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Part One 

THEORY AND EXAMPLES 

I.  INTRODUCTION 

The scattering of electromagnetic waves by a body can be controlled 

by Impedance loading of the body, either by lumped loads or by continuous 

loads. The general problem has been discussed by Schindler, Mack, and 

Blacksmith [1]. Methods are available for the analysis of lump loaded 

scatterers [2] and of continuously loaded scatterers [3]. A synthesis 

procedure for controlling the electromagnetic scattering by continuously 

loading the body Is also available [4].  It makes use of the theory of 

characteristic modes of a conducting body [5,6]. Similar modes for an N-port 

scatterer have been defined and used for the analysis of lump loaded scat- 

terers [7]. 

This report gives methods for synthesizing loaded N-port scatterers 

to obtain desired scattering patterns or to optiitlze the radar cross 

section. The geometry of the scatterer Is assumed known and the loads are 

chosen to control the scattering. The theory makes use of the characteristic 

modes of loaded N-port scatterers. By a procedure called modal synthesis we 

can make any set of real port currents a resonant mode of the scatterer. If 

this resonant mode is the principal contributor to the scattered field, then 

its field pattern will be essentially the scattering pattern of the loaded 

scatterer. To synthesize a desired scattering pattern, we first determine 

the real port current whose field pattern approximate« the desired pattern, 

and then we resonate it. The analogous procedure is used to optimize the 

scattering cross section. 



II.  BASIC THEORY 

The analysis of loaded N-port ecatterer« la dlacuaaad In rafaranca 

[7]. Tha thaory la expressed equally wall In tarns of althar impedance 

parameters or admittance parameters. A summary of the basic thaory la 

given hara. 

Consldar an N-port acattarar loadad by N lumped impedances, or, 

more generally, by an N-port lead network. The total field £ la the sum 

of the Impressed field E , due to sources external to the scatterer, plus 

a scattered field E , due to current Induced on the scatterer. In the 

open-circuit Impedance formulation, the scettered field Is given by [7] 

E- . sr - r (^ * M-1*00 a) 
Here [Z ] and [Z ] are the port Impedance matrices of the scatterer and 

■^oc 
load, respectively, V  Is a column matrix of the open circuit port voltages, 
/voc E      Is a row matrix of the fields radiated by unit current sources at the 

oc ports, and E.   is the field scettered when ell ports are open circuited. 

For a modal analyuls, we change the basis to one which dlagonallzes 

[Z   + Z ].    In particular) we choose as a basis the eigenvectors I   of s       L n 

[X]t   - URlt (2) n       n       n 

where [X] and [R] are the Hermltlan parts of [Z + Z ], assumed to be 
a   L 

symmetric. The advantages of this choice are: 

(a) All eigenvalues X and eigenvectors I are real.  (More 
-► n n 

generally, the I can be equlpha&al.) 

(b) The elgencurrents I form an orthonormal set with weight [R], 

that Is 

m   n   mn 



■ 

■ 

ict    The «igancurrmes 1   for« an orthogoiul »«t wich r«tp«cc to 

[X], clue 1« 

l (X)!   - «    X (4) n       n       ran n 

(d)  For a loss-free loaded scatterer, the elgenflelds E(I ) form -    Q 

an orthogonal set ovar the sphere at infinity, that la 

7f § l*dn)  ' litjA.  - 6m (5) 

'oo 

-► 
Hare E(I ) denotes the field radiated when the eigenvector I exists at 

'"*• n ^       n 
the scatterer ports. 

When the elgencurrents I are chosen as a basis, the solution (1) 
n 

reduces to i 

^ ÄOC 
N I Vv 

E8 - E^C - I   rSrr- E(t ) (6) 
«.  ÄQ    i', 1+jX "^ n 

n«l  J n 

Many examples of the use of (6) for analysis are given In reference [7]. 

If the scatterer is electrically small or intermediate in size, only a 

few of the eigenvalues A are of small magnitude, even though there may 

be many ports. Hence, in a modal solution, only a few of the modes may 

be required for good accuracy. A mode having X    - 0 Is said to be in 
n 

resonance. In many cases only that mode which is at or near resonance 

contributes significantly to the scattered field. 

The dual short-circuit admittance formulation for the scattered 

field is [7] 

E^E^-I^ + YJ-1!86 (7) 

Here [Y.] and [Y ] are the port admittance matrices of the scatterer and 
■♦sc 

load, respectively, I  is a column matrix of the short circuit port 

■ '■■ 



current«, F'C la • row natrlx of the field« r«dl«ied by unit voltag« «uurt«« 

at the ports, and E?c Is the flsld scsttsrsd when all pores sr« short clr- 

cultsd. For ■ modal snslysls, the basis Is changad to ona which dlagonalltas 

[Y + Y ].  In particular, we chooaa as a basis tha eigenvectors V of 

(BlVn - lilotf, (8) 
n   n  n 

where [B] and [G] are the Hermitlan parts of [Y + Y ]. The advantages of 

this choice are dual to those listed (a) to (d) above. Finally, when the 

elgenvoltages V are chosen as a basis, (7) reduces to 

N Vt8c 

n-1  J n 

Both (6) and (9) are exact formulations of the problem, and either may be 

used for analysis. However, our synthesis procedures usually Involve 

approximations, in which case (6) and (9)  r^iy lead to different results. 

III. MODAL SYNTHESIS 

In this section the general concept of modal syntheais is discussed. 

Any real port current (or voltage) can be made an eigencurrent (or elgen- 

voltage) of the loaded scatterer by choosing the proper load. The procedure 

is called modal resonance if the eigenvalue of the synthesized mode la zero. 

In general, an eigencurrent must satisfy (2) where [X] - [X + X. ] and 

[R] - [R + R.]. Rearranging this equation, we have 

[^ - ARjt - - [Xs - XRs]t (10) 

Both [Xc] and [R ] are determined by the scatterer geometry, and hence are 

fixed. If we specify a real I and a real X, then (10) becomes a set of 

linear equations for determining the elements of [X. ] and [R.]. In general 



ch«r« «re aort uokaown« than •quaeioos, and haoc« th« •olutlon 1« not unique. 

U« can chooaa cha load natvork to ba lota-fraa, in which caaa (10) raducaa 

to 

(Xjl - - (x8 - *«8)1 (ID 

Tha aolution is •till not unlqua In ganaral. Ua can alwaya chooaa the load 

natvork to ba diagonal, that la 

(XJ - (dlag XJ (12) 

In thla caaa tha diagonal alaaanta ara found fron (11) aa 

X1 - - y- ((Xs - ^RS]I)1 (13) 

Hara  ( ).  denotes tha 1-th component of tha cncloaad column matrix. 

Finally,  If we wish to resonate the currant 1, we chooaa X - 0 and (13) 

raducaa to 

Xl ' " ^ ([XS1 ^i (14) 

A raal port currant may alao ba resonated by nondiagonal load matricas 

[zLl. 

Tha abova diacuaalon applies In tha dual sense to port modal 

voltagaa. Analogous to (10), the baalc aquation to aatlafy la 

[BL - pGjV - - (Bs - wGgJV (15) 

Again tha acattarar geometry determines both (G ] and (B ]. If we specify 

a real V and real u, then (IS) becomes a set of linear equations for de- 

termining the elements of [G ] and (El, Again there are more unknowns 

than equations, and the aolution la not unique. Specializations of (15) 

analogous to (11) through (14) can be made according to duality. In par- 

ticular, for resonance by a loss-free diagonal load matrix (Y ] - J [dlag B ], 
L X 

we have dual to (14) 



Bl " - V" (tB8^)l (16) 

A real port voltage may also be tesonated by nondiagonal load matrices 

[YL1. 

IV. PATTERN SYNTHESIS 

In this section we consider synthesis procedures for determining the 

real port current I (or port voltage V) whose radiation field pattern approxi- 

mates a desired field pattern. The method developed for general surfaces [4] 

I        can be used for N-port scatterers with only minor changes in the theory. How- 

ever, this synthesis procedure requires the desired field pattern to be speci- 

fied in both magnitude and phase. For most applications the phase of the 

field pattern is unimportant, and better approximations can be obtained by 

specifying only the magnitude of the field pattern. This is especially true 

for our problem because of the constraint that the port current be real. We 

will develop the theory in terms of N-port systems, but it also applies to 

surfaces, such as considered in reference [4]. 
i 

The problem is one of mixed antenna synthesis, as defined by 

Bakhrakh and Troytskly [8]. The method of solution is similar to that 

used by Chonl [9]. We desire to obtain the real port current I whose 

radiation field E approximates in magnitude a real pattern JF on the radi- 

ation sphere. Let E denote a component of E at point m on the radiation 

sphere, and v   the corresponding component of F at the same point. Given 

M points, we define the error of synthesis to be 

(17) e - f  |Em| - F* 
m-1 

Next, let {I } be a basis of real port currents, and express the port 

current as 

I - I   ot In (18) 
n-1 nn 



where a are real cordtants -o be determined. The radiation field of I Is 
n 

E 
N 
y o E 

n-1 
ti'Hn 

(19) 

where E Is the radiation field produced by the corresponding I . In terms 

of (19), the error (17) becomes 

M 

m-1 

N 

n-1 
a E 
n n 

- F 
.m 

(20) 

We wish to determine the real a which minimize e. It Is sometimes con- 
n 

venlent to use fewer basis functions than ports, In which case the N of 

(18) to (20) Is the number of basis functions Instead of the number of 

ports. 

To circumvent the troublesome Inner magnitude operation In (20), 

we first consider the more general function 

2 

e(aj) 
M 
I 

m"l 

N jS 
I   a Em - F01 e   m 

n-1 n n (21) 

This Is the error function used when the desired field pattern Is specified 

both In magnitude F and In phase 3. Hence, for ß fixed, the a for mlnl- 
o       ,  n 

mum e are given by the analysis of reference [4]. When the a are fixed 

the minimum e Is obviously obtained when both quantities within the magni- 

tude digns of (21) are In phase for each m, or 

N 
ß_ - angle of I   on E° 

n-1 
m n (22) 

Because (21) Is more general than (20), Its minimum Is less than or equal 

to that of (20). But under condition (22), the e of (21) Is equal to that of 

(20). Therefore (20) and (21) have the same minimum. 

..., ■    ... 



An iterative procedure for minimizing (21) proceeds •■ follows: 

1. Assume starting values for B.,0.,...,&.. 

2. Keep the 0 fixed and calculate the a which minimize r m n 
c according to the theory of [4]. 

3. Keep the a   fixed and calculate the 3   which minimize n m 
e according to (22). 

A. Go to step 2. 

This procedure eventually converges because steps 2 and 3 cannot increase e. 

While the procedure obtains sbsolute minima in a space snd in 0 space, it 

does not necessarily obtain the absolute minimum in the catenated specs 

(a,6). The procedure in general converges to s stationary point, usually 

a local minimum, which may or may not be the global minimum. 

We now describe steps 2 snd 3 in more detail. When 0 is constsnt, 

r(a,6) is quadratic in a and thus has only one stationary point. This is 

the absolute minimum located at [4] 

o - [Rs(1f*E)l'1[Rs(l*FeJ3)J (23) 

where the matrices sre 

When a is constant, we adjust ths phase 0 according to (22). An alterna- 

tive way of expressing this is 

(■a) 
e m —*- (26) 

m' 

whevc  (Ea)    denotes the m-th component of the column vector Ecu    Note m 
t'iat, since only the exponential (26) ia used in ths Iteration pro- 

cedure, we need never calculate the 0 . 



The synthesis procedure In terms of port voltage V Is the same except 

for a change In definition of various quantities. Instead of (18), we ex- 

press the port voltage as 

N 
V - I    onVn (27) 

o-l nn 

where {V } Is a real basis and a are real constants to be determined. 
n n 

Equation (19) remains the same, except £ Is the radiation field produced 

by the corresponding V . The rest of the theory applies unchanged. 

V.  EXAMPLES - PATTERN SYNTHESIS 

The theory is applicable to a large variety of problems, and even when 

the problem is specified there still remains the choice of the formulation 

(open-circuit or short-circuit) and of the basis functions. For the geometry 

we choose the wire triangle with two cross wires shown in Fig. 1. This is 

the same object used in the previous report on modal analysis of N-port sys- 

tems [7]. The tip angle is 30*, the parameter a is one wavelength at a fre- 

quency f , and the wire diameter is a/100. The four points at which the wires 

cross the z axis are inpat ports, labeled (1), (2), (3), and (4). All com- 

putations src made using 38 triangle functions in a Galarkin solution. (The 

computer input data is given in Part two, Section II of reference [7].) 

The magnitude of the pattern chosen for synthesis is 

F - !cob e| in the x-0 plane, (28) 

F   ■ |cos 61    in the y-0 plane. (29) 

Twelve points are chosen for the least-squares pattern synthesis as follows: 

Foi  F    in the x-0 plane , 

8-0, 30*, 60', 90",  120*, 150', 180' (30) 



10 

Flg. 1. Wirt trltnglt with crow wlrM, tip angle - 30*, 

a - on« wavelength, wire diameter - a/100. 

/ 
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and for F In the y=0 plane, 

6-30°, 60°, 90°, 120°, 150° (31) 

The pattern functions F. at 0 and 180° in the y=0 plane are the same as 

F at 0 and 180° in the x=0 plane, and hence are net included in (31). The 

phase angles of the field were chosen to be zero at all points in the first 

iteration of the pattern synthesis procedure. 

For the first example we use port currents as the basis for pattern 

synthesis. To illustrate convergence, first one, then two, then three and 

finally four port currents are used. They are added in the order in which 

the ports are labeled in Fig. 1. This order is arbitrary, and any other 

order could be chosen if desired. Figure 2 illustrates the results of this 

synthesis procedure. The solid curves show the magnitude of the synthesized 
i ' 

E and E. in the x"0 and y>0 planes, respectively, and the crosses show the 

desired field magnitudes. The port currents for the final synthesized pat- 

tern are 

: 
I, - 0.2923 (32) 

• 

h ■ 0. 3428 

h ■ 0. 2923 

h - -0 .1048 

h - -0 .0013 

Not« chat there is little change between the syncbesltad patcama of Fig.  2c 

and Fig.   2d.    This is reflected in the rolatlva Mallna** of I. above.    Baaca, 

for chla particular ■ynchaels approach, one cao do alaoat aa «all bjr ualog 

only three ports and larvlog the fourth one opaa circuited.     It   !•  to be 

eaphaaitad that the •yothaals procedure la an optUaa aaaklag one, uaually 

having aavaral local optlaa.    Baaca, atartlog froa dlffaraat laiclal phaa<M 

for cha flald, or ualog a dlffaraat order of Itaratloo, «a aay arrive at   » 

dlffaraat flaa} eyathasls. 

■ 
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(a) one port current (b) two port currents 

(c) three port currents (d) four port currents 

Fig. 2. Field Mgnltude pattern synthesis using reel port currents 

es a basis. Crosses denote the desired pattern. Curves 

labeled F  denote JE | In the x-0 plane. Curves labeled 

E  denote |E | In the y-0 plane. 
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One* th,' desired teal port currants arc obcaliwd, they can ba raaooacad 

by cht procadu • of Section III.    This haa been dooa for aacb of cha ayncha- 

sized patterns of Pig.  2.    Since port currents wars used es s bssls, this 

means thst in Fig.  2s e reective loed was plscad only et port (1), in Pig. 2b 

et porte  (1) end  (2), in Pig. 2c et ports (1),  (2), and (3), snd in Pig.  2d 

et sll four ports.    It is undsrstood thst ports st which no rsactive loed ie 

pieced ere open circuited.    The reeultent a<:attaring pattern« ere abown in 

Pig.  3.    The plots srs in tsrns of »W •,  sines this is ths fisld asgnituds 

which wee ueed in the eyntheeis procedure.     In each   «•e the incident wave 

is en x-polarited plane weve propegeting in the «-direction (incident on the 

30* tip engla).    Note that the ecetterinic patteme of »Jge. 3s, 3b, 3c, snd 

3d srs simllsr to ths syntheeitod pettems of Pigs. 2a, 2b, 2c, and 2d,  re- 

spectively.    Ths degree to which the acaetaring patterns ere the aaaa aa cha 

■ynthasixsd patterns depends upon the saellneee of the "background acaccariag,n 

that ia, of the E?c i 

scstterer of Pig.  1, 

that is, of ths E?c tern in (6).    In ths praaant problaa, for the open-circuited 

o/i2 - 0.0177 (33) 

In contract o/X2 ie of the order unity for the loaded acattarar.    Baaca, our 

eeeuaption that the E?c tens ia «sail  ie fully Juatlfled ia thie CAM.    The 

reective loade uaad in the final loedad acatterar  (Pig. 3d) are 

Xj - - 100.3 

1, - - 546.7 
2 (34) 

I3 - - 144«. 

X4 • 47,370. 

Note that X.   ie large, indicating that port  (4) la alaoet ea opaa circuit. 

It ia an opaa circuit ia the acatterar of Pig. Sc, but the other laada ara 

then «lightly  different  froa these of   (34).     Thle again Indicate«  that  port 

(4) is relatively uniaportant for thla particular syathaeia procedure. 



1A 

(•)  ore port current (b) two port currents 

(c)  thrt« port current« (d)  four port current« 

Plf. 3.    Biataclc •catcorlo« pattanis (/all) for the wire objact of 

fig.  1 loaded eo raaooata iba port current« which aynthaalaa 

the pattern« of Fig. 2.  Curve« labeled *} denc'e # polarlra- 

t Ion to tha K-0 plane.  Curve« labeled yt- denote 6 polarlra- 

t ion In Cha y-f» plane. 
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In most practical applications one seeks scatterers having desirable 

scattering characteristics over some reasonably broad frequency band. The 

synthesis procedure Is basically a single frequency one, with no consider- 

ation given as yet to variation with frequency. As an Indication of fre- 

quency sensitivity, we have calculated the backscattering cross section 

per wavelength squared (o/X2) vs. frequency over the range f ■ 0.8f to 
o 

1.2f , where f    is the design frequency.    Figure 4 shows curves for the 

same loaded scatterers as considered in Fig.  3.     In each case the load Is 

considered to be an inductance if X    is positive at f  , or a capacitance 

if X1 is negative at f  .    Note that even the singly-loaded case, Fig. 4a, 

has considerable variation of o/A2 vs. frequency.    Hence, we conclude that 

our synthesized loaded scatterers are relatively frequency sensitive.     (Any 

non-smoothness of the frequency plots are due to relatively large incre- 

ments in frequency used over parts of the frequency range.) 

The same synthesis problem is next treated using the modal currents 

of the open-circuit formulation as the basis.    Qualitatively speaking, we 

expect the nodal currents corresponding to the smaller eigenvalues to have 

broader band characteristics.    Hence, If only currents with small eigen- 

values are u»-d. structures with broader band characteristics should result. 

To test this hypothesis, we added the modal currents in the order of In- 

creasing magnitude of eigenvalues.    These mode eigenvalues and elgencurrents 

(oomallsed to —d— value unity) are tabulacad la the foIlovlBg cable. 

Table 1.    Elgeoveltfes •    and eicsocurrenc« 1    for the 
0 B 

wir« object o' rig. 1. 

X 
0 

Port (1) Port (2) Port (3) Port (4) 

-0.1552 -0.1338 0.4326 C.8419 1.0000 
-10.12 -0.6078 1.0000 0.8054 -0.6458 
-50.34 1.0000 -0.5374 0.0137 0.0740 
816.4 0.5441 1.0000 -0.2839 0.0778    I 
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a/X 

o.i 

Q.01 ■■ 

0.001 ■■ 

0.0001 -■ 

 1 1 1 1 1 
0.8 0.9 1.0 1.1 1.2 

(a)    one port current 

o/A 

10. 

2 

1. •■ 

0.1 

0.01 •■ 

0.001-■ 

0.0001 ■- 

H (- 
0.8 0.9 1.0 !.l \.2 

"to 

(b)    two port currents 

10. 

oA2 

i. 

0 ! 

>  V. 

-..->-.: 

n.oooi • 

10. 

o/X2 

l 

C  I 

0.01 

0.001 

0.0001 

-» h H ( ( i- 
0.8 0.9 1.0 1.1 1.2 

f/£o 
(d)    four port currents 

Fig. 4.    Backseatterlng (o/X2) vi. frequency (f/f ) for the same loaded 

0.8 0.9 1.0 !•! l«2 

O » 

(c) three port currents 

Backseatterlng (a/> 

scatterers as Fig. 3. 

■ . 
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(a) one node current (b) two mode current«« 

(c) three aode current! (d) four aode currents 

Pig. S. Field Mgnltude pattern eyntheele uelng reel aode current» 

ee e beele. Croeeee denote the deelred pattern. Curvet 

labeled E . denote |E | In the x-0 plane. Curvet labeled 

E . denote Ea| In the y-0 plane. yv o 

• 
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(•)  one mode current (b) two aoda curranti 

(c)  three soda current• (4)  fror BOda current» 

Fl«. *•   Mttatle acaecarl* paccaraa (*^/») for the wire objacc of 
Pit. 1 loaded to reeor.ete the port current • which aynthaalta 

th- petterne of Pig. 9.  Curve« labeled s* denote 0 polariza- 

tion 10 the x-0 plane.  Curvaa labeled f9  denote e polar 1 ra- 

tion in Cba y-0 plane. 

/ 
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W« ua«d fint on«, then two, than Chr««, and then all four elgencurrents In 

the «ynthcBlB procedure.  The rasults «re shown In Figs. 5a to 5d, respec- 

tively. Again cha aolld curvaa ara the magnltuda of tha synthesized E. In 

cha x-0 plana and E in cha y-0 plane, while tha croaaaa ara cha daalrad 

field aagnlCudaa. Tha synthesized pattern using only one baala function. 

Fig. 5a, la JuaC Cha pattern of Cha alngla mode current I..  This mode has 

coaponanta of currant at all ports, aa shown In cha first row of Tabla 1. 

In facC, each ayntheslzad pattern, Flga. 5a, 5b, 5c, Sd, now results from 

currents at all ports.  Tha final aynthealzed pattern, Fig. Sd, la tha same 

aa tha final aynthaaltad pattarn using port currani.». Fig. 2d. However, tha 

final pat terra In Cha two esses do not necesssrlly have to be tha same, since 

Cha eyntheaia aathod la iterative and nay arrlva at a dlffarant local optl- 

mm  point. 

Again, once we have a daalrad raal currant It can ba resonated by 

tha procedure of Section III. Tha currents producing each of tha synthe- 

si«ed pattarna of Fig. 5 hava been raaonatad In thla way. This now Involves 

placlr.g a reactive load at aach port In aach caaa. Tha scattering pattarna 

for cha raactlvaly loadad acaccarara art shown In Fig. 6. Aa bafora, these 

plots ara of •'-/•, which la field aagnlcuda aa used In cha synthesis pro- 

cedure. Tha lacldanc wave In aach caaa la x-polarlsad and t-propagadng. 

Again, note that Cha acatterlng patterns of Flga. 6a, 6b, 6c, and 6d ara 

alallar to cha aynthealzed pattarna of Flga. 5a, Sb, 5c, and 5d, respec- 

tively. Tha reactive loads used In Cha final caaa ara essentially cha aaaa 

as (54), since wa a ived ac Cha aaaa opclaua point. Note that aach scat- 

tarar of Fig. 6 involves loada ac all ports. Thla la In contrast Co Cha 

preceding caaa where only one load waa uaad In Fig. 3a, two In Fig. 3b, 

and chraa In Fig. 5c. 

We neit wish Co deaonstrate that broader band behavior results 

when a partial »odel baala la uaad for cha curranc. Figure 7 shows 

grapha of backacaccarlng a/X2  va. fraquancy for cha loadad acaccarara 

of Fig. 6. Again Cha load la considered Co ba an inductor If X la 

positive aC f , or  a capacitor If X la negative at f .  Note that Cha 
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(d) four mode currents 

Fig. 7. Backscattering (a/X2) vs. frequency (f/f ) for the same loaded 

scatterers as Fig. 6. 

V 
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single mode case, Fig. 7a, gives extremely broadband scattering. The two 

mode case, Fig. 7b, Is still relatively broadband, the three mode case, 

Fig. 7c, less so, and the four mode case. Fig. 7d, quite narrow band. The 

four mode case is, in fact, identical to Fig. 4d, the final design being 

the same. 

Other bases for the current can be used in the synthesis procedure. 

For example, the mode currents for some particular loaded structure can 

be used [7]. For the broadest band behavior, we can use the Q mode cur- 

rents, defined in a manner analogous to that for complete conducting bodies 

[A].  In particular, the Q mode currents I are defined by 

n       n       n (35) 

;,: 

v 
I 
i 

where [X*] is the angular frequency derivative of the port matrix [X]. 

