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ABSTRACT 

Computer programe ere developed to calculate the electric field 

intensity at one point In space due to an electric dipole at another point 

in space, in the vicinity of a conducting body of revolution. The pro¬ 

grams are valid both external and Internal to the conducting surface. Hence, 

they may be used to compute not only radiated and scattered fields, but also 

fields internal to resonant cavities. The current on the conducting body is 

computed as an intermediary step in the program. The solution is obtained 

by the method of moments applied to the potential integral aquation, and 

involves inversion of the generalised impedance matrix. The principal limi¬ 

tations to the solution are due to the matrix computation and inversion, which 

requires that the generating contour be at most several wavelengths long. Some 

examples of computations for spheres, disks, and cone-spheres are given to 

Illustrate the programs. 
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I. INTRODUCTION 

For this report, we define the Green's function to be the electric 

field Intensity et one point In space due to an electric current element 

at another point, subject to specified boundary conditions on a surface 

of revolution. This Green's function Is In general a dyadic, requiring 

nine components to specify It completely [1]. We compute one component 

at a time by specifying the field component desired and the current ele¬ 

ment orientation. The boundary conditions are usually taken to be vanish¬ 

ing tangential electric field on the surface of revolution (perfect electric 

conductor), but any other Impedance boundary condition can be treated by 

considering the surface to be a loaded body [2]. 

A solution is effected by applying the method of moments to the 

potential Integral equation for the problem [3]. The solution Is ex¬ 

pressed In terms of generalised network parsmeters, for which computer 

programs are available [4]. The free-space field from the current element 

Is taken as the impressed field over the body of revolution, and the cur¬ 

rent on the body is computed as in a scattering problem. The electric 

field component at another point In space Is computed by reciprocity. This 

involves placing a second current element at the field point and evaluating 

its reaction with the current on the body of revolution [5]. 

The computer programs of this report are valid for current elements 

both outside and inside of closed bodies of revolution. Hence, they are 

valid for-both radiation problems and electromagnetic resonators. They 

can be used to compute the behavior of more complicated sources, such ás 

antenna elements and arrays, by superimposing the contributions due to 

all elements of the source. They can be used to rigorously solve such 

problems as wire antennas on bodies of revolution, by using the Green's 

function as the kernel of the Integral equation which treats the body of 

revolution as part of the environment. 
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II. METHOD OF SOLUTION 

Figure 1 represents the geometry of the general problem. At £c there 

exists a current element It in the direction producing a free-space 

"incident" field E1. Over the surface S there exists a current ¿ which pro¬ 

duces a free-space "scattered" field E?. A general impedance boundary con¬ 

dition at the surface S can be represented by 

+ «tan ?<i> 
(1) 

where is an impedance function and the subscripts "tan" denote tangential 

components. A perfect conductor over S is represented by the case £- 0. 

It is desired to obtain the component in the direction of the total elec¬ 

tric field E - E1 + S,* at th* P°int • 

The incident field E1 can be calculated for the source II» and hence 

is the known quantity in (1). The scattered field g can be related to the 
current J on S by the potential integral solution» a linear operation which 

we represent by 

Substituting (2) into 

- E8 '-tan 
L(J) A/ 

(1) and rearranging, we have 

(2) 

K¿> + ■ lían 
The solution for the unknown current J on S is represented by 

(3) 

i - a + V'14« 
(A) 

where (L + i)”1 is the operator inverse to the L + j. of (3). 

Instead of the current we ultimately want the field component 

Ef - a, • + '*> (5: 
at r . The term uf • E1 is easily calculated because it is the free- 

space field due to at r^. To evaluate • E8 we use the reciprocity 

relationship [3] 
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Figur« 1. Geometry and coordinate system. 
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where 

K(rf) í íí • ¿ 

S 

K(rf) 

-jkr£ 

ü!ü_e_ 
J4it rf 

(6) 

(7) 

and is the incident field produced by a current element IJJ^ placed at 

jTj in the direction u^ and of amplitude such that it produces a unit field 

at the origin. The surface integral in (6) is a bilinear functional which 

we denote by 

<A,B> 

S 

A * B ds 

Substituting from (4) and (8) into (6), we now have 

(8) 

Hf • I* * *<',) <Ef- (9) 

. »! aai 
where ^ - E . This last change in notation is introduced to emphasise 

that eÍ and E^are similar quantities, differing only in the position of 
»f ~c 

the current element. 

The inverse operator (L + ^)-1 is usually not known exactly, and 

we employ the method of moments to obtain an approximate solution [31. 

The details of this are given in previous reports [2,4], and we here 

give only the results. Let {J£ | i ■ 1,2,..., N) represent a set of 

current expansion functions, and {W^ |i ■ 1,2,..., N} represent a set 

of testing functions. A matrix solution which approximates (9) is then 

uf • E* - K(tf)[Vfl[E + 2LrltVc) (10) 

where [Vf] and [Vc] are the column matrices 

[V£l - [<eJ, Jn>] (U) 

‘V ■ [<v Ei>] (12) 
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and [Z] and [Z^] «re the aquare matrices 

[Z] - [<Wm, LJn>] (13) 

¡zLi- t'vav <w) 
A computer program is available for (13) for bodies of revolution (4]. 

If ^ is a simple function of position on S, then (14) is easily calcu- 

latad. For the remainder of thie report, we assume S to be a perfect 

conductor, in which case [ZL] - 0. The computation of [Vj and [V£] 

can be effected by the programs of this report. The mathematical de¬ 

tails of the solution are given in Section V. The computer programe 

and instructions for running them are given in Sections VI and VII. 

III. REPRESENTATIVE COMPUTATIONS 

Some representative computations made with the programs of Section 

VII are given here both to demonstrate the accuracy obtainable and to 

Illustrate the types of problems that can be run. The first checks were 

made by comparing the general program computations with the exact modal 

solutions for spheres. Figure 2 shows the results of one such computa¬ 

tion. It consists of plots of the radiation gain patterns for incre¬ 

mental electric dipoles adjacent to a conducting sphere. Each graph 

shows the three cases (1) r-directed dipole, (2) 0-directed dipole and 

(3) ^-directed dipole. The aphere is X/2 in diameter and the dipole is 

A/4 from the sphere's surface. Three cases are shown, (a) dipole posi¬ 

tioned on the t-axis, (b) dipole positioned along an axis rotated 45* 

from the s-axis, and (c) dipole positioned on the equatorial plane. The 

results using the general program and those using the exact solution were 

so close that no differences show in Figure 2. Computation of the error in 

gain (exact minus computed) was in all cases less than ±0.02, and oscillated 

*A11 radiation patterns are in the ¢-0 plane. 
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(») V o (fc) 

r - J¡r*cT»4 I» 
§ - directed Xl 
^ - ¿¡rtíttd Xi 

I 

Figure 2. Radiation gain pattarna for electric dipolea adjacent to a 
conducting sphere. Modes m-0,1,2,3 were used in the computer 
program. 
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about the zero axis. Note that Figures 2 (a), (b), and (c) are related to 

each other by a simple rotation in 0, although this fact was not used in 

the computations. 

A second check was made by using the fact that the scattered field 

pattern is the dipole radiation pattern whenever the current element U 

is Inside of S. (This must be so, since E1 + E* ■ 0 external to S when¬ 

ever ISL is internal to S.) This check can be applied to bodlea of any 

shape. The accuracy with which the scattered field approximated the 

dipole field was highest when li was near the center of the body, but 

remained relatively good even for positions close to the surface. If the 

orientation of U is tangential to S, the transition to a dipole field 

is smooth as U passes from a point external to a point internal. If the 

orientation of U is normal to S, there is an abrupt change in the scat¬ 

tered field as U crosses S. These characteristics are illustrated by 

Figure 3 for the case of a conducting sphere. The sphere is of radius 

a - 1/4, and the dipole is located at 0 - 90*, ♦ - 0, p variable. Figure 

3(a) shows |ES|2 for a p-directed dipole (normal to S) for the positions 

p/a - 1.1, 1.01, 0.99. Note the rapid change to the dipole pattern as 

p/a changes from 1.01 to 0.99. Figure 3(b) shofrs |E#|2 for a ♦-directed 

dipole (tangential to S) for the positions p/a - 2.0, 1.1, 1.0. Note that 

the change to a dipole pattern (perfect circle through 1) is relatively 

slow, and is complete when p/a ■ 1.0. Figure 3(c) shows |e*|2 for a z- 

directed dipole (tangential to S) for the positions p/a - 2.0, 1.1, 1.0. 

Again the change to a dipole pattern (figure eight through 1) is rela¬ 

tively slow, and is complete when p/a ■ 1.0. 

As a final check, we can compare the radiation patterns for normal 

dipoles on the surface with those for annular slots. The two should be 

the same according to the equivalence principle. The patterns for annular 

slots can be calculated by the aperture programs of previous reports [2,4], 

Figure 4 shows some computations for a cone-sphere. Figure 4(a) compares 

the radiation gain pattern if I£ axially directed and A/16 in front of the 

tip (position 1) with the radiation pattern of an annular slot (dashed) at 

the tip. Figure 4(b) compares the radiation pattern of li axially directed 
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(*) 
Figur« 4. Radiation gain pattarna for a cone-aphere «xcltad by an 

axlally-dlractad alactrlc dipole (aolid) and by an annular 
alot (daahad). (a) Dipol« X/16 from, and alot at, cone tip. 
(b) Dipol« X/16 fron, and alot at, middle of aphere end. 



«•" r:nMÄ~.5'ää“1“’1 directed dipole., (c) «-directed dipolee. 
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•I 

CO s-4¡reeled Zl 

Figure 6. Redietlon gain petterne for electric dipoles X/4 
from the tip end of e conducting cone-ephere. 
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Flgurt 8. Radiation gain pattarna for alactrlc dipoles X/4 
fron tha aida of a conducting cone-sphere, about 2/3 
way up from tip. Modaa m-0,1,2,3 ware used In the 
conputer program. 
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Figure 9. ladiation gain pattarna for alactric f*0“ 
:he sida of a conducting cona-aphara, ¡¡b°ut J'3 
ip fron tip. Moda» n-0,1,2,3 ware uaad in tha computar 

progran. 

A 
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and X/16 ln front of the sphere (position 2) with the radiation pattarn of 

an annular slot (dashed) at the sphere end. The agreement should not be 

exact in these cases because II is X/16 from S, not exactly on the surface. 

Figure 5 ahows a typical problem that can be run with the programa of 

this report. It shows the radiation patterns of dipoles located in front 

of a conducting disk. This is the finite ground plane problem of intereat 

to many investigators. Figure 5(a) shows the radiation patterns for x- 

directed dipoles located a distance d - X/8, X/4, 3X/8, and X/2 in front of 

the disk. Figure 5(b) shows the radiation patterns for y-directed dipoles 

at the same positions d. Figures 5(a) and 5(b) correspond to the same 

physical problem, rotated 90* in space. The patterns of 5(a) are popularly 

called the E-plane patterns of U, and those of 5(b) the H-plane patterns. 

Figure 5(c) shows the radiation patterns for s-directed dipoles at the same 

posltiona d in front of the disk. 

The final sets of patterns, Figures 6 to 9, show radiation gain patterns 

for dipoles at various positions adjacent to a cone sphere. All patterns are 

in the 6-0 plane. They are adequately explained by the figure captions, and 

will not be further discussed here. 

TV. DISCUSSION 

The computer programs are written explicitly to handle only perfectly 

conducting bodies, but can be easily modified to handle loaded bodies accord¬ 

ing to the concepts of Section II. Imperfectly conducting bodies, and bodies 

thinly coated by dielectric or magnetic materials, can be treated by consider¬ 

ing the body to be continuously loaded with the proper surface impedance. A 

detailed treatment of loaded bodies with computer programs is given in Report 

No. 4 [2]. 

