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ABSTRACT 

distribution onThe goal of this work is to investigate the current 

work is thecylindrical dipole antennas. The basis for the analytic 

electric fieldantenna integral equation involving the tangential 

The current isintensity and the antenna surface current density. 

initially expanded into a trigonometric series, making radiation patterns 

series have beenvery simple to obtain once the coefficients of this 

determined. 

theSince there are several approaches to the problem via 

trigonometric method, the solution obtained in this work is compared with 

others to verify its validity. 
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CHAPTER I 

INTRODUCTION AND GENERAL CONSIDERATIONS 

A. INTRODUCTION 

The practical design of antennas requires an accurate expression of 

the current distribution along the antennas. Since 1937 when L. V. King 

several methods were[8] had presented his work in solving the problem, 

invented to obtain theoretical results which show the current on the 

lateral surface of a dipole antenna, It is the purpose of this paper to 

solve the important problem stated above and also, at the same time, show 

that the trigonometric theory, among others, is the most dependable and 

appropriate in this case. 

basic fieldBefore designing the antennas, one must first develop 

inconcepts and obtain equations for calculating the fields order to 

examine their principal implications. The famous Hallen integral equation 

is used in this investigation. The method of moments, as described in 

detail by R. Harrington [3], A. Barrero [4], and R. Montiel [5], is then 

of the current.applied to obtain a trigonometric series representation 

Lastly, the coefficients are solved with the aid of a high-speed digital 

computer. 

The remaining part of the work is dedicated to the investigation of 

the correlations among the results obtained by A. Barrero, R. Montiel, 

R. Mack [1] and by the author of this work, Thorough considerations are 

and R. Montielgiven to the formulation of the solutions from A. Barrero 

because of the similarity of their work and this work. 

1 
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B. METHODS OF SOLUTION 

There are three methods for solving the antenna integral equation: 

iterative solutions, numerical integration, and series representation of 

the current distribution. 

Firstly,There are many disadvantages in the iterative procedure, 

in thin antennashigh-order iterations are not feasible; secondly, only 

and finally, for longcan approximations made in the kernel be relevant; 

dipoles, the theory is not very appropriate [9, p. 431]. 

used forThe dependency of numerical procedures in the method 

numerical integrations makes this solution seem somewhat limited by 

matrix inversion capabilities, In addition to this drawback, the form 

the set ofof the solution is not proper for field calculations as 

point-values usually does not give much insight into the problem. 

distribution isConsequently, series representation of the current 

the most attractive method. By applying the method of moments, this 

technique can be carried out by analytic work, and eventually the current 

can be found by computer programming. 

Duncan and Hinchey [7] were pioneers in this line of investigation. 

seriesIn a revised version in 1960, they presented the Fourier 

representation of the kernel, This was done to avoid the complications 

encountered by Zuhrt. The formulation, however, seemed to have met 

other difficulties, and the indication is that there may have been an 

undetected error in their calculations. 

In 1972 and 1979, A. Barrero and R. Montiel, respectively, 

the seriesproceeded to solve the antenna current problem using 
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representation method and the kernel of Duncan and Hinchey. In 

terms of the electricA. Barrero's approach, the integral equation is in 

R. Montiel's work.field, while it is in terms of vector potential in 

data of MackBoth obtained good results as compared with the measured 

and with each other. 



CHAPTER II 

SUMMARY OF OTHER TRIGONOMETRIC APPROACHES 

A. BARRERO'S APPROACH 

in theIn this approach, the current distribution is expressed 

series 

N 

, (II.1)I(z) = I In cos(mTz/h) 
n=0 

of moments, Noticewhere the coefficients are determined by the method 

that the current does not vanish identically at the ends of the dipole 

form of(z = ±h). It should also be pointed out that this is the same 

current as used in the original work by Duncan and Hinchey. Figure 

of coordinates.shows the dipole in a right-handed Cartesian system 

field isThe kernel of the integral equation for the electric 

given as below 

(d^/dz^-K^)k(z-z") , (II.2)Ke(z-z") = 

IT 

K(z-I') = i exp(-jkR)/R dcf) , (II.3) 

-IT 

where 

R = [4a^sinV2 - (II.4) 

4 

1 
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Figure 1. Center-Fed Isolated Dipole Antenna. 
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Duncan and Hinchey showed that the above kernel can be expanded into a 

Fourier series 

00 

Kp(z-z^) = I ^ cos (m7rz/2h)cos (imrz^/2h)idi m 
m=0 

+ sin(imrz/2h)sin(mTTz^/2h) . (II.5) 

of theBy setting V = 1, the integral equation for the z-component 

Thuselectric field along the antenna surface may be normalized. 

