,R)
C O~”~ON / P7 P/  ~~. DE L Y A , A L P H A , ,  I M T T , p ~ ,N~~, N3 , E P5 L O N , T k F T A ( ~~5 ) ,

$

~FA L L~~B D ’ .~~:A”A ~~1 (AM T NI (k!1,k(I).f ~PR),L rl~~ T))

~ E 
I U

C-iS



S U B R O U T I N E  E X P L R L ? HC ~,P $ T )
DI TM E NSTON ~~ I C t )
COUMON /~~ZR/ ~,OEL 7 A ,A L P f t A , L Y M T T ,N ,N 2 ,N3 ,E P8LON ,T HE TA(15),

$ 5 ( t 5 ) , F E P S , T R A C P , L O W I 5 ) , H I G H ( 1 5 ) . R A N & E C 1 S )
L O G I C A L  T R A C E
~F 4 L  L OW
DO “ I1i,k
Sr)ELuOELTA /I0O .O*S (I)*RANGE (T)

C,,,,,INCREMFNT PARA M E T E R
PHTSAV .PHI (I)
P M ? ( I  ) *A M A X 1 (  A M I N 1 ( ~.iT G H (  I )  , pk ISA V,SDFL) ,LOW( 7) )

C ,,, , . E V A L I  ATE FUNCTION
UP~- I 1U (~~ E XP L R1 ,P H T)

N 3 1N3 +1
C.,,,,OUTCOME A N  I M P R ~ .V ~~~ E N T

!F(UP H!.LT.UPHO ) GO TO~~
!F (N ,GT .LIMIT ) GO T~

C . . , , . I NCRE M ENT P A R A M E T E R  IN OPPO~~T T E  DIRECT ION
SC t)’.S(I)
P~~~(!)aAM A X 1 (AM IN i’ p~IGM (T),pHISAV.SDFL),LOM (T))

C,,,,,Ev A L UAT E FUNCT ION
UPHI UC 6MEX PLR2 ,PHI)
N v N +  1
N 3 ZN3 + I

C,,.,,OUTC O M E A N IM PROVEM PN T I
T F C U PM I.LT .U PHO) GO TO ~

C,,1 • ,RESET PARAM E T E R
1 Pp .I (I)aPk !SAV

D’ ¶0 3
C,,,,..aTA TN 8FST FUNCTIO N VA L U E
2
3 !c C N , G T ,LIM !T) RETuqN

F
5J~~~flu T IN E PATM V (U P p.~O~ PM~ ,PHC))
OIM E. N S ICN ~.1T (l).PM r ~(1)
C~ MMfl N / Q 7 P / ~L )FL TA.A I PMA, L IMIT,N.N � , N3,EP5L0N c TM FTA (1S~ I

SC 13) ,FPPS, TRA CE .L r ~~( I S )  ,k~ G ,j ( 13) . P A N G E (  13)
_ O G I C A ~ T R A C E
R EA L  L 0~~~

C,.,,,C~~TAIN EX PL O RA T O R Y INCREMENT
DEL TA ISQ PT( DEL TA/K )