The general program of this report apparently gives good accuracy for 

far_field quantities so long as the number of current expansion functions is 

about ten per wavelength of the contour. Near-field quantities, such as 

current on the body, are less accurate. Accuracy also depends on such things 
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as body shape and closeness of the current element to the body. For example, 

If It Is very near the surface the current becomes nearly singular. Better 

accuracy for specific problems can be obtained by mathematically introducing 

the proper singularity, but this cannot be done for a general program. 

As emphasized earlier, the programs of this report are valid fdr both 

external and internal problems. They should therefore be useful for the 

design of resonant cavities with feed systems, as well as for external 

antenna and scatterer problems. The principal limitation to the usefulness 

of the solution is that imposed by matrix inversion. To keep computer time 

and storage within reasonable bounds, we are limited to bodies whose gener¬ 

ating contours are a few wavelengths long,. 

V. DETAILS OF THE SOLUTION 

This section gives the details of the moment solution evaluated for 

perfectly conducting bodies of revolution. The notation is that used in 

previous reports [2,4,6]. The coordinates are as defined in Figure 1; a 

point in space is specified in terms of cylindrical coordinates (p,ÿ,i), 

and a point on S in terms of surface coordinates (t,4). 

If a perfectly conducting body of revolution is immersed in an 

incident electric field E1, the induced electric current ¿ on the surface 

S of the body can be approximated by 

i • ! j, ¿i+& iii) 
m--M i-1 

t ò t 4 
where and are constants to be determined and and are 

expansion functions of the type 

(15) 

4i - ». 

¿i ‘ ï, £l(t,e 

jm4 

(16) 
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Hare and ara tha unit vectors of tha orthogonal coordinate system 

(t,t) on S and f.(t) is a raal triangular function divided by tha distance 
1 té 

p from tha axis of tha body of revolution. Tha constants and are 

obtalnad from 

where 

[¢) 

nil 

[y“i [**♦] 

1*1') itf’j 

[v‘] 

t’ii 

... I¿,] 

(17) 

(18) 

»íl ■ tlJi ijj - - - X*,,] 

>^1 ■ 'vii vL • • • vi.i 

[vj] • Ivîi VÎ2 • • • vi|l 

vii * II i1 • sL ^ 
s 

'il * j{ ï.1 • & ^ 
s 

¡¿1 - Sc 

SÎt - a* itU)»*1** 

(19) 

(20) 

(21) 

Tha Y matrix of (17) is tha generalised admittance matrix for tha body 

of revolution. The V matrix of (17) is the generalised voltage matrix for 

the excitation. 
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The matrix elementa and will be obtained for a current ele¬ 

ment It located at ^*0 either Inalde or outelde the aurface 8 of the body 

of revolution. Equation (20) may be Integrated by parte to obtain 

V • - J“ if(* • S»i + ♦v«*1 <22) 
s 

where Vb1 and are either and or and ^ and • are 

reapectlvely the magnetic vector potential and electric ecaler potential 

aeaoclated with the electric field g* of the dipole Ijt. Aleo, la the 

electric charge aaeoclated with U^. The potentiale A and + are given by 

A ■ 
A** 

zM. 
Air 

It h^2^(k|r-r'|) 

(23) 

* - T3- H -V hf2)(k|r-r'|) 

where h^2^(x) ■ ^7— la a epherlcal Beeael function of the third kind 
0 “Ja 

and Ir-r1| la the dlatance from the dipole at £' to a point £ on S* The 

gradient operation V la with reapect to unprimed coordlnatea. The current 

function may be either 

üt fl(t)e 

-1 J_ (nf 
dt <pfl)e 

(24) 

or 

W*. - 
«ml 1 

0} - -2-f,(t)e_jn* 
1 wp 1 

(25) 

Equationa (23), (24) and (25) are Introduced into equation (22). 
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vi,l ■ fc- [ *k2 I dt »'l« I <*♦ (¾ • «t> ho2) •'3M 

+ I dt dT «o*!» í d» a& • ï».23) J 
(26) 

víi " a7 [ -k2 I dt Pfi(t> í «L * V ho2> e"Jm* 

-Jb J dt £1(t) I dd <U • Vh^2)) e_jn* ] 

(27) 

Equations (26) and (27) may be integrated numerically In both + and t, but 

spherical wave functions are introduced Instead. If the spherical Bessel 

function and Legendre polynomials are expanded [5]» 

(28) 

where 

(29) 

In (29), m-0,1,2. The angle does not appear in (28) because the 

dipole is located such that ■ 0. For the $ integrations in (26) and 

(27), an origin (fixed with respect to ÿ but variable with respect to t) 

is chosen on the axis of the body of revolution so that r • ■ 0. If 

U has X, y, and c components, 

u. ■ u sin V cos ^ 4- u sin v sin $ + u cos v 
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is needed for the H • term in (26). For the term in (27) 

a* " ■ Vin ♦ + My00* 
For the It • Vhi2) term in (26) and (27), U can be expressed in terms of ** ** O 
the unit vectors ur, and Instead of jjy and u^. 

ÜX • ärco* * - * 

u * u sin ♦ + u. cos ^ 

Ä* " He 

An x-directed dipole Iix leads to 

nli 
■ — mi 2 

(t) sin V 
Gm+1 ^ Gm-1 

-k2 j dt pft 

I ^ k «“A * I ¡s~* 
so*i 90 

(30) 

(mfDC^l - 0-1)0.,, 

2p )] 

nU . 
mi 2 

[-V2 J dt pf^t) Gntfl2~ G— 

-jm j dt f^it) ^ (nri-DG^ - (m-l)G 

2p “)] 

A y-directed dipole u IA leads to 
y 



* nu 
v~ ■ ■—iJ 
Vml 2 [-ks j « pf, (t) Wt Vt 

3G ., 3G 
r / ' Vy r - (■♦•DC.., + («-DG . 

+ m I dt ^(t) -21-2 ■ -StL-B=l. 
2p )] 

A s—directed dipole u I£ yields 
2 

nil 
[-k2 j dt P^U) cos V G. - j dt k (p^) ] (32) 

. nil, f . iGn 

vîi - “!* dt£i<^ JãT 

Because the origin is at £ • ■ 0 on the axis of the body of revolution» 

(29) becomes 

f I hn2)<*'> iB«») Fj») »>. .•) i'>q 
tvm 

GO 

I h^2)(kP)Jn(kr') P“(0) p“(cos 0') r'<p 
n-m 

G «G m 
m -m 
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3G 3Gm 
where m - 0,1,2 .... The quantities and gy are obtained by dif¬ 

ferentiating (29) term by term then setting r ■ p and cos 0-0. If 

the dipole U is rotated from its original position at «f»' » 0 to V ¿ 0, 
-Imò* 

expressions (30) to (32) must be multiplied by e . 

The current ¿ induced on S by the dipole I£ located at - 0 gives 

rise to a scattered electric field E8• The scattered electric field in 

the direction of a receiving dipole is given by 

E* • Ur ‘ JL 
where [V Ie is the matrix 

m 

field of the transmitting dipole I£. The [V^] e is 

using the field of the receiving dipole Ij^. Notice that [Vm] is the 

generalized voltage matrix that would result if Ilr were located at 

¢-0. Because 

1) and [Y^*] are even in m 

2) [Y^] and 1*^1 are odd in m 

3) of (30) and (32) are even in m 

A) V^. of (30) and (32) are odd in m 

5) of (31) is odd in m 

6) of (31) is even in m, 

the +m and -m terms appearing in (15) and (34) may be combined if the 

directions of and Iir are restricted. Recall that 1JL is located in 
the - 0 plane. Define four different polarizations 

[Vil calculated 

t»;i 
[vílj 

calculated using the incident electric 
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x¿ ’ B* * 0 *nd x¿r * ■ 0 

2> XA ‘ ^ - 0 •«<* xir ’ Sp " Iir ’ S. " 0 
3) XA * Bp " IA * B, " 0 «nd Iir • - 0 

4) * Bp - x£ * B, - 0 «d %r • Up - ^ - 0 

For polarizations #1 and #2 

M ~ * M 
¿ - [ tï(t)J[i;]jJt€m coa m« + ¡ [f(t)Hl¡J] ^ 2J aln 

w®w m«l 

where 

u(t)] - [^<0 ... fN(t)] 

and 

‘■'[i H 
For polarizations #3 and #4, 

M ^ M ^ 
¿ ■ I If (t)][Im] 2J sin m* + J If (t)][I4] u^c coa nÿ 

a-1 m>0 “ ^ “ 

For polarisations #1 and #4 

M 
l‘ • lir- l IVj'tT.ltTj'e. co. M (3f) 

For polarisations #2 and #3 

5* • y* * ", 2J «ln M «0) 
111*1 

Tha [Vm]T in <39) and (40) ars calculated from tha alectric field which 

would result if ll* wars located at 4-0. Arbitrarily directed dipoles 

II and 1*^ nay be obtained as a superposition of the four polarisations. 

Location of in the 4'»0 plane is not a severe restriction because J 

and g* for It at 4'-^ can be obtained by rotating ¿ and ¿ for It at 

4'"0 through an angle 4 . 

(35) 

(36) 

(37) 

(38) 
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For distant dipolas I¿r, aquation (34) baconas 

m—n 
(41) 

whara 

(42) 

in which [r‘61, IR*6], l»Í*I. »««> I«î*1 «• ro» “ttlc“ ,h0** *1“*°';* 
given by «luntione (77) nnd (81) of e pr.vlou. report (41. The +• 

end -n ten. eppnnri«» ln (41) «y b. coeblnnd in th. .«» «nner ne thoe. 

appearing in (34). 

The gains Ge and of a far field pattern E are given by 

4*r2|g, • »qI2 

G0 " nP 

4irr2|E « ué|2 

" nP 

(43) 

where E • u« and E • u. are evaluated in the far sone and P is the total 

power radiated. The total electric field £ of a dipole radiating near 

a perfectly conducting body of revolution is a superposition of the dipole 

field Ed and the field E8 of the current induced on the surface of the body 

of revolution. 

E ■ E* + Ed A* A# 

The far field of a dipole located at r,' is given by 

(44) 
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E 
A . u . -JlllM±l ,3kr'co.«u . 

-Se 4wr ^ ^ 
(45) 

£d . u . .3^'co. alk . ^ 
4irr 

where a le the engle between r end r '. 

If there ere no loeeee, the power P redleted la equel to the power 

required to meintein the electric current eourcee of £. Thie power P le 

given by 

r J e . ., r-sB • 
P - - Reel j Ed • d(Ii) + |u| R^l [“^¡2-J (46) 

In (46), the ter« -Reel J Ed • d(IJp* ie recognieed ee the power of the 

leoleted dipole 11 which cen be more conveniently celculeted by inte- 

-V • 

greting the field pettern (45). The complex number 2 
I II I 

le defined ee the "mutuel impedence" Zaut between the dipole end the body 

of revolution. ie obteined by. setting It* - U in (34). 