For computation, we used a finite difference approximation to  [X*]«    The 

Q mode currents are then obtained from (35) by the same method used to 

solve (2) for the ordinary mode currents.    It turns out that, for the 

particular scatterer of Fig.  1, the Q mode currents did not differ greatly 

from the ordinary mode currents.    The eigenvalues 0    are different, but the 

ordering according to magnitude of Q    remained the same as for the X    olgen- n n 
values.    Hence, computations using Q mode currents were similar to those of 

Figs.  5 to 7.    Plots of the resulting synthesized patterns and scattering 

are therefore not shown explicitly.    Suffice it to say that the scatteiers 

of Figs.  6 and 7 are,  for most practical purposes,  the broadest band ob- 

tainable . 

A set of curves similar to Figs. 2 to 7 has been prepared using the 

short-circuit formulation and port voltages.    The results are qualitatively 

similar, except that the correspondence of the scattering patterns for loaded 

scatterers to the corresponding synthesized patterns is not quite as good. 

This Is because the "background scattering" for the short-circuited scatterer, 

that is, the E.   term in (9), is not as small as the analogous EL    term in 

(6).    In fact, for the short-circuited scatterer of Fig. 1, 

\ 
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o/A2 - 0.2011 (36) 

which is significantly larger Chan  (33)  for the open-circuited scatterer. 

For reference, the curves for the short-circuit formulation are given in 

Appendix A.    These correspond to Figs.  2 to 7 for the open-circuit formu- 

lation.    Finally, so that the reader can compare the behavior of loaded 

scatterers to the same scatterer unloaded, plots of the open-circuited and 

short-circuited backseattering o/X2 vs.  frequency are given in Fig. 8. 

VI.    MAXIMUM RADAR CROSS SECTUN 

. 

Another problem of interest is that of maximizing the radar cross 

section of a loaded scatterer. In terms of the open-circuit modal analysis, 

the bistatlc radar cross section is given by [7, Eqs. (69) and (74)] 

2 
2 2 

4ir c + r t 
a a 
n n 

N 

S i+jx 
n-l  J n 

(37) 

oc 
Here F. is the term due to scattering by the open-circuited scatterer, 

and a and a are mode excitation coefficients for the n-th mode due to 
n    n 

excitation from the receiver and transmitter, respectively. It is desired 

to reactively load the scatterer to resonate a port current (A. - 0) such 

that its contribution is the only significant term in (37). Then 

o fi 
.2..2 

4ir 
r t 

0101 
(38) 

We here consider only the case of backscattering, whence o. - a..    The 

coefficient a.  is given by [7, Eq.   (55)] with the port current normalized 

according to I* [R] I - 1.    A formula for  |o  |    which is insensitive to the 

amplitude of 1 is therefore 

l-Jf- ll^cl 
1>[R]I 

(39) 
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■*oc 
where V  Is the open-circuit port voltage produced by a unit plane wave 

from the receiver. The problem is now to find the real port current I 

which maximizes (39). Once the desired I is found, It can be resonated 

by the method of Section III. 

The parameter p is also proportional to the power gain g of the 

current I, the explicit relationship being [10] 

g - ^r p (*o) 

Hence, maximization of radar cross section is equivalent to the maximiza- 

tion of gain, but with the restriction that I is real. In the more general 

case of blstatic scattering, (38) can be written as 

a^gV («D 
r t where g    and g    are the power gains in the directions of the receiver 

and transmitter, respectively.    Thus, maximization of blstatic radar cross 

section is equivalent to maximizing the product of two gains,  again with 

the restriction that I is real.    The relationship (41) was previously de- 

rived for one-port loaded scatterers in reference [2]. 

The optimization of Rayleigh quotients of the form (39) when I is 

restricted to the real field is considered in reference  [4].    In this case 

the maximum p is 

Pr - Re(V0C)[R]"1{Re(V0C) + c Imtf00)} (42) 

and the associated port current is 

t   -  [R]"1{Re(V0C) + c Im(V0C)} (43) 
r 

In  (42) and (43), c is chosen to give the larger p    from the two numbers 

c - - a + /az + 1 (44) 
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where 

toir'mrhetf00) - InKV^HR]-1 Im(VOC) 
2 KeiV^lKf1 In^OC) 

(45) 

Even though I must be real (or equlphase) for (39) to be valid, It is of 

interest to compare the above result with the maximum p that could be ob- 

tained if I were complex. This problem is treated in reference [10], the 

maximum p being 

rc[*r3rc* (46) 

and the associated port current being 

(47) 

i It has been shown that the maximum p for real port currents is at least 

one-half that for complex port currents, and the two cases- are equal if 

V  is equiphasal [4], 

The analysis can alternatively be carried out in terms of short- 

circuit parameters and port voltages. In this case the appropriate 

starting formula is [7, Eqs. (74) and (76)]. It is now desired to sus- 

ceptively load the scatterer to resonate (y. ■ 0) a port voltage such 

that it is the only significant term in the bistatic radar cross section 

formula. Analogous to (38), we then have 

0) 2„2 

47r (48) 

r t where 0.  and 0. are the mode excitation coefficients for the resonant 
r       t mode.    Again we consider only the case of backseat taring, whence £. ■ 8.. 

r The coefficient 81 is given by [7, Eq.  (63)], with the port voltage norma- 

lized according to V*[G]V - 1.    Therefore, analogous to (39), we have 
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where I  Is the short-circuit port current produced by a unit plane wave 

from the receiver. The problem is now to find the real port voltage V which 

maximizes (49). The maximization procedure is identical to that used in the 

preceding case, except for an interchance of symbols. Hence, if we replace 

V00 by iBC,  I by V, and [R] by [G], equations (42) to (47) remain valid in 

the present case. Once the desired real V is obtained It can be resonated 

by the methods of Section III. Because of -he approximations involved, the 

solution in terms of V will not give exactly the same radar cross section 

as the solution in terms of I, but the two cross sections are usually very 

close. 

We can think of the preceding solution as the maximization of p when 

I (or V) is expressed in terms of the port ba.-is.  It ir. of interest to con- 

sider the solution when an arbitrary basis is used, or even when an incom- 

plete basis is used. To accomplish this, let {I } denote a real basis and 

let 

I - I    at (50) 
n-1 nn 

where the a are real constants to be determined. Then 
n 

irc- f atr0-®00 (si) 
, n n 

n-1 

where 'a is a row vector of the a and ^  is the new voltage vecto n 
7: 

VOC - [I ]^C (52) 
n 

Here [I ] is the matrix with rows equal to I . Similarly, 

iMRlt-    f     f    aJ[R]ta 
i      «mm       n n 

m"l n-1 

SIR)« (53) 

f 

/ 
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where [R] Is tht new resletance matrix with elementa 

R  - T [R]l (54) on   n' ' n 

In terms of the new basis, the p of (39) becomes 

ISv0C|2 .... 
P - —^~— (55) 

which Is again the same form as (39). Hence, the optimization of p pro- 

ceeds as before. The theory also remains valid if the basis {I } is n 
Incomplete. In this case the N of the above equations becomes the number 

of basis functions instead of the number of ports. Ä change of basis for 

the solution in terms of port voltages is accomplished in a similar way. 

VII.  EXAMPLES - MAXIMUM CROSS SECTION 

Representative computations of maximum rrUar cross section have been 

made for the 4-port wire object of Fig. 1. Again the choices of the formu- 

lation and of the basis are arbitrary. For the first example we use the 

open-circuit formulation and port currents for the basis. Gain is optimized 

using first one port, then twu, then three, and finally four real port cur- 

rents. The ports are added in the order in which they are numbered in Fig. 1, 

which is arbitrary. Once the real port currents are found, they are reso- 

nated by the method of Section III. This results in a reactively loaded 

scattcrer which gives approximately the maximum backscattering radar cross 

section in the direction that gain was maximized. Table 2 summarizes these 

results. The first column shows the ports used In the gain maximization, 

which are also those ports loaded when the scatterer is resonated. The 

second column gives the maximum x-polarized gain in the -z direction for 

real currents at the excited ports. The third column gives the x-polarized 

backscattering cross section for the resonated scatterer in the -z direction. 

In this case, those ports not used in the optimization procedure are open 

circuited. 
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(a) one port current (b) two port currents 

(c) three port currents (d) four port currents 

Fig. 9. Bistatlc scattering patterns (a/X2) for the wire object of 

Fig. 1 loaded for maximum gain In the -z direction. Curves 

labeled x$ denetu ^ polarization In the x-0 plane. Curves 

labeled y6 denote 6 polarization In the y-0 plane. 
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fable 2. Maximum gain and backscatterlng cross section 

when port currents are used as a basis. 

Ports Used Maximum Gain Cross Section 

1 1.017 0.3293 X2 

1.2 1.185 0.3322 \2 

1,2,3 3.972 5.005 X2 

1.2,3,4 4.033 5.160 X2 

The blstatlc radar cross section patterns (a/A2) for the loaded 

scatterers of Table 2 are shown In Fig. 9. The curves labeled  x<|> 

are for the ^-polarized scattered field In the x»0 plane, and those 

labeled  yO  are for the 6-polarlzed scattered field In the y-0 plane. 

When only port 1 Is loaded, Fig. 9a, the maximum gain pattern Is the same 

as the field synthesis pattern. Fig. 3a. (Note, however, that Fig. 3a Is 

a plot of /o/A, whereas Fig. 9a Is of a/A2.) When ports 1 and 2 are loaded, 

the scattering pattern Is still not very directive in the desired -z direc- 

tion. When ports 1,2, and 3 are loaded (Fig. 9c), the scattering pattern 

becomes highly directive In the -? direction. Finally, there Is little 

Improvement over the three port case when all four ports are loaded. Fig. 

9d. The reactive loads for this final case are as follows 

X, 

X„ 

-693.2 

-361.7 

- 933.9 
(56) 

X. - -4949. 
4 

Note that X,  Is large compared to the other loads, which we would expect 

since there is little change when it is open circuited.    Plots of the gain 

patterns for maximum gain, corresponding to Figs. 2 and 5 in the pattern 

■ 
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Fig. 10. Backscatterlng (a/X2) vs. frequency (f/f ) for the same 

loaded scatterers as Fig. 9. 
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- 

*■;■ 

synthesis problem, are not shown. They are similar In form to the correspond- 

ing scattering patterns of Fig. 9. 

The behavior of the synthesized scatterers over a frequency bardwldth 

Is also Important, just as In the pr.ttem synthesis case. Figure 10 shows 

the variation of a/A2 vs. frequency over the range f - 0.8f to 1.2f , where 

f Is the design frequency, for the four cases of Table 2. Again a load Is 

considered to be an Inductor If X. Is positive at f , or a capacitor If X. 

Is negative at f . Note that each scatterer Is relatively narrow band, with 

the frequency sensitivity Increasing as the number of loads Is Increased. 

Note also that the one-port optimization result. Fig. 10a, Is the same as 

the one-port synthesis result. Fig. 4a. This Is because only one basis 

function Is used In each case. 

The gain optimization problem Is next treated using the modal currents 

of the unloaded body as the basis. These modal currents are again those 

listed In Table 1. The currents are added to the optimization procedure In 

the order of Increasing |A |, Just as In the previous pattern synthesis 

problem. Again the x-polarlzed gain In the -z direction Is maximized, and 

Table 3 summarizes the results. The first column shows the number of modes 

used, the second column gives the maximum gain obtained, and the third 

column lists the back-scattering cross section obtained when the scatterer 

Is resonated. Note that the fourth rows of Tables 2 and 3 are Identical 

since a complete basis was used In both cases. Also, It should be empha- 

sized that for each case of Table 3 reactive loads are placed at all ports 

In contrast to the case of Table 2 where loads are placed only at those 

ports used In the basis. 
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ZL 

(a) one node current (b) two mode currents 

(c) three mode currents four mode currents 

Fig. 11. Blstatlc scattering patterns (o/X2) for the wire object of 

Fig. 1 loaded for maximum gain In the -z direction. Curves 

labeled x$ denote $ polarization In the x-0 plane. Curves 

labeled y6 denote 9 polarization In the y-0 plane. 

■ 



33 

Table 3.  Maximum gain and backacatterlng cross section 

when mod« currents are used as a basis 

Modas Usad Maxltium Gain Cross Sactlon 

Ona 0.609 0.1934 X2 

Two 1.044 0.4757 X2 

Thraa 1.554 0.5659 A2 

Four 4.033 5.160    A2 

Ths blstatlc radar cross sactlon patterns (o/A2) are shown In Fig. 

11 for the loadad scattarara listed In Table 3. The curves are labeled 

in the seme manner ee thoae of Fig. 9. Again the one-mode case, Fig. 11a 

(o/A2 plotted) la the same as the one-mode synthesis case, Fig. 6a (/r/A 

plotted). It Is also, of course. Just the blstatlc scattering pattern ob- 

tained by directly resonating the dominant mode current. The two-mode 

caae, Fig. lib, has a significantly higher cross section In the desired minus 

s-dlrectlon than does the one-mode case. The Improvement In backseatter- 

Ing croes section In the three-mode case, Fig. lie, la small over the two- 

mode case. Finally, the four-mode case. Fig. lid, la Identical to the 

four-port case of Fig. 9d, since a complete current basis Is used In both 

caaes. Also, the final loading reaciances must be the same for these two 

cases. Hence, the loads (56) are also chose used In the final four-mode 

synthesis procedure. 

The broadband behavior of the loaded scatterers listed In Table 3 

Is summarized by the curves of Fig. 12. The one-mode case Is, of course, 

the same In the pattern synthesis problem as In the gain optimization 

problem, hence Fig. 12a Is Identical to Fig. 7a. The two-mode case. Fig. 

12b, Is more narrow band than the one-mode case, but the Improvement In 

backseattaring cross section Is significant. The three-mode case. Fig. 

12c, is still more narrow band, and the improvement in backscattering 

cross section over the two-mode case is only slight. Finally, the four- 
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mode case, Fig. 12d, is very frequency sensitive, and. In fact, is Identical 

to the four-port case of Fig. lOd. 

We can use still other bases for gain optimization if desired. Con- 

ceptually, the broadest band behavior should result when the Q-mode currents, 

defined by (35), are used as a basis in order of increasing |Q |. However, 

as noted earlier, for this problem there are no significant differences be- 

tween the ordinary mode currents used above and the Q mode currents defined 

by (35). Hence, results using the Q-mode currents for gain optimization were 

very similar to those of Table 3 and Figs. 11 and 12, and are not shown 

separately. 

Finally, all of the examples of this section can be run for the dual 

formulation in terms of short circuit parameters and port voltages. The 

results are qualitatively similar to those obtained using the open-circuit 

formulation. However, as noted in the syr heels problem, the "background 

scattering" for the short-circuit formulat: on is larger than for the open- 

circuit formulation. Thus, neglecting this term is a somewhat poorer 

approximation for the particular problem being treated. For reference, the 

results for optimum gain and backseattaring cross section using the short- 

circuit formulation are summarized in Appendix B. 

VIII. DISCUSSION 

Given an N-port conducting body, any set of real port currents can 

be resonated by reactive loads according to the concepts of Section III. 

If the resonated current provides the major contribution to the scattered 

field, then the reactively loaded object will have a scattering pattern 

approximately equal to the radiation pattern of the same object excited 

by the given set of port currents. Various synthesis and optimization 

procedures can be used to obtain real port currents whose fields have de- 

sirable radiation characteristics. In this report we give two such procedures, 

one which synthesizes a desired field pattern, and the other which optimizes 

power gain. 

\ 
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The synthesis procedure Involves a specification of the radiation 

field In magnitude only, and then uses an Iterative procedure to de ermine 

the phase which minimizes a certain error parameter. The problem is basically 

nonlinear, and by using different starting points we sometimes arrive at dif- 

ferent ending points (local minima). Some examples of this for the wire 

object of Fig. 1 are given in Appendix C. 

In the optimization procedure, the power gain is maximized subject to 

the condition that the port currents are real. The solution in this case is 

unique. When resonated by reactive loads, this maximizes the backscattering 

radar cross section under the assumption that only the resonated mode con- 

tributes to the scattering. Other modes are usually negligible when the 

scatterer is electrically small or of Intermediate size, but not if it is 

electrically large. There is also a background term present, the term EL 
sc 

in the open-circuit formulation (6) or the term JL.    in the short-circuit 
t oc 

formulation (7). In the first case, EL can usually be made small if enough 
^^       sc 

open-circuits are placed on the body. The term EL is probably harder to 

make small in general, since this Involves placing short circuits on the body. 
oc sc 

Sometimes E. may be small and E_ large, in which case the open-circuit 

formulation should be used. For other bodies the reverse may be true, in 

which case the short-circuit formulation is preferable. 

/ 
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APPENDIX A 

PATTERN SYNTHESIS,   SHORT-CIRCUIT FORMULATION 

The examples of this Appendix are dual to those of Section V.    The 

wire object considered Is the same, Fig. 1, as for the short-circuit 

formulation.    For pattern synthesis, the magnitude pattern Is again given 

by (28) and (29).    The points chosen for the least-squares solution are 

again given by (30) and (31).    The first example uses port voltages as a 

basis, with convergence illustrated by choosing first one, then two, then 

three, and finally four ports.    Figure 13 shows the results presented In 

the same manner as In Fig.  2 for the dual case.    The port voltages for the 

final synthesized pattern are 

Vj^ - 161.4 

V., - 214.4 
2 (57) 

V3 —117.3 

V,  -    27.3 4 

Note that the synthesized patterns In each case are considerably different 

from the corresponding patterns of Fig. 2.    This Is because the radiation 

fields resulting from voltages applied to ports with all other ports short 

circuited are different from those resulting from currents applied to ports 

with all other ports open circuited.    We should expect the two formulations 

to give different synthesized patterns because the space of pattern functions 

for real port voltages Is different from that for real port currents. 

Next the computed real port voltages are resonated by the procedure 

of Section III.    Figure 14 shows the resulting blstatlc scattering patterns 

for when the four cases of Fig.  13 are resonated.    For Fig.  14a, we have 

a susceptance at port 1 and the other three ports are short circuited.    For 

Fig.  14b, susceptances are at ports 1 and 2, and short circuits at ports 3 
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(a) one port voltage (b) two port voltages 

(a) three port voltages (d) four port voltages 

Fig. 13. Field magnitude pattern synthesis using real port 

voltages as a basis. Crosses denote the desired 

pattern. Curves labeled E . denote |E.| in the 

x-0 plane. Curves labeled E . denote JE | in the 

y«0 plane. 
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(a)    one port voltage (b)    two port voltages 

(c)    three port voltages 

(d)    four port voltages 

Fig.  14.    Bistatlc scattering patterns (/J/X) for the wire object 

of Fig. 1 loaded to resonate the port voltages which 

synthesize the patterns of Fig.  13.    Curves labeled x$ 

denote $ polarization In the x"0 plane.    Curves labeled 

y6 denote 6 polarization in the y-0 plane. 

1 
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(a)    one port voltage 
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(c)    three port voltages (d)    four port voltages 

Fig.  15.    Backscatterlng (o/X2) vs.  frequency (f/f0) for the same 

loaded scatterers as Fig.  14. 
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and 4. For Flg. 14c, susceptances are at the first three ports, and a short 

circuit at the fourth. Finally, for Fig. 14d susceptances are at all four 

ports. The loads used in the final case are 

^  - 0.000927 

B2 - 0.002884 

(58) 
B3  - 0.001355 

3. - 0.001246 
4 

They are, of course, different for the intermediate cases. 

The frequency sensitivity of the synthesized scatterers is illustrated 

by Fig. 15. In each case, when a load B. is positive at the design frequency 

f it is considered to be a capacitor, or when B is negative at f it is 

considered to be an inductor. Note that the one-port case. Fig. Ha, happens 

to be broadband, although we did not design it to be so. The other three 

cases. Figs. 15b to 15d, are all relatively narrow band. 

The second example of this Appendix uses the modal voltages of the 

body as the basis for the optimization procedure. These mode eigenvalues 

and eigenvoltages (normalized to maximum value unity) are given in the follow- 

ing table. 

Table 4. Eigenvalues y and eigenvoltages V 

for the wire object of Fig. 1. 

n ^n Port (1) Port (2) Port (3) Port (4) 

1 0.1552 -0.0205 0.115Ö 0.6425 1.0000 

2 10.12 0.1904 0.2524 1.0000 -0.9256 

3 50.54 1.0000 -0.2887 0.7884 -0.4050 

4 -816.2 0.5313 1.0000 -0.6749 0.2066 

Note that the u of Table 4 are equal to -A of Table 1, as proved in [7]. 
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(a) one mode vcltage (b) two mode voltages 

(c) three mode voltages (d) four mode voltages 

Fig. 16. Field magnitude pattern synthesis using real mode voltages as 

a basis. Crosses denote the desired pattern. Curves labeled 

E . denote IEJ In the x-0 plane. Curves labeled E . denote 

| E. | In the y-0 plane. 

W 
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.ye 

i 

(a) one mode voltages (b) two mode voltages 

(c) 

Fig. 17. 

three mode voltages (d)    four mode voltages 

Blstatlc scattering patterns (v'a/X) for the wire object of 

Fig. 1 loaded to resonate the port voltages which synthesize 

the patterns of Fig. 16.    Curves labeled xt denote $ polari- 

zation in the x-0 plane.    Curves labeled yO denote 6 polari- 

zation in the y«0 plane. 

\ 
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Fig. 18.    Backseat taring (a/X2) vs. frequency (f/f ) for the same loaded 
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(c) three mode voltages 

Backseattaring (a/7 

scatterers as Fig. 17. 

... 
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•  / 



45 

Again tha synthesis procedure was run using first one, then two, then three, 

and finally all four elgencurrents In the basis. The results are shown In 

Figs. 16a to d, respectively. The synthesized pattern using only one basis 

function. Fig. 16a, Is Just the field pattern of the first mode alone. The 

synthesized pattern using all mode functions. Fig. 16d, Is the same as that 

using all port bases, Fig. 13d. This final correspondence Is somewhat for- 

tuitous, since the two procedures could arrive at different points of local 

optima. 

The real port voltages are next resonated by susceptive loads accord- 

ing to the procedure of Section III. Figure 17 shows the blstatlc scatter- 

ing patterns when each case of Fig. 16 Is resonated. This time there are 

susceptances at each port for all cases, regardless of the number of basis 

functions. The susceptances used In the final .ra^^.Sh.e.scatterer for 

Fig. 17d, are the same as those given by (58). This Is because we have *♦*..., 

arrived at the same solution as we did using the pore voltage basis. 

Finally, the frequency sensitivity of the synthesized scatterers Is 

Illustrated by Fig. 18. Again a load B. Is considered to be a capacitor 

If positive at f , or en  Inductor If negative at f . The frequency sensi- 

tivity of the loaded scatterers Is seen to Increase as the number of modes 

used In the synthesis procedure Is Increased (In the order of Increasing 

|y |). It Is Interesting to note that the one-port loaded scatterer of 

Fig. 15a Is considerably more broadband then the one-mode synthesized 

scatterer of Fig. 18a. In fact. It Is not greatly different from the 

scattering when all ports are short circuited, Fig. 8b. In this case the 

"background scattering" Is of the same order of magnitude as that from 

the synthesized scatterer, violating our assumption that It should be 

small. 
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(a) one port voltage (b) two port voltages 

(c) three port voltage« (d) four port voltages 

Fig. 19. Blstatic scattering patterns (o/X2) for the wire object of 

Fig. 1 loaded for maximum gain In the -t  direction. Curves 

labeled x4 denote t polarization In the x-0 plane. Curves 

labeled y6 denote 6 polarization In the y^O plane. 

/ 
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APPENDIX B 

MAXIMUM CROSS SECTION, SHORT-CIRCUIT FORMULATION 

The examples of this Appendix are dual to those of Section VII. The 

wire object, Fig. 1, is the same, but the short-circuit formulation la used 

for gain maximization. The theory is dual to that summarized in Section VI. 

The first example uses port voltages as a basis. Gain is optimized using 

first one port, then two, then three, and finally all four ports, added in 

the order in which they are numbered in Fig. 1. Once the real port voltages 

for maximum gain are found, they are resonated by the method of Section III. 

The result is a loaded scatterer having approximately maximum (for the ports 

used) backseattaring. Table 5 sunmarizes these results. The first column 

shows the ports used, the second column gives the maximum gain for real cur- 

rents, and the third column gives the backseattaring cross section of the 

resonated scatterer. 

Table 5. Maximum gain and backscattering cross sections 

when port voltages are used as a basis, 

Ports Used Maximum Gain Cross Section 

1 2.418 0.3054 X2 

1.2 2.458 1.139 X2 

1   1•2•3 2.753 1.546 X2  ! 

1,2.3,4 3.730 4.046 X2  | 

The blstatic radar cross section patterns (o/A2) for the loaded 

scatterers of Table 3 are shown in Fig. 19. The curves labeled a  ./A2 
X9 

are for the ^-polarized scattered field in the x-0 plane, and those 

labeled o a/X
2 are for the e-polarized scattered field in the y-0 plane, 

ye 
Figure 19a is for the case of only one port loaded, Fig. 19b two ports. 

Fig. 19c three ports, and Fig. 19d four ports. The susceptive loads for 

the final case, Fig. 19d, are 
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Fig. 20. Backscattering (a/X2) vs. frequency (f/f ) for the same loaded 

scatterers as Fig. 19. 