C . . . , , EX PL O R A T O R Y  IN CRE M E N T TOO SMAL L
T F C O E I L T A ,LT .FP SLON ) RE TU R N

C.,, • ,E V A L U A T E  ~ U~IC T!O’~
2

Na
IN +

T F C N ,G ,~~r -~IT) R FI LP N
C .,.,. CflNC IC ’ FX P L OP4T !O~

CA L L (&PLHC Pkt. P~~1)C , . . , , O C ’ MF A~ ~~‘~FN T I
T~~( u i ,(F,uP ~~~) GO TO ~

~~~~~~~~~~~~~~~~~~~~ (T-~V -  S~ r,N 1F !C4~~T
1)0 3 1 * I . ~
I~~’~~BS (PkI (I ) O (I )),GT~~1,F.6iAB5 (PHO (I))) GO TO ~n

3 C0N)I NU~

C-19



!F(N ,GT ,LTM I T) RETU RN
GO T O (5,7,9), U

C., • ,RE~~JCE EXP LO RAT O RY IN C REM EN T
S r )EL TAaO .s*DELT A

M u?
C , ,, , , r ) E F I ’.E P R O J E C T E D  P O y N T  N E A R E R  ~A SF POI NT

DO 6
6

ri -’ in I
7 M~~ 3
C,,,,,DEFINE PROJECTED POINT IN OPPOSTTF DIREC TION

03 ~ I11,K
S(I)z.S(I)

8 PwIC t )aBOuND (I.PMO (I).,5$T~~~TaC I ) )
GO T~ 2
RETURN

C,..,.R E TA TN BEST FUNCTION VA L UE
10 L IPHO IURMY

RETURN
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C,,,.,TkIS S~~~.PP G~~A~1 
~1S CAL LED P7S~

C ,,,,,IT I S  L~S~~~ .~.tT .i TE $T3 TO OPTIMIZE KITH
C. ., .. P N Y S I C A L L Y  R E A L I Z A B L E  D I E L E C T R I C  M A T E R I A L S ,
C ..,,.RE FE~ TQ SUB ROUTI N E EXDLP FOR T HE TA~ LF SEARCH ,

~uRRO UIINE RA ZOR( PN O ,E P3M 1N ,RP4 0,E,A ,KA PPA )
DI M E N S ION P$ I (j5 ),PkU (15 )
COMMO N /R7R/ X , D E L TA ,A L P H A ,L TM T I , N ,N 2 , N 3 ,E PSLO N ,THET A C IS ),

• S C 1 5 ) , E F P S , T R A C E , L O W ( I 5 ) , H I G P 4 C I S ) , R A N G F ( 1 S )
O G I C A L  F I N I S H , T R A C F

R E A L  LOW
CA L L. SECONO C T IM E )
Nut

N2’O
N 310

TC’O
C . . . , S ! V A L U A T E  F U N C T I O N  A T  S T A R T I N G  P O I N T

U P M O I U ( 6 M R A Z O R I  ,PHO)
TF (TRACE ) W R I T E ( b I l )  IJPHO,(PkO (I),Ivl.I()

1 F O Q M A T ( 1 H O , U X , 6 H U P M O  a,G?O ,lO,1SX ,SHPHO .,3G20 ,l 0/ (llx ,’5G2O .1O))
C.,,,.FI NISM CRITERI A SAT ISF IED I

!FCFTNISHCUPHO) ) GO TO 1’J
00 2 I u 1.K

2 5 (1)11,0
FPSLONIE PSM IN * (ETA **XAP PA)

C , . , , , C O N D U C ’  PAT TER N S E A R C M
7F (T~ 4CE.) i~R T T FCb , 100)

100 r c R v A T ( 7 k  PA T S R 1 )
~~.LL PAT SER (PHO ,UPHO )

C.,.,.r:NIS~ CR I TEPIA SATISFIED F
I VC FI\YSM (UPHO) ) GO TO t a
33 10 JI1.~~A PPA

~Jp M O P U CbkR A Z~~~?, PhO)
TF (TPACE) nPITE (b ,3) ~u,UPHO,(PMOCI ),Iv1,K)

3 FDRMAT( 4~ N ,IS,IE,Y.6NUPHO a,G20~~l0/6X,5HPHO u , 3 G 2 0 . 1 0 /
• (tI X,5G20.tO))

T FCN. GT .L IM I7 ) GO TO t?
C.,,,,r ’~TA!r N F ~~ S TART IN G POINT AN D EXP L ORATORY PAR A M E TER 3

DEL I A20 ,
O n 4 ~~~~~~~~~~~~

RAN DO~-:.~~,0.2,0$QANF (O .O)
P~~T ( I ) I b O U N C l ( I , p M O ( ! ) , P M O * RA N O f l M * FPS LO N/1 OO . 0)
~ I (~~~~i I (I) .Pp.i O C ? ) )  /RANGF CI ) *100 ,0

4 n E L T A Z D E L T A , T * T
D~ 1’ A :SURT ( D~ L 1A ‘i ~~)

C.,,.,EVA L UA T E frU N CI TO N A N O  CONDUCT PAT TERN SEARCH
11 P 1 z~j r “~~P A ZOP ~~. ~‘~ i I )
N N + 1
N N 1 +

I c(T~~AC E ~R ITE ’ j~ 5) IIPHI •
5 F O R M A T ( l k ; , 4 Y , b ~1LiPH y a.G?O ,t O ,15X ,SHPHT u ,3 G? o ,~~f l/

$ (~~t i , ~~Q ?O , % 0 ) )
FPSLIN :EP3 I ‘j N/f~~A
T~ rT PA C ~~) ‘ r~T i f( h , I O 1 )

101 , .~w~~~~ ( 7 _ 4  ~..iSR~ )
CAL .. ~~~~~~~~~~~~~~ .~~~I )

C ,,,.,Ou TC OM E A N  ~~4PR (JV~~M fNT
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GO TO 7
(\,y,~~~ M JT) GO TO 12

C , , , , ’ J F C T  N E .~ P O I N T
~~ L I  A~~0 .
ItO b 11t, ’c
T~~PMO (T ).PM ICI )
T 1 : T /~~A N G E  ( I ) * 1 O  ) ,0
I 1 FT A ( T ) u T
P H I  ( I )  IBfl NO C I’ P~ U (I) +1)

6 D~~L TA:D EL T A + T 1  *T 1
U P I: P HO

C..,.,CP 3~ CT P A T 1F~~
\ 

~QVE

~ ~TP~ CE ) ~~TT E (6. tO? )
102 Fr’~~MA T (7-4 P A T M V ’ ~

)
C A LL kA T  (uP~~t ~~~~~ ,~~ H O )

C.....flI TCUMF AN IMPROV EM EN T

!~~(U Pk ? , C,E,U PM O ) GO TO 9
C.,,,,R~~TA IN t~E S I  POINT AND FUN CTION VA L UE
7 HpHO ;L~PHT
C.,...PROJ~~CT NE~ POIN T

D~~L TA = O ,
O fl 1~
¶~~Ppi I (T ).P—~J( 1)
T 1~~1 /RA Nr ,€CI )* j O O,e
T ~~ T A (  1) ~g
~~~~ ( ~ ~ ~~— i C I )

~T (7):Fiflu N UCI ,PHO (I),T )
8 ~~~ TAaDEL ~A sT 1S T1

F ( N ,G ’ , L I M I I )  GO T O t ?
C , ,~~,.C ” 3 ~ ’ C T  PATTERN M OV E

!~ 
(TRA C E ) v~RTTE (6, 1 03)

~ ) 3 Fn~~”~A T ( 7 k  P A T M V 2)
C A L L  PA T M V ( I J P MI  ,PHI, P~~0 )

AN IM PR O VE M E N T I
TF PU PP .I II L T .UPHrt) (~O TO 7

~~~~~~~~~~~~~ C R IT E R IA SA Y ISF IED I
9 (FT ~~T5M (UPMO)) 01) TO ia
1 0 C ’~ T T ~~uE

C A LL  SFCON D(T IM E1 )
‘!~ fr.:~~tM F1 .T T M E
‘~~TTE( b , ’I ) N, TIVE

11 F - ’~~A A ~~(*~~N() C 0 N C L U S ! O ~ BY RA ZOR 4F1ER $ ,114,* FU N C T ION LVA LUA UJN S * ,
$ $ A N r ,$ , F 7 ,2, *S FC I) rsJD S * )
r p  T( 16

l d  C A L L  s E C O N f l ( T I M E I )
I T~~~~T 

TM F I .1 T M E

~
.p
~~T F(~~

,13) T IM F
13 F r M A T ( ~~~ H ( ~L T M T T  0’ FtJNCT !ON EV 4~ UAT TON S EXCF~~1)E.l) BY RA ZOR A~~TF R.

* ~ 7,?,AM SEC ON D S )
(~~ T’ 16
r~~i.L SFC DNr~C T I M 1I )

TI~~E s TI M F ~.TIME
~~~ I~ (~~. 5) T J M F  ~N

15 F(PMA T (3~ H0CnNV ERGFN CE OB TA IN E D Ry R~ 2r R IN,F7 .2,
* 1~~ SEC flNDS A FTFR. TS,?1 H FU N C TION EVAL UAT IOr 4S )

lb

~ r~ IF C ~ 1 17 ) N I • , N 3 ~ N U  ~UPNfl. ( P~~1)1 I) • 1:1 .~ )17 F C ~~v A 7 ( 3 7 . .  ~~ ~~J N C T T O ~ ’ FV A[U AT T ON bR EA kDOWN 15171 0 .
$ 9M rA Y  RA Z~

,R / !1O , I 1Jp i BY P~~T~~V~ A N U /l1 O ,Q H BY
* 2 -C )HNAL P A R A M E T E R  VAL Ii f S,~~H N ~ . J 5 . 3 x .
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• c’~~L P~’0 
:,G15 .7 ,5X ,S Hp HO s .G 1S ,7 / ( I 3 X e 6 G I S . 7 ) )

RETURN

L OG IC A L FUNCT ION FINTSHCUPHO )
COMMON /RZR/ ~ ,OELT A ,A L PHA ,( !M !T,N,N?,N3.EPSLON ,THETA CIS) .