A. Barrero obtained 

h 

z < h . (II.6)I(z')Kg(z-z")dz" = 6(z), 
-h 

may be reducedSince must be an even function, the kernel Kg(z-z') 
to 

00 

(II.7)K|^(z,z') “ ^ cos(mTTz/2h)cos(mTTz’'/2h) . 
m=0 

We are then led to consider 

h 

(II.8)I(z")Kj^(z,z")dz" = 6(z) . 
-h 

Following the method of moments, we multiply both sides by cos(2p+l)iTz/2h 

and integrate on z from -h to h; the result is 
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N 

y T I = 1, p = 0,1, ... N . (11.9)
^ pn n ’ ^ 

n=0 

Substituting in Eq. II.7 yields 

T
Pn 

= 
2N 

y
^^0 

k A
™ 

B
P"* 

, (II.10) 

where 

A 
nm 

=2 

h 
f 

0 

cos(m'iTz^/2h)cos(n7rz^/h)dz^ , (II.11) 

and 

B 
pm 

2 

h 

0 

cos(imrz/2h)cos[(2p+l)TTz/2h]dz . (11.12) 

Due to orthogonality, there results: 

(11.13) 
pn 

+ k
2p+l\,2p+l^ • 

The final result is 

(11.14)^pn = "®p,2nt^2n%.l5 ’ 

where 

B = h(-l) 
n+p 

[l/(2n-2p+l) + l/(2n+2p+l)]2/7r . (11.15)
p,2n 

https://p,2nt^2n%.l5
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in matrix form asThe set of equations generated by Eq. II.9 may be cast 

(11.16)TI = B , 

where I is the column vector containing the coefficients of I(z'), and B 

is a column vector with the first element unity. The formal solution is 

simply 

I = T“^ B . (11.17) 

assumes whateverNotice that in Barrero's method, the end current I^C-^) 
in Nth order.value is required to satisfy the boundary value problem 

The "unknown constant" in Hallen's integral equation is usually evaluated 

There is no "unknownby forcing the dipole current to vanish at z = ±h. 

constant" in A. Barrero's integral equation! 

B. MONTIEL'S APPROACH 

In the formulation of the solution for the antenna current 

distribution, R. Montiel utilized the equation 

h 

(11.18)f(z^)K(z-z')dz^ = Cjcoskz + y sin kjz] , 
-h 

where 

TT 

1
K(z-z") = 

2Tr exp(-jKlr-r^I)/lr-r'|d(|) (11.19) 

-TT 

and 
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00 

(11.20)f(z^) = I ‘^os(mrz''/h) 
0 

This formulation is identicalis the trigonometric form for the current, 

current is alsoto that of Duncan and Hinchey, and the series for the 

identical to that of A. Barrerd. The kernel can be obtained in a similar 

fashion as in A. Barrero's work 

00 00 

y Tfdab =c,r+v, (11.21) 
n=0 m=0 ™ P"* ^ P P 

where 

h 

B = 2 cos[(2p+l)7rz/2h]cos[m'n-z/2h]dz , (11.22) 
pm 

0 

h 

A =2 cos(mTz^/h)cos(m‘n-z^/2h)dz’' , (11.23) 
nm 

0 

h 

R = 2 coskz cos[(2p+l)7rz/2h]dz , (11.24) 
P 

0 

and 

h 

V = 2 sinkz cos [(2p+l)TTz/2h]dz . (11.25) 
P 

0 

By using the table of integrals and by the condition of orthogonality, 

vectors R. and V. become: 
P P 
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R 
P 

sina 
a 

sin3 

"“I (11.26) 

V 
P 

cos3 cosa 
a 

+ C , (11.27) 

where 

a = (2p+l) (11.28) 

3 = k + (2p+l) 7r/2 , (11.29) 

and 

C = 

k^ 
2k 

- [(2p+l) TT/2]^ ‘ 
(11.30) 

The impedance matrix is 

where 

pn 
(11.31) 