P - |u|2 R..1 (« 

»I. PtDCaiM IMSTRUCIIONS 

Xhe first computer progrem calculates the generalised voltage matrices 

whose elements ere given by (30), (31) and (32). Punched card date ie reed 

early in the mein progrem according to 

50 READ(1,51,END-52) KV.NP.BK 

51 FORMAT(213,E14.7) 

READ(1,53)(RH(I),1-1,NP) 

READ(1,53)(ZH(I),I-1,NP) 

53 FORMAT(10F8.4) 
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A voltage matrix ia calculated for each of KV dipoles. RH(I) and ZH(I) are 

respectively the distance p from the axis of the body of revolution and the 

s coordinate measured along the axis for the Ith data point on the generat¬ 

ing curve of the body of revolution. There should be a data point at both 

extremities of the generating curve. NP must be odd. BK is the propaga¬ 

tion constant k - uj/yT. More punched card data is read later in the main 

program according to 

DO 200 K-l.KV 

XI - K+l 

READ (1,201) Ml (Kl) ,N1 (Kl) ,XR(K1) ,XP (Kl) ,XZ (XI), 

UR(XI) ,UP (XI) ,UZ(X1) 

201 FORMAT(213,6F9.4) 

200 CONTINUE 

The index X indicates the Xth dipole. For the moment. Ml(1)^1(1),...^(1) 

are left undefined. The voltage matrix [Vj1 appearing in (34) will be 

calculated for m - Ml. The infinite series (33) is truncated such that 

m < n <.N1. The dipole is located at (p,4,s) • (XR,XP,XZ). XP is in 

degrees. The p,<J> and * components of U are given by 

U - URUp + UPu^ + UZ^ 

If several dipoles have the same XR and XZ, it is more efficient to group 

them together, putting a dipole which has simultaneously the largest 

Ml and N1 first. In this way the spherical Bessel functions and associated 

Legendre polynomials need to be computed only once for the whole group. If 

several dipoles have the same Ml and N1 as well as the same XR and XZ. it is 

more efficient to group them together. The program calculates (30), (31), 

and (32) and stores them when it encounters the first dipole. All the dipoles 

in the group are then obtained by weighting (30), (31), and (32) by UR.^UP, and^ 

UZ. The coordinate XP is obtained by multiplying the net result by e 

The sample data for the first program is that for one dipole outside a 

cone-sphere of total cone angle 20° and sphere radius 0.2 wavelength. The 



27 

■phtr« and cone surfaces are tangent to each other at the cone to sphere 

junction. The data RH and ZH ware computed by a short auxiliary computer 

program not listed here. The total length of the generating curve is arbi¬ 

trarily taken to be 20 meters. The data points are taken every half mater 

along the generating curve. The dipole is located in the plane 0.25 

wavelength from the 13e*1 data point 

RH - 1.0419 

ZH - 5.9088 

The 0.25 wavelength is measured in the plane perpendicular to the 

cone surface. The dipole is of unit amplitude in the p direction. 

At the end of the program» the voltage is printed according to 

URITE(3,228) (V(J) ,J-1,NM2) 

228 FORMAT (1X.10G11.4) 

and punched according to 

WRITE (2,241) (V(J) ,>1,NM2) 

241 FORMAT (7E11.4) 

Here» corresponda to the N of equation (19) and 

Vml* Vîi2» * * * Vm NM2 
2 

• Vml* Vm2* - Ví NM2 
2 

reside in that order in the complex variable V. 

If the first and last data points on the generating curve of the body 

of revolution are the same» the six statements following statement 126 set 

KL*0 and overlap the second and third data points. If the first and last 

data points ara different» KL remains at one. In Do loop 57 where I2«I-1» 

DH(I2) la the distance between the 12 and I data points on the generat¬ 

ing curve. Do loop 57 also calculates R(I2)» ZS(I2)» SV(I2) and CV(I2) 

respectively p, z, sin v and coa v midway between the I2t*1 and Ifc data 

pointa on the generating curve. Here, v la the angle between jjt and the 

a axis. 



28 

In Do loop 74, T(4*(J-1)+I), 1-1,2,3,4 is the pfj(t) appearing in 

(30) sampled midway between the [2*(J-1)+I] and [2X(J-l)+I+l] data 

points on the generating curve and multiplied by DH(2*(J—1)+I)• TP repre- 

sents 4- (pf,(t)) times DH. If KL-0, TR is the same as T. The T represents 
dt Ja. 

f .(t) associated with J^1 in (16) and the TR represents f^t) associated 

with J* . If KL-1 and RH(1) i 0, the logic between statements 77 and 23 
Mni 

changes pf^t) from a triangular function to a piecewise linear function 

which is 2 at the first data point, 1 at the third and 0 at the fifth. 

Similarly, the logic between statements 79 and 78 modifies the last func¬ 

tion pfmi(t). Do loop 231 puts n! in PS(n+l). 

In Do loop 200, K refers to the Kth dipole. In statement 246, the 

complex number U4 is J e~*m*. If Ml, Hl, XR and XZ are unchanged from the 

previous dipole, execution proceeds to statement 235 where Do loop 237 cal¬ 

culates V from the previously computed VI, V2, and V3. If at least one of 

the variables Ml, NI, XR and XZ is different from that of the previous dipole, 

execution proceeds to statement 236. The spherical Bessel functions and their 

derivatives of argument kr and order 0,1,2,...N2-1 have been previously cal¬ 

culated. If N1 is larger than N2-1, the spherical Bessel functions snd their 

derivatives are calculated by the subroutine BES in Do loop 208. The sub¬ 

routine BES(L,LD,ID,NJ,XJ,BJ,BJP,BY,BYP) puts Jn(XJ), n-0,1,2,...(NJ-1) in 

BJ(Ll+1 ) through BJ(L1+NJ) and yn(XJ), n-0,1,2...(NJ-1) in BY(L1+1) through 

BY(Ll+NJ). If ID is not 2, j¿(XJ). Put in BJP(L3+1) through BJP(L3+NJ) 

and y^(XJ) in BYP(L3+1) through BYP(L3+NJ). As in BES, LI - (L-1)*NJ and 

L3 - (LD-1)*NJ. The associated Legendre polynomials v”(c0* 0) and their 

derivatives 4r Pm(cos 0) have been previously calculated for art),l,2,...M2-1 
d0 n jn 

and n«m,mfl,...N2-l. If either NI > N2-1 or Ml > M2-2 or both, Pn(coe 0) 

and ^ P™(cos 0) are calculated by statement 244. The subroutine 

LEG(L,LD,ID,NJ,M,XP,P,PP) puts P®(cos 0) in P(L2-Hn-NJ-(m-l) •m/2+n-m+l) and 

dPm(cos 0) 
—2-;--in PP (L4+m*NJ-(m-l) •m/2+n-m+l) where 

dõ 

i 
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L2 • (L-l) » L5 

L4 - (LD-1) » LS 

L5 - (M-D/2 

0 <. « <. H-l 

B — n i NJ-1 

In the main program» the nested Do loops 232 end 233 multiply P^(cos 6) 

end ^ p“(cob 0) by the factor (2n+l) | appearing in (33). 

The logic between statements 234 and 210 calculates spherical 

Bessel functions ^(kr') and yn(hr') and the associated Legendre 

polynomials P®(cos 0') if necessary. The spherical Bessel functions 

j (kr*) and y (kr') hâve been previously calculated for n«0,l,2...N3-1 
n n _ 
and the associated Legendre functions Poicos 0') for nH),l,2...M3-1 and 

n^mtmfl». ..M3*>1. 

The Integrations (30) ( (31) and (32) are done by sampling at 

KONP-1 points of which the Jth is located midway between the Jth and 

(j+l)^ data point on the generating curve. This J is the index of 

Do loop 212. In Do loop 213» 

fh¿2)(kr')Jn(kp) r* > p 

U1(I) A 
/h<2)(kp)Jn(kr') r* < p 
V n n 

lh^2)(kr') 

U2(I) 

d 3n(kp) 

dp 
r' > p 

f<p 

where n ■ 1-1. In Do loop 212» 

81 • Ca_1 

02 • If °.-i 

M-I?c. 

G5 - G. mfl 

G3 - G. 06 " 17 G«*i 

where G is defined by (33). In Do loop 226» 
W 
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vl<J> -n V1j 

VHJS)-iv^j 

where VCt and V* are given by (30) with U - 1. Similarly, V2 and V3 ara givan 
nvJ tnJ X 

by (31) with Iiy - 1 and by (32) with ir.- 1. 

If 

KV > 90 

NP > 41 

Ml > 4 

N1 > 14 

soma variables may require more space. These variables are listed along 

with their minimum dimensions. In the subroutine LEG, 

DIMENSION PC(Ml+4),PS(N1+1) 

In the main program, 

COMPLEX Gl(KG),G2(KG),G3(KG),G4(KG),G5(KG),G6(KG),U1(N1+1), 

U2(Nl+1) ,V(NM2) ,V1(NM2) ,V2(NM2) ,V3(NM2) 

DIMENSION RH(NP),ZH(NP),DH(KG),R(KG),ZS(KG),SV(KG),CV(KG) 

T (4xNM) ,TP (4xNM) ,TR (4xNM) ,M1 (KV) ,N1 (KV) ,XR(KV) ,XP (KV), 

XZ(KV),UR(KV),UP(KV),UZ(KV),BJ1(L1),BJ2(L1), 

BJ3(L1),BY1(LI),BY2(L1),BY3(L1),P1(L2),P3(L1*KG), 

PS(N1+M1+2),P2(L2) 

where 

KG - NP-1 

NM2 - NP-3 

LI - KGx(Nl+l) 

L2 - (Ml+2)*(Nl+1)-(Ml+2)*(Ml+1)/2 

If N1+M1>20, statement 245 must changed so that J1 is at least as large as 

the maximum value of Nl+Ml+1. 
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The subroutine BES(L,LD,ID,NJ,XJ,BJ,BJP,BY,BYP) puts JnOU) In 

83(11+1) through BJ(L1+NJ) where n ■ 0,1,2,••»NJ-l end Ll"(L-l)xNJ. If 

XJ <_ .001, jjjOtf) i» epproximeted by 

1 n-0 

jn(xJ) - 
0 n-l,2,3,...NJ-l 

before returning to the mein progrem. If XJ > .001, yn(XJ) Is put In 

BY(Ll+1) through BY(Ll-fflJ). If both XJ > .001 end ID + 2, J¿(XJ) end 
y^(XJ) ere put in BJP(L3+1) through BJP(L3+NJ) end BYP(L3+1) through 

BYP(L3+NJ) respectively where n"0,l,2...NJ-1 end L3*(LD-1)*NJ. 

If XJ >. 15, Jn(XJ) computed from 

V*> ■ ^ 
j,(.) . iif-4 - Sfi 

X 

V*» - 
where s - XJ. If XJ < 15, ststsment 11 sets NBJ-XJ+22 end jn(XJ) is 

computed from 

J«e> -0 
JN-l(ï) " 1 

Jn„i(*) * ^ Jn(,) ' Jnfl(,>» n-N-l,N-2,...l 

end normellsed eccordlng to either J0(x) ■ * or J^(x) ■ *^Ä2* " C°* *» 
s 

whichever is lergest in megnitude. Here, N*NBJ-1. When stetement 15 is 

reeched, the epherlcel Bessel function of the second kind yn(s) is computed 

from 
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yn(z> 
cos z 

z 

, X cos z sin s 
y^z)-— * z 

z 

yn+1(s) ■ yni*^ " n"1»2»3»#,,!,J“2 

If ID ^ 2, j’(*) and y¿(z) are computed from 

J¿(*) - - Jií») 

j;<*) • —SSI—“-1 

which is also valid for y¿CO* 

The subroutine LEG(L,LD,ID,NJ,M,XP,P,PP) calculates associated 

Legendre polynomials 

P“(XP) , 
m ■ 0,1,2(I..M-1 

n * m, m+1, ... NJ-1 

By definition, 

so that 

m 
2x2 .»fn 

Pm(u) - ^ _L (U2 - 1)° 
n 2° ni du1**” 

m 

Pm(u) - 11.3.5 .. (2m-l)] Cl-u2)2 
IQ 

m 
2x2 

P® (u) - [1.3.5 ... (2wfl)] u(l-u ) 
xttrl 

Do loop 7 puts [1.3.5 .. (2n-l)J in PC(n+l). By definition PC(1) - 1. Do 

loop 3 calculates P®(u) for m-J-1. P®(u) occupies first the dimensioned 

variable PS but is later transferred to P(J2) where 

J2 - (L-1)*(M*NJ - M*(M-l)/2) + m*NJ - SlSlil + n-v+l . 
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When n >.m+2, P® ie calculated from 

Pm(u) - 2u P® , - P® o + iu p:.l “ n n-1 n-2 n-m n-l 

If ID 2, Do loop 5 calculates the derivative of the aseociated Legendre 

polynomials 

dëp>*9)> 

m “ 0,1,2,..• M—1 

n-m, mtl, .NJ-1 

When n m+1, 

p; (CO. e,. - pfl 
m-0 

P® (cos 0) - j[ (n+m) (n-m+DP^-1 - Pjj4’1] 

and when n-m, 

m-1,2 g e e e 

4r P® (cos 6)-0 n-0 
nu m 

« ^ <“•e> ■ ^r1 
m-1g 2 g e e e 

dP“ 
The quantity (cos 0) for cos 0 - XP is stored in PP(J2) where 

J2 - (LD-1)*(M*NJ - M*(M-l)/2) + M*NJ - + n-Mfl . 