* SC IS ) ,FF PS ,TRA CE ,L Ow(1S ,.HIGH (1S ) ,RA N GE (I3 )
L O GIC AL TRA CE
PEA L LO~
F !NISH:,FALS E ,
~~~CUPsiO,LI ,FEPS) ~ T~~TS~4

~~,TRUE ,
IF (TPACE) WRTTE( 6,IOO )

100 FOPMA I (1H FIN ISH )

~E 
TURN

END
SUB R OUT IN E  PATSE P(P kO ,UPH Q)
0!ME N STO N Pk I (15 ),PHO (1 )
COMM ON /QZ R/ ~.DELT A, A L P HA ,LTM T T ,N ,N 2 ,N 3 ,EPSLON, T HE TA (1S )
• S (15 ),FE P S ,TRA C€ ,L ow (t~~) ,HIGM (15 ) ,RA NG E C t 5)

L~1 0 I C A L  F T N I S M ,T R A C E
R E A L ~~~
T~~ N ,G T , L I M I T )  RETURN

C,,,,.~~xP LORAT r ’RV !~~CREMENT TOO SMALL C
IF C O EL TA ,LI .EPSLON ) RETURN
IF (FT NTSH (UPMO )) RETURN
uPkIauPp 4n
00 2

2
C,,.,,CON OJ C ’ EX PLO RAT ION AROUN D BASE P~ TNT

~~~ L L  IXPL RCU PH I ,PHT)
I F  ( T R A C E )  WR IIE (b, 100 )

ICC F’~~MA T (1H PATSF R )
C,~~.,,Ou TC fl yE AN IMPPOVE. M FNT

!~~ (~~
P
~~I , L T ,UP ~~O)  GO TO 3

C,,,, ~~~~~~~ EX PL 0PAT O RY IN C R E M E N T
7 D E L  T A s~~L PHA *OEL TA

TO 1
C . . , , . P E T A T N  BEST POIN T A ND FUNCTION VA L UE
C.,,,,PPO JECT N~~~ ~~D I N T

CE L I A
JP .~O~~u PMT

~fl ~ I’1s ~
T I  ~ P~~I C I )  ~~~~ (I)
15T 1 / R A N G E  C T )  $j ~~ •
TM E 1A ( )sTt

(T :P~~I (I)

~HT CT ) IBI)uN ( ~ •P~-i(~ ~I )  •T 1)
ON L TA ~ flLL ’!A,T*T
I~ (F T\TSk( PHO ) ) HF ¶ H ~
IF (N .GT ,L IM IT ) RET U RN

C.,,,,C ’ ’OJCT P A T T F c ~N M O V E
C ALL P A T M V C J P H T  ,PMT ,PHO)
T F (TQA CE ) wRT T F (b , t O O)

C.,...OUTCOM F A N  I M P R O V E M E N T  C
~ (~~Ph I—~ PHO ) 3, ’ , 7

r .~ .C T I  ON BOUND , E XpR )
Cfl’~ 4C~ /~ Z~ / w.o ELTA.AI P$A, LTM YT,pI,N ?,N3,EP5LIJN .THETA(1 5),

SC IS ) .EFPS,TRACF,LOM( 1S),MIGH (t5 ),RANGI (t5)
P E A L  ~~~

I N I (MT c,H(I) iF xPR) flW(y) )

(2—2 3



R f T ~J~~S

~~~ -: T1N E ~XPL H (UP HD.PHI)
O IUEN S I QN PW ICI )
C O’”~O N /R ZR / k,OELTA ,A L PHA, L IM TT.N.N ?,N3,EPSL ON, IHEIA(15),

• 5 ( 1 5 ) , F E P S , T P A C E , L r ~~( l 5 ) , H I C H ( 1 S ) , R A N G E ( 1 5 )
LOG I C A L  TWA C F
R EA L ~
C O M M O N  / t~~CT / DCI 3),EPSCI4) ,N5,NS ( A8S,IP
1)IM1~~SION TAR L (92)
D A T A  T A B I .  / 1 . 2 . l . 03 .  1, 05,1 •1 .1 ,t~~,1 ,l5,1,2.1,23.

* 1 .31 ,~~~~~. I .41 .1 ,3,1,6,1 •7,~ .8, .9,
* 2 ,~~,2 . 1 ,2 , ?,?.3.2.32,2.13,2.gJ3.2.48,2.S.2.S?,
* 2 . S 3 ,2 . 5 l . s  , ? . 5 5,2 .6 ? ,? .7 ,? ,P .
* 3.~~.3.32.3.~~.3.S.3,ab,3.7S.3.7b.3.78.3,82.3.$’4,
$ L .O .3,4.4,~..S,4.52, 3.O ,5.?,5,4,S,55,5,6S,5,68,
•
$ 7.0,7 ,12, B.O,B,2,8,S.S.7Q ,8.R, q .o,q.s,o.~~,
• 9,7,9,8, 10 .0,10 ,1 • tj , 0, i2 ,O, 13 ,0. 14 .0,
• 15. 0.  lb .0. 17,0, 1~~.O . 19,0, 2O~~O. 21.0.
• 22 . 0. 23 , 0,  24.0. 25 ,fl /

~ A T A  N~~/ Q ?/
D O w

C.,,,, IN C R E $ ~E N T P A R A M E T E R
P~~!SAvz~~-~I C I )

~~~~~~~~~ I ,~~~~~, 1P •PHI COMPONENTS APF OIFLECTRICS*
C.,,,,~~~A R C H TAP L F O P  TrI E CLOSEST DIF tEr T H TC CONSTANT
C,,,,,A NO REA SSI G N T~iA T VALUE IN STEAD O~ THE COMPUTED VA LUE

!F~~I •r ,T. IP) Cu TO 90

‘ST ~~I N~~ QQQ , C
&~F~ L~~1 .N~
~ A RL C L )

IF C ~~~Ii •ED . TA8LL ) ~O T O ~0
~ ISTlA RS (PkII .TA~ LL )
IFt ~~:ST .GE . r~ST~’IN , OC TO ~8
3 5 ~ ~ I N a 3 7 5 T
L 0C~~L

88 C 7 ’~ T T ~ .UE
PM T (I) ITAB L (LOC 1

C .~~,1 .FV A L A T E FUN C T ION
9C ‘~P I4 lZ U( 6P~~ YP L P I  .PH T )

.1
3 u 3 + 1

C,,.,,Oit TCO~ F AN IM PPOVE ~~f N T
T u PP4 I , L T ,u P H f l )  (0 TO 2
I~ 

‘ .C.’.LI’~IT ) G~
) T~ I

C , . . , , ’ \ C R f ~’ E N T  PA R A M E T E R  TN OPPOSTIF O T R E C T IO N
5 (1) ~~~ ( I )
P~. I ) ~~A M A t i (A M J N 1 (k T &~~(1),pHjSAV.SOFL ),L ~~w (7))