1 
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x*. 

—Q© ¥ 

ye 
H  

(a) one mode voltage 

x* 
.ye 

(b) two mode voltages 

(c) three mode voltages (d) four mode voltages 

Fig. 21. Bistatic scattering patterns (a/X2) for the wire object of 

Fig. 1 loaded for maximum gain In the -z direction. Curves 

labeled x4 denote $  polarization In the x>0 plane. Curves 

labeled ye denote 6 polarization In the y-0 plane. 
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Fig. 22. Backscattering (o/X2) vs. frequency (f/f0) for ehe same loaded 

scatterera as Fig. 21. 

- 

■ 
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B1  - 0.001215 

B2 - 0.002870 

0.001036 
(59) 

i 

B. - 0.000483 
4 

The loads for the case« of Figs. 19« to 19c are, of course, different. 

The frequency sensitivity of the loaded scatterers of Fig. 19 Is 

Illustrated by Fig. 20. A load B Is considered to be a capacitor If 

positive at f , or an Inductor If negetlve at f . Note that the one- 

load cptlmlzatlon case, Fig. 20a, Is the same as the one-load synthesis 

case. Fig. 15a, since the same basis voltage Is resonated In both cesss. 

The second example of the Appendix uses the model voltages as a 

basis for the optimization proce^r. . These mode eigenvalues and elgen- 

voltagea are tbose listed In Table 4. The gsln Is optimized using first 

one mode, then two, then three, and then four, edded in the order of in- 

creasing magnitude of eigenvalues. The optimum gain voltagea ere next 

resonated by the concepts of Section III. The results are suarnrized 

Ir. Table 6. It should be noted thet ve now have loads at all ports of 

the loaded scatterer for each cess, in contrest to the preceding case. 

Table 5, where loadt were only placed at those ports used in the besis, 

other ports being short circuited. 

Teble 6. Maximum gain and backseattering cross sections 

when mode volteges are used as a basis. 

Modes Used Maximum gain Cross Section 

One 0.609 0.01990 X2 

Two 0.616 0.08658 X2 

Three 2.003 0.4682 X2 

Four 3.730 4.044  X2 



52 

The bistatic radar cross section patterns (a/A2) for the loaded 

scatterers of Table 6 are shown in Fig. 21. These are labeled In the 

same manner as are those of Fig. 19. The susceptive loads for the final 

case, Fig. 21d, are the same as those for the case of Fig. 19d, given by 

equations (59). This Is because the basis was complete In both cases. 

Finally, the frequency sensitivity of the loaded scatterers of 

Fig. 21 Is Illustrated by Fig. 22. Again a load B Is considered to be a 

capacitor If positive at f , or an Inductor If negative at f . Finally, 

note that the one-mode optimization case, Fig. 22a, Is the same as the one- 

mode synthesis case. Fig. 18a, since the same node was resonated In both 

cases. 
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APPENDIX C 

EXAMPLES OF DIFFERENT OPTIMA IN PATTERN SYNTHESIS 

The field magnitude pattern synthesis procedure of Section IV la a 

nonlinear one, and may arrive at different optimum points If different 

starting points are used. Figure 23 gives some examples of this phenomena. 

For Fig. 23a, the Initial phase angles of the field points were chosen to 

be 0 and 180°, alternating between adjacent points. The corresponding case 

for which all Initial phase angles were chosen zero Is shown In Fig. 5c. 

Note that the two final patterns are different, although both are reasonable 

approximations to the desired pattern. A second example Is shown In Fig. 

?.3b. In this case the Initial phase angles of the field points ware chosen 

to be 0, 90*, IdO', 270*, etc. The corresponding case for which all Initial 

angles were chosen tero is shown in Fig. Sd. An example using a voltage 

besle is shown la Fig. 23c. In chle case Che Initial engles of the field 

points were chosen to be 0 mod 160*, alcernadng between adjacent points. 

The corresponding cass for which all ir.ir 1«1 angles were chosen aero Is shown 

la fig. 16b. A final esMple is shown la Pig. 23d. Once egein the initial 

aaglee of the field polnta were chosen to be 0 end 180*, alternating between 

adjacent pointf. The corresponding ceee for which ell initiel angles were 

chosen zero is shown in Fl«. 13c. 
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(a)    three mode currents, 

compare with Fig. 5c. 

(b)    four mode currents, 

compare with Fig. Sd. 

(c)    two mode voltages, (d)    three port voltages, 

compare with Fig. 16b. compare with Fig. 13c. 

Fig.  23.    Different optimum points for pattern synthesis due to different 

choices of initial phase angles. 
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PART TWO 

COMPUTER PROGRAMS 

I. INTRODUCTION 

The programs used to compute the examples of this report are described and 

listed In this part. Each program Is accompanied by an explanation of the 

Input data, a verbal flow chart, and sample Input and output data. In general, 

the Input data for the program of a given section depends upon the output of 

programs of previous sections or of reference [7]. If each program Is run with 

the Input data listed In this report, the Input data for any one of these programs 

can be verified In terms of the output of programs previously run. The Calcomp 

Plotter Is used only In Section VIII. 

II. PATTERN SYNTHESIS 

The program (pattern synthesis program) described In this section requires 

some data computed by the port parameter program on pages 60-69 of [7]. However, 

the Impedance matrix program on pages 45-52 of [7] and the excitation vector 

program on pages 53-59 of [7] must -»recede the port parameter program. The 

punched card data for the Impedance matrix program is exactly the same as in 

[7]. The punched card data for the excitation vector program is altered slightly 

to obtain the second and third polarizations (see (103) of [7]) instead of Just 

the third. On the first data card, NPAT is changed from 1 to 2 and on the third 

data card, NPA(l)-3 is replaced by NPA(l)-2 and NPA(2)-3. Except for NPAT and 

NPA, the resulting printed output is exactly the same as in [7], but more data 

is stored on record 2 of data set 6. The port parameter program is run next 

with NT - 145 replaced by NT • 290 on the first data card. Except for NT, the 

resulting printed output is exactly the same as in [7]. 

In the pattern synthesis program, the activity on datn sets 1 (punched 

card input) and 6 (direct access input and output) is as follows. 
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READ(1,4) NF 

A   FORMAT(2013) 

DO 62 MF-1, NF 

READ(1,4) N,M,NT,N6,N8,N9,I2.I3,NIV 

READ(1,7)(RE(I), I-1,M) 

7   FORMAT(7E11.4) 

READ(1,4)(NE(I), I-1,H) 

NZ-N*N8 

READ(1,71)(FI(I), I-1,NZ) 

71  FORMAT(4E14.7) 

READ(1,4)(NST(I), I-1,N8) 

NTN-I2+(NT-1)*I3+N 

REWIND 6 

SKIP N6 RECORDS ON DATA SET 6 

READ(6)(PP(I), I-1,NTN) 

DO 25 J-1,N8 

IF(NST(J).EQ.O) GO TO 25 

L2-NST(J) 

DO 83 L-l, L2 

READ(1,7)(ANG(I), I-1,M) 

83  CONTINUE 

25  CONTINUE 

62  CONTINUE 

Virtually all of the main program la contained In DO loop 62. There ara 

N porta at which raactiva loads may ba placed. The negative of the normalized 

alactric field at the I  point on the radiation aphere from one ampere at the 

Jth port ia atored in PP(I2+(I-1)*I3+J) for 1-1,2.. NT. However, the apecified 

pattern consists of the magnitude RE of the electric field at only the NE(1), 

NE(2),...NE(M)  of theee NT points. The basts t of reel port currenta appear- 

ing in (18) reaidae in FI((J-1)*N+1) through FI(J*N) for J-1,2,...N8. The iter- 

ative procedure for minimizing (21) terminates either ea soon as a of (23) feile 

to decreeee e or after (23) has been evaluated N9 times, whichever occurs firat. 
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Although the program Is documented In terms of the open circuit Impedance 

formulation which Is obtained when NIVj*0, the short circuit admittance 

formulation can be obtained by setting NIV-0 and by changing 12 so that the 

normalized electric field from one volt at one of the ports Is referenced In 

PP. The variable HIV Is necessary because equations (60) and (52) of [7] 

are used to obtain E8C • II and -E00 • li   respectively from I c and V0 which 

are stored In PP and appear In the table on page 62 of [7]. The ANG(I) read 

Inside nested DO loops 25 and 83 Is the starting value (degrees) of ß appearing 
th 

in (21) when only the first second, ..., and J  of the N8 basis functions arc 

used in which case (18) becomes 

!- I   a! (II-l) 
, n n n-l 

Por a fixad J» NST(J) different starting values of I are tried. 

Miniaua allocation« are given by 

DIHENSIOK U(m), C(N8«N8; 

In the subroutine LUEt and is the mein program by 

COfPLEI PP(l2^(Vr-l)*I>««) 

DIMENSION FKN'KB). HBOO, RST(M), U00. 

El(N*«)t  E20m(8>,  E3(H«N8),  E4(H*1I8), 

B(N8*(1IS4-1)/2)I  BB(S8*N8).   E5(M»N8),   E6(M«S8), 

E7(M*M)t  E8(M*M),  E9(M*M),  E10(M*M), CS(M), 

SN(M),  CS2(M),  SN2(M).  PAT(M), ALP(N8),  CUR(N), 

ERR(N9+1) 

r8C  „80 The logic between statements 85 and 86 prints Yg, Zc, *o       «Sr* 
Voc, and Foc • u which are stored in PP and appear In the table on page 62 

of [7]. Nested DO loops 20 and 21 store the real and Imaginary parts of E 

of (24) by columns in El and E2. Nested DO loops 17 and 67 store the real 

and imaginary parts of EF (F is an M by M diagonal matrix) by rows in E3 and 

E4. Nested DO loops 26 and 27 store Re(E*E) according to the symmetric mode 

of storage In B. 



58 

The Index J of DO loop 25 Indicates that only the first J basis vectors 

I appearing In (18) will be used. This means that only the first J columns 

of E, only the first I rows of EF, and only the upper left hand portion of 

Re(E*E) will be considered. Nested DO loops 32 and 33 store Re(E*E) by columns 

In BB. Statement 44 Inverts Re(E*E). Nested DO loops 34 and 68 store the real 

and Imaginary parts of [Re(E*E)]~ [EF] by rows In E5 and .E6. 

The column vector E of electric fields produced by a of (23) can be written 

as 

l  - [E7](cos B] + [E8]sin &fJ(E9][cos 8] + ](£10](sin 0]      (II-2) 

where 

[E71 - (IU(E)llRe(E*E)l"1[Re(EP)l 

(II-3) 
[E8] - lU(l)][U&n)]'l[lm(0)] 

dt) • {im(nnu(&t)]'l\u(h)] 

(E10) • (l.(P))lEe(E«E) j"1 (!■(&)] 

and wtMre (cos I) U a column vector «IWM ■  «leant Is cos 6 . («In 0] 

Is dcfiaod elalUrly. Wich (II-2), (22) glvms tht nev 6 in terw of the 

old I. 
(E7 cos 6) -i- (B8 sin B) 

cos 6m 2-5 ■ (n.4) 

(E9 cos B) ♦ (E10 sin 0) 
•^8. ^s  (II-5) 

where 

S3 -V((E7 cos B) + (E8 sin 0) )2 + ((E9 cos 0) + (E10 sin B) )2 (II-6) mm mm 

The notation (E7 cos B) indicates the m  element of the column vector 
m * E7 cos B. In (II-A) and (I1-5) the old 6 is on the right hand side whereas 

thp  new B is on the left hand side. The index L of DO loop 83 indicates the 

Lth starting value of 0. Equations (II-4) and (11-5) are evaluated for the 
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IC time In DO loop 47.  DO loop 47 «tore« e of (21) in ERR, the magnitude of 

tht appioxlmate field In PAT, and cos 0 and sin B of (II-4) and (II-S) in 

CS2 and 'JN2. 

DO loop 55 puts tha final a of (23) in ALP. Daponding upon whether NIV-0 or 

not, DO loop 58 puts aithar cha port volta|as or port curranta in CUR.  DO 

loop 80 puta tha raal and imaginary pnrts of tha approxiaata alactric fiald in 

CS and SN. 

For tha aasyla Input and output, tha acattarar ia tha wire triangla of 

Fig. 5 of (7). Tha aagnituda F of tha daalrad alactric fiald pet tern is given 

by 

F - u Icoa «I ia tha x-0 plane (11-7) 

F • u.lcoa 6| ia tha jH) plaaa (II-3) 

To obtain a continuoua 360* pattern in (11-7), u ■ u whila 6*0 on tha poaitlva 

t axle, 6*90* on cha negative y axis and •■360* on tha poaitlva t axle. Equation 

(11-8) ia valid for M) on tha poaitlva • axia, ••90* on tha poaitlva s axia, and 

«•360* on tha poaiciva t axle. Equation (II-7) is speclflad at M)*, 30*. 60*. 

90*, 120*, ISO*, and 180* while (11-8) ia specified at ••30*, 60*, 90*. 120*, 

and 150*.  Because of eytsBetrv. It tlOttld have been radundaat to epeclfy (II-7) 

at 210*, 240*, 270*, 300*. and 330* or co apacify (11-8) at 0*, 180*. 210*. 

240*. 270*. 300*. and 330*. Tba opao circuit iapadanca fonailation (Niv^O) U 

used with only three beele vectors, the doainaat (X • -0.1552, 1 • - 10.12. and 

A • - 50.54) soda curranta for tha unloaded wire triangla. Seven aignlficant 

figurea were obtained for t! eaa node current« by changing foraat atataaaat 60 

in the eigencurrent progrea mentioned on pegea 72 and 73 of I'). 
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USIlNi.   II»-    fAIUHN    ■  -'.I'M      1'     PHdCHAM 

// IOO^fl-1- .^OS,?l .»NAlil/.jn» • .wK. MIN^O"* 
//   l^»K   MAIMV 

//r.ll.MllM itnt    1)11   n'. ^AK» •! KlfH'..f I VI ,(i| M" 'MII.'iNI I     >i        . X 
// yiiLiiiu •sl■«•Sllooo4.l)r.M•(t'^f.^■K•vs,rtLKSl/^■?^<»^,L•»^CL■/'>,«/.» 
// ..M> Nil. | | 

//'•<•.SVMN   l»lt   ' 
» IMH MAUl/tl |M|>a|.t»Ar<|-S*4n 

SllMKlmllN»-    llNiwcii  ,i   i 
il|Mt-KS|llN   (.«I«! .r IIM 
iNi fn  I«I.IL 

'o r.nNiiNii»- 

INI   M  ««ItLl 
KsH 
INI    ?    I'H.ll 
R|«H|*| 

l»-iAMSir IKI i i-«Msir IK?I i i 7t7t^ 
'-   R*| 
P   CUNllMII»- 

ISH* imi 
IKIMMl« IK) 

R7aH|*« 
Slii*>CI«7l 
Jl»0 
IKl     7     jBltll 

Mll*Ct«|l 
CI«1I«CI«7I 

?   MM 11 Ml» 
«|«H|>li 
tl«| ••I./MIM' 

<"•   II     1*1.11 
IMI-HI    IJMI.I? 

\f   .|»»l'l 
ll«CI«|l 
Cl«|1*0. 
JlaO 
■ ill   |II   J»|,ll 
«|aj|»| 

ri«l I*CI«I I-CI«?I»M 
JI«JI«ll 

|0 CIMIlUti» 
II   CIHlllMi» 

MlaMlHl 
in CiMT'Mlf 

J|au 
Wl  «   .'•l.ll 
I^IJ-l^iJII    I«,«.I« 

I*   i . IM» i  .' 
I>»ll" J-l »»fcl 



?1   DU   n   I «1tLL 61 

K|-JI*I 
S»C(K?) 
C(K2l>C(Kn 
C ( K 1 ( « S 

13  CdNTINlIb 
L«(JI'UHILHJ) 
IH(LMJ)«LR.I 
|t-(J-L«(.»l I    lA,h,l<. 

H   Jl.JULL 
t  CUNTINIlf- 

HF1UHN 
FNU 
f.dMPiex   PP(3?36)til? 
(UMENflinN   M ( lh),NF(?0),NSI14),»F(?ni,El(H0|,e?(H0),F3(fl0),(:Mfin) 
DIMENSION   RllO)*Rn(lAI*E5(fl0)tE6(fl0)tF-7(144),E8ll«4)tE4(H4l 
DIMENSIHN  F10( 14«)tCS(20tiSN(20)fCS;>(?0l»SN2(20)tPAT(?0lf ALPm 
OIMENSMIN   CIIH(A) ,FMq( 100) ,AN(.I?()) 
P«»3.l<.16«*3/1H0. 
KFA()I1,<>)   NF 

<.   FIIRMA1I?0I 3» 
W«nE(3,MI   NF 

h\   FIIPMAU »0   KM/lX.m 
Of»   h?   *f'\ .NF 
HFAO( 1 t<>l    N,H,NT.NA.Nfl,N9,I?,|3.N,V 
WR|TFI3.b)   N,M,NT.NhtNn.N<«.l?,l3.NIV 

S   FOSMAK'O      N     M   NT   NC»   MH   NW   12   13   NI V • / 1 X , H I 3, f <») 
REAUIl.TI (REI Dtl'ltMl 

7   F(IRMA1<7E11.4) 
MRITF(3.fl|IKt i I I .I = 1 .Ml 

R   FORMAK «ORF'/dX,?»:!!.«) ) 
RFADI I.<•) (NE( I I.I'l.M) 
MR| TF(3«<tHNF( I >.!>1.M) 

->   FORMAK •ONE,/( 1X.20I3) ) 
l<7>N*NA 
REAOd.Tl MF1I M.I-l.N?) 

71   FORMATUEl«.?) 
WH|TE(3«2<iHF| (n.l'lfN2) 

?<•  FORMAK •OFI •/( lX.4(:l<».7n 
READ(I.<>)(NST( I I.I>1.NR) 
HR! TbO.l^MNSTd ),(-l,NMI 

19   FORMAII'ONST1/! kX.?ni3M 
N1N«l?*(NT-n*I3»N 
REMIND   h 
IFIN6)    11.11.12 

12   DO 41   J"1,N6 
REAOIAI 

<>1   ClINTINOE 
11   REAOCtMPPI I I.Ml.NTNI 
HS   NN*N*N 

MR!TEI3t42MPP( M.I-l.NNI 
42   FDRMAll 'OVS1/! lX.SEI4.7n 

Jl«NN*l 
J2-2«NN 
MR|IEI3.R4MPP( I I.I>J1.J2» 

84   FORNAK'OZS*/! lX.SEl4.7n 
MR!TE(3.R7| 

H7   KIRMAH •OlSCFSCVnCFOC» 
J2-I2-N-1 

I 
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H8 
HIS 

4S 

7iS 

72 

21 
20 

37 

ft7 
17 

2H 
27 

Oil  8ft   .1=1 ,M 
Jl>=J2+(Nfc( J)-l 1*13 
J3=Jb+l 
J4=J,3+I3 
WKIlb(3,Hfl)(PP(I),I=J3,J4) 
HDRMAK lX,btl4.7) 
CIINllNlll- 
EF = 0. 
DO   ^b   J=l,M 
Et: = bb+Rt(J)«KE( J) 
CUNTINUE 
WRITE(3,7ft)   EE 
FORMAK'OSUM   RE«*2= ' f F 14 .7 ) 
ERR(1)=EE 
0(1  20  .1 = 1 ,NH 
Jl = (vl-1)*M 
Jft=(J-1)*N 
IK1   21   1 = 1,M 
J3=I2+(N^(I)-l )*I3 
.I2 = J1 + 1 
1)2=0. 
1)11   22   K=1,N 
J4=J3+K 
J5=Jft+K 
II2=U2+PP(.)4)«FI (.15) 
CUNTINUE 
El(J2)=REAL(l)2) 
E2(J?)=AIMA0(U2) 
CONTINDE 
CONTINUE 
IF(NIV.EO.O)   GO   TO   ft3 

DO   ft4   J=l,J2 
E1{J)=-E1(J) 
r-2( J)=-E?(J) 
CONTINUE 
WHITEI3,3ft)(El{I),I=1,7) 
FORMAK »OEl'/ilX,7tll.4)) 
WRITE(3,37)(E2(I),I=1»7) 
FORMAK'0F2,/(1X,7E11.A)) 
J4 = 0 
DO   17   J=1,NH 
DO   67   I=1,M 
J4=J4+1 
E3(JA)=E1(J4)«RE( I ) 
E4(J4)=E2(.l<t)*RE( I ) 
CONTINUE 
CONTINUE 
J3 = 0 
DO  2ft   J=l,Mfl 
Jl = (.l-1 )*M 
DO   27   I=l,J 
J3=J3+1 
R(J3)=n. 
.lft=(I-l)*M 
DO  2«   K=1,M 
JA=J1+K 
J5=Jft+K 
R(J3) = H( J3)+F1( JA)*E1(J5)+E2IJA)*E2U5) 
CONTINUE 
CONTINOF 



?6 

1ft 

I !: 

33 
32 
44 

f>9 

34 

72 
75 
70 

40 

1A 

CONTINUE 
WRITt(3,18)(B(J),J=l,J3) 
FflRMAK ,OR,/( lX,7if 11 .4) I 
DO   25   J=1,N8 
IFINSTU) .EO.O)   GO  TO  25 
JH = 0 
DO  32   K=1»J 
J4^(K-n«J 
DO   33   L=1.K 
ja=J8+l 
J5=J4+L 
Jft=(L-l)*J+K 
BB(J5)=B(J8) 
RR(J6)=BB{J5) 
CUNTINUE 
CONTINUE 
CALL   LINFR(J,Bfl) 
DO   34   K=1,M 
J4=K 
DO   68    I=1,J 
J6=(I-1)*J 
E5(J4)=0. 
F(S(J4)=0. 
J7 = K 
DO   ft«*   KK=1.J 
Jft=Jft+KK 
E5(J4)=E5(J4)+BB(Jfl)*E3(J71 
E(S( J4)=Eft( J4)+BB( JH)*E4( J7) 
.|7 = J7 + M 
CONTINUE 
J4=J4+M 
CONTINUE 
CONTINUE 
DO   70   K=lfM 
J4=(K-1)*M 
DO   75   I=1,M 
J5=J4+I 
E7(J5)=0. 
E8(J5)=0. 
E<MJ5)=0. 
E10(J5)=0. 
J6 = K 
J7sl 
DO   72   KK=1,J 
E7(J5)=E7(J5)+El(J7)*E5(Jft) 
E8(J5)=ER( J5>+E1(J7)*E<S(JA) 
E«»{J5)=E9(J5)+E2(>i7)*E5( JM 
E10(J5)=E10( J5)+E2(J7)*EMJM 
J7=J7+M 
J(S = J6+M 
CONTINUE 
CONTINUE 
CONTINUE 
WRITfc(3t40) 
FORMAT( •0E7,E8,E<J,E1(), I 
WRITE<3,U)(E7( Il,I=l,7),(E8m,I = l,7),(E<M I).I«I,7) 
^RITE(3,14)(E10(I),I=1,7I 
F0RMAT«IX,7EII.*> 
L2=NST(J) 
DO   83   L=lfL2 

63 



64 
Rt-Al)( 1,7) (ANGM ) ,1=1 ,M) 
W«I Tf-(3,lft)(ANG( I ), I = 1,M) 

1ft   FllRMAK'OANG'/UX,7611.4)1 
nn   IS   K=1,M 
AN = ANr,(K)*PR 
CS(K)=CnS(AN) 
SM(K)=SIN(AIM) 

lb  C'lNTINtJE 
f)f)   1*1   1=1 .N*» 
I?=I+] 
t-KRi m=o. 
I)f)   bO   KK = 1,M 
Sl=0. 
s? = o. 
J^ = KK 
()|)   A4   K = 1,M 
S1=S1+t7(JA)«CS(K)+E8(J^)*SN(KI 
S?=S2+fi4(J4)*CS(K)+H10(JA)«SN(K) 
J^=J4+M 

49 CDNTlNUe 
SH=S1-RF(KK)*CS(KK) 
Sq=S2-RF(KK)*SN(KK) 
l-RR( I2)=FRR; 12) + Srt*SH->-519*Sy 
S3=SORT(Sl*Sl+S?*S?) 
PA1(KK)=?;3 
IF(S3)    51,51,5? 