The second program uses the generalised admittance matrices [Y^] 

and voltage matrices [V^]* to compute the Induced current ¿ and gain 

pattern for a dipole II radiating near a body of revolution. The 

program which calculates [Y^] is listed in Appendix A of a previous 

report [4]. 

Punched card data is read early in the main program according to 



34 

88 READ(1,51,END-52)KV,NP,NMÀX,NT,BK 

51 FORMAT(413,E14.7) 

READ(1,53)(RH(I),1-1,NP) 

READ(1,53)(ZH(I),1-1,NP) 

The variables KV,NP,BK,RH, and ZH have the same meaning as In the first 

program. NMAX Is one more than the maximum value of M encountered in 

equation (34). The gain Is computed at 6 - (L-l) » L “ 1,2,...NT 

in radians in both the $ - 0 and $ - ir planes. The admittance matrices 

are read from direct access data set 6 according to 

REWIND 6 

DO 61 J-l, NMAX 

J2 - (J-1)*NZ+1 

J3 - J2 + NZ-1 

READ(6)(Y(I),I-J2,J3) 

61 CONTINUE 

where NZ - (NP-3) « (NP-3). 

More punched card data is read according to 

DO 62 K-l.KV 

READ(1,63)NX,(KK1(I),1-1,NX) 

63 FORMAT (1013) 

READ(1,64)XR,XZ,UR,UP,UZ 

64 FORMAT(5F9.4) 

62 CONTINUE 

For the dipole, the I1*1 term to be treated in (34) is for m - (KK1(I). 

The -m terms of (34) are combined with the 4m terms so that KK1(I) >_ 0. 

If the m-0 term is considered, it must be treated first so that KK1(1) is 

the only KK1 that can ever be zero. The variables XR,XZ,UR,UP, and UZ 

correspond to the dimensioned variables of the same name in the first 

program. The variable XP is missing because only dipoles in the ¢-0 

plane are considered. The data UR, UP, and UZ is restricted such that 

either UP-0orUR-UZ-0. The sample data for the second program la 

for the same dipole outside the same cone-sphere as in the first program. 
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For UP * 0, equation (15) becomes 

For UR ■ UZ ■ 0, equation (15) becomes 

H N M N 

¿ " 2t Jl il1 2JImifi(t) 8in J0 EmIílfl(t) C08 

For UP - 0, the current printed Immediately after statement 256 Is the 

matrix 

'Vmi1 <*<] 

For UR ■ UZ - 0( the current printed is the matrix 

The mutual impedance printed is Z appearing in (47). The scettered far 

electric field printed is either ? • u. normalised to 
** 4irr 

0 or E • 

in the 

in the plane 4 ■ 0»ir normalised to 

0. The write statements following statement 

plane 4 ■ 0,ir when UP 

-1mue^kr 
-when UR - UP 

258 are for E,8 • u when ♦ - 0, E8 • u when ♦ - x, (¾8 • ^ (when 4 - 0 and 

|E* • ¿I whan 4 - n. In all four write statements, L indicates 6 - -QglJ**. 

The write statements following statement 259 are for the gain when 4-0, ir. 

The gain, defined by (43), is also plotted at the end of the main program. 

The variables DH, R, ZS, SV, CV, T and TR appearing early in the main 

program are the same as those in the first program. Statement 263 inside 

Do loop 61 puts [RJ0 of equation (42) in VR(J1) through VR(J1 + NM2-1) and 

[RJ* in VR(J1-WM2) through VR(J1+NM4-1) where 

m - J-l 

J1 - 1 + NM4 X NT*(J-l) 

NM2 - NP-3 

NM4 - NM2*2 
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The subroutine PLANE (VVR, THR, NT) is described in Section V of a previous 

report [4]. 

The index K of Do loop 62 indicates the dipole. In Do loop 68, 

the index J obtains m * KK1(J) in equation (15). Do loop 70 puts the I 

matrix on the left hand side of (17) in TI(1) through TI(NM2). In Do 

loop 84, E(L) is proportional to E^8 • u for $ ■ 0 and E(L2) is proportional 

to E8 • u for $ ■ ir where L2 ■ L + NT and £ ■ «e or Jia dapending on whether 

UP - 0 or UR - UZ - 0. The index L indicates 0 - ' • D<> 1°0P 243 

facilitates calculation of U2 which is the negative of the right hand side 

of (34) with Iir replaced by IJL In statement 264 

where P is the total power radiated. P2 is required to normalise the gain. 

The logic between statements 92 and 94 computes the dipole far electric 

field normalized to . E^ • u, of (45) for $ ■ 0 resides in E1(J) 

and Ed • u for <fr - it resides in El(J-HiT). Here, JJ, ■ Xq °* depending on 

whether UP - 0 or UR - UZ - 0. Upon exit from Do loop 96, the gain for 

$ a 0 and 0- is stored in E3(J). The gain for ♦ - * and 0 - 

is stored in E3(j+NT). The gain is plotted after it is printed. In Do loop 

244, E3(J) and E4(J) are respectively the abscissa x and ordinate y of the 

gain pattern for ¢-0. E3(J-HiT) and E4(J+NT) are for ¢-11. Statements 

265 and 266 plot the gain for ¢- 0 and ¢- n respectively. Statement3 267 

and 268 draw the x and y axes. Do loop 245 puts tick marks on the x axis 

and Do loop 246 puts tick marks on the y axis. Do loop 253 labels the x 

axis from 1 to 5. 

If the data NP, UMAX, or NT is changed, some dimensioned variables 

may require more space. These variables are listed along with their mini¬ 

mum dimensions. 
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COMPLEX 

DIMENSION 

COMMON 

where 

VR(NTxNMAX*NM4) ,Y(NZ) ,E(NT2) ,E1 (NT2) ,V(NM2) , 

TKNM2) 

RH(NP),ZH(NP),DH(NP-1),TH(NT),KK1(NMAX), 

S6(NT),S7(NT),E3(NT2),E4(NT2) 

R(NP-l),ZS(NP-1),SV(NP-1),CV(NP-1),T(NM4), 

TR(NM4) 

NM2 - NP-3 

NM4 - 2X(NP-3) 

NZ - (NP-3)*(NP-3) 

NT2 - NTx2 

The common statement in the subroutine PLANE must remain exactly the same 

as in the main program. 
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VII. COMPUTER PROGRAMS AND SAMPLE OUTPUT 

A. Program for Voltage Excitation 
// (0034,l:E.4** ‘MAUTZ* JOE' tMSGfcfVEL"! 

// EXEC EQRTftClG*PARM,EORT» 'MAP' 
//FlWT.SYSlN 1)0 • uwoi 

SUHRODTINE BESIL *LOtIDfNJfXJ»BJtBJP»RV»HVP) 
DIMENSION RJI1I*RJRIH tBV 11)»BVPI11♦BSI40) 
Ll»(L-n*NJ 
l3■<1D-1)*NJ 

A IEUJ-l.E-3) 3.3*4 
3 J 1 *L1♦1 

J2*L1»N.I 
00 5 J-J1.J2 
HJIJ)"0. 

5 CONTINUE 
Bjm«i. 
RETURN 

4 SN-SIN(XJ) 
CS>COS(XJ) 
IEIXJ-15.) 11*12*12 

12 BJIL!♦!I"SN/XJ 
BJIL1*2)»IBJIL1>1)“CS)/XJ 
DO 14 1-3.NJ 
13-11 + 1 
I2-I3-1 

Bj"Î 3)-FLOATI2*!“3)/XJ*BJ(I?)“BJ<11) 
14 CONTINUE 

B3-FLOAT I2*NJ”1)/XJ*BJ(I 3)“BJ112) 
00 TO 15 

11 NBJ-XJ+22* 
BSCNBJI-O. 
BS(NBJ-1)-1. 
NHJ2-NRJ-2 
DO 143 I-1.NBJ2 
12- NBJ-I 
13- 12+1 
11-12-1 
F I - FLOAT (2*1 l + D/ XJ 
BSI I D-BSI I2)*F1-BS( 13) 

193 CONTINUE 
Bl-SN/XJ 
B2-B1 /X J-CS/X.I 
I ElAHSIB1)-AHSIB2))1.2.2 

2 BB-H1/BSI1) 
GO TO 9 

1 BH-A2/RSIP) 
9 00 144 I-l.NJ 

11- Ll+l 
BJIll)-BS(I)*BB 

194 CONTINUE 
B3-BSINJ+1)*BB 

15 BYIL1 + 1I--CS/X.I 
BY(L1+2)»IBY(L1+1)-SN)/XJ 
1)0 A4 1*3.N.l 
I3-L1+I 
12- 13-1 

HY I ! si-FLOAT I 2* 1-3) / X J*BY I I ? )-BY( ID 
A4 CONTINUE , 

B4*EL0AT I 2*N.I“1 I / X J*HY I I 3 )-BY I I 2 ) 
IMI0.F0.2) return 



39 NJ 1«NJ-1 
J1-L3+1 
J2-LU2 
njP( J2) 
BVP(J1 ) »-HV(J2) 
00 ftb J*2 *N J 1 
J2-L14J 
J1*L!♦J-l 
J3»Jl+2 
(■J«2*(2*J-1) 
HJPU2»».5*(RJI J1 l-RJ( J3n-(RJUn*HJ( J3H/FJ 
HYP( J2»«.5*(RV( JD-BVI J3) )-(BY( JD+HV» J3))/FJ 

CONTINUE 
PJ»FJ+4. 
J2«J2+1 

BJP ( J2 )■•!>*( HJ( JI)-B3)-(BJ( J1»+B3)/FJ 
HYP I J2 ) ■•S*! BY ( JI ) -B<» )-(RY(Jl)*B4)/FJ 
RETURN 
END 
SUBROUTINE LEr,(L.Lf).ID,NJ,M,XP»P,PP) 
[)1 MENSIUN PC(H»,P( 1) ,PP( 11 ,PS«20) 
pcm»i. 