B 
p,2n 

= h(-l)’^'^P[l/(2p+l-2n) + l/(2p+l+2n)] 2/tt . (11.32) 

The formal solution of the current is 

F = CjT"^R + T'^V , (11.33) 

where C,1 is the "unknown constant" mentioned earlier in this chapter. 
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C. JUSTIFICATION FOR THE FORMULATIONS 

A. Barrero took the approach of solving the integral equation of 

the electric field along the antenna. Since this approach avoids the 

with lessconstant in Eq. 11.18, it gives a satisfactory result 

difficulty in formulating the solution. In addition to that, there is 

no need to solve for other column vectors R, V, as in R. Montiel's work. 

once the impedance matrix is inverted. Thus, the process of solving 

the antenna current is shortened, and the analytic work is simpler. A 

column of thenotion about this approach is that only the very first 

admittance matrix is used to calculate for the current distribution. This 

is treated as theis due to the fact that the end point of the dipole 

center of an interval, and, therefore, the starting point is at one-half 

Sincesubsection in from the tips, namely, the center of the dipole, 

the first elementthe antenna investigated in this work is center-fed, 

of the column vector B in Eq. 11.16 is of the value of the generating 

function. The inversion of the whole impedance matrix thus seems to be 

Furthermore, a convergence factor has to be includedwasteful. in order 

to be able to invert the impedance matrix. 

it is moreThe author of this thesis recognizes that even though 

lengthy to use the vector potential in the integral equation to obtain 

the solution as R. Montiel did, the results are very satisfactory. 

but on the otherGranted that extra work is needed to solve the problem, 

self-hand, the approach is easier to understand and is somewhat 

allowsexplanatory. A significant advantage of this technique is that it 

the user to obtain the solution for either the case of a nonzero end 
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current or that of an identically zero current at the tips of the 

antenna. The author of this work utilized this and went about solving 

the problem with R. Montiel's approach, even though the analytic work 

resembles more of A. Barrero’s formulation. 

D. EVALUATION OF THE CONSTANT C 
1 

In most cases, when the solutions of the antenna integral equation 

to alloware called for, a zero end current is assumed in order 

Infield [2] stated that the current doesevaluation of the constant C^. 

not necessarily vanish at the tips of a dipole antenna. It is mostly a 

zero.matter of convenience to assume that I^C-h) is identically 
Montiel alsoPrevious work done by R. B. Mack, A. Barrero, and R. 

solution forindicated that the nonzero end current provided a better 

the problem. In this paper the author has verified that an identically 

be assumed tozero end current is not necessary, even though it may 

solve for the constant . 



CHAPTER III 

THE FORMULATION OF THE SOLUTION 

A. INITIAL CONSIDERATION 

that ofAlthough the general formulation here is similar to 

A. Barrero's, i.e., the electric field approach, the initial assumption 

is different, and as a result, leads to a similar—though not exactly 

the same—result. Actually the impedance matrix of this work turns out 

to be the transpose of the one in A. Barrero's solution, As a result. 

order solution infurther investigations are made, and the twenty-fifth 

this work is as satisfactory when compared with Mack's experimental 

results as Barrero's. However, in order to verify that the zero end 

current may or may not be needed in the formulation of the solution, the 

computer program written takes the form of R. Montiel's approach, i.e.. 

vector potential. As a result, there is a need to understand all of the 

formulations above, and thus, a summary of the above work is undeniably 

a necessity. 

B. STATEMENT OF THE PROBLEM 

Initiated by Dr. H. P. Neff's idea, the author merely proceeded to 

Since theformulate the solution for the dipole antenna current. 

integral equation in terms of the electric field has already been 

investigated by A. Barrero, the first part of this formulation is very 

from themuch the same as his. The remaining part of the investigation, 

13 
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series and thepoint where the current is expressed as a trigonometric 

to the finalmethod of moments is applied to the integral equation 

solution, is the work of the author. 

on theConsider a center-driven, cylindrical dipole symmetrically 

The conductor is of infinitez-axis (as shown in Figure 1, p. 5). 

surface
conductivity, Assume that there are no (() variations and that the 

current depends on z alone, Thus, ka must be much less than unity so 

that there is no radial current, and we can obtain Hallen's integral 

equation 

h 
V 

COS kz = 4^ l(z')Uz-z')dz' , 
Lt13 ^ sin k i| * C 4Tr 

-h 

-h < z < h (III.l) 

where 

-1/2 
c = (ye) (III.2) 