51 CS2(KK)=1. 
SN2!KK)=0. 
r,rt TO 50 

52 CS2(KK)=S1/S3 
SN?(KK)=S?/S3 

50 CHNTINDE 
DO   7^   KK=1,M 
CS(KK)=CS?(KK) 
SN(KK)=SN?(KK> 

7«J   CONTINUE 
IF(ERR(l2).Gh.FRH(I)»   RU   TO   73 

47  CHNTINDE 
WRITE(3,53I 

53 FORMAT!'   TOD   MANY    I TEH AT IONS') 
73   WHIlt(3,13liERR(I),1=1,12» 
13  RJRMAK'OERR'/dX.SEl^.T)» 

DO  55   1 = 1,.I 
J5=(1-1 l«M 
ALP(1»=0. 
DO   6ft   K=1,M 
J<. = J5 + K 
ALP( n=ALP(I UF5(.l<i l»C<UK)+Eft( JAI'-SNIK) 

5ft   CONTINOF 
55   CONTINOF 

HR1 TF(3,5<*)(ALP< I ) .1 = 1 ,J) 
5M   FORMAT! «OALPHA»/! 1X,4E1<..7( I 

DO   57   I.1,N 
COR!Il«0. 
J4«! 
no %R K«i,.i 
CilR(| l»r.llRCI (♦ALPIt<»»FH J*» 

5R   CONIINUl' 
5 7   CONTINUE 



WRlTFn,60HCUR( I) ,1 = 1 ,N) 
hO   FORMAK 'OPORT   OIIANT I T I F S ' / ( 1 X ,4b 14. 7 ) ) 

WRITE(3,77)(PAT( I ),1 = 1,Ml 
77   FdRMAK 'OAPPRfIX    I F I • / ( 1 X , 7F 1 1 .4 ) ) 

DO   HO   K=l,M 
C.S(K) = PAT(K)*CS2(K) 
S;J(K)=PAT(K)*<;N?(K) 

80 CONTINUE 
WRITE(3,fll)(CS(K),SN(K),K=l,M) 

HI   FORMAK'OAPPROX   E ' / ( 1 X , 7E 1 1 . A I ) 
83   CONTINUE 
2^   CONTINUE 
ft?   CONTINUE 

STOP 
END 

»DATA 
1 
4   !2?9n     ?     3   ft03M    10      I 

0.1000E + 01   n.«ft60E + 00   O.'iOOOF + OO 
().8f.h0E-t-00   0.5000E + 00   O.OOOOE + 00 

1    13   2b   37   40   61   731bH1701fl21lM?0'> 
-0. 1338342E + 00  ().4326AftOE+00   O.fl4l86a4F + 00 
-0.ft07R172E + 00   O.^^W'jq'iWh + OO   0.80b't470£ + 00 

n,qqq£)qi)6E + 00-0.«)37 36H?E + 00   0. I 36 7921 E-01 
0     0      1 

O.OOOOE+OO 
O.OOOOE+00 

»STOP 
/* 
// 

65 

O.OOOOE+OO 
Ü.5000E+00 

0.5()OOE+00 
0.fl660E4-00 

0.H660E+00  0.1000E+0I 

o.qqqqqqqE+OO 
•0.64b750bE+00 
0.73P'.740E-01 

O.OOOOE+OO   O.OOOOE+OO   O.OOOOE+OO   O.OOOOE+OO   O.OOOOE+OO   O.OOOOE+OO 
O.OCOOE+00   0.0000r+00   O.OOOOE+OO   O.OOOOE+OO 

PRINTED  flUTPUT 

NE 
1 

N  M NT N6 NR N9 IP 13 NIV 
4 IZPVO     2  3 60341 10   1 

RE 
n.lOOOE+01   0.fl660E + 00   O.-jOOOE + OO  O.OOOOE+OO   0.5000E+00   O.B«S60E+00  0.1000E+01 
0.8ft60E+00  0.5000E+nn   O.OOOOE+OO   0.5000E+00  0.fl660E+no 

N£ 
1   13   2b   37   49   61   731 bH 1701P219420/S 

Ft 
-0.I33fl342E + 00   0.4326460E+00   0.84 1 H6fl4E+00   0 . 9<»g<)<»<)<)E+00 
-().607H172E+00   0.999999TE + 00   0.8, S   '.70E+00-0.64'>7505E+00 
0.9999'»»J6E+or--i.5373',H2E+00   0. 1 3(1.7921 E-01   0. 7396740F-01 

NST 
(1 0     1 

0.19172 31E-03 0.3060bfc2E-O2-0.3932747E-03-0.3l96S?3E-O2-0.6 37f.6 7OE-03 
-0.2176l^jTE-03-0.6627280?-03   0.42443^ IF-03-0.39327,>2F-03-0. 3196524E-02 
0.10966541-(I? 0.3973222E-03 0. 198M475e-02 0.14H2'>70F-02 0. 221 ?«93f-02 

-O.b01'.?43t-O3-0.637067SF-03-n.?5 76l,)2F-03   0. l9BH4 7St-02   0. l4«»2668F-02 
O. «T86647J-02   0.|0!>,>47HF-0?   0.437HbME-02   0.2396983E-O3-O.6627277F-03 

f 



66 
0.^?AW3bh-n3   n.??l?H41F-0?-0.501ftl73l--03   0.^37H553E-02   0. ?3Q7003E-03 
{).b?4^^^H6^:-n?   0.]?l^?\hf-0? 

().6'5'S3??3F + 01-0.1816!3A7F+03 0 . 73ftbn?f,F+on 0. lQ(S')?77F + 03   0. 1 1 IP^OOE+O? 
-O.37f,82(S4F + 03-0.11?n^00E + n2 0. 203271 ] E + n3 0. 73f.^n06F + nO   0. 1 9f.5?7flE+03 

(l.AM-KSPAHfc + ni   n.?2H79 10F+03 0 . lb2<S020F + 02-0.?AlShOH5f+03-0. 1 2 1923 IF + O 1 
().131t>H26fc + 03   0.1112H'5lF+02-().37682'>7E + 03 0.15)2(S01 3F+O2-0. 245A08 IF+03 
n.77Slt)03E + 0?-0.476H18HE + 03 0 .^49f,84 7F+01 0.4A5A>?9(SF+03-0. 11 203(S3F+02 
0.;'0827n5)E + 03-0.121lm7E + 01 0. 13m'J23F + 03 O.AAPiSSMgF + Ol   0. ^A5iS29ftE+03 
n.lll7702F+03-n.4??A771E+O3 

isr. ,Fsc.vnc,Fnc 
i).17Alt>MbE-01   0.3099880F-02-O.2HO233ftE-01-0.112(SiS3hE-Ol-0.459OA8 3E-01 

-().2 37747!3E-O]-n.^6?t>blSE-Ol-O.39 72^30F-01   0.ft3 7ftfiA2F+00   0. 12^7^8 7E-0 1 
-0.2192hlftfc+01   0.8lA7^ftlE+00-ü.61^0513E+00-0.181808bE+01-0.7ft69H21E+00 

0.'ift^H4b7t: + 00  n.l08837ftE + O2   0 . 5'553bO'JE+01   0. 388?574E-01   0. 1907b0iSE-0 1 
0.18(S8n9E-01-0.^4b338E-02-0.37183ft3F-01   0.43259^IE-02-0. ft 1 771 79E-01 
0.bb204b4E-03-0.68 332bbF-01-().a9b9A31F-02   0.ft380?22E+00-0.330151bE+00 

-0.b80A261t+00  0.1b75 368E+01-0.197634ftE+00-0.13b2030F+()l   0.18 3n7 23fc+01 
-0.11144^9E+01   0.1174blhE+02   0.ft2942bÜF+00   0.73800b6F-Ol   0.30928(S9E-01 
0.4447 345E-02-0.202f)H89E-01-0.12ft28W4F-{n   0.49H7016E-01-0.22997896-01 
0.M0ftft7bftF-01-n.?lb7412E-Ol   0.8859092F-01-0.2H771AbE t-00-O.H9 37 255E+00 
0. l5 304'>5F + 01-0.692210ftE+00-().31«:909E+00-0.211978ftF + 01-0.15 728 31E + 01 

-0.f,9hA454h + 01   0.3430489F + 01-0.Rb5M 7^ + 01   0.143f.495E+00-0 .9424174E-0 1 
-().I4'-t4ft73E-01-0.40bl365E-02   0.4730245E-01   0. 1024298F-01   0.9114b52E-01 

O.in87 571E-01   0.1071fil2E+OO-0.1(Sft55R5E-O2-0.9120010E+0O   0.bH29626E+00 
-ü.l4465b4e+01-0.108 7 798E+00-0.2807508E+01   0.l42bft(S6E+00-0.1501971E+02 

0.7 355479E+00-().6440Hb7F + 01   0.1ft38 2 1 OF+01-0.13221b7E+ 00-0.159ft093E+00 
-0.ftft7 3ft06F-03   0.4352ftbbE-02-0.271404bE-02-0.28a9325E-01-0.f:3ft057aF-02 
-0.7143I70fc-01-0.19598ft4F-01-0.90284ft5E-01   0.714ft822E+00   0.ft8ft3058E+0() 

0.1535ft20E+01   0.7424402E+0O   0.39739ft1F-02   0.2147792F+01   0.1452ft03E+00 
; 0.wft878ftbE+01   0.5ft2579ftE+01   O.ftB14459F+01-0.5010319E-01   0.Ift02144F+00 

-0.lft81ftft7F-02-0.3ft33492F-02-0.1996757E-0I   0.4ft51H93E-02-0.5041174t-01 
0.4234578E-02-0.ft51ft790E-01-0.7188ftft9F-03   0.ft50444OE+00-0.4 349 312E+00 

-0. U4539 lb+ 00-0.18399ft IF+01-0.3052473F-02  0.10351lftF + 01   (I.2411313E+01 
-0.8899441E+00   ().9515347E+01-0.2054931F+01   0.18541b4E+00   0.1052294E-01 
-0.5152740E-02-0.3ft8202 3E-02-0.12824156-01   0.14213506-01-0.334502ft6-01 

0.2n9 35ft4F-0)-0.4(S74B45F-01   0.2ft 539016-01   0.308ft 727E+ 00-0. ft 145 549E+00 
-0.2022494E+01-0.1295 329F+01-0.5A015ft3E+00  0.143O53ÜE+01-0.1017R04E+01 
-0.274ft8 25E+0l   0.80938036+01-0.519815ftE+01   0.17428246+00-0.10ft50236+00 
0.14318016-01-0.1ft5P45IE-02-0.24044ft26-01   0.38204H3E-02-0.44344746-01 
0.577029ftE-02-0.5593992F-01-0.539031ftF-02   0.4450209F+00-0.3812340E+00 

-0.2454308E+01   O.2150214F+01-0.8 735202E+O0-0.9312153E+OO-O.15 703376+01 
0.28 1lC3ft6+01   0.11590476+02-0.31177006+01   0.21148476-02-0.ft9R719ft6-01 
0.bl2ft3ftfl6-02   0.17709296-03   0.3ft8593ft6-02   0.79043146-02   0.88398536-02 
0.2ft30038F-01   0.2ft333126-03   0.4341792F-01-0.47240ft56+00-0.2830ftft3F+00 
0.52153416+00   0.3ftft98ft2F+01   0.9594172F+00-0.9H79ftH4F-01   0.40000026+01 
0.45781921 +01-0.55499 1 16 + 01-0.1034 170F + 02-0.204a4ft4F+00   0.97780236-02 
0.13955196-01   0.2344323F-02-0.1212004F-01-0.8843843F-02-0.44451916-02 

-0.17458ftfiF-01   0.149883ftE-01-0.20148706-01   0.12175036+00   0.45135276+00 
0.35345576+00   0.79941096-01   0.19ftftft426+00-0.27595076+01   0.94130ft46+00 

-0.49ft4129F+01-0.14ft04956+01   0.93524546+01   0.89148ft4E-01   0.205138 16+00 
0.ftM434256-02-0.^ 70ft 7486-02-0. 2ftft2H576-02   0. 2()ftft50y6-(>l-0. 294 74 3ft6-02 
0.294?ft936-01-0.11797ft06-01   0.222909 16-01   0.17275456-01-0.38 388 356+00 

-((.945ft7ft76+00   0.307ft9826+01-0,l2307ft56 + 01-0.41Iftl99E+00-0.5ft4ft4026+01 
(l.317ftl)99t+01   n.ft015ft8 2F+01-0.7440ft8 26+01   0.ftB 300726-01-0. 1 70ft 33ft6+00 
0.17070996-02   0.4408 7586-03   0.1882774F-01-0.1394843F-02   0.40078846-01 

-(1.32049486-02   0.44738176-01   0.5141ift56-02-0.522434^6*00   0.250ft83B6♦OO 
0.19544286+01   n.24Hft43HF + 01   0.5895ft1 IF+00-0.ft4333926+ 00   0.381509HF+00 



().'.hH?i»091-+01-().Hmin7He+01-0.?-5b70t*9E + ni-0.19'(h3bc»|-+00-0.??'V7e>5«fi-01 

SUM   R(-^»?=    O.b'J^'JHPlh + Ol 

fi7 

n 
-O.lO?7h+0?-O.lH?8'- + 0?-0.17iS6t;+Ol   0.?011E + OP-O.Sb^Ae + Ol-O. 11 t>9E + 0?-0. 7?ftbE + 01 

-0.bl33F40l   0.1105t + 01   0.1777e + O2-O.233'»t + Ol-0.ie)R0t + 0?   0.2110t+01   0.(S71Re+01 

H 
().lfl33e + 0'.-0.2bA^t+03   O.H790e + 03   0. 1 OOftE + 02-0. 2A25t + 00   ().715Ae + 02 

E7,€fl,FO,E10 
0. llORh-'-OO   n.q^hHt-Ol   O.fl992e-O2-0.?23ftE-Ol 0.2A93E-01   0.7490E-01   O.H7A7E-01 
0.?5't2fi-01   0.7lO<fE-01   O.H911E-01-/<3R'5RE-03 0.9512F-01   O.^ORF-Ol   0.9009E-02 
n.?'5^2E-01-0.1R2!3F-01-/<'J267e-Ol   0.l3ftRE-01 0.3RC»2F-01   0.1195E-01-0. IMbE-Ol 
().1079E+00   O.H9H1F-01-0. 1R9RF-()1   O.^lOftE-02 0.7?Rflfc-02-0.9791F-01-0.107bE + 00 

ANG 
O.OOOOF+OO   O.OOOOF+00   O.OOOOE+OO   O.OOOOF+00   O.OOOOE+00   O.OOOOE+00   O.OOOOE+00 
O.OOOOF+OO   O.OOOOF+on  0.000')E+00   O.OOOOF+00  o.ooooe+on 

FHR 
0.t>y9QH21E + 01 0.^350h7lt + 01 0.1010«S7 1 F+Ol 
0.9A1003flE+00 0.9309^'b7F+00 0.923HR21 E+OO 
0.O12A9H5F+00 0.910^96AE+00 0.90898ft7E+00 
().9062iS^^F+0() 0.90'5727l)F + 00 0.9053047E + 00 
0.o0'»^H9iSE + 00 0.90^3177E + 00 0 .9041 79(SE + 00 
0.9039018E+00 0.903HA12E+00 0.903790RE+00 
O.O03ftH88E + 00 0.903iSft61F + 00 0.903(S4ft9E+00 
n.903h07AE + 00 r).903'39H7E + 00 0.90359 1 Ofi + 00 
0.9O357h5E+00 0.90357 1 8E + 00 0.9035(SR9E+00 
n.9035ft25F + 00 0.9035M4F + 00 0.903559AE + 00 
().9O35b73E + 00 0.9035565F + n0 0.9()35563E+00 
O.9O35553E+00 0.9035550E+00 0.9035545E+00 

0.97ft9405E+00 0.9555495E+00 
0.918R403E + 00 0. 9151R57E+00 
0.90783ISAF+00 0.9069511E+00 
0.9049698E+00 0.9047029E+00 
0.9040i<>70t+00 0.9039757E+00 
0.9037502E400 0. 90371A6E+00 
0.903'.31.2E+00 0.9036181E + 00 
0.9035fl51F+00 0.903f797E+00 
0.90356fthE+00 0.9035644E+00 
0.9035591E+00 0.90355fllE+00 
0.9035559E+00 0.9035555E+00 
0.9035543E+00 0.9035548E+00 

ALPHA 
-n.3fl710f.4E-01   0.3347580E-01   0.1049aR5F-t-00 

Ptlrtl   OIIAMTI TIES 
O.89H2205E-01-0.39689(S9E-01-0.4190121E-02-0.525M91E-01 

APPHDX    IEI 
0.75ft3E*00   0.ftR9flE+nO   0.51A0E+OO   0.3970E+00   O.^nftAE+OO   0.5A6ftE+00   0.5«12E+00 
0.87/SIE+00   0.9036F+00  0.3672E + 00   0.74ft7E*00   0.7089E+00 

APPRDX   F 
().74lAE+00   ().lA90E + 00   0 .h693E*00-0. lftft7E+00   0. 23R5F-01-0. 51 3AE + 00-0. 38 30E+00 
0.10A(SF + 00   0.158.F + 00   0.A173E + 00   0.538AE + 00   0.9A5AE-01   0. 580ftE+00-0.1117E+00 
().78aAE+00-0.38?lt: + 00-0.?R38E + 0()-0.a579E+00-0.9h77E-01   0.35A2E + 00   0.328 7E+00 

-O.h705F+OO-0.MA7F+00-0.3531F + O0 

IINLV    1HKEE   MOIJE   CU«RENfS   APPEAR    IN   THE    ABOVE   PRINTED   IJUTPUT.      FOR 
RFFEHENCEt   ALL   THE   MIJDFS  f)F   THE   WIRE   TRIANf.LE   ARE   LISTED   BELCIW. 

PORT   MIIDE   VOLTAGES 
EIGENVALUE PORTdl PORTI?) P()RT(3I PORTIA) 

0.1551HA3E + 00-0.20536«')F-01   0. 1 157R23E + 00   0.ftA?A8?5F+00   0.9999995E+00 
0. 1011907F+0?   0.190A05AF + ()0   0.2523626E + 00   0.9999999E+00-0.9255ft7AE+00 
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O.^ObSMSht+O?   O.944949^6+00-0.?HR727Rh+OO   0.7HR39lftF+00-0.^049 70flE+00 
-0. «1^2234^ + 03   0.b313363F+00   0.9999999E+00-(). ^7AH43RF + 00   0. 20(Sft3ft7E+00 

PDRT   MllOt   CURRFNTS 
FICENVALUb POHTd) PnRT(2) P(IRT(3) fn«T(«) 

-0.1^blH09e+00-0.133H342e + 00   0.432(S4ft0F + 00   0.HAIH6H4F + 00   0. 999q999E+00 
-0.1011935fc + 02-0.607B17?b+00   0.9999999F + 00   O.H05AA70F + 00-0.iS4t)7 505E + 00 
-O.60^'V()3Afc + 02   0.999q99<SF+00-0.5373ftR2E + 00   0. 1 3^.79211-01   0. 7396740F-01 

().H16A12RF + 03   0.b4A123!5F + 00   0 .9999999F+00-0. 2fl343A2F+00   0. 77R 150ftE-0 1 

• 
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III.  STORAGE OF SPECIFIED AND SYNTHESIZED PATTERNS 

The program of this section stores the specified and synthesized patterns 

on direct access data set 6 so that they can be plotted by the program on pages 

104-110 of [7], The activity on data sets 1 (punched card Input) and 6 (direct 

access Input and output) Is as follows: 

READ(1,10) N, NT, NPAT, NF, N6, N7, NPP 

10    FORMAT (613, 14) 

REWIND 6 

SKIP N6 RECORDS ON DATA SET 6 

READ(6)(PP(I), 1-1, NPP) 

DO 17 L-l, NF 

READ(1,10) M, 12, 13, N8, NIV 

READ(1,45)(NE(I), I-1,M) 

45    FORMAT(2013) 

READ(1,19)(RE(I), I-1,M) 

19    F0RMAT(7E11.4) 

READ(1,19)(AE(I), 1-1, M) 

DO 22 K-l, N8 

READ(1,23)(CUR(I), 1-1, N) 

23    FORMAT(5E14.7) 

22    CONTINUE 

17    CONTINUE 

SKIP N7 RECORDS ON DATA SET 6 

WRITE(6)(G(I), 1-1, JG) 

There are N ports. There are NPAT polarizations and NT angles as described 

on page 53 of [7]. The same port parameters used by the pattern synthesis 
5:' ■ 

program are read In through PP.    The real and Imaginary parts of the speci- 

fied desirable electric field pattern are read In through RE and AE.    In this 

Instance,  the program Is more general than necessary because the desirable 

electric field pattern Is specified in magnitude only.    This magnitude has 

been read in through RE and AE has been set equal to zero.    For RE (I) and 

AE(I), NE(I) - (K-1)*NT+J indicates the Kth polarization to be stored in PP 
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and the J  angle.  12, 13, and NIV are the same as In the pattern synthesis 

program. An approximate pattern Is defined by Its port currents CUR which 

appear In the printed output of the pattern synthesis program. For each value 

of L, first the M points on the specified pattern, next the NT*NPAT points on 

the K  epproxlmate pattern for K-1,2,...N8 are stored In G. 

Minimum allocations are given by 

COMPLEX PP(NPP) 

DIMENSION ANG(NT), RE(M), AE(M), G(JG), 

G2(M), CUR(N), NE(Mfl) 

where 

NF 
JG - I    (M + N8*NPAT*NT) 

L-l 

DO loop 28 stores the specified pattern In both G and 02. DO loop 22 stores 

In G the synthesized pattern defined by CUR. DO loop 25 Is necessary to 

account for the minus sign In (52) of [7]. DO loop 43 obtains the NPAT pola- 

rizations and DO loop 26 the NT angles. DO loop 27 Is able to accumulate 

the normalized electric field in E because PP(J2) Is the negative of the 

normalized electric field from a unit current at the I  port. 

For the sample input data, CUR is the set of port currents which 

radiate the pattern synthesized by the pattern synthesis program. The syn- 

thesized and desirable patterns are printed at the 12 points at which the 

desirable pattern was specified in the pattern synthesis program plus at 

the 12 redundant points enumerated in the previous section as well as at 

360* for both polarizations for a total of 26 points. The synthesized pat- 

tern is stored st every 2.5 degrees in G for a total of 290 points. The 

contents of G are written on record 4 of direct access  data set 6. 
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// 
// 

(0()3^,tE,?OS,l)t,MAUTZ,J()E,,«fir,?tlN = ?onK 
bXbf.   WA1KIV 

//fUl.FTOhFOOl 
II 
II 
I ICH 

COMPLEX 

10 

n()   l)SNAMF = efiOCm.REVliO?!:.P = nLÜ,IINIT = 23U, X 
VriLUMe = SER = SUOOOA,OCtt=(HECFM = VS,HLKSIZE = 2b<^,LRECL = 25<5 2,X 
HI)FNn=ll 

SYSIN  on  * 
MAl)rZ.TIMF = l,PAr,ES=30 

PPI3236),E 
niMENSION   ANr,(U5l,RE(2(S),AE(2ft),G(<»ft92),r,2(26l,CUR(A),NE(?7) 
READ{ 1,10)   N»NT,NPAT,NF,N«S,N7,NPP 
FdRMAI(613,IA) 
WR HE I 3,11)   M,NT,NPAT,NF,N6,N7,NPP 
FdHMAK'O     N   NT  NPAT   NF   N6   N7   NPP •/1X , 2 I 3, I 5, 3 t 3, IA ) 
REWIND   6 
IF(NM    12,12,13 
OH   1A   J=1,NA 
RFAOU) 
CONTINUE 
RFAD(ft)(PP(I ),I=1,NPP) 
WRITE(3,16)(PP(I),!=!,2) 
FORMAT! •OPP'/dX.AEll.A) ) 
nFL=360./(NT-l) 
no   31   J=1,NT 
ANG(J)=(J-l)*nEL 
CONTINUE 
JG = 0 
ÜÜ   17   L=1,NF 
READ(lflO)   M,I2,I3,N8,NIV 
V>RITt(3,18)   M,I?,I3,Nfl,NIV 
FflHMAK'O     M   12   !3   NH   NI VV IX ,4 I 3 , I«.) 
HFAÜ(1,A,J) (NE(I ),I = 1,M) 
F()RKAT(2PI3) 
hRI TE(3,',(S) (NE( I),! = 1,M) 
FORMAT! «ONE'/dX,?!)!?) ) 
NE{M*n=0 
REA[)(1,19)IRE( I),I = 1,M) 
F0RMAT(7E11.A) 
MRnE(3,20)IREII I,I»l.MI 
FDRMATI•0RE,/<1X«7E11.A)) 
REAI)(1.14)(AE(I),I = 1.M) 
*H\ Tk(3.?l)IAE<I),I'1,M) 
FORMAT(•0AEI/(1X,7E11.4)) 
00   2H   J-I,M 
JG»JG*1 
r.(jG)«SORT(Rfc (.))«»£( J)«AE(J)*AE(J) ) 
r.2<J)"G( JG) 
CONTINUE 
00   22   K = 1 ,NH 
HEAO(1.23IICURII),I = 1 .N) 
FIMMA1(5E14.71 
hKITE(3,24)(CURII),I=1,N) 
FORMAII «OCUR'/llXtSEH.?) I 
IFINIVI   <,0,39,<>0 
HRIIEI3.37)   K 
FORMATI »O'.SX,«PATTERN  OFSISt'TH   SET   OF   PORT   VOLTAGES', flx ,'SPEC I F 

llbÜ   DESIRAHLE   PATTERN«) 
GO   TO  Al 

AQ   MRITEI3,3H)   K 

11 

13 

1A 
1? 