,LF . IP •~~~I COM PONENTS A P F DIELECTRICS.
C , , 5 5 1 ~~F A ~~C —  ~~~~~~ FOP THE CLO SEST DIFLF C TRTC C O N S T A N T
C,,,,,A~~’ ~S~~j (N T H A T  V A L U E  TN~ TFA D OF IRE COM PUTED VA~ ufTF~~I • ‘ T . TF) r,O TO 100

p
~~: ;:c ,~~~ t 4 1  T ( 100.O*PHI (T ).1),5)
0~~’

, I N Z R Q R ,C
F 9~ LSI .~~~

; ‘.ArA~. (~ )
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!FCPM I ,EQ , 1A
~~ L L )  GO Tb 1 00

0 1ST ~ A H ~ (P ~~ 1 • TA BL L)
IFCDIST .GE , OSI MIN) GO TO 99
D5TM7PtjaO~~3T
L OCaL
re NT IN
PHI (I) :TABL (LOC)

C.,,,.FV A L L A T E  FUNCTIO N
100 JPHIIU (DHEXPLR2,PHI )

-

N 3 aN3 , t
C , , , , , 1)u’C O~~F A \  IP~~POVEM F.NI

TF (UPH1,LT .UP~1O) ~O TO 2
C.,,, ,RESET PA RAM ETER
I PHI(I )aPI~.I SA V

~
() IC) 3

C , ,,, , R E TA I~ bESt ~ u ’~C r~~O~. VALUE
2 II PHOSUPHI
3 Ir (N .r,T ,L IM I T ) IEFT IIPN

‘a CCNT I~.E

~E 
T ~. RN

Fy’
SL~~~3cTINf PA TM V (u P Nfl,PHT,DHO)
D T M E N SI ~.1N PH7 (1) .PkC)(1
C f ~~ M O~ / P Z ~~/ K,OEL TA ,A1 PHA ,L IMTT,N ,N ?,N3.EPSLON ,TM F TA (~~5),

$ S (1~~),FEP5,TRACE,LOM(I5 ),HIGH (15),RANGE (t5 )
LOGICL TRA CE
REA L ~~P W
‘ a:

C.,..13B 1A 1N F~~PLORA T0PV INCREMEN T
O E L T A a ~~~RT (DELTA/K)

C S . . . , E X P L~~~ A T r ~~Y INCRE M EN T T OO SMALL
!F(r~~LTA ,L T .FPSLON) RETUR N
,EvA L~’ a TE FU ’CT UN

2 I)P~
.
~1:U (5M PA TV V ,PHI

Nt N s I
N 2xN 2 , i
TF (N ,GT ,LIM Ifl 1 .e fT IPN

C , , , , , C O N D U C ~ ~ X P L P R A 1  T O N
CALL EX P 1~~CJP~~T,PHt)

C,,, , ,Ch IT Cf l M~ A N  ~MpP OVE~AF P’)T

~~~~~~~~~~~~~~~~~~~~~~ ,r; T O 4
C.,,,,PA RA M E T t P CH AN GE STC~~I~~ICA ~ ’T

1)0 3 1’1.~
TF (AH S ’~~- 7 (J ) .PH 0( 1) ) ,Gi .t ,F.b*4~~q ( P N O ( I ) ) )  CU T O 10

3 CO N TT~~ 1E
4 1 F ( N , G T .~~I ’~~T j  RETURN

CO TO ~~~~~~~~~~C , , , ,  , Rf 0t.~CE EY ’~LO PA 70RY INCREMEN T
5 O EL I A a C t ,c*flEt

C,,,,,oF FI’~E P J~ C TFi ~0yNT ~‘ F A P F P  8A ~ F PO INT
Or) b II1. ’~6 P R 7  IT ) ~~r~” ‘~~) 1 ) $ .5’THE TA C T ) )

TO
7

~~~~~~~~~ ~~ • I ‘
~ O P PO S ITE uT ~~E C T I n r .

P~

C I) ~S (I)
8

‘—25



GO T O ?
9 R E T u P ’~
C , , ,, , RE TA I% BEST FUNCTI~~N VA LUE10 ~PHC uuPHI

END

0
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IL T~~~3 (tNP 1J 1 ,flUTPUT,TA PF 1 .INPLjT,TAE’EbaOUTPLjT,TAp~ 4 )
C,,.,.1MIS I S  ~~~~~ ORI G IN A L WOH~(ING PLOTTING PROGRAM

1 )TM EN S TtO~ T(~ O ’S).ST(103) .0(21) ,EPS (22),OIELCT(b),FREQ(b),
• SAV E (b.10 1 )
COM PL E X 7
LOGIC AL 000,SKIP!T
~‘A TA ST /100*0, 0 • ,999 • 0,0 • .?0 /
DA !A T /101*0 . 0 • .50,0 , ~fl ,fl /
T% A I A  TA Q P I /b,283185SOYl lQts/
CALL PLOTF(30,14)
1)0 100 Ixl ,1 00

1 00 ST (1)aO .cl * (T.i)
C,,,.,INPL)T NS. T HE r~~ A F~EP OF PJON.A !P DIELFCTRTCS
C.,,,,N SLA B S IS Tr’~E TOTA L NUMBER ~ F A IR Z NON.AIP DIELECTRICS
C,,,.,!P IS THE NUMBER OF OIFEERENT NON.AIR DIEL !CTRICS
1 1 0 PR INT S. ’

PR IN T •,‘NR SLA~~Sa’ ,
REA D (1 .* ) N $
!FCNS ,LF, 0) GO 10 140
NSL A€ ~Sa2*N5
NSL AP I 2NSLAj 35 .l
IPs (NS .1 )/2

C,,,,,T NP .Jr ‘~IEL. CT (T ) I~~1 TU IP ~ IN ITIALIZE EPS VECTOR
PRI~~T •,IE PSC1 11) ‘,IP.’)a ’,
P E A D C 1  . 4 ,  (DTELC T (T ),iIt ,IP )
000a •
T F(~ 00 (N 5 ,2~ ,FQ , 0) 000$ ,F A LSF ,
D~ 18 Tt I , I P
I ~~~~ I

EP S ( Tx )3 DI E L C T (!)
IF (03D ,ANO , ( T , EQ , IP ))  GO TO 78
Tx’2~ C IP’! I
E PSC Ix .1 ) b l  .0
T Y ~~~ S / 2 + I  .1
EP S( I x) ;r)IELC TC I V )

78
C,.,,,INP L,T F (T ) III TQ N S L A R I

~ ~ ‘ 0 ( 1  10 ‘ ~N 5 LA R 1 , I )a ’ •

~E 
A D (1 • * ) C ~) ( I ) .  I , N5~ A P t )

C ~~~~~~~~~~ TE ~ T M
112 P P I ’ ~ T * ,I~~f1 3F ,TE /TU $C i ,

RFA ()(~~,3961 IN MCDL
390 F3’~~’i1(A ?)