DO 7 
PCI J+'D-PCI J)1»FL0AT«2*J-1 ) 

7 CONTINUE 
LS«M*NJ-M*(M-1)/? 
L?«(L-1)*L5 
LA»(LD-1)*L5 
X2«ABS(l.-XP*XPI 
X1«S0RT(X2I 
DO 3 J-l.Ml 
M2»L2*( J-l)*NJ-( J-2)*[ J-D/2 
X3-1. 
IF(J.NE.l) X3»Xl#*(J-l) 
PS(1)«PC[Jl*X3 
PS(2)«PC(J*1)*XP*X3 
IF(J.EO.Ml) DO TU 14 
P<M2*l»»PSm 
P(N2+2I»PS(2) 

14 NJ1>NJ-J4>1 
DU 4 I«3,NJ1 
11*1-2 
12*1-1 
PSU 1*2,*XP*PS(I2)-PS(I1)♦FLOAT (2*J-3I/FLUAT ( 121*<XP*PS(12»-PSIIII 

1) 
IF(J.EO.Ml) RU TO 4 
J2-M2+I 
P(J2)*PSm 

4 CONTINUE 
3 CONTINUE 

IF(IU.E0.2I RETURN 
DU 5 J«1,M 
M2«144(J-lI*NJ—(J—21 * (J—1)/2 
M3-M2+L2-L4 
NJ 1«NJ-J+1 
DU ft 1*2.NJ1 
J2«M24l 
J1«M341-NJ4J-1 



40 
I»MJ-J 

IM J.Nh.l.àNÜ.J.Nt.M» OU II) 8 
iMj.Ni-.n fin in i? 
MP I J? ) *-M 1.13 I 
(.1) III 8 

l? MMlJ?l».S*IPLnAII !*1?*J*I-î) )*P(Jll-PSf1-1)I 
r.u tu f> 

h MM|J?) = .6*(FL(UT(|*l?*J*!-3n*PUn-PU3U 

b, CDM I I Ml IF 

.11 =MÎ-M.I*.I 

1MJ.NF.1) 00 III n 
PMIJ?1*0. 
r.n in b 

13 88l.l2) = .,><1HnAII?*J-?)<,M(Jl| 

s r.niMllNDF 
Rh I DR N 

r.iiMMLFX U,011 40 »,G?< 40),03« 40),R4I40I,G5I*0»,R6 (401 ,UH 17 »tU2U7) 
C IMMI MX Ii3,f. l,C.?,C3,U4,10,,1)4,117 »HB.UV.V ( 38 ) ,V 1 ( 3H ) , V ? ( 38 I , V3 ( 38 ) 
DIMMNS11 IN WHI41),ZM(41),OH(40),8(401,/S«40),SV(40),CV(40),7(74) 
(. 
I)| MFNSlIIN 
OIMFNSIDN 
Dl-FMSIIIN 

IMMI- NS1DN 

MA = 3/4 ‘ 

I .. 
I H3,r. I ,r.?,C3,U4,04,1)4, U 7 ,II8,IIV,V( 38) ,V1 ( 38 ) , V r..-- 
ON WHI41),ZH|41),OH(40),R(40),/S(40),SV(40),CV(40),7(74) 
DM IP(74),TR(74),Ml(l)0),Nl(‘)0),XR(90)*XP(90), 

[OM l)MI‘U, ),07(^0),8311 400) ,RJ2( 400) ,BJ3 (600),8 
ION 8V2I400),8V31400) ,P1(87),P2(87),P3(3000),P 

S. 730 

.X7190),08(90) 

n j a i oviw i , BV 1 ( 400 ) 
83(3000) ,PS(22) 

0*(0.,1 *) 
MR «M1/180# 

50 Rt-AOI 1 ,Sl,tNI'*S2» KV,NP,8K 
51 ^08847(213,(-14.7) 

8fcA0(l.43)(«HI1),1*1,NP) 
«MAO«1,63)(2H(I),1*1,NP) 

S A FORMAI ( 10F8.4) 
74 WH|1FI3,64) KV,NP,HK 
54 HI8MA1(IX//' KV*'» 13,• NP*1,13,* 8K*',E14.7) 

MR I I F(3,56) 
55 FHRMA7IIX/' «H*) 

WR I IF(3,44)(KH(I ),1*I,NM ) 
44 FORMA I I IX,10FB.4) 

MR I IM 3,S4) 
*,4 Fl IRMA I 4 IX/' 7M» » 

W8|IF(3,46)(7HII),1*1,NP ) 

126 IM(«M|I)-RM(NP)I.NE.O..OH,tZH(1)-ZH(NP»).Nfc.O.) 00 70 58 

KL *0 
R 4I MP,1 )*RHI7) 
7n|NM*l)*7H(2) 
RH I NM,?)*«M(3) 
;m(nm,?)*Zh|3) 
mp.Np,? 

S« OH S7 1*2,NM 
!?*1-1 
RR 1 ,WM( I )-RM( I ?) 
RU;> = /H| I )-?H| 1?) 
I im I12),SORT 1881^881^882*88?) 
R I I ?)*,S*IRH( 1 ),RH(I?) ) 
/SI IZlR.Sl-IZMI I ) + 70( I?) ) 
Sv I I ?) *R8 ) /1)01 1 ? ) 

r VI I?)*R«?/l)0( 1?) 
S7 C.liMINOP 



41 

NM»(NP”3)/? 
NM2»NM*2 
NM4»NM*4 
KO-NP-l 
BK2»BK*RK 
nn 74 j»i*nm 
J2»2*< J-l)♦! 
J3»J2^1 
J4-J3+1 
J5«J4*1 
J4»4*{J-l)♦! 
J7»J4^1 
J«»J7>1 

OfcL1»DH(J2)♦DMJJ3) 
l)K2»t)H( J4)+ÜH( Jb) 
T(JM »UH (J2)*DH(J2)/2*/DELl 
7 U7)«l)Ht J3l*(nH( J?)*OH( J3t/2.)/nELl 
T UM«DH( J4)*( DHJ J5 )>OH( J4)/2. )/DEL2 
T ( J** ) »l)H( J5 ) *I)H( Jt>)/2./OEL2 
1P( Jft)»DH( J2)/I)EL1 
TPU7)«r)H( J3)/nELl 
TP(JH>»-UH(J4I/0EL2 
TP( JM/UEl? 

74 CONTINUE 
OU 75 J»1*NM4 
TH(J)»TIJI 

75 CONTINUE 
115 IF(KL.EO.O) 00 TO 78 

IHRHI1I) 77,?3»77 
77 0ELl»0Hm+0H(2l 

TR(l'»OMI 1)*(l.*(DH(2)*DH(1)/2*)/DELlI 
TRI2)»0H(2)*(l.+DHl2)/2./OELl) 

23 I F l RH(NP)I 79*78*78 
79 Jl-INM-1)*443 

J2*Ji^l 
0EL2»0H(NP-2|4l)H(NP”l I 
TRI jn«DH(NP-21*11.♦DHINP-2I/2./DEL2) 
TR I J?I"OHlNP-l1*11.4|DHINP-21♦0H(NP-11/2.I/DEL2I 

78 M?»-l 
N2«-l 
M3»-l 
N3»-l 
Mlll)»-1 
Nlll)»-1 
XRI1)»1.E+10 
X211l»XR(11 

245 Jl»21 
PSIll»l. 
00 231 J»1*J1 
J2-J+1 
PSIJ2I-PSIJ)*J 

231 CONTINUE 
00 200 K»1,RV 

rÈIoI 1.201 JMUKD.Nll Kl I,XR IK1I ♦XPU11 *XZ IK11 ,URIK1I*UPIK1),UMK1) 

201 FORMAT I213*6F9.41 

203 FORMAT^'0 Ml NISAXi'XRSTX.'XP'.TX.'XZ'.TX.'URSTX.MfP'.TX.'OZ'l 
MHITEI3*2021 M1IK11.NlIKlI,XR|K1»,XP(K11*X7(K1)»URIK1I*UPIK11*07IK 
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in 
:>0? HIMMATt lX,?|3,^t-4.4) 

X'» = M1 ( K 1 ) *XP( Kl l*P« 
?** U4«:f-rA/<».*ICIIS(X4)-ll*SlNlX4n 

r.l=IIH(Kl 1*1)4 
r?*uiMKi i*t)4 
C 1*U7 ( K 1 ) *1)4 
X^sAHSI XR (K n-XK (K ) l+ARSI XZ (Kl)-XZ (K)l 
1)-1 I AHS1M (K1J-M1 (K ) )♦! AHSINKKIJ-Nl (K) )*Xbl 235»235«23A 
N4*N1( K 11 * 1 
M4=MlIKI) 
Ml) = M4* I 

IK INUKim-N’) .LE.OÍ on TO 204 
N?*N1< Kl )♦ 1 
IM) 2OH .1*1,KO 
X.)*HK*K ( J ) 
r.Al.L HhSI J,J.1,N2,XJ,RJ1,HJ2,RY1,BY2) 

?0H r.iiNÍIMlIH 
on 11) 23H 

204 IMIM1(k1»*2-M?|,LE.O» GO TO 234 
2 3H M2*MI(K1)*2 
244 CALL Lfc0ll»l*ltN2*M2,0#»Pl,P2) 

IMI 23? .)* 1 »M2 
J2=U-l )*N2-J*( J-l » /2 
Il I 2 33 I * J«N2 
J1 *J2*I 
x4«i 2*1 -n*psi /psu*j-i ) 
PI I II ) =’1( .11 )*xc, 
P 2 I J i I *P2 ( .11 l*X4 

2 33 CUNT I Nllfc 
232 CONTINUE 
234 IEIX3I 204,204,240 
?4() M3*- 1 

N 3 * -1 
204 IM INHKl )*1-N3) .Lt.O) GO TO 207 

N 3*N1IK1)* 1 
M3*Ml(Kn*2 
DU 224 .1*1,KG 
7 1*XZIK1l-ZSIJ) 
X.I«SORT(Zl*Zl*XR(Kn*X«IKm 
XJ1*HK*XJ 
CALL HES(J,J,2,N3,XJl,f3J3,B.I2,KY3,BY2l 
XJ1*71/XJ 
CALL LFGU,J,2,N3,M3,XJ1,P3,P2) 

'^24 CONTINUE 
OH TO 210 

207 IM (41IK1I+2-M3) .LE.OI GO Til 210 
M3«M1(K11*2 
011 211 J* 1 ,KG 
71*XZ(K1l-ZSIJl 
x.l*Z l/SORTIZ 1*Z1*XRIK1 )*XR(K11 ) 
I ALL LEO!J,J,2,N3,M3,XJ,P3,P2) 

211 CONTINUE 
210 J‘> = -M3*(M*>-l)/2 

00 212 J * 1♦K G 
.13* ( m3*N3-M3* I M3-11/21*1 J-l I 
on J 1*0. 
021J1*0. 
031J)*0. 



gm j>-o. 
G5(J)»0. 
GA( J I*0« 
Z1»XZ(K1)-ISU) 
X2«S0RT(Z1*Z1 + XR(K1)*XR(K1) > 
011 213 I * l »N4 
Jl«I+<J-1)*N2 
J2«!♦(J“1)*N3 
tF(R(J)-X2) 215.214,214 

214 X3«nJl(Jl) 
X4*RJ2(J1I 
IFIABSlX3)*ABS(X4l-l.E-lb> 214,217,217 

214 X3-0. 
X4»0. 

217 UK I (»BJ3( J2 )*( X3-U*BY 1 ( J1 I ) 
1)2(1 ) “B J3 ( J2 ) li‘BK*( X4-U*BY2 ( J1 ) ) 
GU TO 213 

215 X3-HJ3U2) 
I F ( ABS(X31-1.6-15) 218,219,21V 

21« X3>0. 
219 U3»X3-U4HY3(J2) 

Uim-BJK J1»*U3 
U2(1)«BJ2(J1)*BK*U3 

213 CONTINUE 
J4»(H5-l)*N2+J5 
J4»J3+(M5-1»*N34J5 
01) 220 I»M5,N4 
J1-J4+I 
J2«J4+I 
G3U)»F1( J1)*F3( J2»*U1 (I )4G3(J) 
G41J)«P2( J1)*F3(J21*U1( I )+G41J) 

220 CONTINUE 
J4*J4+N2-M5 
J4-J4+N3-M5 
00 221 I-M4.N4 
J1«J4*1 
J2«J54l 
Gb(J1«P1( J1I*F3(J2)*U1(I)+05(J) 
G4(JI«P1(J1)*P3(J2)*U2(I 1♦GBlJ) 

221 CONTINUE 
!F(M4) 222,223,222 

223 G1lJI“G5(JI 
G2(J1»G6(J) 
GO TO 212 

222 J4«J4-2*lN2-M5)-1 
J4«J4-2*(N3-M5)-1 
00 225 I«M4,N4 
J1-J4+I 
J2SJA+! 
G1 ( J)»P1( J1)*P3I J2)*U1 ( I KGKJ) 
fi2(J)*Pl(Jl)*P3(J2) *U2( I KG2( J) 

225 CONTINUE 
212 CONTINUE 

DO 226 J-1,NH 
J2-J+NM 
VHJ)»0. 
V2(J1»0. 
V3(J)«0. 
V1U2)*0. 
V2U2)>0. 