16 

31 

18 

A 5 

Af. 

1'' 

20 

21 

28 

23 

?A 

37 
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in 

25 
'.I 

^? 

?1 

H(lkMAT( • 
Hfcl) DHSI 

1)1) 25 1 = 
f,l)R( I )=- 
CUNTINDR 
JA = 1 
Jb = 0 
WRMFOt 
FORMAT(' 

1 II^AR(E) • 
00 43 LL 
I.LK=(LL- 
III)   2ft   J = 
E=n. 
nn 27  i= 
J?=LLK+I 
E = F+PP( J 
CONTINUE 
LLK=LLK+ 
JfisjG+1 
G(JG)=CA 
J5=J5+1 
IF(NE(JA 
WRITE(3. 
,K = J4+l 
EHRMAK 1 
C'INTINUE 
CDNTINUE 
CONTINUE 
CONTINUE 
IF(N7»    3 
0(1  3ft   .1 = 
READ(ft) 
CONTINUE 
WR ITE ( ft ) 
WRITE(3, 
FORMAT! • 
STOP 
END 

SDATA 
4145     2 

?ft341   10 
1   13  25 

?302422542ftft27 
0.1000E+01   0. 
O.HftftOE+OO 
().HftftOfc>00 
0.5nOOE+00 
O.OOOOE+OO 
o.noooE*oo 
O.OOOOF+OO 
n.ooooE+oo 
O.R<*«2206E 

tSTOP 
/* 
II 

0« ,3X,«PATTERN   OFSn.'TH   SET   (IF   PORT   CURRENTS', RX, • SPEC I F 
RAHLE   PATIERN'I 
ItN 
CUR( I ) 

42) 
ANGLE        REAL(EI,,5XfMMAGIE)•,7X , « |EI• , 7X,«REAL(E1',5X,• 

,7X,' IEI • ) 
=1,NPAT 
1)*I3«NT+I2 
1,NT 

ItN 

2)*CUR(I I 

13 

RS(E) 

).NE.J5)   P.')   TO   2ft 
?M\   ANG!,)) ,E.G(JGI .RE(J4)fAE( J4),G?(>I4) 

2^ 
2ft 
43 
22 
17 

34 

3ft 
33 

47 

(lX,Fft.l,ftE12.4) 

3,33,34 
1,N7 

(G(I I,I=1,JG) 
47)(G(I),1=1,7) 
0G»/1X,7E11.4I 

1 
1 

37 

0. 
0. 
n. 
o. 
n. 
o. 
0. 

•01 

2     03 
1 

<»   ftl 
fl2<»0 
HftftOE 
5000E 
5000E 
OOOOE 
OOOOE 
OOOOE 
OOOOE 
OOOOE 
-0.39 

23ft 

73   H5   <>710<H2113314514ftl5H1701P21«)420ft21fl 

♦ 00 0. 
+ 00 0. 
♦00 o. 
♦ 00   0. 
♦ 00   0. 
♦ no o. 
♦oo o. 
♦oo o. 
ftfl9*,4E 

5000E 
OOOOE 
OOOOE 
5000E 
OOOOE 
OOOOE 
OOOOE 
OOOOE 
-01-0 

♦ 00  0 
♦ 00  0 
♦00  0 
♦ 00  0 
♦ 00   0 
♦ 00  0 
♦ 00  0 
♦ 00   0 
.4190 

.OOOOE+00 

.5000E+00 

.50006+00 

.M^OE+OO 

.OOOOF+00 

.OOOOE+OO 

.00006+00 

.00006+00 
121E-02-0, 

0.5000E+00 
O.RftftOE+00 
O.RftftOE+OO 
o.inooE+oi 
0.0000E+00 
O.OOOOE+OO 
O.OOOOE+00 
O.OOOOE+OO 
525ftl91E-01 

0.«ftft0E+O0 
0.1000E+01 
0.1000E+01 

O.OOOOE+LJ 
O.OOOOE+OO 
O.OOOOE+OO 

0.1000fc+01 
0.10006+01 
O.RftftOF+00 

O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 

PRINTED OUTPUT 

N NT NPAT NF Nft N7 NPP 
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MM 
O.l^lTH-O^   n.-tO.'.lfc-n?-n.^33F-03-O.31«>7F-0? 

M   I?   13   NH   NlV 
?MM    10      I 1 

I    13   ?'J   37   W   f>\    73   Hb   «<7in«»l?n331<.Sli.Mc..ai7()lB?l'K?OA?lB 
7HO^'.2?S42h(S?7H?WO 

O.IOOOF+OI  n.88hOH*oo n.bnnne+oo n.onoof^oo o.'jouOr^oo o.«^'.ob♦oo O.IOOOF»OI 

().H6f,nF + 00   O.SOOOE+OO O.OOOOE+OO  0.5000F*0()   O.H(ShOt*00   0.1000F»01   0.1000F»OI 
().H660t*00   O.bOOOF + OO 0.()nOOF*()()   O.SOOOF+00   O.RhAOF^OO   ().inOOF*Ol   Q,*hhrif:*n() 
O.bOOOF+OO   0.0000t+00 O.'iOOOE+On  O.H(ShOF*00   0.1000F.+01 

AH 
O.OOOOF+00   n.OOOOF+OO O.nnOOE+OO  0.0()OOF*00   O.0000fc*00   O.0O00F*00   0.000OF*OO 
O.OOOnF+OO   0   00001*00 O.OOOOF+On  O.OOOOF+00   O.OOOOt+OO  O.OOOOF+00  O.OOOOF+00 
O.OOOOF. + OO   O.OOOOF+OO O.OOOOF+00  O.OOOOF+OO   O.OOOOF + OO   0.000(IF+00   O.OOOOF+OO 
n.OOOOF+OO   n.OOOOF+OO O.^OOOF+OO   O.OOOOF+00   O.OOOOF+00 

CUR 
O.flflfi 220^6-01-().3»*6H46<)F-01-0.A 1901 ?lF-0?-0.52'3ftl9ie-01 

MAll 
ANT.LF 

o.c 
30.0 
'IO.O 
40.0 

120.0 
1^)0.0 
1H0.0 
210.0 
P'.O.O 
270.0 
300.0 
430.0 
360.0 

0.0 
30.0 
60.0 
90.0 

120.0 
1^0.0 
IflO.O 
210.0 
2^0.0 
270.0 
300.0 
330.0 
360.0 

FRN   OF      UH 
RFAL(6) 

0. 7M<.E + (i0 
Ü.6693F+00 
0.237HE-ni 

-0.3H3OF+OO 
O.lbRbF+00 
0.b3M/,E+00 
0.5H06E+00 
0.t>3«<»E+00 
0.1585F+00 

-0.3a30F+00 
0.237QB-01 
0.6693E+00 
0.741«E«00 
n,74l*E*00 
0.7flR<.E + 00 

-0.2H37E+00 
-0.967^E-C1 
0.32ft6F+00 

-0.6147E+00 
-o.bfl06e+oo 
-O.hlWF+OO 
0.32H6F+00 

-0.967bE-01 
-0.2«37F+00 

0.7HH<.F+()() 
0.7M<.t-+00 

SET   (IF   MORI 
I MAGI El 

0.UR9E + 00 
-0.1668E+00 
-0.bl34E+00 
0.1046F+00 
0.^173F+00 
0.9<,6ie-01 

-0.1116E+00 
0.9<,(S1E-01 
0.<.173E + ()0 
0.10*6E+00 

-O.MSAE + OO 
-0.l66Hc+00 

O.lAft^F+OO 
0.14H9F+00 

-0.3P22F+00 
-O.H«>BOF+00 

0.3S*1F+00 
-0.670SF+00 
-O.3b31F+00 
O.m6F + 00 

-O.3S31F+O0 
-O.67OSF+00 

0.3S<ilE*00 
-0,H*)/9E+00 
-O.3M22t+00 

C.l<.«9F + 00 

CURRENTS 
IEI 

0.7b^2F+00 
0.6S9HF+00 
O.MAOE + OO 
0.39 70E+00 
O.'.Aft'.F+OO 
0.6<.66E+00 
O.b^^E+OO 
0.b'.66F+OO 
0.4,*.6<.F+00 
0.3970E+00 
0.bl40F+00 
0.6fl9RE+00 
0.7b62F+00 
0.7562E+00 
0.8762F+00 
0.9036F+00 
(>.3671F+00 
0.7<.67E+OO 
0.7()R<»F+00 
0.59I2F+00 
0.7090F+OP 
0.7'.67F+0O 
0.3671F+0O 
0.9036F+00 
0.H762E+00 
0.75626+00 

u 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
(I. 
0. 
0. 
0. 
o. 
n. 
0. 
0. 
0. 
0. 
0. 
0. 

SPECIFIF 
FALK ) 
lOOOE+01 
R660E+00 
SOOOF+OO 
ooooe+oo 
soooe+oo 
H660F+00 
IO00E+O1 
H660E+00 
bOOOE+00 
OOOOE+OO 
soooe+oo 
R660E+00 
lOOOE+01 
loooe+oi 
R660E+00 
SOOOE+OO 
OOOOE+OO 
SOOOE+OO 
R660F+00 
1000F+01 
R660F+00 
SOOOE+OO 
ooooe+oo 
SOOOE+OO 
H66oe+oo 
lOOOE+01 

D DbSIHAHLF 
iMAr.(ei 

0.OOOOE+OO 
0.OOOOE+OO 
o.ooooe+oo 
0.0000E+00 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOUOE+OO 
O.OOOOE+OO 
o.ooüoe+oo 
o.ooooe+oo 
0.0000F+00 
O.OOUOE+OO 
O.OOOOE+OC 
O.OOOOF+00 
o.ooooe+oo 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOF+00 
O.OOOOF+OO 
O.OOOOE+OO 
O.OOOOF+00 
O.OOOOE+OO 
O.OOUOE+OO 
O.OOOOE+OO 

PAIURN 
It I 

0. 1000F + 01 
0.»'6'.0F+00 
O.SOOOF+00 
O.OOOOF+OO 
O.SOOOF+00 
0.0660F+00 
0. I000b + 01 
o.^^'-ru •( o 
o. soooe+oo 
O.OOOOF+00 
O.SOOOF+00 
O.M660F+00 
O.l000t+0| 
o.icooe+oi 
O.R660F+00 
O.SOOOF+00 
O.OOOOF+OO 
O.SOOOF+00 
O.P6#.OF + «0 
0.1000F+01 
O.H6^0F+00 
O.SOOOF+OO 
O.OOOOF+00 
O.SOOOh+OO 
o.R66oe*on 
O.IOOOF+Ol 

0.1000E + 01    0.fl660F + 00   0.SOOOE+OO   O.OOOOF+00   O.SOOOF+00   0.R660F + 00   O.IOOOF+Ol 
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IV.  LOADS FOR HODAL RESOXAWCE 

Tht prograa (aodal r«»ooaoc« prograa) of thla ••cdon calculat«« ch« MC 

of rMctlv« load« (14) which a*V«« a glvon r««l port curront an •Igoncurroot 

whoso «Igoovoluo 1« toro. The octlvicy on doc« aaca 1 (puochad card Input) and 

6 (dlracc accaaa input and output) la aa followa. 

UADd.lO) NT 

10    FORMAT (13) 

DO 12 L-l, NT 

READd.lS) N, N6, Sfl. 12 

13    F0RMAT(3I3( U) 

NZ - H*H 

HPP - 12 ♦ HZ 
i 

REWIND 6 

SKIP N6 RECORDS ON DATA SET 6 

READ(6)(PP(I), 1-1, NPP) 

DO 20 >1, N8 

READ(1(21)(CUR(I), 1*1, N) 

21    FCRHAT(SE14.7) 

20    CONTINUE 

12    CONTINUE 

Tha raactanca aatrlx X In (14) la the laaginary part of the iopadanca aatrlx found 

In PP(I2+1) through PP(I2-H(*N). Tha JCi' aat cf raal port currents 1 of (14) 

la raad in through CUR. 

Mlnlmua allocatiooa ara given by 

COMPLEX PP(NPP) 

DIKENSION X(N*N), CUR(N), ZL(N) 

DO loop 19 atoraa (X.) of (14) in X. DO loop 26 puta the largaat [iJ of 

(14) in CD. DO loop 23 atoraa X. of (14) in XL(I). Stataaant 27 anauraa that 

I in tha datuminator of (14) la at laaat CL'M.E-8. 

Tha aaapla output XL ia tha aat of raactiva loada for nodal raaonanca of tha 

aat of raal port curranta which radiata tha pattern aynthaaitad by tha pattern 

aynthaaia prograa. 

, 



LfUlM*.  nf-   Mil 

// 
//   MtC   WA1H 
//t.f ► :i.,,t m.l 

// 
// 
//r.u .srsiN »n 
»JMH 

fdMMlt» 

HeSIINANO-    PMlir.HÄM 

lon^tEhf ios«i)< •M«i)r/,jiiF,,Htr.i(iN«?ooK 
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in 

11 

i' 

i'. 

Id 

I? 
15 

1H 

I«» 

^l 
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7* 

?7 

-'S 
20 
1? 

Oll   (ISNAM»-.(-hOO^.HI-Vl ,I)ISP>IIU),HNI I    V •M'.. X 
V(tlllMF«Sm«SllOnO'1,|iCh-(Pf:Cf;M-VS,rtLKSI7F«?S9^,L«FCL»?')<J?,X 
MllUjll-l ) 

• 
MAIII;, n^t-i ,PAr.es«?o 

PPIWOOI 
OlMtNSKIN   KIQOOItCdRI30 I,XL(301 
i-. AIM i. mi u\ 
.     -MA!(|3| 

HH|Te(3»l I I   Nr 
f-UHMAK 'ONM1 . I 31 
(HI   1?   i - I .M 
RFAIII 1, |3)   NtN.StNH.I? 
F1I«MA1(3I3.I*I 
WRI IM 1. I- I   N.NA.NH.I? 
FOHMAU'O     N   N/i   NH      I ? • / 1 K , 31 3. I <. I 
N7»N»N 
h«PP.|?«NZ 
REHINI)   A 
IMNM    1S.1S.1*. 

1)11   17   J>I,NA 
RFAOm 
CnNTINKE 
RFAOIAMPP( I I. I>I,NPPI 
WRITF(3.1RIIPPI I l.r<1.3l 
FflRMAll »OPP'/i IX«10E11»4II 
llll    14    \-\,Ul 
J?-I?*l 
XI I I'AlMAf.lPPIJ?! I 
CONTINUE 
00   20   JM.Nfl 
HFADll .21 MCORU l.!«l,N) 
F0RNATI&FI4.7I 
V*\ TEI3,27MCOBI I l.r«l .N| 
FORMAT I •OCtlR'/l IX^E 14.7)1 
rii«o. 
00   2A   l-l.N 
Sl'AHSICURlI I) 
iFisi.r.T.co» r.ii«si 
CONTINOF 
cofl«co*i.e-« 
00 23   l«l.N 
J1»(I-1)«N 
S1«0. 
1)0   2<i   K>1.N 
J2-J1*K 
Sl=Sl*)t(J2l»C0R (K| 
C0N1INIIF 
S2»CUR(I I 
IFIARSIS2I.LT.COfll S2-CUR 
XLin--Sl/S2 
CONTINUE 
WRITE(3.?5)(XLI I ) .1 = 1.N) 
FORMAT! «OXL'/I IXt^EU.TI I 
CONTINUE 
CONIINUE 

I 
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STOP 
ENÜ 

£f)AlA 
1 
A     2     1      1<S 

O.B98??05E-01-0,3<JhRVfi9t:-01-O.M90121B-0?-0.52b6191E-01 
SSTOP 
/* 
// 

PRINTED   DinPUT 

NF=      1 

N   N6  NR      12 
4     2     1      1ft 

PP 
O.1917e-03   0.30ft IE-02-0. 3933E-O3-0.3197E-O2-O. 637 1E-03-0,2!3.OE-03 

CUR 
O.H982205E-01-0.39ftHSPft9E-01-0.^190121E-02-0.525ft191E-01 

XL 
O.3727910E+03   0. 6710123E + 02-0.108ft4ftflE+05   0.ftA3193AE+03 
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V.     RADAR CROSS SECTION 

The program (a/A2 versus angle program) of this section calculates the 

radar cross section per wavelength squared a/A2 of the N-port loaded scatterer. 

For a given Incident plaits wave, this program obtains patterns of a/A2 In one 

or more of the coordinate planes.    The activity on data sets 1 (punched card 

Input) and 6 (direct access Input and output)  Is as follows. 

READ(1,10)  NF,  N6W 

10 FORMAT(213) 

DO 12 JF-1,  NF 

! READ(1,13)N,  N6,  NQ,  NS, NL,  NT,  NA, NPAT,  NIV, NZ,  12,  13,   BK 

13 FORMAT(913,   314,  E14.7) 

j REWIND 6 

SKIP N6 RECORDS ON DATA SET 6 

NPP - 12+13*(NT*NPAT-1) + N+l 

READ(6)(PP(I),   1-1, NPP) 

DO 22 JL - 1,  NL 

READ(1,24)(XL(J), J-l, N) 

I 24 FORMAT(5E14.7) 

i Z2 CONTINUE 

12 CONTINUE 

SKIP N6W RECORDS ON DATA SET 6 

WRITE(6)(SIG(I),   1-1, J7) 

Virtually all of the main program Is Inside DO loop 12. Referring to 

the table on page 62 of [7], the given Incident plane wave Is specified by 

Voc and l£c • u^. which reside In PP(I2+(NA-1)*I3+1) through PP(l2+(NA-l)*l3+Nfl). 

For each of NPAT patterns, a/A2 Is evaluated at NT points but Is printed at 

only the first, the (NS+1)  , the (2*NS+l)th,... of these points. The N-port 

Impedance matrix Z_ at propagation constant BK resides In PP(N2+1) through 

PP(NZ+N*N) while Voc and Foc • u are In PP(I2+((J-1)*NT+I-1)*I3+1) through 

PP(I2+((J-1)*NT+I-1)*I3+N+1) for the I  value a/A2 on the J  pattern. The 
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JLth set of reactive loads Is read Into XL inside uu loop 22. NIV i  0 obtains 

the open circuit impedance formulation while NIV - 0 obtains the dual short 

circuit admittance formulation.  If NQ is neither 1 nor 2, bcth Sa/X*   and 

o/X2 are stored in SIG.  If NQ - 1, only /o/Xz is stored in SIG. If NQ - 2, 

only oA2 is stored in SIG. All of the data (either «^Tx7 or o/X2) for a given 

set of loads is stored in a block in SIG. For the first set of loads, /a/Xz at 

the It point on the J1    pattern is put in SIG((J-1)*NT+I) and the corresponding 

a/X2 is put in SIG(NT*NPAT+(J-1)*NT+I) provided NQ is neither 1 nor 2. 

Minimum allocations are given by 

COMPLEX C(N*N) 

DIMENSION LR(N) 

in the subroutine LINEQ and in the main program by 

COMPLEX PP(12+13*(NT*NPAT-1)+N+1), ZS(N*N), Z(N*N), CUR(N) 

DIMENSION ANG(NT), XL(N), ND(N), D(N), E1(NT*NPAT), 

E2(NT*NPAT), SIG(J7) 

DO loop 21 puts Z of (1) In ZS. The JL  set of loads is considered In 

DO loop 22. DO loop 23 puts ZS in Z. DO loop 26 adds the loads to the diagonal 

i     elements of Z. If the ratio of |XL(J)| to the magnitude of the J  diagonal ele- 

ment of ZS is greater than 10, then DO loop 29 divides the J  row and the J 

column of Z by the square root of this ratio. Statement 28 Inverts Z. DO loop 32 

Is similar to DO loop 29. DO loops 29 and- 3?. scale [11] the matrix Z to avoid 

excessive round off error in the subroutine LINEQ. Do loops 29 and 32 have no net 

effect in the absence of round off error. DO loop 34 puts [Zg + Z.]"
-^  of (1) in 

CUR. DO loop 50 is necessary because (1) is combined with (52) of [7] while, for 

the dual short circuit admittance formulation, (7) is combined with (60) of [7]. 

The J  a/X2 on the LLth pattern is obtained in nested DO loops 38 and 39. In 

DO loop 39, PP(J5) represents Eoc of (1). DO loop 39 stores a/X2  In E2 and 

v^Tx7 in El. 

The loads XL for the sample input data are taken from the printed output 

of the modal resonance program. The incident electric field is an x polarized 

plane wave traveling in the z direction. According to the figure on page 42 of 

[7], this plane wave is incident on the tip of the wire triangle. The two 
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patterns appearing In the printed output are the second and third polarizations 

of  (103) of [7].    For proper comparison with the  \E\  patterns of the pattern 

synthesis program, only /aA* Is stored on record 5 of data set 6.    The /a/A^ 

patterns on record 5 of data set 6 can be plotted by the program on pages 

104-110 of [7]. 

i 

i 
i 
i 
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LISllNr,   (Ih   Sir,MA   DVhH    LAMBDA   SOIIARtl)   VFHSdS   ANr.LH   P«tir,RAM 

// (00 l A .Fht?nS,l),'MA()TZ tJOF ' ,Her, I(|N = ?OOK 
//  txec WAIHV 

//Rd.f-IOhHOOl   1)1)  l)f;NAME«fE0034,REVl»l)ISP»riL()ilJNIT«?3l4, X 
// VIILUMfc = SeH = Stl0004,()r,R=(BHr>M = VS,HLKSI7E = 2^<)'>tL«fCL=?'j9?,X 
// HIIFNI)=1 ) 
//lill.SYSIN   1)1)   * 
tJIIH MA(JT7 ,TIMF=1 ,PAr,PS=40 

SIIHRdUTJNE   LINEO(LLtC) 
C(1MPL(-X   CIIOO) .STnR,STn,ST,S 
DIMENSIDN   LR(AO) 
DP   ?0   I = 1.I.L 
LH( I 1 = 1 

?0   CONlINIIh 
Ml=0 
nn ifl M=I ,LL 
K = M 
(Ml   ?   I=M,LL 
K1=M1+I 
K?=M1+K 
!F(CAHS(C(K1) )-CAH,S(C(K2) ) »    ?,2,h 

h   K = I 
?   CUNTINDb 

LS = LI<(M) 
j L«(M)=LR(K) 

LR(K)=LS 
K2=Ml+K 
SinR=C(K2) 

! J1 = 0 
1)0   7   .1=1,LL 
K1=J1+K 
K2=J1+M 
ST0=C(K1) 
C(K1 )=C(K2) 
C(K2)=Sin/STQR 
J1=J1+LL 

7   CONTINUE 
K1=M1+M 
C«Kl»=l./STnK 
nn n I=I,LL 
IF(I-M)    12,11.12 

12   K1=M1+I 
ST=C(K1) 
C(K1)=0. 
J1=0 
OH   10   J=1.LL 
K1=J1+I 
K2=J1+M 
C(K1)=C(K1)-C{K2)*ST 
J1=J1+LL 

in CUNTINOF 
11 CONTINUE 

M1=M1+LL 
IR CriNTINIJF 

J1=0 
DO  *)   J=1,LL 
IFU-LKUI)    1 

H LRJ=LR(J) 
J2=(LRJ-1)«LL 

,8,14 



81 ?\   DU   13   1=1.1.L 
K?=J?+I 
K1=J1+I 
S=C(K?I 
r.(K2)»r,(Ki) 
C(K1)=S 

13   CONIINIIF 
LR(J)=LKILMJ) 
LR(L«J)=LR.I 
IFU-LRUI)   I^.R.IA 

H   Jl=.)l + LL 
«J   CMNTIMIh 

HhlUKN 
END 
COMPLEX  IJ.PP(3?361 ,ZS(100>.Z( 100 I ,CIIR ( 10 ) , E .CDNJC, 
DIMENSKIM   ANG( l*5),XL(10»,NDn0)f0( 10),F1(?90I , E2 ( ?90 ), S IG ( ^6A0 I 
EU=37ft.730 
^1=3.141593 
f. l=.2S*ETA/S0RT(P!*Pr*PI ) 
U={0.,1.) 
RFADd.'.O)   NF.NhW 

10 F()«MA1(?I3) 
HHITE(3,11)   NE.NftW 

11 FDRMATCO  NF   NftW« / 1 X , I 3, 14 ) 
,17 = 0 
nil   12   JF = 1,NF 
READ!1,13)   N,Mf.tN0,NS,NL,NT,NA,NPAT,NIV,NZ,I2,I3,BK 

13   F()RMA1(9I3,3I4,E14.7) 
WlTeOtl*)   N,N<S,N0,NS,NL,NT,NA,NPAT,NIV,N7,I2, I3,RK 

H   FORMAK'O     N   N6   MO   NS   NL   NT   NA   NPAT   NIV     N7      12      I 3 •, ftX , • BK • / IX, 7 I 
13,I5.4I4,61A,7) 
NP1=N+1 
JP=I2+(NA-1)*I3 
NTP=N1*NPAT 
l)EL = 3hO./(NT-l) 
U(l lb J=1,NT 
AMM J) = ( J-1)»I)FL 

15   C(INTIMUS 
C2=BK*HK«C1 
REWIND   6 
IF{N6)    US,16,17 

17 DO   18   J=l,Nft 
RFADIft) 

18 CONTINUE 
1(S NPP=I2+I3i'(NT«NPAT-l )+NPl 

REAU(6MPP( I ),I = 1,NPP» 
WRITE(3,19)(PP(I ) ,1 = 1,2) 

19 FORMAT!'OPP'/I1X,4E11.A)) 
MP = N1*NPAT 
NN=N*N 
00 21 J=],NN 
J1=NZ+J 
7S(J)=PP(J1) 

21 CONTINUE 
DO 22 JL=l,NL 
DO 23 -1=1,NN 
Z(J)=7S(J) 

23 CONTINUE 
RFAD(1,2M(XU J) ,J=1.N) 

24 F0RMA1(!5F14.7) 
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27 

2^ 

30 
29 

33 
32 
31 

3S 
34 

bO 

36 

37 
1 

WRI lh(3,2S) (XL(.)) ,J=1,N) 
FflHMÄK 'OXL'/( 1X,5FU.7 ) ) 
Jl = l 
.12 = 0 
DO   26   J=1,N 
Z(Jll=Z(J1)+UMXL(J) 
S1 = AKS(XL( J) )/r,ABS(7S(Jl ) ) 
Jl=Jl+NtM 
IHIS1-10.)   26,26,27 
J2 = .)2+l 
Nn(J2)=J 
IHJ2) = 1./S0RT(S1 ) 
CilNTlNUE 
IF(J2.EO.O)   (in   TO  2R 
Oil   24   J=l,,!2 
J1=NI)( J) 
J3=(J1-1)*M 
nn 30 1=1,N 

J3=J3+l 
7(J3) = Z( J3)*l)(.l) 
Z (J1)=Z( J1)*IM.I) 
.I1=J1+N 
CUNTlNUt 
CONTINUE 
CALL   LIMEO(N,Z) 
IF(J2.E0.0)   RO   TO  31 
DO  32   J=1,.I2 
Jl=NüU) 
,I3=( J1-1)*N 
DO   33   1*1,H 
J3=J3+1 
Z( J3)=Z( J3)«rj(J) 
Z (J1)=Z( Jl)*l){,)) 
J1=J1+N 
CONTINUE 
CONTINUE 
DO  34   .J=1,N 
J3=(J-1)«N 
r,u«( j)=o. 
no  35   I=1,N 
.I2 = 1+JP 
J4=J3+I 
CUR ( J ) =CUR ( J ) +7 ( J4 ) «PP (.121 
CONTINUE 
CONTINUE 
IF(NIV.EO.O)   CO   TO  A4 
1)0  50   J=1,N 
COR( J )=-r.OR ( J) 
CONTINUE 
WRITE (3, 36)   .IL 
FORMAT! 'OSCAITERINC,   PATTERN   FOR   THESIS.'TH   SET   OF   LOADS'» 
WRITE(3,37) 
FORMAT ( '  ANCLE   RE AL ( E ) ' .5X , ' IMAME) ' ,7X , ' I E I ' .6X , • SIG/( L AM )**2 ' 
) 
J1 = I2 
J6 = 0 
DO 3R LL=1,NPAT 
DO 34 ,)=!,NT 
.lb = Jl+NPl 
E=PP(JS) 



DM   't n   I = 1 , N 
,)? = J1 + I 
i- = i--cnK (I I»PM ,i?) 