‘ O DE ~ ~ I
TF (I NM3)~ .E~~. ~ 2DF~ bO ‘0 113
‘06E :~~..TE
I,(Iu~~ODF .E(~. W O O F )  G Il TO 1 1 3
CC )~ I I?

C,,,,,T\P T  5 1 . (T H F T A 1 )  ~TN( T kETA 2 ) 081 Db?
1 1 3  P R T N T  •. 1ST. l I ,51~i .~,oR~ .0B2t ,,

PE~~
)(1 .fl ST~~1 ,5T.-~?.DB1 .0B2

F R F ~. L Oa ~I P T G M , I N C R
PR INT * ,‘F~~EO LU~~.’T~~~,INCR s’,Q E A ~~

( l . $ )  F L O, F~~~ , F 7 N C R
NF~~t T .~~( (r~~I.~~L o~~~F T~.CP • o.S) • I

C,,,,,O c F ~~~!NF ‘F  D A T A  PR IN TI N G flE STRED
1 1 4 PPI~~ ~~~~~~~ P H I ’ ~T I N 0  OF DA TA •Y,N*z ’.

• 39 0 )  7 r ~T~~CL
S KI  PIT ; TP ‘F ,

(
2 

~7



IF IN TR 
~~~~ jH \ )  GO TO l~~5

S~ I ~ I T • S~
IF (I \TR C E .EC , ~~~~ GO 10 1 15
~r ‘0 1 14

~~ CAL .. ~X I5 ( 1.S,3.’,,lok ~~~~~~~~~~~~~~~~~~~~~~~~
C A L L  A X I S c .1 .5,3.5,?QHTRA NSM TSSION COFF E ICI EN T (08),?9,5,,90 ,,.S0,

$ .10 ,0 )
CAL L PLOT ( I .5,3 , S,~~3)
L~~I

~ C ~3o I z1 ,N ~~
F:P L O +(I .1 )*FINCP

FREQ (~. ‘,Ir

L 21. ft

~ o 120 .Ja i .1C 1
CALL HY T ’X( N SLA B S ,ST(J ) ,TPIL , MOOF ,F PS,D,Z)

‘JI1 0.$A L DG1C ’ (’J )

S A ~ E ( I • J ) a T (J)
120 C O N T I N I E

C A L L  LIN E (ST , ’,10 1 , 1.5,I.~~
1~~C, C O N T I N E
C..,..T~ A CE OUT S A V E D D A T A ......, .... .,..

~ P T 1 F  (h,~~Q 4) (SA V E C K , l  ),Kal ,NFR )
39’a F 7 L X . ~~ ( F 7 ,3 , 3 X ) )

T F C S~~I PIT) , fl TO 300
DO ~OO J .i.101

~IT F (6.39 3) ST (J), (SAVF (~~..I),K:1 ,NFR )
393 . O Q M A T C 1 X ,F 5 .3 ,2X ,b (F7 .3.3 Y) )
?O O Cr

~~T I\UE
300 S:tj,*S THI

C A L L  PLO T ( S , O .0 ,3~
C A L L  P fl7 (5~ 5,5,fl
CA L L S~~ A (L (99c ,.5.6.,0 7 ,4H 5TH I, 0.,4)

C A~ L ~~~~. O~ (S. C’ • 0
C A L L  R IO T ( S  .5,5, ~)
C A ~ L SY~~8CJL (99Q.,5.6..07,~~’ST H?,0..4)
s~ 5•+0. I *38 1
C A . L U’ C 0,. S • .s )
C A L. ~LC T CS ..8i2)
C A L L  SYfr.POL (c.1, 999...07.34081.0 .,3)
5 :5 . . C’ • I * C) 8?
C A L L  PLOT (0 ..S.3)
CA t ~~. PLOT (5, .S,2)
CAL .. SY’~8 O L  (5 .1. 999~~. ,07,31.4r)R?,o , •3)
C A L L  3~~~8( jLf l  , ..i .51.1 ,6HL E G END, O , .6)
I ~~
~‘•1 .5
~~ 13~ Ia .5
Y s Y  .
On 135 J’t .1
I ~~.. •‘

X a . ~~ 
+
~~ , S S (J • 1)

T F (L ,r;T , ~ F P )  &~O Tn 1~~6

~~~~~ 
SV ’MP O L C Y ,Y ,,I.L .I.C’,,.j)

C~~~L L  S’~~
Pc (r+~~t’.Y. 1,7p ~Fw F - ~

C A L  L \~ , • c9q, • .1 , F Rf 0 CL ) • 0. •? )
135 CO N T IN E
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136 CALL . PLOT (7 .,.3.N,.3
GO T O 110

1’a0 C A L L  ~ L J i C 0 ..0..999)

4
STOP

END
S U 8 R O U T I N E  ~ x T X ( N S L A 8 , 5 K N ,  T P T L , M C ) D E , F P S , O , R 1 )
rc ,M P LEX P T ,U ,J ,GL ~ T .TY ,SC2 .2 ) ,A( 2 ,2),AD C2l ,? ,2 ’~
D I M E N SIO N F P S ( 1  . D ( t ) , Y 0 C 2 1 ) , A J ( 2 1  .2 ,2)
R E A L  K .A P PAC 2I)
E~~uI VAL ~~~CE (511 .5 (1.1)) • ( S 2 1 . S ( 2 ~~1 ) )  • C~~LIY ,TY )
DATA J/(0..1, )i

C
C ,,,,.COMP UTF KAPP A \S AN D YON S •REAL*
C

$ K N 2 a 3 ~ \ .5K N
1)0 100 Nr)a 1 ,N SLAB
K A P PA ( ND) a SQRT (EPS C ND) .5K

NO ) A PP4 C NC)
T c C M C O E  ,E(~, 2H T~’) Y 0 ( N D ) . F p S ( N O ) / KA P PA ( N D )

10 0 CO NITN E
C
C , . , , , C i . N S T R I J C T  JU~~~T i f l N  n A V E  TRANSM ISSION MATR ICE S , AJ , .RE AL�
C

~ S L A ~ 
N 51. .~ ~3 •

DC’ 1 10  ~D :I.N5LAB4
RL ’Y a 1 , C’ /(YO (ND ).Y0 (ND,t ))
SI 1~ (YC ’ CND ).YO (ND fI 

~ )*PL
TY

57 .~,0*yO (ND)*RLTY
Z~ I ~:y 0  (ND+1 ) /Y0 (NO,
A JCN D ,1 ,1 ).1 ,O/S 2 1
A J (\C ’,1,2 )z$I1 /321
Aj~~

\
~’,2,I )IAJ (ND,j,?)

p

C.,,,,rON STP~ cT LINE LEN G TH ~I AV E TRAN SM ISS ION MATRI CES , AD, •COMP LEXa
C

A C ’N3,I ,1 )a CF ~~P (J$KA PPA(N D+ 1 )*Tp TL $D(N D) )
LD (O,2,2’i*t ./ AO (ND ,1,I)
£1) NO , I • ~ ) e C O ., U • I

110 A D  ( ‘ .3 ,2  • I ~ CC ’. e C • I

C ,,,,.Fnc T O T A L  ~. A V E A~~5~~T $ 5 I O N  M A T R I X ,  A , •CO M PLE X .
C

‘~‘O 130 NOsi ,?
DC) 130 ~D I , 2
A ND, yr )a(0 , • 0 ,
IF (~~0.E3.~~i) 

A~~N~~, M O ) , ( t ., 0 , )
13 0 Cfl N TINU~.
C

•8~
~o1 :NSL AR .NC)

~C 16 0 1D~~1 ec
160 Kt ’)a1,?