1/2
k = a)(ye) (III.3) 

field at theVq = the voltage across the gap such that the electric 

gap is -Vp6(z) , 

I (z^) = the unknown dipole current distribution, 
z 

2 

. ^ e’^'^^/R d<^ (in.4)K(s-i') 
0 

and 
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R = [4a^ sin^(|)72 + (III.5) 

InC,
1 

is a constant, usually evaluated by assuming that I 
2, 
(±h) is zero. 

this work the constant is avoided entirely. 

the vectorThe z-component of the electric field is related to 

potential by 

1 
(III.6)

jwyc (k^ + 3^/3z^)A^(p,z) 

for the dipole described in the preceding paragraph. In particular, 

for p = a, Eq. III.l and Eq. III.6 give 

h 

-j4TTa)e Vp6(z) = (k^ + 3^/3z^) I^(z7K(z-z7dz" , 
-h 

-h < z < h . (III.7) 

The current remains the unknown to be found, but the constant 

III.7.Cj has disappeared in Eq. 
theSolving Maxwell's equations simultaneously and applying 

continuity of current equation results in 

V^E + k^E = ja)u[J + ^ 3^ J /3z^] (III.8) 
Z Z Z • z 

which yields the solution 

e-jkR
E = -j(ovi/4Tr [I fz7 + -T 3^/9z^J,(z7]x dz" . 
z z z R 

all space 
(III.9) 
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which results (for 9l^/9z^ 
z'=0 

= 0) 

j4Tra)eE =-I (h)[K"(z+h) - K"(z-h)] 
z z 

- r(h)[K(z+h) + K(z-h)] 
z 

h 

+ (k^ + 9^/9z'^)I (z') X K(z-z")dz" . (III.10) 
z 

-h 

On the other hand, if we write: 

h 

(III.11)j4iTa)eE^ = l2(z")(k^ + 9^/9z'2)K(z-z")dz" 
-h 

result identically.and integrate by parts twice, we obtain the previous 

Moreover, since 

9^ 
K(z-z") = ^■K(z-z") , (III.12) 

9z^ 

the final result can be written 

h 

I (z')(k2 + 3^/9z^)K(z-z')dz" , (III.13) 
zj47rijeE^ = 

-h 

and on the dipole surface 

h 

I (z")(k^ + 9^/9z^)K(z-zOdz (III.14) 
z-j4iTa)e Vq6(z) = 

-h 

valid for p = a and -h < z < h. 
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This integral was derived without the use of vector potential and 

contains no unknown constants. 

The kernel of the integral equation of the electric field is given 

as 

0^/3z^ - k^)KCz-z") , cm.15)KgCz-z") = 

with KCz-z'’) as in Eq. III.4. 

function of theAs in the work of Duncan and Hinchey, KCz-z"") is a 

variable x = (z-z^). Since z and z' are in the range -h _< z, z^ £ h, x 
2 

is in the range -2h £ x £ 2h. Furthermore, since K(x) contains only x , 

a cosine series is sufficient. Thus, the kernel is given as 

D 00 

0 
\ cosCmiTx/2h) , (III.16)KCx) = -f + 

m=l 

where 

1 
K(x)cosCmTTx/2h)dxD

m ” 2h 
-2h 

00 

1 
K(x) cos (miTx/ 2h) dx

2h 
.00 

oo 

1 
K(x)cos(m7rx/2h)dx . (III.17)■ h 

2h 

The first integral in Eq. III.17 can be found immediately as it merely 

represents known samples of Fourier Transform of K(x) [7]. The second 
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of negative power ofintegral is evaluated by expanding K(x) in a series 

the integration.X, performing the (j)" integration, and finally performing x 

In terms ofThus, the D can be found with as much accuracy as desired, 
m 

z and z', Eq. III.16 is 

D 00 

KCz-z") = 
0 

\ cosCnnTz/2h)cos(mTTz^/2h)r" 
m=l 

00 

cm.18)+ ^ sinCm7rz/2h)sinCmiTZ^/2h) . 
m=l 

disappear sinceIn the present work, the second sum in Eq. III.18 will 

ThisI is an even function for an isolated and center-driven dipole, 
z 

being represented ismerely simplifies the problem, and the formulation 

not limited to this special case. Equation III.7 can now be written 

h 
00 £ 

-j4iT0je V-6Cz) = (k^ + 3^/9z^) 1,(0 I 
m 

D
m0 m=0 ^ 

-h 

X cosCimTz/2h) • cos(mTrz''/2h)dz^, 

- h < z < h (III.19) 