44 

VM J2I-0. 
DU ??7 1*1*4 
J1»*) J-l )«44! 
J4*(J-11*2*I 
X4*(M4-1>/R(J4) 
X*>*M4/R ( .)4) 
X4*M*j/R( J4) 
U4*HK2*(G5(J4)-G1(J4)» 
ll*> = HK?*(GS(J4)+Gl(J4) ) 
)lh*GM J4|~G2( J4) 
Il7*f.4( J4»>G2( J4) 
IIH*X 4-^0^( J4 ) -X4*G1 ( J4 ) 
llu«X4*GS( J4)^X4*GU J4) 
V1IJ)»-T( Ji)*SV(J4)*U54TP(J5)*(U7^U(l)4VHJ) 
W?( J)»(-T( J5)*SVIJ4)*U44TP( J5)*(U44U9n*U4V2(J> 
V3( J)*-BK2‘»T( J0)*CV( J4)*G3( J4)-TP1J5)/<MJ414V3U) 

VI ( J2)*(H4-X4*(U7Hlfl) )*U>»TR( J5I+VU J2) 
V2( J2 ) * ( -((‘»♦X54 ( ))641)9 ) )*TR U5)4V2( J2) 
V3(J2)*X‘>/R1J4)*TR(J5)*G4*J4) *l)4V3( J2 ) 

?27 CONTINUE 
V3(J)*2.*V3IJ) 
V4U?)*2.*V3U?) 

??4 CONTINUE 
734 00 ?37 J*1*NM? 

V(J)*C1*V1(J)*C2*V2U)+C3*V3«J) 

7-)7 CONTINUE 
WR I TE I 3* 243) 

?<,3 HiRNATI'OVOLTAGE MATRIX') 
t*R I TE( 3*224 ) ( VI J) * J»1 *NM2) 

??R FURMAT(1X,10G11.4| 
WRITEI2.241 HVI J)tJ«l»NM2) 

741 FORMAT (7E11*4) 
700 CONTINUE 

Gl) TU 40 
4? SIOP 

END 
/* 
//GO.SVSIN 00 * 
004041 0.444R994EF00 

0.0 0,086« 0.1736 
0.8682 0.9441 1.0419 

).8233 1.9101 
7.6837 2.6863 

1.7366 
2.604) 

-0.0000 

0.0 
4.9740 

0.2606 
1.1287 
1 .9970 
2.5969 

0.3473 
1.2155 
2.0838 
2.4184 

0.4341 
1.3024 
2.1706 
2.1570 

0.5209 
1.3892 
2.2574 
1.8216 

0.6078 
1.4760 
2.3442 
1.4238 

9.8461 10.3406 
14.7721 
18.7260 

003014 
000014 
001014 
002014 
/* 

0.9848 
4.9088 

10.8329 
16.7657 15.7650 

0.4924 
6.4164 

1.4772 1.9696 2.4620 2.9544 3.4468 
6.4013 6.8937 7.3861 7.8785 8.3709 

11.3253 11.8177 12.3101 12.8025 13.2949 
16.256? 16.7225 17.1478 17.5177 17.8195 

.3615 

.3615 

.3615 

.3616 

O.OOOO 
0.0000 
0.0000 
0.0000 

5.3235 
5.3235 
5.3235 
5.3235 

1.0000 
1.0000 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

0.6946 0.7814 
1.5628 1.6497 
2.4311 2.5179 
0.9772 0.4971 

3.9392 4.4316 
8.8633 9.3557 

13.7873 14.2797 
18.0427 18.1798 



I. laapla Output 

«Vu 4 NP* 41 M* 0. 
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IE 00 

0.0 0.004( 
0.0402 0.40(1 
1.T14S 1.021» 
2.4047 2.4017 
0.0 

0.1714 0.2400 
1.0414 1.1207 
1.4101 1.4470 
2.4(41 2.1444 

0.1471 0.4141 
1.2111 1.1024 
2.0(1( 2.1704 
2.41(4 2.1170 

0.020« 0.407( 
1.1(42 1.4740 
2.2174 2.1442 
1.(214 1.421( 

0.4444 0.7(14 
1.1420 1.4447 
24111 2.1174 
0.4772 0.4471 

0.0 0.4424 
4.4240 0.4144 
4.0401 10.1400 

14.7721 10.2407 
10.2240 

0.4(4( 1.4772 
0.40(( 4.4011 

10.0124 11.1201 
10.7410 14.2142 

1.4444 2.4420 
4.(417 7.1(41 

11.(177 12.1101 
14.7220 17.1470 

2.4144 1.4400 1.4142 4.4114 
7.(701 (.1704 (.0411 4.1117 

12.0020 11.2444 11.7(71 14.2747 
17.0177 17.(141 10.0427 10.1740 

NI NI X« ' XP 
» 1« 4.1410 0.0 

XI U« UP 
1.121! 1.0000 0.0 

U! 
0.0 

VUI TAG*- NOTO IX 
-0.llOOE-Ol-n.717(7-01-0.1201E-02-0.7100E-02 
-0-1100E-01-0.12 7 4 - 0.1762E-01 0.4(42E-01 
-0.11441-01-0.22l!f-Ol-0.12411-01-0.2171E-01 
-0.2102E-0I-O.1211E-01-0.1447E-01-0.2044E-01 
0.1112E-01-0.71127-02 0.1110 -0.17217-01 

1.241 -0,4412(-01 0.724( -0.112( 
-0.20(77-01-0.104* -0.4104(-01-0.(2117-01 
-0.48427-01 0.21707-01-0.21277-01 0.1770E-01 

■0.2*427-02-3.41177-01-0 04447-02-0.1411 
0.22217-01 3.101* -0.26407-01 0.14947-01- 
-0.11427-01-0.14(97-01-0.29017-01-0.47477-02- 
-0.10077-01-0.14217-31-0.0(217-02-0.4(177-02 
0.0114 -0.12247-01 1. 10( -0.01447-01 
0.1401 -0. 1201 0. 1147 -0.12(9 

-0.*17(2-01-3.014ÎC-01-0. «*177-01-0.1(177-01- 
-0.04977-02 0.(16(2-02 

0 (9127-02-0.2167 
0.24(31-01-0.64*(7-62 
0.74((7-01-0.1661(-02 
0.17727-02-0.17**1-02 

1.411 -0.7ÏC77-CI 
0.37047-01-0.127( 
0 764(7-01 O,lOOOt-o 1 

N1 Nl X( XP XI UP UP UI 
0 14 4.1610 t.Q 0.1210 1.0000 0.0 0.0 

vm 7(06 NATdX 
-0.(11 -6.227 
0.(018 1.42( 

O.IO’ 1.002 
0.46(4 -2.277 
0:0 o.r 
0.0 O.o 
o.n 4.0 
o o o.o 

•0.160 -(.167 
2.010 • 100 
4.(04 1-071 

0.602( -1.766 
0.0 0.0 
0.0 0.0 
0.0 0.0 
o.o o.o 

-4.04) -4.019 
).(61 4.170 
4.00) -0.4771 

•0.9040 -0.4404 
0.0 0.0 
0.0 0.0 
0.0 3.0 
0.0 0.0 

-2.064 -7.66( 
4.(10 7 664 
1.016 -1.04( 

0.6002 -0.1912 
0.0 0.0 
0.0 0.0 
o o o.o 

0.(667 -3 If4 
0.100 0-1'0 
1.(47 -2.101 

o.o o.o 
0.0 0.0 
o.o o.f 
o. c o.o 

NI Nl X( (( 
1 14 4.1610 C.O 

X2 U( UP 
0.3710 1.0000 0.0 

UI 
0.0 

vniTxa: naimx 
-Oi)6)m. 0.0747 
-1.001 0.2609 

-0.7(2' 1.40) 
0.1()1 0.(124 
-l.7r> -4.400 
3.271 -7.16* 

-7.4)6 2.274 
2.76* 1.172 

0.7044 -0. 1021 
-1.414 2.191 
0.62617-01 1.36) 
0.1)31 1.507 
0.((02 -6.104 
0.40267-0) -1.029 
-1.646 1.104 

>.90 0 0. 7004 

-1.0)0 -1.161 
-1.204 1.002 
3.1077 1.23( 
0.210)7-01 2.234 

4..310 -7.719 
-2.441 -1.479 
'0. 1..24 ).43( 

2.400 -0.29(( 

-1.2*8 -2.2(4 
0 9794 2 764 
0.0754 0.90(1 
0. 3)00 2.642 

4 202 -(.101 
-3.6)7 -1.311 
1.213 3.014 

-l.*5) -1.(91 
0. 64)0 2 799 
0.6101 0.6217 
-1.190 -7.247 

0.021 -* 14( 
-1. 707 0.67*7 

2.211 7 147 

NI NI X* X( XI U« UP UZ 
2 14 4.3610 C.O 0.32)0 1.0030 0.0 0.0 

41117(01 NAT8IX 
-0.24046-1)1-0.11737-01- 
-0.2074 -0.40o7 
-O.lOl* 0.47421-01- 
-0,1814 0.76-.(7-01- 
0.7124 -0,3097 

1.707 -1.043 
-0.(27) -0.4407 
-n,)83«C-0l 0.0641 

0.0(017-31-0.(4))7-01-0.1C11 
0.7945 0.7414 -0.1271 
0.260( 3.1062 -3.200( 
0.296( 0.601(7-01-0.2884 

1,09( -0.6)09 2.404 
7.166 -1 546 0. 0 )3 

0.((12 -0.02297-01-0.7*14 
0.(1717-01 0.3(99 0.77717 

-0. 322( 
0. )9(0 
0.1)00 
0.91017-0 

-0.9261 
-1.417 
0.2(77 

01 0.1(42 

-0.1044 
-0.)3(1 
-0.1447 

1-0.1704 
4.100 

-0 41937-01 
•0.0664 

0.72U -0.7-7* -4.90)1 
0.2094 -0.1)07 0.1)77 
0.10U* -0-4POOE-01".14f6 
0.7044(-31 0.47617-01-0,144* 
-1.20* *.701 -1.421 
-1.16* -0 5')0 -0.87"! 
0.0)60 -0.2864 0,6409 



Ub 
C. Protrair for Gain Patterns 

// 10034 ,tE 16 * ? ,*2) »'MAUTZ «JOfc•»REGIüN»370K 
// HS(. T, PLEASE «UN WITH BLACK INK IN THE CALCOMP PLOTTER PEN 
// EXEC EORTCiCLGtPARM.EUHT* 'MAH • 
//EORT.SVSIN 1)0 * 

SUBROUTINE PLANEIVVR.THR,NT) 
COMPLEX VVRI1),A5,A6,U 
COMMUN U,R(42I,ZSI4P),SV(42),CV(42),BK,NP.NNtT(BO),TR<B0) 
01 MENS I ON BJ(124),THR(1),FK(20) 
KC.sNP-l 
NM = M. /2“ 1 

M ? = NN>2 

AS»2.*3.14iS43*U**(NH+l ) 
NV = NM*<* 

EK I 1 ) « 1 * 
00 153 J»1,M2 
J1«J*1 
EK I J11*PKIJ) *J 

153 CONTINUE 
00 156 L = 1»NT 
L1HL-1)*NV 
CS*COS< THRIL)) 
SNxSINITHRILI) 
BCS«BK*CS 
00 302 J«l,Kr, 
X«RU)*BK*SN 
J1«J 
11>NN 
(Fill) 303,304,303 

304 ll«ll*l 
Jl»Jl*Kf, 

303 00 305 JJ»11,M2 
IFIX-l.E-5) 1,1,2 

1 IFUJ-l) 3,3,4 
3 BJUll-l. 

GO TO 306 
4 BJ I J1)=0. 