40 CONTINUE 

J(S = Jh+1 
(-?(Jft)"hwCllNJG(h I 
tl(JA)»SÜHT(E2(JA)) 
J3=J-1 
Jl=Jl+I3 
lf-(J3/NS»NS.Nh.J3)    CO   TO   3«» 
WRMt I 3.411   ANß(J»»E,El(JMfE2( JM 

41 pnRMÄl(lX,fA.l,4E12.4) 
3^   CIINTlNDh 
3fl   CONTINOE 

IF(NO.E0.?)   GO   TO   4? 
DO   A3   J=1,NTP 
J7=J7+l 
S10(J7)=F1(J) 

A3   CONTINUE 
A?   !(- (NO.FO.l )   CO   TO   ?? 

1)0   Ab   ,1 = 1,NTP 
.I7 = J7+1 
SFr,(J7l«E2(J) 

A5   CONTINDF 
22   CONTINUE 
1?   CONTINUE 

IF(N6W)   Aft,A(S,A7 
A7   DO   A!<   .l = l,N6W 

READ(ft) 
A8   CIINTINDE 
Aft   WKI TEtftl (Sir,( I ),I=1,J7) 

WKITE(3,bl)(Sir,( I 1 ,1=1,ft) 
bl   F(JRMAT( 'OSIG'/( lX,ftEll.A) ) 

STOP 
FND 
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inaiA 
1 
A 

0.37 
*S10P 
/« 
// 

1 
?      1    1?      11A5   73     2      1      1ft   3A1      10   0.19ft3A9bE+00 
?7910F + 03   0.ft710123E+02-0.10RftAftHE + 05   0.ftA31<:)3AE + 03 

PRINTED   OUIPIIl 

NF   NftW 
1 1 

N Nft NO NS NL NT NA NPAT NIV  NZ  12  13      BK 
A  2  1 12  11'5 73    2   1  1ft 3A1  10 D.19ft3A96E+00 

PP 
0.1917e-03 0.30hlE-02-0.3933E-03-0.3l9 7F-02 

XL 
0.3727910E + 03 0.67101 23E + 02-0.108ftAft8E+05 0.(SA3193Ae + 03 

SCATTER INC, PA1TFRN FOR THE  1TH SFT OF LOADS 
ANCLE   RtAL(E)     IMAG(E)        IEI      SIG/(LAM)**? 
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n.o o.issnt ♦OO 
^n.o O.^S^OF^OO 
hO.O -0.\?hOh-('l 
40.0 -0.3HfrAH-00 

1?0.0 0. IIOWF+OO 
I^O.O 0.5^Mf-*00 
1 H o. o 0.S66Wt+00 
?\0.0 O.^MH + OO 
?<*o,n O.llO^F+OO 
?70.0 -O.SfliS'.K+OO 
300. n -0.12hOE-01 
330.0 O.SBQOF+OO 
3^0.0 0.(S^17F-t-00 

0.0 0.6517F+00 
30.0 0.57fl<»F+00 
hO.O -O.A713F+00 
40.0 0.'.2?ftF-01 

i?n.o 0.1H33F+00 
1^0.0 -0.67R2B+00 
1R0.0 -0.56(S9e + 00 
?in.o -0.6782E+00 
?10.0 0.1H32E+00 
?70.0 n.4229E-01 
300.0 -0.<t713E + 00 
330.0 0.b7H9E+00 
360.0 O.'SSWF + OO 

-H.'iOSlF-Ol 
-(l.?7«>0F*00 
-O.^H'MII *no 
n.37f.7b-01 
il.4???E*nO 
O.bWA?E-0l 

-O.IHSOF+OO 
O.'j'JAPE-Ol 
O.A???l+00 
0.3767F-01 

-0.1H30F+00 
-O.?740E+00 
-0.50S1F-01 
-O.bOSlF-Ol 
-0.b?4?fc+00 
-O.(SH3?F+00 
0.3bA0F+00 

-O^SPOF+OO 
-0.25S2F+00 

O.lHbOF+OO 
-O.2bb2F+00 
-O.7S20F+00 

O.35'.0l; + O0 
-O.f.H32E + 0O 
-O.S?42F*00 
-0.50blE-01 

O.^S^^F^OO 
0.6064F+00 
O.AH31F*0() 
0.3HH2F+00 
().<»366F+00 
0.b'.43F + 00 
O.S^^IF+OO 
0.'J^W3F+00 
0.A366F+00 
0.3HH2E+00 
0.4P31E+00 
0.6064F+00 
0.h'>37E+00 
O.A537F-t-00 
0.7H^3F+00 
0.fl300F+00 
O^'j^'JF+OO 
0.77AOF+00 
0.72'.6F+00 
0.b<)ft3F + 00 
0.72'V(SF+00 
0.77^0E+00 
0.35f>^E+00 
0.H300E+00 
0.7R^3E+00 
0.6b37E+00 

O.'.273F*0O 
0.S^M^F+OO 
0.233^*00 
0.1S07E+00 
0. 140ISF+00 

U.3017F+00 
O^^F + OO 
0.3017E+00 
o.mo6E+oo 
0. 1S07E+00 
0.233AF+00 
0.3(SH<iE + 00 
0,1273F*00 
0.1273E+00 
O.f.lblF + 00 
0.(SnH9F+00 
0.1271E+00 
O.b941E+00 
0.6251E+00 
O^SS^E+OO 
O.52ME+00 
O.b'JQIE+OO 
0.1271E+00 
().6HH9E + 00 
O.MülE + OO 
0.A273E+00 

sir, 
0.fe537E + 00  0.6633E + 00  0.f)52'VE + 00   0.650flF + 00   O.^^RbE + OO  0.f,45(SE+00 
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VI. OPTIMUM GAIN 

The program (optlnnim gain program) of this section obtains the set of 

real port currents (50) which maximizes (55). The activity on data sets 1 

(punched card Input) and 6 (direct access Input and output) Is as follows. 

READ(1,7) NF 

7    FORMAT(2013) 

DO 9 JF - 1, NF 

READ(1,10) N, N6, N8, NPP, NZ, NV, BK 

10    FORMAT(313, 314, E14.7) 

READ(1,7)(NST(I), I - 1, N8) 

REWIND 6 

SKIP N6 RECORDS ON DATA SET 6 

READ(6)(PP(I), I - 1, NPP) 

NN8 - N*N8 

READ(1,17)(FI(I), I - 1, NN8) 

17    FORMAT(4E14.7) 

9    CONTINUE 

Virtually all of the main program Is Inside DO loop 9. For propagation 

constant BK, the N-port litmedance matrix Z of (1) Is In PP(NZ+1) through 

PP(NZ+N*N) while Voc of (36) Is In PP(NV+1) through PP(NV+N). The nth basis 

vector I of port currents resides In Fl((n-1)*N+1) through FI(n*N). If 
n 

NST(J) - 0, then the optimization of (55) with J basis vectors (II-l) Is 

omitted. 

Minimum allocations are given by 

DIMENSION LR(N8), C(N8*N8) 

In the subroutine LINER and In the main program by 

COMPLEX PP(NPP), VC(N8) 

DIMENSION NST(N8), FI(N*N8), R(N*N), 

RI(N*N8), RCS(N8*(N8+l)/2), VI(N8), 

V2(N8), RC(N8*N8), A1(N8), A2(N8), 

ALP(N8), CR1(N), CR2(N), CUR(N) 
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DO loop 19 puts [R] of (34) in R.  DO loop 20 puts fRjt of (54) in 

RI((n-l)*N+l) through Rl(n*N). DO loop 23 puts [R] of (55) in RCS using the 

symmetric mMe of storage [12]. DO loop 27 puts the real and imaginary parts 

of V0C of (55) in VI and V2. 

DO loop 30 maximizes (55) using J basis vectors (11-1). DO loop 31 puts 

R in RC by columns. Statement 52 inverts R. DO loop 33 puts the real and 

imaginary parts of [R] V  in Al and A2. DO loop 35 and statement 53 put the 
-f k^n 

maximum gain for complex a in GC. The constant -r— appearing in (40) resides 

in Cl. The maximum gain for real a will be put in GR. If all of the elements 

of either Re(V ) or Im(V ) are zero, then GR - GC, C - 1, and the evaluation 

of (45) is avoided. It was permissible to set Col because (42) does not 

depend on C when V  is constant phase. The logic between statements 36 and 

38 puts (44) in C and, with the help of (42), puts the maximum gain for real 
-*■ -*■ 

a in GR. Upon exit from DO loop 40, the real a for maximum gain is In ALP 

while the real and imaginary parts of the complex a  for maximum gain are in 

Al and A2. DO loop 48 puts the real port current I for maximum gain in CUR 

after storing the real and imaginary parts of the complex port current I for 

maximum gain in CR1 and CR2. 

"*OC 
For the sample input data, V  is the set of open circuit port voltages 

for an x polarized unit plane wave traveling in tho positive in direction. The 

basis vectors (II-l) are the three dominant (X = - 0.1552, X • - 10.12, and 

X ■ - 50.54) mode currents for the unloaded wire triangle. 
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. 

(nlM4.,^^,;ns,11, »MAIM; ..IHH• ,UM.MIMI^ODK 

hxer  HAUIV 

•RK'/n.313,314,614.7) 

/r.ii.HO^f^OOl   DII   l)S*IAMb>t:l:00J*.RI:Vlfl)rSP*(ILi>tllNII«7)|4t « 
/ VIILUHh'SF«"Sl)0004,i)CM<i(uhCFM.vS, HI «SI/h'PSg^.luhCL •?•)'»?.« 
/ Hi/FNO» I 1 
/r.O.SVSIN   1)1)   • 
.IHM MÄUT/, T|MFul,PAr,FS«3n 

THIS   PHdC.RAM   CALLS   TMH    '4T«IX    INVH«S|(IN   SDRWMIII 1 NF   LINFH   LlSTfcll 
WMM    IHH   MATTtPN   SYNTHt-SIS   PSCir.RAM   HF    SFCTION    I I 
CliMPLhX   PP( ^?3^) .vr,(4( 
DIMENSION   NSM4),FI(lM,R(|M,HMlM,bf.S(lO»,Vl(M,V?(4»,«C(IM 
DIMENSION   Al(4) ,4?(4),ALP(4),C«114 1,CH?(4),CUH(4I 
^1=3.141^^3 
HA=37h.73n 
C2»E1A/(4.»PI) 
RFADn.7)   iv<F 

7   FDRMAKPOI 3) 
WK I TH3,8)   NF 

H   FflKMATI 'ONFs' ,13) 
flU  Q   jr = i ,NF 
RI;AD( 1,10)   N,Nft,N«,NPP,N/. ,NV,HK 
Fi|RMA1(3I3,3F4,E14.7) 
WKF Tt(3f 11)    N,N6,NH,NPP,N7,riV.HK 
FORMATI'O     N   '^l^   MS   NPP     NZ      NV«»^X< 
HFAI)( 1,7)(NST( f ), 1 = 1,Mfl) 
WHITE(3,1?)(NST(I),I=1,NH) 
FdKMAK 'ONST'/( IX,2013) ) 
RFWIND   h 
IF(Nft)   13,13,14 
DO   IS   J=1,N6 
MFAD( IS) 
CDNI INIJF 
RFAÜ(6)(PP(I ),1=1,NPP) 
WWIlE(3,lft)(PP(I ) ,1 = 1,3) 
FUKMAK •OPP,/( lX,ftF11.4) ) 
NNH=N*NH 
HEAD! 1,17) (FI ( I ), 1 = 1,NNH) 
l-IIRMAl (4E14.7) 
WRITh(3,lfl) (FI ( I ),I = 1,NN8) 
FIIRMAK »OFI '/( 1X,4F14.7) ) 
Nfv( = N«N 
IK)   14   J=1,NN 
J1=J+NZ 
R(J)=RFAL1PPI Jl) ) 
CONTINUE 
no 20 J=i,rj8 
Jl=(J-1)*N 
DO   21    1 = 1, N 
J3=(I-1)*N 
.I?=J1 + I 
RI(J2)=0. 
no   22   K=1,M 
J4=J3+K 
J!5 = Jl-fK 
RI ( J?)=RI( J2)+R(.I4)*FI(J5) 

22   CONTINUE 
21   CONTINUE 
20   CONTINUE 

10 

11 

I? 

14 

lb 
13 

1ft 

17 

Ifl 

1^ 



S6 

?5 

23 

2ft 

?« 

27 

2<) 

32 
31 
b2 

3 A 

33 

.i|«0 
IHI   ? *     l< I .NM 
J^i IJ-I I»"» 
llll   ?<.    I • I .  I 
J1«JI»I 
«fSIJl»«0. 
J*"l1-1 l»N 
1)11   ?b   K»l ,N 
.n«j2«K 
JS«J<.*K 
«csi jn«Rr.s(.m*n i.ib»««! (J3) 
ClINIINUt 
C'lNTINUi- 
r.DNllNlIt 
W«l TH3.?M(KCS( I I,I = 1,J1I 
KIMMAK 'OKCS'/I IX.TEU.A) I 
mi   27    1=1,NH 
VCII1=0. 
Jl»(I-lJ*N 
Dl)   2H   K = l ,N 
J2«Jl+K 
J3=NV+K 
VCU »»VCdJ+FI (J2)«PP(.13I 
CONTINUt 
VI ( I )=REAL( Vf.l I ) ) 
V2(I l«AIMAR(VC(I ) ) 
CilNTINUt 
WRI TEO,?'») (VC( I ) ,1 = 1 ,N8) 
FdkMAK 'nvr.'/( lX,7En.4)) 
C1=C2«'HK!!"BK 
0(1   30   J=1,N8 
IFINSKJ) .tO.O)   Gl)   TO   30 
J2 = 0 
nn 31 K = I,.) 

J3=(K-1)«J 
Jb=K 
1)0   32   I = 1,K 
>I2=J?+1 
J4=J3+I 
RC(J4)=Rr.S( J2) 
RC(J5)=RC(J4) 
J')=J5+,I 
CUNTINDE 
CDNlINUE 
CALL   LINERCJtRC) 
51 = 0. 
52 = 0. 
mi 33 K=I,.I 

A1(K)=0. 
A2{K)=0. 
J3=(K-1l^J 
00   3^   1=1,J 
J1=J3+I 
A1(K)=AI(K)+RC(Jl)*V1(l) 
A2(K)=A2(K)1-RC( Jl)''V2( I ) 
CONTINUE 
Sl = Sl + ARS(M(K) ) 
S2=S2+ARS(A2(K)) 
CONTINUE 
r,c=o. 



si 

3ft 

39 

^H 

AO 

4S 

Af. 

A7 

A4 

48 

bO 

bl 
30 

9 

Uli    ^   K=lt.) 89 

r.f.sf.f. + Vl (KI^AMK I+V?(K)«'6?1K ) 
CIINTINUk 
r.r,=r.f.»ci 
IH 1 Sl*S?.Nt-.(). I    nil    Til   3(S 
r.H=r,f. 
r. = l. 
an  in  3« 
S1=0. 
s?=o. 
S3 = 0. 
0(1   StJ   K«l,J 
Sl«Sl+Vl(K»«Al(KI 
S?=S?+V?(K)"A2(K) 
S3=S3+V1(K)*A?(K) 
CUNlINUe 
A=(S1-S2I/(2.*S3) 
SA=S0«T(A*A+1.) 
C=-A+SIGN(SA,S3) 
f;H=Cl*(Sl+C*S3) 
(Kl   A0   K=!,,l 
ALH(K )=A1(K)+C«A?(K) 
A?(K)=-A?(K) 
COM!INOF 
KHI Tfc( 3,4b)   r,K,GC 
FdRMAK «OS^X, «GR« .PX.'GC'/lXfPEll.A) 
WRITe(3,4ft)(ALP(K),K=l,J) 
FriRMAK'ORFAL    ALPHA   FOR   MAXIMUM   GA IN ' / ( 1 X , bF 14 . 7 ) ) 
WRITF(3,47)(A1(K),A?(K),K=1,J) 
FDKMAK 'OrOMPLFX    ALPHA   FdR   MAXIMUM   GAIN'/(1X,4F 14.7) ) 
III)   48   K = lfN 
CRKK )=0. 
CHPJK 1=0. 
J1=K 
l)(l   49    I = 1,J 
CR1(K)=CR1(K)+FI(J1)*A1(I ) 
CR2(K)=CR2(K)+FI( JD^AZI I ) 
J1=J1+N 
CUNTINUE 
CIIR(K)=CR1(K)-C*CR?(K) 
CUNTINDF 
WRITE(3,bO)(Cl)R(K),K = l,N) 
FORMAT! 'ORFAL   PORT   OUANTITIFS   FOR   MAXIMUM   GAIN'/(1X ,4F1A.7)) 
WRITE«3,51) (CR1(K),CR2(K),K=1,N) 
FORMAT!'OCOMPLFX   PORT   QUANTITIES   FOR   MAXIMUM   GAIN'/(1X,4E14.7) 
CONTINUE 
CONTINUE 
STOP 
END 

tOATA 
1 
4     2      3lOft6 
0     0      1 

-0.1338342E+00 
-0.ft07ai72E>00 

0.9999996E+00' 
*ST0P 
/* 
// 

1M0M   0.1963495E + 00 

0.43264ftnE+00 
0,9999999E+00 
0.5373682E+00 

0.8418ft84F+00 
0.a054470E+00- 
0.13ft7921F-01 

0,P999999E+00 
0.645750bfc+00 
0.739(S74ÜE-01 
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MWIN1HI)   IIIJIMKI 

N(:=       1 

N   N6   NH   NPP      N7      NV RK 
t*      2      310fth      1610hl   0.14634956 + 00 

NS1 
0     0      1 

PP 
0.19 176-03   0.306IE-02   0.39 3 3(;-03-0.3197(:-02-0.637 1E-03-0. 2576E-03 

El 
-0.133R342E+00   0.4326460E+00 0.841H6R4E+00  0.QggQqq^E+OO 
-0.607R172E+00   0.9999999E+00 0,fl054470E+00-0.6^57505E+00 
0.q999996E+00-0.53736fl2E + 00 0. 1 367921E-01   0. ;3967'!t0F-01 

PCS 
0.1R57E + 03-0.2441E-03   0.10A7E + 03-0.5fll 7E-0'!f-0.2R23E-03   0.6226Et-01 

VC 
C.7?6!;F + 01-0.671RE + 01-0.5377E + 01   0. 3362E + 01-O. 1 1 37E + 01-0. 2AR6E+01 

RR r,c 
O.lSb-VEi-Ol   0.2AAOE + 01 

REAL   ALPHA   FOR   MAXIMUM   GAIN 
-0.109049 36+01   0.9509 159E+00-0.126b057E+02 

COMPLEX   ALPHA   F(IR   MAXIMUM   GAIN 
0.39 12077E-01   0.36175986-01-0.51336666-01-0.3209 7206-01 

-0.1R256906+00   0.39928R26+00 

i 

REAL   PORT   QUANTITIES   EUR   MAXIMUM   CAIN 
-0.130fl260E+0?   0.7 27 71P9E+01-0.3251R9HE+00-0.26A027RE+01 

COMPLEX   PORT   QUANTITIES   FOR   MAXIMUM   GAIN 
~0.1566013E + 00   0.4r^9557E + 00   0.6369549E-01-0. 23101O5E + 0O 
-0.10911R1E-01   0.1006477E-01   0.58767256-01   0.«6437056-01 

■   i 
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Next, the set of real port currants Hated under the heading "Reel 

port quantities for maximum gain" In tha printed output of the optimum gain 

program vaa fed Into the model reaonance progrem of aactlon IV. The loads 

appeerlng In the printed output of the model reeonence progrem vere then fed 

Into the o/\2  versus angle progrem of aactlon V with the variablea NQ end N6W 

changed eo as to etore o/A2 on record 6 of dete eat 6. Tha following printed 

output reaultad. 
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PXINIHI   (llllMUl   II»-    IMI-    NlllAI.    «hSIINANCH    PUIir.HAM 

N»-«       | 

N   NA.   NH       I ? 

o. |<l| 7K-03   O^O'.lf-ÜP-O.iWBJf-OS-O.JlQZt-O^-O.ÄlMfc-OS-O.^^/^F-O} 

run 
-o.noH7f.o»-*o? o.7?;7i?Qt*oi-o.3?siHVBf »no-o.p^inpTHf^oi 

«L 
o.^^Hjn^PF^n^ n.iM<.i«i»if »nj o.<s!)??3*»Tf-*n«.-ü. 4oos«»3MF»n3 

P«IN1HI   OUIMlll   !!►    TMf    Sir.MA/LfcMHDA    SOOAOfO   VfBSltS   ANf.LF   PBlir.HAM 
NF   • ' » 

1 P 

N   NA   NO   NS   NL   NT   NA   NPAT   NIV     N/       I?      13 HK 
*     ?     ?   \?     IKS   73 7        I      l*i   3*1      10   O.l^M^iMOO 

PP 

0.|«<|7F-03   0.30MF-ü?-0.V<33t-O3-O.3l«»7f-0? 