T Y :  ( C , • C • )
00 150 L r, s 1 ,?
I I  z C , , 0 • )

i~’u D~~140 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-29



fl~~ ’AQ—4O3? 960 RAYTHEON Co BEDFORD MASS MISSILE SYSTEMS DIV F/s 9/5 N
SYNTHESIS OF PLANE STRATIFIED DIELECTRIC SLAB SPATIAL FILTERS U——ETC RH
DEC 76 .1 H POZGAY. S ZAMOSCIANYK . L R LEWIS F19628—76—C—oteq

UNCLASSIF IED 8R—9369 RADC ...TR.’76—k05 Mt.

_El. flhIU ~

Iis a 411



t~ 0 TYaTV,U*AJ (PiF)1,I~),Lo)IbO S(TD,kD)uTY
00 170 l O u t . ?
~~ 170 KOut,?

p~i 110 A ( l D .~~f l)a3(l~),K D)
180 C0F~T !P4U E

GL R T~~(YO(PJ3LAB).Y0(1))/ (V0CNSLA ~).YO (1))vy .A ( 1.1),r ,L~~T *A c 1 , p )
C,,,,,P~ TLI~N$ TR A~a5NISSI0N c0~ F FT~ TENY •eOMPL~ x.

P12 (1 .+GLkT LIlY

~ETU PN
END
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PROGRAM FILT R~ (INPUT,O (JTPUT, tAPEI.TNPUT,TAPEb.OUTPUT,TAP(Q)
C.,...MODIFIED FTLTER3 PROGRAM TO WORK ON e SLAb CASE
C,,.,,M IT il SET STHI,8TH2,FL.O,FHI,,!NCR.DBI,002
C. ,,,ONLY DTtLtCT R IC . THICKNESSES A R E  INPUT
C.,.,,IwESE INPUT VALU ES aRE PLOTTED ~N TH~ GRAPH .
C..,..NoTL~ ALL A IR DIELECTRICS HAV E ~FE N ASSIGNED EPSaI.02
C.,... T O CONFOKM WITH a PHYSICAL. FO AM APPROXI MAT ION TO A IR .

• OIMEP~5!ON T(103).ST (103).DC21),EPS(22),DIIL.C?C6),FREQCe).
• SAVE (b .10j)
COMPLE X 7
L OG ICAL DOf)
DA TA ST /100*0.0 “ •~~9~ • O~~0 • .20 /
DATA T /101*0.0 • .50,0 • 10.0 /
DA TA T#~OPI /6 .28318530 7179b/
CALL PLO TF (3O,4~)
00 100 1.1.100

100 5T(I)a0.01*U.1)
S T H 1Z , t 7i~
5fH21,U2
D~ tS.t.0

10 .0

Fi i ! ;t  ,02

N F R I N T (  ( F H ! . F L O ) / F T N C R  + o.S) • I
H On E a TM

C.,...INPUT NS , THE NU M B ER OF N O N .A I R  O T E L P C T R T C S
C. . , ., N S L A B S  IS T H E T O T A L  N U M BER OF A I R  % N O N .A I R  D I E L E C T R I C S
C.,,..Te IS THE NUMBER OF DIFFERENT NDN.AIR DIELECTRICS

N5ab
NSL ABS.2*NS
NSLABI.NSI.ABS .l
I P1 C N5+ 1 ) /2

C,,,.,INPUT DIELCICI) I~~
j To IP ~ TNT TYAL IZE EPS VECTOR

11 0 PRINT *c~ FPS (1 TO ‘,IP.’).’,
READ ( ~ ,*) (DTELC TCT ) .1.1 ,IP)
TF (DTE LCT(%) •LT. 0,0) GO t~ t~ 0

I F C M O D ( N S , 2 )  ,E~~, 0) 000s ,FALS F .
00 78 T 1 j , I P
?x.2~ I
EPSCIX .1 )al .0
£ P S ( T X ) B D I E L C T ( I )
Ty(000 ,AND , (T.E1J .TP)) GO TO 1$
T x a 2 * C I P + I )
EP5 (Ig.l)a1 ,0
T Y.NS/2+i.Y
EPS (TX)3D?ELCT (IY )

10 C o N T I N U E
C,,~~,,TNPuT f) (T5 I sI  TO NSLA RI

• PRINT *,~ fl (1 TO ‘,N$LAR l,’).’,
R~ AD (1.’~ CD~ flsI 1 ,NSLA R I )
C ALL AXIS ( 1 .5.3.%,IOHSTN! TNETA,.I0.5,.O,,0,..?)
C A LL A X ISCI ,5,3.S,PQHTPAN$MT33!ON COEFFICIENT (D~ ),29,~~,,qO ,.50,

* .10 .0)
CALL PL (,TU , 5• 3~~~~, a3 )

1:1
r o  i3o I~~i ,~ Fw
F . F L O , (I . 1 ) *~ I N C R
1P1L’1~ UP 1SF
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DC 120 Ja l , 1O i
CA LL ~XTX(NSLARS,3T(J),TpIL,MODF,FP$,D,Z)TJIC ABS (7)**?
TJ1jO .*AL OG1O (TJ)
T(J )IAMAXI (TJ,.50 .O)
3* V E C I , J) iT Cj)

UO CONTI NUE
C ALL LTNE (3T,T,1O1,1,S,I.1 )‘

130 CONTTN (JE
C.,,..TRAC E OUT SAVED DAT*.,.,,,,,...., .

WRITE (6.394) (SAVE (x•1),KsI ,NFR)
39~ FQR MATC 1 X ,6(F7.3. 31))

CALL PLOT (8.0.0,3)
CALL PLOT (5.S.S.2)
C ALL SYNROL (999.,5.b,,07,4iHSTHI.fl.,4)
8,5.55TH?
CALL PLQTCSiO ,O,3)
C ALL PLOT(~~,5,5,2) 

*

CALL 3yp. 1~ oL (qqq ,,5,~~, ,07,4~.45tH?,O ,,4)

C ALL PLOT(0 ,,S,3)
C ALL PLOT (5.,3,2)
CALL SYMMOL (5,1,999., .07,3HM1,0..5)

C A L L  P L O T ( 0 , , 3 , 3 )
CALL PLCT (5,,3,2)
C ALL SYM~OLC5,t,Q9Q.,,O1,3HDR2,0,,3)
CALL SYM ROL CI • ,e ,75,  .1 ,6HLEGEPdD,o. ‘6)
L.0
Ya . 0 . 73
00 135 Iil,5
Y’Y•.23
OC ~135 J a 1~~2
L IL fI
xs ,5+2,S*(J.1 )
!F ( L  ,GT , NER ) GO Tn 136
C*LL SYM RUL (X,Y ,.0S, .1 .L~~I .0,~ .$)CALL SVMBDICX ,.2 .Y,.I,7HFREO •
C ALL NUMQRCQ9q .,qgq.,,1.FRfocL) ,~~.,?)