or 

00 0 

= (k^ + 9^/3z^) I cos(m7Tz/2h)-j4TTa)e Vq6(z) m=0 ^ ” 

h 

X I (z'')cos(mTTz^/2h)dz^ , (III.20) 
z 

-h 

where 
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in = 0 

e (III.21) 
1, 

m 
2^ m “ l|2^3y ... 

then 

00 

-jA-noiC Vq6(z) = I T \ - (^)^]cos(imTz/2h) 
ni=0 

h 

X I (z^)cos(m'n-z^/2h)dz' . (III.22) 
z 

-h 

To apply the method of moments, let 

N 

I 
Z 
(z^) = I I 

IT 
cos(mrz^/h) , n=0,l,2, ... (III.23) 

n=0 

I willwhich is not a truncated Fourier series since the coefficients 
n 

be determined by the method of moments rather than by the Euler 

formulas. Defining the following quantities: 

V 
0 

= (-j47ra)e) ^ volts , (III.24) 

and 

00 

imis 2
K (z.z") = I 
m __ T 2h 

m«0 

X cos(m7rz/2h)cos(nnTz^/2h) , (III.25) 

Eqs. III.22 and III.23 give 
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h 
N 

6(z) = I 1 K (z,z'')cos(n7rz^/h)dz' . (III.26) 
n m 

n=0 
-h 

Now the current can be expressed as: 

N 

(III.27)I (z") = I I cos(2n+l)irz72h , n = 0,1,2, ... 
Z ^ T1

n=0 

which can never be a Fourier series (even in infinite order) because 

the set in Eq. III.27 is not complete. Notice that I^C-h) =0. By 

defining V-0 and K
m 
(z,z'') exactly as in the preceding paragraph, an 

equation results: 

h 
N 

6(z) = I I n 
K (z,z^)cos(2n+l)TTz^/2h dz' . (III.28) 
m 

n=0 
-h 

Multiply both sides of Eq. III.28 by cos pirz/h, p = 0,1,2, ... N, and 

integrate on z from -h to h. Then a set of N+1 simultaneous equations 

can be obtained. 

h h 
N 

1 I I K (z,z^)cospTTz/h dz x cos(2n+l)TTz^/2h dz^ . 
n m 

n=0 -h
-h 

(III.29) 

or 

N 

1 = I ' (III.30) 
n=0 

where 
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h h 

T ^ = K^(z,z"’)cospTTz^/h dz x cos(2n+l)TTz^/2h dz' (III.31)pn 
-h -h 

or 

T ' 
pn 

^ 
00 

I 
m=0 

e /2 D [k^ - (m7r/2h)^] x BAn,m p,m ’ 
(III.32) 

where 

A 
n,m 

=2 

h 

0 

cos(2n+l) z /2h cos(imrz‘*/2h)dz , (III.33) 

and 

B 
n,p 

= 2 

h 

0 

cos(pTrz/h)cos(nnTz/2h)dz . (III.34) 

Due to the orthogonality between the trigonometric functions, 

A 
n,m 

= 

0, ar odd, m ^ 2n+l 

h, m = 2n+l 

n 

4h/'iT[(-l) (2n+l)cos(m7r/2) ]/ 

[(2n+l)^ - (m)^], otherwise 

(III.35) 

and 
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0, m even, m 2p 

h, m = 2p 0 
B (III.36) 
p,m 

2h, m = 2p = 0 

4h/7T[(-l)Pin sin(imT/2)]/ 

[Cin)^-(2p)^], otherwise . 

one for m evenAfter separating the sum in Eq. III.32 into two parts; 

and one for m odd, there results. 