XL 
O,?SH30*>?F»03  0.161«I3«I'>F*ü3  0.*iS??3A7F »O^-O. 300,><»3<»F »03 

SCA1TFR 
ANGLE 

0.0 
30.0 
fcO.O 
90.0 

1?0.0 
1*0.0 
1M0.0 
210.0 
2*0.0 
?70.0 
300.0 
330.0 
360.0 

0.0 
30.0 
60.0 
90.0 

1?0.0 
1*0.0 
IA0.0 
210.0 
?*0,0 
?70.0 
300,0 
330.0 
360.0 

srr. 
0.69*7t«00   0.6V«>?t*00   0.6g67F*00   0.69«I3F*Ü0   0.7O?7F*OO   0.7O71F*OO 

I NO   PA1TFHN 
RFALIFI 

O.83?QF»00 
0.7?1«»F*00 

-0.?990e*00 
-0.*37*F-01 

0.23H2F»O0 
-0.6800F*00 
-0.7M0f »00 
-0.6R00t*00 

0.?3"?F»00 
-0.*3?*E-01 
-0.?9<»OF*00 
0.7?19F*00 
0.»l379e*00 
0.«379f»00 
0.6?fl7E«00 
0.*39<IE*00 
0.«»**6E*00 
0.6?71E»00 
O.SH74F*00 
0.7SIOF^OO 
0.*R73E«00 
0.6?71F*00 
0.«*')6E*00 
0.*39«F»00 
0.6.'>R7E*00 
O.H3?9E*00 

FOR    l-t    IIH 

|MAr.(FI 
-0.317AF-01 
-0.<.7M|F*00 
-0,7010F»00 
0.305«F*00 

-0.6l9?f.00 
-0.37*3E*00 
0.**09E-01 

-0.37i3E*00 
-0.619?E*00 
0.3059E*00 

-0.70inE*00 
-0.*7H1E»00 
-0.31?«E-01 
-0.312HE-01 
-0.«b7«E-01 
0.7?«?E*00 
0.10*6F«00 

-0.32*<.E*00 
-0.674.9F-0I 
-0.**09F-01 
-0.67MF-0I 
-0.37**E*00 

0.10*6E«00 
0.2?9?E*00 

-O.BS33F-01 
-0.3178F-01 

Sfcl (IF LOADS 
IEI 

0.h33%E*00 
0.8659E*00 
0.7671E*00 
0.3090F»00 
0.66 3*E«00 
0.7767E«00 
0.7b?3E*OO 
0.7767c*00 
0.6634E»00 
0.3O90E»0r 
0.7621E*0a 
O.N659t«00 
(   .H   IIS»   ♦(,.1 

0.833iE»00 
0.634)E»00 
O.*96OF*00 
n.«>*>i*F»oo 
0.706|E«00 
O.S907E»00 
0.7i?3E*O0 
0.b907F«00 
0.7061E»00 
0.9«>|*F»00 
0.*9%gE«00 
0.63*5F»00 
0.833SF«0n 

sir./uAMi»»? 
o.sg«i7E*oo 
0.7<.97F»O0 
O.S808F«00 
0.<JS*7E-01 
0.«i*01E*fO 
Ü.6033F*O0 
0.i65OE»00 
0.6033F*OO 
0.4*01E*00 
<».9S*7F-01 
O.S8ü8E*00 
0.7*97E»00 
O.A9*7E*00 
0.6Q4 7E*0(i 
0.40?6E*00 
0.?460F»00 
0.90S1E*00 
0.4<I86E*00 
0.3489E*00 
0.b6i9t»00 
0.3489E*00 
0.40«6E«00 
Ü.QOME^OO 
Ü.?4^9F*00 
0.407SE»00 
0.6'<4 7E*0.') 
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VII.  BACKSCATTERINC VERSUS FREQUENCY 

The program (o/A2 versus frequency program) of this section requires 

tha pore parameters Z , vOCt and P 
a • u at Ch« frequencies of interest. 

A« a preliminary step, Che Impedance matrix program, Che excitation vecCor 

program and Che port parameter programa on pages 45-69 of [7] were run after 

Insertion of Che statements 

DO 200 I - 1, KV1 

V(I) - C0NJC(V(I)) 

200   CONTINUE 

just after statement 37 In the main program of the excitation vector program. 

These 3 additional statements change the Incident field from a plane wave 

traveling In the minus z direction to a plane wave traveling In the positive 

t direction. The impedance matrix program and the port parameter program were 

run with the C level compiler but the excitation vector program was run with 

WATF1V. It has been observed that the particular propsgatlon constant read 

in as 0.1963495 is printed correctly by the UATPIV compiler but is printed aa 

0.1963494 by the G level compiler. 
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MKlNIHI   UDIPIII   (Ih    IMMHIANO   MÄfHIX   MROr.BAM 

H(r    N'    Nf   NW HAD 
I«      h   *<<•       6   0, lM)OnOO|-«()() 

1.8117 I.'>52,v l.?V*l l,03b3 0.776b 0.bl76 0.25«« 0.0000 -0.25«»' 
-O.blTft -0.776') -l.03b3 -1.29*1 -l.bb29 -1.M117 -2.0706 -1.5529 -1.H117 -2.0706 
-1.03S3 0.0000 l.03b3 2.0706 I.«117 l.bb29 -*.6bH7 -*.3999 -*.1*11 -3. lObt- 
-?.n70ft -l.03'>3 0.0000 I.03bj 2.0706 3.10bH *,1*11 *.3909 *.65H7 -*.l*ll 
-<..?»*«<•* -<..ft')H7 -'..9176 -b.176* -b.*3b2 -5.69*0 -b.9b2« -6.2117 -5.176* -*.l*ll 
-I.IOSH -2.0706 -1.03b? 0.0000 1.0353 2.0706 3. ",•?« *.l*ll 5.176* 6.2117 

'>.<»'J?H S.ft^AO b.^-tb? b.176* *.9I76 *.6bf'7 *..-t999 *.1*1I ^,0/06 i.lObw 
".IMl 3.flH23 3.623b 3.36*6 3.10SH >.H*70 2.bMR2 2.329* 2,0706 1.0353 
o.ooco 0.0000 -1.03b3 -2.0706 -2.3294 -2.b«H2 -2.«*70 -3.10b« -3,3'.*6 -3.623b 

-3.HH?1 -«..l*!! -3.10b» -2.0706 

py 
0.0000 o.oooo 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 
0.0000 o.oooo o.onoo 0,0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 
o.oooo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 
0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 
o.ooon 0.0000 0.0000 0,0000 0.0000 0.0000 o.oooo 0.0000 0,0000 0.0000 
0.0000 o.oooo 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0,0000 o.ooou 
0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 o.oooo 0.0000 0.0000 0,0000 0.0000 o.oooo 0.0000 o.oooo 0.0000 
o.oooo 0.0000 o.oooo 0.0000 0,0000 0.0000 0.0000 o.oooo 0,0000 o.oooo 
o.oooo 0.0000 0.0000 0.0000 

p; 
7.7?7<. 6.7Mb b.79b6 *.H296 3,«637 2.«97« 1.9319 0.9659 0,0000 0.96b9 
1,1319 2.«97« 3.«637 *.H296 b,79b6 6.7615 7.727* 5.79b6 6,7615 7.727* 
1.17H. 7.727« 7.727* 7,727* 6,761b 5.7956 17.3«67 16.*207 lb.*b*fl l*).^*» 

I'j.'.b'fcB lb.«.*'.« lb.*b*H lb,*b*H lb.*b*H 15.*5*« 15.*b*« 16.*207 17.3P67 lb.*b*H 
Ift.'.207 17.3«67 l«.3b26 19,31«5 20.2«** 21.250* 22.2163 23.1H22 ?3.1«22 23.1H22 
23.1»?2 23.1«22 2^.1«2? 23.1822 23.1«22 23.1«22 23.1«22 23.1H22 23.1«22 23.1P2? 
??.21^3 21.2'>0<. 20.2«** 19.31H5 lH.3b26 17.3R67 16.*2()7 15.*5*« lb.*b*» lb.*b*H 
15.AS*« 14.*««9 13.b230 l?.bb70 11.5911 10.6252 9.6593 «.6933 7.727* 7.727* 
7.727* 7.7274 7.727* 7.727* «.6V33 9.6593 10.62b2 11.5911 12.b570 13.5230 

!<..<. flRQ lb.454« lb.*b*« l^^b*« 

LL 
1    1«   27   *0   69   M2 

RRK 
0.1 j707V6F»./0   0.166H971f*00   0.17671*bfc*00   0. 1P260bOe+00   0.IP65320F+00 
0..90*5908*00   0.I92*22*t*00  0.l9*3«b9F+00   O.19b367Ht*00   0.1963*9*8+00 
T.19733128*00   0.19H31308*00  0.20027668*00   0.20223998*00  0.20616708+00 
<).21009398*00  0.21b9«*bF+00  0.22b«0I«8+00  0.23561928*00 

IHPFOANCF   MATRIX   (IF   IIRDFR   3« 
0.19628*01-0.65568*03   0.19*38*01   0.?«97F+03   0.1P«68*0I   0.5*138*02  0.12«6F*00 
0.19628*01-0.16068*01-0.13«38*02 

|MPhl)ANC8    MAIHIX   (IF   IIHDFH    3« 
0.221*8*01-0.613«8*03   0.21«98*01   0.27**8*03   0.21178*01   0.5l*H8*02   0,1**78+00 
0.1 ««08*01-0.17998*01-0.13328*02 

PLUS   17   M(IB8   ArPFARANC8S   08   IMP8I)ANC8   MATRIX   08   llRDF»    3« 

PHIN18I)   (lUTPIIT   (IF   FXCITATION   VFCTdH   PROfiRAM 

Hf   N6   NP   NW   NT   NPAT 
19   25   9*      6       1       1 



KK 
0. I S707»»Ah*n»)  0. ICihH^/ll-^on  0. l7(S7|<.Sf »On   (l, I H^^OSdt »IK;  (I, \ »»,>, t?nt *(H. 

OS 

i 

r>' r A 

?.07()/> I.HII7 l.bS^w 1.2941 1.04S4 0.77ftb O.bl /ft 0.2b»« n 0(100 -<l. /b"» 
-O.S|?^ -0,77h') -LOS1» 3 -I.2941 -l.S'>2" -l.«ll7 -2.07nft -I.bb29 -1 «I11 -2.0/04 
-1 .n4s< 0.0000 I.OJ^S 7.070A I.«11 7 1 .bb?'» -4,ftbM/ -4, 39'JM -4 1*11 -«.ins« 
-^.0706 -1.03S3 o.oono l.03i3 2.070ft 3.104« 4.1411 4, J<9K #,•»«7 -*. I4| | 
-"».BO»*« -'..ft'jH/ -Ä.'M /6 -b.^fc* -b.'il'»' -b.ft«4i) -b,«b2'< -ft.211/ -b ,1 'ft* -4.141| 
- <. IOSII -X.070h -LOSbl O.ooon 1.03b3 2.070ft 1.1 Ob« 4.1411 1 II.'. '..211' 

'>.t''l?H S.f.M<.() ,5.'.^2 •7.17^,4 4.917ft 4 ,ft')H7 .-. , «990 -.1411 «70*. 1.|(|S.- 

'.. KM 3.««?^ ^.'<?3S ^.164ft 3.10')« 2.«470 2.b««2 2.32''4 (ifOft I,n»s4 

n.nooo o.ooro -l.(H!>3 - 2.0?0ft -2.3294 -2.b««2 -2.«470 -3.I04N -3 ,lft4ft - I,ft2»b 
- S , H H X A -<.,1MI -J.lO'iH -?.070ft 

I'V 

0,0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 ,0OPO o,noon 
n.oooo 0.0000 o.ooon 0.0000 0.0000 0.0000 n.ooon 0.0000 0 OOO'- 0,0000 
0.0000 n.oooo 0.' 000 0.0000 0.0000 0.0000 0.0000 0.0000 u .0000 (1,000' 

().000() 0.0000 0.0000 0.0000 0.0000 0.0000 o.oono 0,0000 0 0000 0,00il(' 

0.0000 0.0000 0.0000 0.0000 0.0000 o.oooo 0.0000 O.GOOO 0 .OnoO • ■,   mi" 
0.0000 0.0000 0.0000 0.0000 o.oono o.oooo 0.0000 O.OOon ■ 0000 '.,000" 
n.oooo O.OOfH» o.onoo 0.0000 0.0000 o.oooo 0.0000 0.0000 0 UOOO II,"OO' 
0.0000 0.0000 0.0000 O.OOOd o.oooo O.OOOO o.ooon O.OOOO 0. 0000 '■,noop 
0.0000 o.onoo O.OOOO n.nooo 0.0000 o.onoo 0.0000 n.COOO a nono (i,(.000 

n.oooo o.oono n.oooo o.oono 

7.727*. ft,7Al*) 'i.i^^h 4.H2VIS 3.«ft37 2.«97« 1.911« 0,9ftbg oooo i),''i',i" 

l.^l" 2.H47H i.Khi/ 4.«29ft b.79bft ft.7ftlb 7,7274 b.79')ft 7A|b 1, 72/4 

7.7?7A 7.7?7<. 1 .1711, 7.7274 ft.7ftlb b./9bft 17. I«ft7 |ft.4207 ,4b4H |b,4b4H 

IS.^b*.« I'j.Ab'.H is.<.'>'.« lb.4b4H lb.4b4« lb.4b«« lS,4b..M 1ft.4207 3«/. / |>,4S4H 

1 A.<.?07 17.3HA7 Ifl.3b2'. I «».3185 20.2«44 21.2b04 72.2lft3 23.1»?2 ,1«22 2«,|«,V 
?3.1H?? 23. 1«?? 23.IH22 23.1H22 23,1»»?? 2^.1«22 21.1«2? 21.1«22 |H22 ?*.l*?? 
??.?l^i 21 .2V1A 20.^H<,i, l^.ilRb lH.3b2ft 17.3«ft7 |ft.42()7 lb.4')4H 4i«H |S,<.b4l. 

IS.A')'.'! l^.^HMM 13.'»230 12.SS70 ll.b9ll 10.ft2b2 9.ftb91 «.ft«33 72 74 /. '2 74 
7.7?7'. 7.727'. 7.72 7'. 7.7274 fl.h9 VI 9.ftb<'-» 10.ft2b2 ll.b9ll 12 .bb7o l>,b/4(. 

lA.AHH'J lb.'.','.« IS.AS'.H lb.4b4H 

LL 
1    IH   ?7 AO   ftQ   H2 

n. lO^is^Hai +01-0. 51?4bl<»f ♦03 
-0,?lAly.7»- + 00-0 <»h3bH20F*00 
n.l<»J7?3lf-03  0. 30hObÄ2e -02 
n.iooooooe+oi o Hftii4ggn(.4O0 
n.'tl 1 ^73Äfc*00 0. <.117 7«'>f-*on 
n. t'>y??7«Jt*oo o, lA^S^lOh+OO 
o. itJApp^we+ni-o. 6'>'>S7ir'(- ♦ 03 
o.^pn^'jot+oi-o hXiihi-w ♦ 0 3 
(l.?A7'<WH6t+Ol-0, b7n<.23^F ♦ 0 4 
n.?h/.(SKM«*e+oi-o bt>SH60»'(- ♦ 03 
0.?7A1l?Mh+01-0, b<.2«346fc ♦03 
0.?H777O9t+Ol-0 •>3037«4h ♦ 03 
0.?<J3^x77h*01-0, •32<i2b<>(St: ♦ 03 
n.244iSis36t*oi-o .blH2«>7le ♦ 03 
o.-to?'>7^<»e*oi-o. blb^AO'.b + fH 
n^os^MSfc+oi-o b^'-bive ♦ 03 
0. l0H73»<Hh + OI-O, S0<VS/03H ♦ 0 3 
0.31 I7<J05h + 01-0 50A7IMF ♦ 03 
0.317<M3Afc*01-0. bOH)8A7t- ♦ 0 3 
0.3?''I'>?1H*01-0 ««jss^obe ♦ 03 
n.33^7AVbt- + OI-0. Afl<.M0'>2f ♦ 03 
n.3«l<s77flh*oi-n. A7'.A2H0t: ♦ 03 
n.3(S<}2bH3t »Ol-O. <.blJ'>2Sftt; ♦ 03 
0.<.032?O7h + Ol-0, A3ft3nf.2f' ♦ 03 
n.<,HHm?H«K+.',l-0. <.14HH<*«H + 03 



9b 
V 
-o. m*t «oo-n.^o^n »no-n.4?i«i-*oo-n.?4?TF »oo-n.^xq»!. *oo-n, i •>)<.(-*oo-o. si )?F «no 

l'«!  .Ii.'   IIUIPIII    HI-    PIIH t    .«-/',»..   Ii u    pH(ir,U«M 

N»-   Nl      -      ■■   N^V   NA/   N«.P   NVl 
I«      I    «M      *      ?•>   -?o I | 

hK 
0.|»7P7<«M-»00   n.\tyt,*ul\* '< "   0.|7#.7|*S»-»00   0. I H?^OSO^ «00   0. l«AS3?0»-»00 
n, |9n*viof»on n. i«*/'.^,»«.».('(    i. is* <HS«J> .nn  0. |9^l«>7H|-*on 0, |'J».}*<»<.t»oo 
0.|<»7n|?l-»00   0.|9H^I)0F*00  0.7nO?7>.M;»00   0. ?«l??^«<<»-»00   0. ?0M'.70f »00 
n.7inn«M«Mon n.?is<<Mfise»oo (i,??sf«niHh»oo n.?is»\9?t *oo 

N« 
*      "    n   ??        I       7       <       S      *       7      H    in    II     |7    I*    1»    I'     |7    |M    |q 

^(i   71   7«   7*   ?t>   ?t,   77   7H   7«>   *0   j;    i7   H   **   ^•)   !*>   37   1« 

NV N7 wiv ««M Hisc Msr. KFSC «mr. Mvnr. «mc 
I  I  0  n   n   1   1   0   1   1 

il.»OS7l-.01-O.Sl7,iM'M   O.lOlle.Oj   0.71«7F»01 
-0,7I*7H <OO-O.«.AJ*.J-*nn-O.170*t»00-n.3,>l Jfi»00 
n.l9|7l--C3   0. 30fcU-07-0. 1933f-03-0. il<»7f-0? 
n.IOOO»-»oi  n.nA60E*'in O.SOOOMOO o.oooo(-*oo 
n.«||4F*00 n.<.iiHi.(in n.<.nnf*on o.M*Ot*00 
0.|^7«-*00   n. l*.v>.» .r.i  0.|70'>ie*0D O.|777fc*00 
0.l9fc7t-»0l-0.AiS6Mru      .r.---.' 1 0.7«97t»O3 
O.77l*^♦0l-O.6|3H^♦n»   n.7|N9F*0| 0.77««(-*n3 
0.7<i»<Pf»Ol-0.b7h*l »03   0.7**9i-»01 0.?*.09F»03 
n.7^7   *0t-0.55'>Vf-*n3  0.7M7F*Ol 0.793'.fc*03 
n.77f.|l-»OI-0.!>«i7*f»03   0.7773F»0| n,7*H9E*03 
ii.7M7Mt-*OI-O.S303l-*03   0.7«37F»01 0.?mt*0'i 
n.7937F»01-n.S?*3F*03   O.7«9«,F«0l 0.7*7*M03 
O.7997F»0l-O.SlH3F*03   0.?w,S7t»0| 0.7<.n3e»03 
n.3077F»0l-O.%l^*F^n3   0.79(MF»0I 0.?393F»03 
0.30S7»-«OI-n.">l7,»F«n3  0.30IIF*01 0.73«7E*O3 
n.3Oll7F*0l-O.^O9f>F*03   0.3O«iOF*0I n.?377e»03 
n.3ll»«F»01-O.SO».7F»03   r).3O70e»0l 0.?3*7e*03 
O.3l79h»0l-O.'>OIU»03   O.3l79F«0l 0.73«3e»03 
O.37*?F»0l-O.*'*S*f»03  0.3|Mt»0l 0.737*6*03 
i).33'>7F»0l-n.<iM«,HF*-)}   0.33IU*0| n.77«'.F»0i 

ii.}*9Af*01-0.fc7«<.F*03  0.3'.31>t»0l 0.77blMO3 
ti.»».93F»OI-0.<.S<<«>fc»03  0.3^^'>^♦ül n.7?00F*O3 
n.*037F»01-O.4i3*.3F»03  0.39S?t»01 0.7I7IF*03 
n.<.3HM-*0I-n.<>|<i9F*03   0.<.79U-*0l 0.?0S0F»n3 

V 
-0.31*<«F*00   n.«.Ob3F*OO-O.*7lse*00   0.7V77F*00-0.*»i9«t»00   a.l934E*00 

r 
• l.|9A7F»0l-O.*.bS6F*03   0.194?F»0l   0.7f«97E*03   0.|H«fcF»01   O.5'.13e»07 

; 
n.77l'.F»0l-O.*.|38F*03  0.7|R9E»01   0.77<.<iF*03   0.7I|7F*0I   O.Sl<.«F*0? 

PtllS   17   -u-h    «PPFARANCFS   HF   /.      THF   FINAL   7   LINES   OP   PPINTFO  IIIITPIIT   ARF 

PP 
0.10ft*e-03   O.|37 3E-07-ci.l77«F-03-O.3337F-O7-O.7>.9?t-03-O.'.0ft9t-03 

> 
/ 
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According CO the preceding printed output, Impedance metrlcea ure OP 

recorde 7 Co 25 of date eet 6. The excitation vectora and port parameter» 

arc on record» 26 and 27 raspacdvaly. • 

In Cho o/A2 v«rcua frequency program,   the activity on data »et» 1 

(punched card Input) and 6 (direct accaaa Input and output) la a» follow«. 

READ(l.lO)  NC,N6W 

10 FORMAT(20I3) 

DO 12 JC - 1, NC 

REAO(l,13) N, NF, N6, NL, NIV, NZ, NV, 13, B 

13    P0RMAT(5I3, 314, E1A.7) 

READ(1,15)(BK(I), I - 1, NF) 

15    FORMAT(5E14.7) 

REWIND 6 

SKIP N6 RECORDS ON DATA SET 6 

NPP - NV + (NF-1)*I3 + N+l 

READ(6)(PP(I), 1-1, NPP) 

DO 22 JL • 1, ML 

READ(1, 23)(XL(J), J-l, N) 

23    FORMAT(5E14.7) 

22    CONTINUE 

12    CONTINUE 

SKIP N6W RECORDS ON DATA SET 6 

WRITE^HSIGCI), I - 1, J7) 

Virtually all of Che main program Is Inside DO loop 12. Of all the propagation 

constants BK, B la Che particular propagation constant at which the load react- 

ances XL are evaluated. The N-port parameter Z aC Che J  frequency resides 

in PP(NZ + (J-1)*I3+1) chrough PP(NZ+(J-1)*I3+N*N) while ^oc and F0C • u reside 

in PP(NV+(J-1)*I3+1) Chrough PP(NV+(J-l)*l3+Wfl). For Che open clrculc impedance 

formulation, NIV / 0 whereas NIV - 0 for the dual short circuit admittance 

formulation. The JL  sec of reactive loads Is read Into XL Inside DO loop 22. 

Minimum allocations are given by 
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COMPLEX C(N*N) 

DIMENSION LR(N) 

in the subroutine LINEQ and In the main progr. m by 

COMPLEX PP(NV+(NF-1)*I3+N+1), Z(N*N), V(N) 

DIMENSION BK(NF), C2(NP), XL(N), ND(N), D(N), 

NC 
SIG( I     NL*NP) 

JC-1 

The Index JF of DO loop 25 denotes the JF  frequency. DO loop 26 puts 

Z In Z. DO loop 27 adds the reactive loads to the diagonal elements of Z. 
th 

If the ratio of the magnitude of the ND(J)  reactive load to the magnitude of 

the ND(J)  diagonal element of Z is greater than 10, then DO loop 33 divides 
th th 

the NDfJ)  row and the ND(J)  column of Z by the square root of this ratio. 

Statement 35 inverts Z. DO loop 37 is similar to DO loop 33. DO loops 33 and 

37 scale [11] the matrix Z to avoid excessive round off error in the subroutine 

LINEQ. DO loops 33 and 37 have no net effect in the absence of round off error. 

loop 39 puts ^OC in V. DO loop 40 accumulates VDC[ZS+ZLJ'
1V0C of (68) 

,oc 
DO 

of [7] in EL. In statement 43. PP(J3) is F  • u of (68) of [7]. The constant 
k2n 9**0  '"* 

C2(JF) ■ —jrj is necessary to obtain o/A'which is subsequently stored in 
4ir ' . . 

SIG((JL-1)*NF+JF) for the JL  set of loads and the JF  frequency. 

There are two sets of reactive loads in the sample input data. The first 

set of reactive loads resonates the set of port currents which radiates the 

pattern synthesized by the pattern synthesis program of section II. The second 

set of reactive loads resonates the set of port currents generated by the 

optimum gain program of section VI. The 38 values of a/A2 appearing in the 

printed output are put on record 28 of data set 6. The center frequency men- 

tioned in the printed output is the frequency at which the propagation constant 

is B. Note that a/A2 at the center frequency is the same as o/A2 at 180° on 

the pattern printed by the a/A2 versus angle program of section V. 
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I 

//r.n.i-inhFoni im PSNAMK.HFOO3'..REVI.I)ISP«IIL().IINI t-^n*. * 
II VIILUNi -'t«.SllOOO<1,l)r.H«(RFf>>».vS,MLtcSI/f»?S')>,,L»fr.L»?S')?,» 
// HIIFNO«!! 