135 CONTINUE
136 CALL 3YMBOL (O ,0,.1,75,,1 • 1 b401€LcC TRTCS.,O .,12)

Or) 200 ~s 1 .3
CALL SYMR0L(qqg .o,QQQ .o,.I ,?H ,0 ,e2 )

200 CALL NUM~ER(9q9.o,999,o,,$,r)~ EL~ T(K),O,,2)
CALL SYMBOL (0 ,0,.2.O,.1.IPMtkICKIJpSSFS$,0,,12)
CALL ~h4EPF (I0,Y0,FACTP)C.,.,,SINcf A MFRF H A S  R E E N C A L L E D  A F I E R  A C ALL TO SYMBOL

C.,,.,THE COORDINA TES RETURNED TO xo .yo AR E TH OSE OF T H E
C.,,,.LAST PAHY OF T H E SVM$OL flP*~ N,
C,..,.HE’~CE, THEY REQUIRE A S L I G H T  A O J I t B T N E N T  TO L O C A T E
C.,,,,TpiE COO RO INA TES OF THE BEGTNNINI ~F THE NEXT SYMROL ,
C,.,,.TMF NEIl LINE ADJ JSTS FOR T~~ • SYM B fl L ~HI CH ~A3
C,,,,,tsE LAS T DRAWN BEFORE THE CALL. TO WHFRE (X0,Y0,FACTR)

Y0.Yn..03
L a O
00 202 ~R 1 . b
1.10
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Y.Y0.0,2S~ (K.1)00 201 ~Kal,4(
IF(L ,GT , N 5L A 81) C~ TO 139
C A L L  S Y M A O L C X , Y , . 1 ,2 H  ,0 • ,~~)
C A L L  Nu M~~E R ( Q 9 Q ,0,Qq9 .o, . 1,r U L) . O .,3
i.qqq ,o

• YI9QQ .O
2 0j  C O N T I N U E
202 C O N T T N & J E
139 C A L L  P L U T ( 7 .,. 3 ,S, .3)

CO TO 1) 1)
140 CALL PLOT (O ,,0.,999)

ENDFtLE ‘i
stop

C
END
$URRflUTIN~ R XTX (N3LAB,SKN,TpTL.MOflE .EPS.D,RT)
C O M P L E X  RT.U,J ,GLRt ,TY.3C2 .2 ) , A ( ?,2),* D(?3,2 ,?)
DTTMEN SION EPS ( 1) ,DEi ) .YO (21 ) ,AJ (2i p2,2)
REA L K A P P A ( 2 1 )
EQUI VALE NCE (311,5(1.1)) ~ (521,5(2,1)) • C R L T Y c T Y )
DA TA J / ( f l . ’I .) /

C
C..,.,COMPUTF I APPA\8 AN!) Y0’~S *RFAL*
C

SKN2iSKN*S~ N
DC 100 N0.1,NSLAB
‘ A PPA (ND).SQRT(EPS(APD).SKN2)

ND) A ND)
?,(MDDE .E Q . 2WTM) YOCND)SEpSCNO),KAPPA(ND )

10 0 CUNTTNLJE
C
C , . . . . C O NST R U C T JUNCTION WAV E TRANSMISSION MATRICES , Ad . •Q~~A~
C

NSLABji~ SLAB.1
00 il o Nr )a),NSLABI
RL TYII.0/ (Y0 (N0)+Y0(NOf 1))
SlIatYO(AjU).VO (ND+l))*RLTY
521 a2.0*VO (N0)*RL TV
PLT Y :Y0 (ND+3)/Y0 (ND)
AJ (NO, 1 ‘1)*1,0/321
A J ( N !),1 .2)*S 1  1,821
£J (ND,?.1 )*AJ (WD,1,2)
A J C NO,?,fl.(RLTV*S21*S21,SI 1*811 )i321

C
C , . , . . C O N S T R L ’ C 1  t I N E  L E N G T H  M A V E  T R A N S M Y S S T O N  M A T R I C E S ,  AD.  •COM P LE X $

• C
A Ø ( N f l ,  1.1 ) a C E X P ( J * W A P P * ( N D , , ~~*T PT t  *D ( h D ) )
A o ( Nr~,?,?),I ,,ac(Nr ,) .1)

• A f ) ( N D , 1  , ? ) t C O , .O .)
11 0 A D ( N D , � , I  )~~( f l , , 0 . )
C
C ,.. ,, F n P M  T O T A L  M A ~~F TNANSMTSS ION M A I P T I ,  A , •COMPLEXs
C

On Un
!)fl Un
A ( P ~ ) , M ~~) g ( O . .0 , )
YE (“U .tQ .M O) A ( N L ) , M D ) a (  I • .0.)

ISO CONTYN IJ~
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C
DO 1~~O N n s l , N S L A R I

~DI :N5~ A~4.N~)
00 160 10.1.?
00 160 KDa1,2
TYP (O ,,0.)
00 150 Lflu1,2
LIaCO .,O •)
00 1’~u M o s i, ?

140 U a U , A D ( N D 1 . L 0 , M C ) * A ( M D , K r ) )
IbO ‘YSTV,’J*AJ (N01,IO,L0)
1 60 s ( ’ o .~~0 ) s T v

0~ Ito 10.1.2
Do ito ‘coat,?