GO TO 306 
2 RHxX/2. 

hh2«RH*RH 
bh3*rh**(jj-1) 
BJI J1)*RH3/FK( JJ ) 
SS*BJ( J1) 

H SST*SS*l.E-7 
1)0 155 K« 1,20 
SS*-SS*RH2/K/|K4JJ-1 ) 
BJU1)»BJI JD + SS 
lE(ABSISS)-SST) 306,306,155 

155 CONTINUE 
STOP 155 

306 J1»J1*KG 
30*, CONTINUE 
302 CONTINUE 

■FINN) 307,304,307 
30H on 304 J«1, KG 

J 1 = J*2*KG 
BJ( J IX“BJ( J1 ) 

304 CONTINUE 
307 00 300 J*1,NM 

J1 =J+L1 

J2*.l 1 ♦NM 
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J3>J2*NM 
J4*J3+NM 
VVM JI)>0. 
VVIHJ2)-0. 
VVR(J3)>0. 
VVRIJ4>>0. 
DO 301 !"1»4 
!1»2*(J-l)♦! 
14.4*1 J-1KI 
I2«I1*KG 
I3»I2+KG 
A4.(COS(2SU1)*BCS)*U*SIN(2S(11)*RCS))*45 
BJl"(Bjn3)*BJ(ll) )*»5 

VVIU J1 > «VVM Jl 1 ♦ AM ( CS*SV «11 ) ¥BJ2*SN*CV «U ) *B J ( l 2 ) *U > *T U 4 ) 

wm J2)«VVR( J2)^AMCS*BJ1*U*TR( 14) 
VVR ( J3 ) «WR { J3 ) -A6*SV Ml) *B J1*D*T ( 14 ) 
VVR(J4)«VVR(J4)♦A6*HJ2*TR(14) 

301 CONTINUE 
300 CONTINUE 
136 CONTINUE 

RETURN 

COHPLEXU,Ul,02,U3,U4,VR< 22142), Y( 5776),EU46 ),E1( 146), VI 3«>,TI(3B) 

DIMENSION RH(43),ZHI43),DH(42),TM(145),KK1(10),S6(145),57(145) 
DIMENSION E3(146),E4(146),AREA(400) TulBn4 
COMMON U,R^42),ZS(42),SV(42),CV(42),BK,NP,NN,T(80),TR(80) 
ETA-376.7Í0 
PI-3.141593 
11-(0.,1.) 
CALL PLOTS(AREA,400) 
REWIND 6 

8ft REAOd,51,END-52) KV ,NP,NMAX,NT,BK 
51 FORMAT(4I3,E14.7) 

WRITE(3,54) KV,NP,NMAX,NT,BK ,,, 
54 FORMAT!IX//' KV-SIÎ,* NP-',I3»' NMAX«',I3,' NT-*,I3,' BK- ,E14.7) 

READ(1,53)(RH(I),I-1,NP) 
READ(1,53)(ZM(I),I-1,NP) 

53 FORMAT«lOFft.4) 
WRITE!?,55) 

55 FORMAT« U/» RH') 
WRITE(3,46)(RH(1),1-1,NP) 

46 FORMAT(IX,10F8.4) 
WRITE!3,56 ) 

56 FORMAT(IX/• ZH«) 
WR ITE(3,46)(ZH(I ),1-1,NP) 

126 IF((RH(1)-RH(NP)).NE.O..OR.(ZH(1)-ZH(NP)).NE.O.) GO TO 5ft 

KL-0 
RH(NP*1)-RH(2) 
ZH(NP*1)-ZH(2) 
RH(NP+2)-RH(3) 
ZH(NP*2)-ZM(3) 
NP-NP+2 

58 DO 57 I-2,NP 
12-1*1 
RRl-RH«I)-RM(12) 
RR2-ZH(I)>ZH(12) 
DH(I2)-S0RT(RR1*RR1*RR2*RR2) 
R(12)-.5*(RH(I)+RH(12)) 



7M I ? ) * .b* I 7 H ( I 12»» 
SV< I2I««H1/I>M( 12) 
CV( I2I=«H2/I)M( I 2 » 

S 7 Ci'NT 1NUE 
N^-INP-i)/2 
NM2 *NM* 2 
NM4=NM*4 
N/rNM2*NN2 
M? = NT*2 
NT » = NT♦1 
"(1 74 J=l,NM 
J2 = 2*( J-1>♦! 
Ji=J2>l 

J b * J4♦1 
J 4 = 4 * ( J-l )♦! 
J 7 = J 4 ♦ 1 

J 'T - J H ♦ 1 
I)K1*I)MI J2l4l>M( J? » 
DEL2*0M( J4) ♦()►) ( Jb ) 
I ( jh)=DH» J?)*l>H»J>)/2./nH.l 
T ( J7 » «OH» J3)*(OHÍo2»4I)H(.I3>/2.)/OEL1 
II JB ) = I)M( J4)*( DH( Jb )♦□«( J4)/2. »/DEL2 
í I JQ ) =I)M» Jb) *0HI Jb ) /2./0EL2 

74 CUNTI NOE 
I'll 7b J * 1 »NM4 
TB(J)=TIJ) 

74 CONTINUE 
114 |E (KL.EO.O) C,0 TO 7B 

lEIHMll)) 77,2^,77 
77 l)fcLl*l)H( 1 )+1)0( 2) 

ÎK(1)«OH I 1) * I 1#♦IOHI2)+00(1)/2.)/OELl) 
1H ( 2) =1)0( 2 ) *( 1.+0OI 2 )/2./DELI ) 

23 IEIBOINP) ) 79,78,79 
79 J1=(NM-1)+4+3 

J 2 = J1 ♦ 1 
liEL? = 0H(NP-2)+l)0(NP-l ) 
TB IJ1 )= OH (08-2) + ( 1 , + r)0(NP-2)/2./DEL2) 
TR(J?)=0o(NP-l)+(1.♦(DH(NP-2)+DH(NP-1)/2.)/DEL2) 

7B |)EL = PI/INT-1 ) 
00 40 J= 1 ,NT 
T0(J)*(J-1)*0EL 
S4(J)■COS (T 0(J)) 
S7(J)=SINIT0(J) I 

40 CONTINUE 
on 41 J = 1,NO A X 
NN=J-1 
J1 = 1+NM4+NT * (J“l) 

243 CALL PLANE (VR(J1),TH,NT ) 
J2= tJ-l)+N7♦ 1 
J3=J2+N/-1 
RFA0I4)(Y(I ), I *J2♦J3) 
WHITE!3,244) 

244 EOROATI'OEIRST TWO ELEMENTS OF ADMITTANCE MATRIX*) 
W«!TE(3,2b) Y (J2 ) , Y (J2+1) 

2b FORMAT ( IX , 10C.11 .4 ) 
41 CONTINUE 

00 42 K = 1 , K V 
READ!1,43) NX ,(KK l ( I ) , I = 1,NX) 
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63 FORMATUOm 

READ«1*641 XA*XZ,UR,UF*UZ 
64 FORMAT«9F9.4) 

FILaUR*UR+UZ*UZ*UP*UP 
P>BK*BK*ETA/6./PI*l»|L 
P4»BK*SORT(ETA/4*/PI) 
WR I TE I3 *65) NXylKKl«I )11 * 1«NX) 

65 FORMAT «'ONX>'* I3«• KK1»',8I3) 
WRITE(3*66) 

66 FORMAT(lO,*4X«'XRl*7X*'XZ'f7X«'UK,*TX*,UP,»7X*'llZ,l 
WRITE«3*67) XR*XZ«UR,UP*UZ 

67 FORMAT«IX,5F9.4) 
J7>0 
IF(UP.NE*0.) J7-NM2 
DO 69 Jal«NT2 
ElJ)aQ. 

69 CONTINUE 
U2aO. 
DO 6B Jal,NX 
READ(l,72)(V«n,|al «NM21 

72 FORMAT « 7E11.4) 
WRITE« 3* 731 KKHJ) 

73 FORMAT«»OVOLTAGE MATRIX FUR THE EXP«J*,«2,*0) MODE') 
WRITE« 3»255) 

255 FORMAT«•♦•*30X,'/'I 
. WRITE« 3*R3)«V«I)*|al,NM2l 

83 FORMAT«1X*7E11.4) 
248 NNaKKKJ) 

Sa«-1.)**NN 
J3aNN*NZ 
DO 70 Ial,NM2 
THDaO. 
DO 71 L-1,NM2 
LlaJ3*(L-l)*NM2*I 
THI )aTI(I)+Y«Ll)*V«L) 

71 CONTINUE 
70 CONTINUE 

DO 84 Lai,NT 
l2aL*NT 
DO 85 Ial,NM2 
L1aNN*NM4*NT* « L-1)*NM4*J 7*I 
U1«VR«LI)*TI« I ) 
EIL)aE(L)*Ul 
E(L2)aE(L2)*S*Ul 

85 CONTINUE 
84 CONTINUE 

IF(UP) 48,47*48 
47 U3a2. 

U4a2,*u 
Sl-1. 
GO TO 45 

48 U3a2.*U 
U4a2, 
Sla-1. 

45 IFINN.NE.O) GO TO 50 
U3a,5*U3 
U4a.5*U4 
Sla.5*Sl 
DO 86 L«1,NT2 
E«L )■• 5*E «L ) 
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Rh ClINl INUt 
bO DO 40 

Ll«l>NM 
Enn-Tnu*u3 
mLn*TMLitni4 
tili) *CAHS( E HD) 
fc3ILl)*CAHSIEHLl) ) 

40 CONTINUE 
WR|TE(3i?SM 

?ih MIR MAT I•OCURRENT'I 
WRIIE»3f2%HEUD .t"l*NM2) 
WR1TD3,2571 

257 HiRNATI•OHAGNlTUDE OE CURRENT ) 
HR I TH 3«23HE3( D «L»1»NM? ) 

U1»0. 
U3*0« 
DO 243 L=l«NM 
UI*UHVID»TI m 
LP*L»NN 
U3*U34VIL2I*T 11121 

?43 CONTINUE 
U2«U2-S1*I01-U3) 

hH CONTINUE 
U?«U2*2. 
r?s(>4/sort (p^realiu?) ) 
U2*U2/EIL 
E*E/PIL 

w h,í¿!.ií'.ó:«'.ií;;iuN 
1 IMPEDANCE*•»2E11.4) 

DO 90 Dl »NT? 
E(L ) *E(L)*2. 
E 3IL)*CAHSIE(L ) ) 

40 CONTINUE 
WR I TE I3 «24R> 

?SR KIRMATI'OSCATTEHED EAR ELECTRIC EIELD'I 
WR|TEI3*2SHEIL)*L*1*MT*R) 
WRITE! 3»25MEIl)*L*NT3«NT2»R) 
HRITEI3*25HE3IL)»L«ltNT»B) 
WRITE! 3.2^)( !-3(L ) *L*NT3.NT2*«) 
S^.S0RT!XZ*X/4*R*XR) 
s * arcos ( xz/sn 
1EIUP) 93.92,43 

q? im 87 J*1*N1 
J?*J»NT 
S2 *UR *ShIJ)-UZ *S7(J) 
S1=C0S(Th!J)-S)*S3*HK 
EHJ)*S2*(C0S!S1)*U*S!N(S1 ) ) 
S5»-UR*SM J)-UZ*S7U) 
<.4.C0S(TH| JHS»*S3*BK 
El IJ2)*SS*(COSIS4»♦U*SINIS4)) 