//r.M.SVSIM   l)l>   • 
».IHK MAUT/. TIMI-a) .PAf.l-S'tn 
(. IHIS   PHIir.HAM   CALLS   '»••   MATHIk    INVfcMSIIlK   Sil^BIKlT INF   L INEO  LISIFD 
( KllH    iMh    SK.MA   tlVF«   L*MHI)A   SOUABF')   VFWMIS   ANr.LF    »«(ir.OA^   flF   SFCIIHN 

ClIMPLFX   lllPPI79R| ./I lOOI.Vdl .FLtCim.F.r.llN.ir. 
Ill KENS t ON   «- I P' I .( ,'( I'O .«I U I ,MM<.) .IK-. I. '   !'.(< 'i- I 
'  IA.37*».7in 
Pl>3.141493 
Cl«.?^»f T*/SO«TIM|»»'l»M| I 
li><0.tl«i 
BFADI | t I»)    ■.'.•.»■» 

10 FriRMA1(70l 3) 
MAIIFO.m   NC.N6M 

11 FIIRMAII'O   NC   NM«'/1 «. n,l<.| 
.|7«0 
»•1   I?   JC'l.NC 
RFAUI I .131   N.NF.Nh.NL.NIV.^/.NV.D.H 

13  F(ltJHAl(^|3,314,614.7) 
wRIUO.m    N.NF,    S,NL.NIV,N/,NV,|3.H 

!<.   FlIRMAtt'O      N   NF   H>    M   N|V     N?      NV      I 3't AV t * H'/l V t4l 3t4|4,E 14. 7 I 
HFAÜI 1. ISMHKI 1) .l>l.NF) 

.s   FORMATI^FI^.?) 
NUMFI 3,'iM (HK( | ). |«1,NFI 

1(S   FDRMAII'OHK*/! I X.SFl^.YI ) 
RFMlND   ^ 
!F(N«SI    17, |7, IM 

1R   1)11   14   Jal.NA 
RFAOIM 

1<J   CdNTINDF 
17   NP1=N»1 

NPP = NV*(NF-1 I'lS^MPl 
«FA0(6)(PP( I ) ,1=1.NPP| 
WRITF(3,?0HPP(I ),l«l,?) 

?0   FOHMAK'OPP'/I1K.4F11.4I) 
DO   ?1    J*1,NF 
C?( JI=r,l*RK(.l)»RK(.l) 
BK(JI«hK(J)/R 

7.\   CONTINIH: 
NN«N*N 
1)11   2?   .IL = 1.NL 
READ(1.?3>IXLI.I) .J»1.N) 

?3   Fr)RMAT(5El4.7l 
WRITE(3,?4)(XL(J)..I»1,NI 

?A   FnRMATI•0XL,/(IX,5E14.7I) 
WR|Tfel3t$l)   .IL 

51   FORMAT! «OHACKSCATTERINr,   VERSOS   RATIO  OF   FRF006NCV   TO'/'     CENTER   FR 
1E0UENCY   FOR   THE'.IS.'TH  SET  OF   LOADS'I 
WRITfc(3,52) 

1)2   FORMAT! • FREO» , 3X ,'REAL ( E ) ' ,5X , ' JMACI F ) • , 7X , • | E I ' .^X, «SIC./( L AM ) » 
1*2' I 

K7=N7 
KV = NV 
DO  25   JFsl,NF 
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0(1   ;h   J»IfNN 
.I?»J*K; 
/( J)»PM(.|?) 

?* fllNTINllh 
,l?«0 
Ji-l 
1)11   77   .l-I.N 
IHXICIII   ?H,7H,?vi 

?H »•»U J)/^M^ ) 
r.ti KI in 

^i »•XU   ll'HK ( .!► I 
W, S).*HS(«|/f AHS(/ 1 .11 1 I 

' :   H 1    .' (  H »♦IJ*X 
J|aJ|*NP| 
IFfSl-10.)   71,?1,\\ 

II J?»J?*l 
ninj?\*j 
<>:,]./'.-' ( ■ i I 

?r CHNTlMlli 
IHj?.E0.ni   r.ri   In   »'. 
INI   33   J«I.J? 
Jl'NIKJl 
J3«(JI-I »•»« 
(id   34   I'l.'. 
.n»J3»l 
nj3M/(j3l»(MJI 
/(  11 C/l  11 )•(•(  M 
J|aJl«N 

\h CONTINUE 
\\ cnNiiNiie 
H CALL   LINMHN./I 

if-ij;.(:0.o» r.ii ?II ih 
Oil   37   J«l,J2 
J|>NOIJI 
J3»(JI-1l«N 
f)l)  3»   l-l.N 
J3»J3»1 
Z(J3)»ZIJ3)»n(J» 
Z( jn»/( Ji »»ni j» 
JI«J1»N 

1H CON T INI IF 
37 CUNlINUc 
3(S 1)1)   3«*   J«I.N 

J?»J*KV 
V(JI>PPU?) 

4<> CUNTINUfe 
EL«06 

DM 40   JM.N 
J3«(J-1)*N 
CIIR'O. 
(Ml  41    l«l,N 
J4.J3*! 
CDR'CIIR*?! J4)*V( 1 1 

<•! f.nNTINliF 
PL"FL*Cl)R»Vl J) 

'.O CONTINUE 
J3-KV+NPI 
IFINIVI   41,4?,43 

A? F.(PP( J3I-EL»*C?(.)H 
r,(l   11)  53 
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•n   .(7.J/»1 

sir.i.init-'CdNjr.it-1 
I- I »Sou ustci .17 11 
WKI l.l ),S4,|    HKI .It- I .l-.H tSIMJTI 

•y, •   --?. 11 i.../.. i.... i ■... i 

KV*KV*I^ 

\?   CD* II Ml It 
l»-IN>>MI   «7.4>T,<>M 

4M   IMI   49    J>|.NfcM 
Re*ÜIM 

«9   CIINTlNlie 
47   HHl lMM(S!r.( | |«|k|,j7l 

k-^lIM 3,SOMStr.|| l.lal.M 
•>n i-iiaMAii •o^ir.</i|i.6(11.«n 

SKIP 
(Ml 

»HAU 
I      0 
-   1'   /'      .       I      1'      37     4?  0.194)49^6*00 

0.|S70796t'*00   n.|feAN97|e*00  0.1747|44l:*n0  O.|H?40bOE*O0  0.|R4!>1?0e*0() 
(l.|404<>V0e*00   fi.l9247;bF*00  0.1443H40f »00   0,19b4*« 7M». »00   O.l<>4H«»b6»O0 
n.|<)7)3|?l:«no  n.|V«)|30E«nO O.?00?7f Sf *00  0.?0??'i<f*t*00  O.?04l'.70t*00 
0.?IOO<U9t»00  0.?l1>9li4be*00 0.??S«0|H||»00 0.?3>>4|<>3t*O0 
n.37?79|0t«03   O.ft7|O123F*n?-0.10'<444ME*0b  0.A43I934E «03 

.,■•-•.'/■ «fM  0.l4|434^f»03  0.45??3».7F»04-0.300b«»3"C*0» 
»SlflP 
/• 
// 

PRlNUIt  UUICIII 

NC   N4M 
I     n 

N   Nl-   Nf.   Nt    NIV •»/ '-V 
*!«?».?        1 IA 37 

13 H 
4?  0.l«»434«»Sf »00 

O.|S707«f>h*00   O. |Af>a971M00  0. I 747|4S(*00  0. I R?40SnE *O0 0. I »AbaPOE »00 
n.|404S90f«00   n.l9?4??>('*00   0.1943R4nF*00   0.19<»347HE*O0 0.|94344SE*0n 
0.|973412f ♦00  0. I9fl3| 30E«00 0.20C?74(I.E»00 0. ?0^?399E*')0 0. P0A|47nE*00 
0.?l00939»-»0n   0.7)*<'R4*E*00  0.??SR0|l«E*00   0.P3SA |9 3l-«OO 

PP 
«l.|0f.4»:-03   O.I37 3E-0?-0.17?RE-03-0.3 33?E-0? 

0.37?79|Of »03   0.47lO|?3F^n?-0.|0^44»«(»0'»  0.*.4 31Q34E »03 

HACKSCtHEPINr,   VERSUS   HAT in   llF   FHEOllFNCV   Til 
CENTER   EHEOHEMCV  Ell«   THE      ITH  SET  HE   LdAOS 

l-REO       REALIE) 
H.ROO  -0,6733E-02 
().R50     n.l09*.E*n0 
0.900  -0.?0'?E»00 
0.«»30   -O.I3*.OE*00 

IMAM F I 
0.9?0?F-0I 
n.|4|7E*00 

•0.?49HE*00 
0.R3H«>E-0I 

IEI 
0.9?27F-0l 
0.l?M7f*00 
0.i?39E»00 
0.1S9RE*nO 

Sir./ltÄMJ»»? 
0.HSI4C-0? 
0.3194E-01 
0.1049F»00 
n.2bi?E-Cil 
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O,Vt>0 -0.bHA4t--()I O.173?fc+0O 0.1H?MF+0n 0.33^2F-01 
O.«»70 0.7bfl7h-01 O.PfS^RE + OO 0.P7MI +00 0.763^6-01 
o.^no 0.??l?(-+00 0.3001F+00 0.37?»F+00 ().13P0F+00 
o.qwo o.'./i^e+oo o.?i?«e+oo 0.517U+00 ().?ft7^E + 00 
n.uqs 0.b7'>f>t: + 00 0.^33öE-01 0.bfll?f:+ '0 0.337«F+00 
1 .000 0.bh64(--f()0 -0.1HS0F+00 O.^MF-t-00 0.35*3 66 + 00 
LOOS 0.A?7b(: + O0 -o.3AH()e+oo 0.551?EM-)0 O.3O3flE+0O 
1.010 0.?iSAhF+00 -O.3471F+00 0.'.77?F+00 0.?277E + ()O 
1.0?0 0.(S?bMF-01 -0.3340F+00 0.3^47F+00 u.llR«F+00 
1.030 -0.17ftll--01 -O.Pb'^tH + OO 0.?600F+00 ü.67iS0E-01 
1 .ObO -o.ftp^yt'-oi -().154AE + 00 0.1714E+00 0.2P39E-01 
1.070 -0.ft<)23F-01 -0.1088F+n0 0.1?H9F+()0 0.1(Sft2b-01 
1.100 -0.f<7h')F-01 -0.7074E-01 0.47flRe-01 0.95R0E-()2 
1.150 -0.ft77SF-01 -0.4^0ftE-01 ().H0H?F-01 l).6532E-02 
l.?00 -0.77(SOf--(n -O.?7'!(^F-01 0.H231F-01 0.6774E-02 

XL 

0.75fl3062F+03   0. IM'» 346F+03   O.65??3iS7E + 0A-0. 300593RE + O3 

HÄCKSC4 
CENTER 

FRFO 
O.«00 
0.850 
0.900 
0.930 
0.950 
0.970 
0.980 
0.990 
n.99b 
} .000 
1.005 
1. 010 
1 .0?0 
1.030 
1.050 
1.070 
1.100 
1.150 
1.200 

TIFHING   VFWSUS 
PREOUENCV   FOR 
RFAL(F) 

0.2503E-02 
0.5783F-01 
O.1205F+OO 
0.1513F + riO 
0.161AE+00 
0.1A33E+00 
0.922OE-01 

-0.1124E+00 
-0.A309E+00 
-0.7510F+00 
-0.35^0E+00 
-O.3072F-O1 

0.1517F+00 
O.189RF+0Ü 
0.1952E+00 
0.17^6E+00 
0.11H9E+00 

-0.2AA8E-O1 
-0.2026F+00 

I 
0. 
0. 
0. 

-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
0. 
0. 

0. 
0, 

-0. 
-o. 
-0. 
-0. 
-0. 

RATItl   IIF 
THE      2TH 
NAG(F I 
RM^F-Ol 
8RME-01 
4872E-01 
7158E-02 
68^16-01 
1756E+00 
273^E+00 
4315E+00 
4385F+00 
4A10F-01 
A775E+00 
4151E+00 
2160E+00 
1039E+00 
2097E-01 
1(103E+00 
1R54E+00 
2612E+00 
238AE+00 

FREOUENCY Tf) 
SET IIF UIAOS 

IEI 
0.fl^l7E-01 
0.105HF+00 
0.1300E+00 
0.1515E+00 
n.l75^F+00 
0.??6(SE + 00 
0.2R85F+00 
0.4^59E+^0 
O.M^RF+00 
0.7522E+00 
0.594^1 +00 
O.Ali()2F + 00 
0.2639F+00 
0.21ft4F+00 
0.1M6^F+00 
0.201^E+00 
0.2202F+00 
0.2A23E+00 
0.312HF+00 

Sir,/(LA 
0.70P5h 
0.1120F 
0.1690E 
0.2295E 
0.3075E 
n.513AE 
0.R324E 
0.1'">89E 
0.37R0E 
0.5^9!- 
0.3533E 
0.1732E 

O.^iSRlE 
0.3R5iSE 
0.^057E 
0.4R50E 
O.ftRROE 
0.^7R7E 

M)**2 
-02 
-01 
-01 
-01 
-01 
-01 
-01 
+ 00 
+00 
+ ( 
+ 00 
+ 00 
-01 
-01 
-01 
-01 
-01 
-01 
-01 

SIR 
0.8514E-02   0.319^E-01   0.10A9F+00   0.?55?E-01   0.33426-01   0.7iS39E-01 
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VIII.     PLOTS 

The synthesis'-d pattern, the scattering pattern of the wire triangle 

loaded by the set of reactive loads that resonate the set of port currents 

which radiate the synthesized pattern, and the scattering pattern of the 

wire triangle loaded by the set of reactive loads that resonate the set of 

port currents which radiate the optimum gain pattern are plotted from 

records 4, 5, and 6 of data set 6 by the plot program on pages 104-110 

of [7J. 

PRINTED  OlilPUl   OF   PLOT   PROGRAM   ON   PAGES   104-110  OF   REFERENCE   7 

NF 
3 

MT   NE   HEP   NS  Nft 
145     A        3   12     3 

Nl 
0     0      11 

N? 
1      3     A 

M3 
O     O      1 

IMSRL 
A     0 0 

SCAL 
0.2000E+01 0.2000E+01 0.2000E+01 
0.3057E+01-0.5125E+03 0.3011E+01 0.23R2E+03 

-0.2142E+00-0.4636E+00-0.3706E+00-0.3513E+00 
0,l*U7E-03 0.3061E-02-0.3933E-03-0.3197E-02 

SIG 
0.1000E+01 0.8AAOE+00 0.5000E+00 0.0000E+00 

NT NE NEP NS N6 
145  2   2 12  4 

S 

. ■  .-      . . ^ 

■ 

/■ 
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Nl 
1       1 

N? 
1      2 

M3 
0      1 

NSRL 

SCAL 
O.2O0OE+01   0.?OOOE+ni 
n.3057E+01-0.51?5F+03   0.3011E+01   0.23A?E+03 

-0.2142E+00-0.4A3fte+00-0.3706E+00-0.3513E+00 
0.1P17E-03   0.30ftlE-02-0.3y33E-03-0.3197E-02 
0.1000E + 01   0.H(SA0E + 00  0.5000E + 00   0.0000F + 00 

sin 
0.6537E+00   0.6533E-t-00   0.6524E + 00   0.A50RE+00 

NT   NE   NEP   NS  Nft 
145      2        2   12     5 

Nl 
1       1 

N2 
1     2 

N3 
0      1 

NSBL 
4      4 

SCAL 
0.2000E+01   0,2000E+01 
0,30&7E+01-0.5I25E+03  0.3011E+01   0,23fl2E+03 

-0.2142E+00-0.463(SE + 00-0.370<SE + 00-0.3513F+00 
0.1917E-03 0.30ftlE-02-0,3933E-03-0.3197E-02 
0.1000E+01 O.RftfcOE+00 0.5000E+00 0.0000E+00 
0.<S537E + 00  0,(S533F + 00  0.A524E+00  0.650flE+00 

SIG 
0.ft947E+00  0.6952E + 00   0.ft9ft7E + 00  0.(S<)93E+00 

- - 

-:     ' 

HaHWHUMBt' K«*«*;«- -'-i-1* 

■ \ 
.      / 
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A new plot program (o/A2 vtrau« frequency plot program) ha« been written 

to plot the data acorad on racord 28 of data aat 6 by tha o/A2 varaua frequency 

program of section VII. Tha o/A2 varaua fraquancy plot program accapta input 

data on data aata 1 (punched cards) and 6 (dlract accaaa) In tha following manner. 

READd.lO) NC 

10    FORMAT(20I3) 

DO 12 JC - I, NC 

READ(1,13) NF, N6, NE, NEP, B 

13    F0RMAT(4I3, E14.7) 

READ(l,10)(N2(I)t 1-1, NEP) 

READ(1,10)(N3(I), 1-1, NEP) 

READ(1,17)(BK(I), 1-1, NF) 

17    FORMAT(5E14.7) 

REWIND 6 

SKIP N6 RECORDS ON DATA SET 6 

NEF - NE*NF 

READ(6)(SIG(J), J-l, NEF) 

12    CONTINUE 

Virtually all of the program la Inside DO loop 12. The quantity a/A2 for 

the Jth set of loads and the Ith frequency ia in SIG((J-1)*NF+I) where J'»1,2,...NE 

and I«1,2,...NF. Among the propagation constants BK, B ia the propagation constant 

corresponding to the center frequency. The I  curve to be plotted is that of 

o/A2 for the N2(I)  load set. If N3(I) > 0, the pen draws the horizontal and 
th 

vertical axes and moves to the next frame after plotting the I     curve.    If 

■ N3(I) <_ 0, the pen neither plota any axis nor moves to the next frame after 

plotting the I  curve. 

Minimum allocations are given by 

DIMENSION N2(NEP), N3(NEP), BK(NF), SIG(NE*NF), Y(NF) 

Do loop 19 prepares the horizontal coordinates BK for plotting. The 

index L of DO loop 24 denotes the L  curve to be plotted. DO loop 25 puts 

, 
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the vertical coordlnat« In Y.  StattamC 31 plot« o/X2 vtrtuc frequency by 

drawing «Cralght lines between data points.  Statement 27 draws the vertical 

axis. The logic between and including at at amenta 28 and 29 put a the acale on 

Cha varcical axis. Statement 30 draws the horizontal axis. DO loop 26 puts 

tha scale on tha horizontal axis. 

\ 
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l|M|NI     lit-    SI'.».«   'IVIM    LAMHIIA    S'lllAHMl   v»"'"'     l->'MM,'r    ci-l    PKiir.UAM 

// l(l<)4<i.hf .1 . I ,, )OI. •MAIir/tJIIFl|X»-''il(IN«|*OK 
//   MSfi    I,    •'<»•»    DNf'   niMV   (IF    I'Mit    MUM   AND   HIILII   HIHII/   t-llff    HLArir    INDIA    INK 
//   »«If    MM K^.Lr.tHAMM.HI« !■ «MAP« 
//t-IIH I .SVSIN   IMI   • 

II|M»-NSMN   AMI-A I 400 I .N?( lOOItN^I inOI,HK(')OI.X|l'i| ,V|(<. I tSir.(60H( 
IHKhNCIIIN   VlhOI 
CALL   MI.IIIIII 
CALL   ►'LOTSIAHI-A.'.OOI 
Rf-AOl I. 101   NC 

m f-nuMAii^oni 
««llf-O,» I I   NC 

11   MIRMAK •ONC'tOI 
nn   1/  .IC-! .NC 
«FA()(1,13I   M-,N^,NF.NHP.K 

13 FnRMAT(4l3,E14.7l 
WH|lK3,i'.|   NF.Nft.Nt .NEP.R 

14 FIIKMAK'O  NF  N6  Nf   NEP • , «.X , • H»/I X , 3 J 3, I <.. E I«. 7 ) 
«tA0(1,10)(N?(I),1=1,NEP) 
W«! le(3,lSI(N?(I(,|xl,N£P) 

15 FflWMAK •ON?'/UX,20I3) ) 
HI: AIM 1,10MN3(I ),! = 1,NEP) 
wRI Tb(3.16MN3(I l.l = l,NEP) 

16 H)«MAT(I0N3'/(1X,20131 I 
^l-AOl 1,17MHK(1),I = I,NFI 

17 FDHMATCihlAWI 
^«1TE(3«lfl)(RKIl),I=1,NF) 

1H   F(JRMAT( «PBK'/nX.SElAW) ) 
Sl=10./F 
OH   1«»   J=1.NF 
BK(J)«Sl*HK(.l)-6. 

19   CtlNTINUE 
XKl ) = 1. 
Xl(2)=l. 
Vl(l)«l. 
VI(2I»7. 
Xl(3»=l. 
XI (<.)=/S. 
Y113)»l. 
VI(^1=1. 
REWIND   IS 
FFINM   ?0,?0,?1 
DO  22   J = 1.N*S 
REAOIAI 
CONTINUE 
NEF=NF*NF 
RFAn((SI (Sir,(.l),,) = l,NEF) 
WRI TE(3,?3)ISir.(J),J=l,(S) 
FÜRMAK •OSIG'/nX.fcFll.'») ) 
Dfl   24   L=1.MEP 
JI=(N2(L)-1)«NF 
1)0   25   J=1,NF 
J2=J+J1 
VI J) = Sir,(J2) 
IF(V(J).LT..00001)   V(J)=.00001 
VU) = (S. + ALnG10(VIJ) » 

2b  CflNTINUE 
31   CALL   LINE(HKIl),V(l),NF,l,Oi0) 

IFIN3<L>I   ?4,24,27 

21 

?? 
20 

?3 
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?7 CALL LINHXl.VI ,?,lfO,OI 
?H CALL NllMKeR(,'j?,A,«»3..1«tlO.»0.tO» 

CALL SVMHflL(l.,7.,.l<.,n,yO.,-l I 
CALL MIMHHR(.A4»9.93t.I4tl«f0.tOI 
CALL SVMHnL( l..A.,.14,n,«>0.,-l ) 
CALL NUMMfH( .<3?,U.9-i,.\ti,.l,0.,l) 
CALL SVMRnLn.i5.i.l<.,n,90.,-l ( 
CALL ^UMMeR(.40t3.93i.l4t.01«0.t2l 
CALL SYMRDLt J ..<.... 1« , 1 3,«>0. ,-1) 
CALL NMMBEHC .?ft,?.93,.14, . 001,0.,3) 
CALL SVHH()L(1..3...1'.,13,<*0.,-1( 
CALL M»MHeH(.l'.,l.<>3..1A,.0001,0.,4) 

?<» CALL SYMBflLd.,?.,.14,13,90.,-11 
30 CALL LINF(X1{3),Y1(3),2,1.0,0) 

XA = 6. 
XH=1.? 
DO 2(S J=l,5 
XC=XA-.lft 
CALL NUMRb«(XC..7?,.14,XR,0.,l) 
CALL SYMBOL(XA,1.,. 14,13,0.,-l) 
XA«XA-1. 
XR=XH-.l 

2<S CUNTINue 
CALL PLnT(7.,0.,-3) 

24 CONTINdE 
12 CONTINUF 

CALL PLOT(5.,0.,-3) 
SKIP 
END 

/* 
//Od.FTOftFOOl   00   DSNAME=EE0034.REVl,DISP=nLD,UNIT=2314, 

VOLIIME = SER = SlJ0004,IJCR=(ReCFM=VS,RLKSFZE = 259(S,LRECL = 25<)2,X 
IMIFNO=! ) 

// 
// 
//GO.SYSIN   00   * 

1 
19   27      2      2   0.1963495E+00 

1      2 
1      1 

0.1570796E + 00  0. lA<Sfl97 1E + 00  0. l7(S714i)E + 00   0. lfl26050E + 00   0.1fl65320E + 00 
0.1904690E+00   0.1924226E+00   0.1943flh0E+00   0.1953A7BE+00   0.19(S3495E+00 
0.1973312b'+00  0.1983130F+00  0.2OO27iSftF + OO   0.2022399E + 00   0.20ftl(S7OE + OO 
0.2100939E+00   0.2159H45E+00   0.226fl01flE+OO   0.235ftl93E+00 

/* 
// 

PRINTED  OUIPUT 

NC=      1 

NF   Nh   NE   NEP R 
19   27      2 2   0.1963494E+00 

N2 
1     2 

N3 
1    1 

HK 
0.1570796E+00  0.1A6H97 1E+00 0.17A7145F+00  0. lR26050e+00  0. lflA«>320E+0() 

0.1904b90b + 00  0.l924224b+00 0.1943ft59E + 00   0. 1953(S7fle + 00  0. 19(S3494E*00 
0.1973312E-t-OO   0.1983130E + 00 0.20027frftE+00   0.2022399E+00  0.2061670E+00 
0.2100939t-»-00  0.215984bE + 00 0.225flClftF + 00   0.235M92E + 00 

sir, 
O.R^14E-02   0.3194E-01   0.1049E+00   0.2652E-01 

. 
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