170 a ( I D , k ! ) ) .S C I o , K D )
180 CONTINUE

G L R I ( Y 0 ( N S L A b ) . Y 0 ( 1 ) ) / C Y 0 ( N S L A R ) . Y 0 ( 1) )
TY sA C I .1 ),GLRT*AC1,P)

C.,,..RETUPNS TRANSM I$SIOPI COEFF ICIENT •COMPLEX~P11 (1 .+GLRT),TY
RETURN
END
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• PROGRAM CONTOR (INPUT,OUTPUT,TAPFSRINPUT.TAPE6IOUTPUT)
• DIMENSI ON £P5 (22)’D(21).U0(31)~ V0(51)
100 READ (5,800) NSLAB$

IF (EOFC5). NE.0) C A LL EXIT
N$LABINSI ABS+1
READ (3,810) (EPS (T),Ia1,NSLAB)
EPSCI)u1.
REA D (5,810) (D(I),IuI,N$LABS)

• DO 110 IaI.50
U0CI).(I.1 )*O.O?+j,E.05
V0CL)a(I.1 )*0.O2+1.E.05

11 0 CONTINUE
CALL CROSS (U0,V0,50,Sfl,N8L*B,EPS,D)
GO TO 100

C
800 FORMAT (1815)
810 FORM A T (SF10.0)

END
SUBROUTINE CROSS CUO ,V0,NU,WV,N$LAB,EPS,0)
DIMENSIO N U0(1),V0C1),IPS (1 ),DC1),INOM (51,51),TCRSCSI,31)
COMPLE X TTM ,T~ E
DATA TP!L/b.?831$3308/
00 110 IUII,NU
UsUOC IL))
Slat ./(1 ,.(J**2)
00 100 IV.1,NV
V. VO C IV)
TPJOM C IL), IV ) *1 00000
!~ R5 (IU,IV)a1 00000
IF CU**2+V**2•GE.1.o) CO TO 100
W .SQRT (1 ..U**2.V**2)
$2.81/Cl ,.w**2)
STM$SQRTCI ..M**2)
C ALL RXTX (N$LAB,STH,TPIL,?WTM,EPS,D,TTM)
CALL RXTX (NSLA8,STpi,TPIL,2HT(,~ P$,D,TTE)
CI ILi *V*W *$?
C2aV* V*52
C3.S2*(U**)**2
T.CAB8 (C?*TTM+C3*TTE)
IF (T .LT .jj.I0) T’i.E.lO
T..200 .*ALOGIO (T )
TiAM INI (T.999.)
TNOM(IU,TV )IT
TiC ABS (C 1* C TTM.T TE) )
IF CT .LT .1.E.1 fl) T’I.E.IO
T..200 ,5 A(. OGIO C T )
Y.AM!~~1 (t,99Q ,)
YC RS (I”,TV)ST• 100 CONTI Nu E

110 CONT IN UE
W RITE (a,900)
N I uJi M I N O (25 ,NU~
00 120 IV .1.NV
WR ITI (b.~~l0) (INOM (1U,IV),!Il.1 ,N,U )

120 Cr)’~I T N t ~F
Ihi t ,,:M INO (S 1.
WP TTF (.~,Q0 0~
00 130 IVLI, N V
PIRTT F (h~~~ u , (!NOM (T (1,IV),TUI2b.N!U)

140 C o N r I N u E
C3 5



WRITE (6.920)
NT tJ . MINO (2 5 ,Nu)
DO l~~0 IVaI.NV
WR ITF (6.910) (ICRSCTU,IV ),T1J.1,NT (J )

140 CO~v T I N U E
‘~P T T E  (8.920)
N T U ~ M I N O ( S j  , M U )
00 IS o  I V a I , N V
W R I T E  (6.910) (1CRSCIU .IV) , T U i 2 b , N I U )

150 CON TINuE
RETURN

C
900 FORMA T (IH1~~1OX ,7HNOMINAL,/)
910 FORMA T (1X, 261 4)
920 FORMA T (tp ~I,1GX,5HCROSS ,/)ENI)

SURHO IJTIPiE RXTX(NSL *B,SKN, TpTL ,Mflf)E,EPS,D,RT)
COMPLEX RT.U,JSGLRT ,TY.S(2,2) ,A(~~,?),Af)(21 ‘2~2)OIMENSI ON EPSCI),D (1),V0 (21),AJ (21 .2.2)
R E A L. K A P P A ( 2 I )
EQII I VA LEN CE (311.3 (1,1)) • (521,3(2,1)) , (RLTV,TV)
DaTA J/(0.,t,)/

C
C...,,COMPUTF KA PPA \S AN !) VO\S •RFALI
C

S ~ 2 a S K N * 5K N
00 100 N0s1,NSL4R
KAPPA(ND):SQRTCEPS (ND ).$KIt?)

C N D )  IKA PR A (ND)
T F ( M OOE .E~~. 2 M T M )  Y 0 ( N 0 ) * E p S ( N ! ) ) / K A P P A ( N D )

100 O N T T N U E
C
C .. , , , cn~~S T w t c T  ‘U N C T I O N  W A V E  T R A P j S M T S S y f l N  M A T R I C E S ,  Ad . •R E A L
C

N S L A B I  5 N S L A B .I
DO 110 N! )1i,NSLAB1
PLT YI1.0/ (Y0(N0)+Y0(ND+1))
S3I:(YOCND).Yfl (ND+1))*RLTY
52152. 0* VO C ND) *RL TV
RLTY IVO(N D+ 1 )/YO (ND)
A J (NO, 1,1 )aI.0/S21
AJ (ND, I .2)aSI 1/321
A JCND ,p .I )3A.JCNO.1.2)
aJ (Nr),?,?)s(RLTY*$215321,sttsstt),521

C
C.,,,.Cr)NSTRI’CT LINE L E N G T H  ~ A V ~ TRANSMISSION MATR ICES , £0, •COMPLEX*
C

Ar ~C N O . t , 1 ) x c ~~X P ( J *t ( A P P A ( N 0 . l ) $ t P 7 L *O ( N I ) ) )

4D(N~ .1 •2)s(0..0.)
110 LOCNO ,?,) )s(O,.O.)
C
C..,.,FORM TOTA L ~ A V F  TRANSM ISSION MA TR IX , A . •COMPLE XØ
C

00 130 NO.1,2
DO 13o M o s i , ?

IF (~ r .Er~~!D) A(ND .M0)a(1 ,,0.)
130 CONT TMt
C
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DO 180 NDsl,NSLABI
N D 1 5P45L A B. NO
DC 160 10.1.2
(10 160 10.1,2
Ty .(0,,0.)
00 150 LOu .?
U,( 0 ..0 .)
DO 141 0 M O a t , ?

140 U.U+AO (N01.LO,MD)RACMD,t10)
1~ 0 YYaTY+UeAJ (NDI.ID’LD)
160 S(TDsKD)STY

00 110 10.1.2
00 170 ~b.1,2

170 A(TD .KO3u $ (ID, K0)
1.0 CONtIN UE

GLRTI(Y0CNSLAB).Y0( t ))/(YOCN$LAN),Y0(1))
T yS AC 1 .1) ,GLRT SA( 1. 2)

C,..,,REtURNS ?RANSMT$SION COLEETCIE Pu T .COMPLEX$
R7a (1 ..GLRT )/TY
RETURN
F IiM

8•
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