H 7 CONTINUE 
GO TO 94 

0 4 DO 9S .1*1,AT 
.1 ? * J ♦NT 
S1*CUS(TH!J)-S»*S3*BK 
H! J) = (CÜS!S))^U*SINISll )*UP 
S4=C0S1Th(J)*S)*53*RK 
E 1 ( J2)*I-C!'S!S4)-U*SIN(S4) ) #UP 

q*> C.ONl INiiE 

MUTUAL 



SI 
DO 1(, J.1.NT2 
H ( J )«P2*( 61 ( JI ♦(; ( .1H 
Si-CâBS(El( JH 
t'i( J».S1*S1 

2S0 IF(E3( J).r,T.«».5J dUlob.S 
9(> CONTINUE 

WRITE! 3,25<J ) 
259 FORMAT!»OGAIN») 

WHITE<),25)(E3MI,J*],NT,R) 
WRITE!3,25)(!3!J),J-NT3,NT2,H| 
00 244 .)■ 1 ,NT 
SI«E3!J) 
F3!J)»A.+S1*S7!J) 
E4! J)-5.-»SlfS6( J) 
.I1«J4NT 
SI-E3!J1) 
E3!J1)»4,-S1*S7! J) 
E4!J1)a5,*Sl*SA(J) 

244 CONTINUE 
245 CALL LINE!E3m,E4m,NT,1,0,0) 
244 CALL LINE(E3(NT3),E4INT3),NT,1,0,0) 

E3( 1)■1, 
E3! 2)»11, 
E3!3)«0. 
E3(4)*10. 
F4ll)-5, 
E4(2»«5. 
F4!3)»4. 
F4(4)«4, 

247 CALL LINF(E3(1)«F4(1),2,1,0,0) 
24« CALL LINE(E4(3),E3(3),2,1,0,0) 

OU 245 J«l,ll 
S1»J 
CALL SYMBOL!S 1,5.,.14,13,0.,-1) 

245 CONTINUE 
00 244 J»l,ll 
S1«J-1 
CALL SYMBOL (4., SI,.14,13,40.,-1) 

244 CONTINUE 
25? SI*5.94 

00 253 .1*1 ,5 
S1-S141. 
J1-J4112 
CALL SYMB0L(S1,5.1,.14,.11,0.,-] ) 

253 CONTINUE 
241 CALL PLOT!11.,0.,-3) 

42 CONTINUE 
GO TU RB 1 

52 CALL PLOT (4.,0.,-3) 
STOP 
ENO 

/» 
//GU,FTOAEOOl 01) OSNAME*FE0034.REV1,01SP*OLD,UNIT *2314, 
// VOLUME*SER*S')0004,DCH*(HéCFM»V,BLKSI7F*1F<10,L4ECL 
//GO.SVSIN 00 * 
001041004073 0.4459995F400 

0.0 O.OAAA 0.1734 
0.R4R2 0.9551 1.0419 
1.7345 1.8233 1.9101 
2.4047 2.4837 2.4843 

0.2405 0.3473 0.4341 
1.1287 1.2155 1.3024 
1.9970 2.0838 2.1704 
2.5949 2.4)84 2.1570 

0.5209 0.4078 
].3892 1.4740 
2.2574 2.3442 
1.8214 1,423“ 

X 
r 1 7“4) 

0.4944 
1.5428 
2.431I 
0.9772 

0.7814 
1.44«/ 
2.51 /'• 
(1.49/1 
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-O.0000 

0.0 

4.H4H1 
14.7721 
1«.227.0 

004000001 
4. *MS 

-O.SHill- 
-0.747.HH 

0.3MM1- 
0.30«2f 
O.IH471- 

-0.444 41- 
0.0 
0.0 
0,0 

0.0 
0.0 

-O. IMRh 
— 0.22 H4 f; 
-0.I2S41 
0.1403F 
0.43011 
0.22046 
0.H4021 

-0.H14HE 
-0. 34371: 
0.31446 
0.27446 

-0.24046 
-0.721H6 
-0.32736 
0.47426 

-0.44046 
0.41416 
0.104H6 

-0.14236 
-0.43406 
-0.42246 
-0.34436 
-O.31046 
-0.14316 
-0.22236 
-0.22346 
—O.74446 
-0.14216 

0.14346 
-0.7307*- 

0.13426 
-0.42116 
-0.44426 
/ * 

0.4424 0.4444 1.477? 1.4444 2.4420 2.4544 
4.4144 4.4044 4.4013 4.4437 7.3441 7.4745 

10.3404 10.8324 11.3253 11.4177 12.3101 12.«025 
15.2457 14.7450 14.2442 14.7224 17.1474 17.4177 

3.4444 3.4342 4.4314 
4.3704 4.4433 4.3557 

13.2444 13,7473 14.2747 
17.4145 14.0427 14.1744 

002003 
*>. 12 3S 

01-0.42276 
01-0,44476 
01 0.41706 
01 0.44546 
01-0.21516 
00-0.40026 

0.0 
n.n 
0.0 
0.0 
0.0 

00 n.37476 
01-0.14536 
01 0.30526 
01 0.42416 
00 0.421/6 
01 0.33556 
00-0.43546 
01 0.32736 
01-0.13116 
01-0.14246 
01 0.11226 

•01-0.11756 
00-0.20746 
00 0.34406 

■01-0.24046 
-01 0.14446 
-01-0.17046 
01-0.43046 
01 0.37576 

-01-0.11446 
*0l-0,74146 
-01 0.54416 
-03-0.75746 
00-0.44126 

-01 0.10146 
-01-0.32436 
-01-0.14436 
-01-0.54236 
00-0.17236 

-01 0.12416 
00-0.12446 

-01-0.41746 
-01 0.23206 

1. 
01- 

00- 

01 
01 
01 
00 

00 
01- 

01- 

-01 
00 
00 
01 
01 
01' 

00 
01 

-01 
00' 
00 
00 
00 
00 
0(1 
01 
01 
00 
00 

-03 
-02 

00 
-01 
-o? 
-o? 
-01 

01 
00 

-01 
-01 

0000 o 
0.51456 
O.31046 
0.44156 
O.10716 
O.44446 
O.34126 
0.0 
0.0 
0.0 
0.0 
0.0 
0.70446 
0.14416 
0.47446 
0.15436 
O. 14 346 
0.24426 
0.40156 
0.71446 
0.37076 
0.34046 
0.24006 
0.5H416- 
0.W0316 
0.33436 
O.10426 
0.18156 
0.75446- 
0.25046 
O.15456 
0.54356 
0.24776 
0.43716 
0.12016 
0.23476 
0.24456 
0.21716 

■0.21026 
■0.44176 
0.51146 

■0.44526 
0.32546 
•0.51456 
■O.21276 

.0000 O.0000 
01-0.41476 01- 
01 0.44146 00 
01 O, /6446 01 
01 0.40536 01- 
00-0.22776 01 
00 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

00-0.30216 00- 
01-0.15056 01 
00 0.27446 01- 
01 0.35776 00 
00 0.41246 00 
01-0.33406 01- 
01-0.77146 01 
01 0.40246-03- 
01 0.47576 00- 
01 0.12136 01 
01 0.25046 00 
01-0.84336-01 
00-0.25746 00 
00 0.25446 00- 
00-0.20546 00 
00 0.76446-01- 
01 0.47616-01- 
01-0.42416 00 
01 0.21446 01- 
00-0.82416 00- 
00-0.54446 00 
01 0.38446 00 
02-0.75856-02- 
00-0.13056-01 
01 0.34446-01 
01-0.31426-01 
01-0.12516-01- 
0? 0.37726-02- 
00-0.32246-01 
•01 0.72486 00 
01-0.12286 00 
01-0.88126-01 
01 0.17756-01 

0.40436 01 
0.34286 01 
0.53006 01 
0.4773t 00 
0.40286 00 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.10306 01 
0.24046 00 
0.44306 00 
0.12386 01 
0.13516 00 
0.22476 01 
0.42026 01 
0.55246 01 
0.24346 01 
0.30146 01 
0.28556 01- 
0.1031t 00- 
0.4( 4 76 00- 
0.33026 00 
0.13056 00' 
0.24486 00 
0.14546 00 
0.41056 01 
0.1544t Ol 
0.82246 00* 
0.53456 00' 
0.77716-01 
0.24426-02 
0.1274t 00 
0.24836-01 
0.14446-01 
0.14Q7t-01 
0.17486-02 
0.1108t 01 
0.11246 00 
0.25876-01 
0.18376-01 
0.54476-02 

0.4034E 
0.25106 
0.53506 
0.3014t 
0.17446 
0.0 
0.0 
0.0 
0.0 
o.n 
0.0 
0.13416 
0.14346 
0.22446 
0.57556 
0.15076 
0.17896 
0.83516 
0.24436 
0.22246 
0.2231E 
0,?°886 

0.32286 
0.24456 
0.13/76 
0.14426 
0.4018b 
0.33246 
0.12046 
0.83336 
0.44076 
0.24446 
0.14426 
0.43176 
0.17426 
0.44446 
0.2401E 
0.20446 
0.3112t 
0.51446 
0.34036 
0.10446 
0.74446 
0.43486 

01-0.25446 01 
01 0.41456 01 
01 0.53006 01 
01-0.15446 01 
Ot-O.90456 00 

0.0 
0.0 
0.0 
0.0 
0.0 

01-0.12886 01 
01 0.23916 01 
01-0.24276 00 
00 0.908IC 00 
01 0.21536-01 
01-0.44556 01 
01 0.59216 01 
01-0.34796 01 
01-0.14446 01 
01 0.21476 01 
00 
00-0.15446 00 
00 0.24196 00 
00-0.30346 00 
00 0.15086 00 

-01-0.28846 00 
00-0.35476 00 
01 0.47016 01 
00-0.141/6 01 
00-0.88126 00 
00 P.44046 00 
00 

■01-0.54446-02 
-01 0.48426-01 
-02-0.31446-01 
-01-0.47476-02 
-01-0.15076-01 
-01-0.71326-0? 
-01 0.14416 Ol 
00-0.12516 00 
00-0.41546-01 

-01 0.10556-01 
-02 



D. S«apl« Output (Plottur output la that of Figura 9a.) 

KV» 1 NP» 41 MAX* 4 NT» 71 HK* 0,46499946 00 

ri í’.n«68 
0,H6H2 0,9951 
1.7345 1,0231 
2,6047 2.6037 
0, > 

0. > 0.4924 
4,9 240 4.,4164 
9*1401 IC,1405 

14.7721 15.2657 
IH,2260 

0,1716 Û. 2605 
1.0419 1.1201 
1.9101 1.99PJ 
2.6H61 2.5969 

0,9846 1.477? 
5.9088 6.4011 

1(.8 329 1 1. 3253 
15.7650 16.2562 

0.1471 0.4141 
1.2155 1.1024 
2.0*38 2.1706 
2.4184 2.1570 

1.9696 2.4620 
6« 8917 7. 3861 

11.8177 12.1101 
16,7225 17,1478 

0.5209 0.6078 
1.1*92 1,4760 
2.2574 2.1442 
1.8216 1.4211 

2.9544 1.4468 
7.8785 8.3709 

12.8025 11.2949 
l 7.5177 17.8195 

0.6946 C.7614 
1.5628 1.6497 
2.4311 2.5179 
0.9772 0.4971 

3.9192 4.4316 
8.8611 9.3547 

13.7073 14.2747 
16.1427 1K.I7SB 

S3 

MWST TW.) HfcNKNIS ÜF AD* î TTANCF NATP I K 
0.2100F-0* 0.9192F-04 0.4491F-94 0.5208^-04 

riM5T Tue I trNFNtS OF adnittancf hath IX 
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mediary step in the program. The solution is obtained by the method of moments 

applied to the potential Integral equation, and involves Inversion of the 

generalized impedance matrix. The principal limitations to the solution are 

due to the matrix computation and inversion, which requires that the generating 

contour be at most several wavelengths long. Some examples of computations 

for spheres, disks, and cone-spheres are given to illustrate the programs. 
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