T : = h[D^^[k^ - (pTT/h)^]A + D [k^ - ((2n+l)7T/2h)^]B ] 
h,2p 2n+l p,2n+lpn 2p 

(III.37) 

But 

= B = 4h/Tr(-l)^^P2n+l/[(2n+l)^ - (2p)^] . (III.38)
\,2p p,2n+l 

So, 

T " = hB 
2n+I [k^ - ((2n+l)u/2h)^]] . 

pn p,2„.l * ■> 
(III.39) 

By comparing Eq. III.39 with Eq. 11.14, it is obvious that the impedance 

the matrix T frommatrix T ' derived in this work is the transpose of 
pnpn 

A. Barrero's formulation. 

matrix formThe set of equations. III.30, may be written in the 

B = T I , (III.40) 
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where T is the matrix T* , I is a column vector containing I , and B is 
pn n 

a column vector with the first element unity. The final solution is 

simply 

I = T“^ B . (III.41) 

This method of solution has been used to determine approximately the 

antennas. Thecurrent distribution for isolated cylindrical dipole 

of the simultaneouscalculation of the matrix elements, and the solutions 

equations were accomplished by the IBM-360 computer. 

and full-waveThe results obtained in this paper for the half-wave 

dipoles are in good agreement with the measured values of Mack [1], 

vanishes, Theespecially at the tips of the antennas where the current 

results are presented and compared with those obtained by A. Barrero and 

R. Montiel in Chapter IV. 

C. THE ANTENNA RADIATION FIELD 

The very task of an antenna is to radiate electromagnetic energy 

efficiently. As a result, this calls for the calculation of radiation 

patterns. It is known from elementary theory that the radiation field 

for a thin cylindrical dipole is 

h 

0) jkz''cos0
sin0 dz" , (III.42)

4ir r I^(z')e 
-h 

^0 
H (III.43)

<j> " n 
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Retaining only that part which depends on 0, the "radiation pattern" is 

given by 

h 

jkz'cos6
F(e) = sine dz" . (III.44)I,Cz^)e 

-h 

Substituting Eq. III.23 gives 

h 
N 

jkz'cos0 dz" .F(e) = sine I 1 
n 

cos(mrz'/h) x e (III.45) 
n=0 

-h 

Performing the indicated integration 

N n 

F(0) = kh^sin20 sin(khcose) x I i (-1) 
(III.46) 

n=0 
n (khcos0)^

2 
- (rnr)^ 

s have been found.which is easy to evaluate once the I 
n 



CHAPTER IV 

RESULTS 

A. RESULTS FOR HALF- AND FULL-WAVE ANTENNAS 

the antennaAs indicated previously, the method used to solve for 

As this workcurrent distribution in this thesis is very satisfactory. 

is a combination of A. Barrero's and R. Montiel's work, its results 

resemble both of the solutions. 

lengths of halfThe results of applying my solution to antennas with 

wave and full wave were obtained, The reason for this is that the half 

the full-wave dipolewave dipole represents a very practical case, while 

represents a good test of any theory because of the rapid change of 

current near the gap. 

with Mack'sThe twenty-fifth order solutions are in good agreement 

measured results. Figures 2 to 5 show the current distribution on the 

half-wave dipole. The first two are for identically zero end current. 

i.e., FH = 0, while the latter ones are for a small end current, i.e.. 

inFH ^ 0. The values of the end current were obtained by A. Barrero 

his formulation. As one observes, the convergence of the different 

orders of solutions towards the experimental results can be verified by 

Tables I and II. Similarly, for the full-wave dipole, the solutions 

and Mack.correspond very well with those of A. Barrero, R. Montiel, 

Tables III and IV show theFigures 6 to 9 illustrate this fact, 

that the formulationconvergence of the solutions and show conclusively 

should be considered satisfactory. 

25 
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Figure 2. Current in Half-Wave Dipole (20th Order, FH = 0). 
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Figure 3. Current in Half-Wave Dipole (25th Order, FH = 0). 
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Figure 4. Current in Half-Wave Dipole (20th Order, FH 0). 
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Figure 5. Current in Half-Wave Dipole (25th Order, FH 0). 
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TABLE I 

INPUT ADMITTANCE FOR A HALF-WAVE DIPOLE AT 20th ORDER 

(ma/v) 

Nguyen 

FH 

FH 

= 0 

0 

9.408 

7.299 

- j 

- j 

3.010 

3.210 

R. Montiel 

FH 

FH 

= 0 

0 

9.854 

7.845 

- j 

- j 

3.228 

3.494 

A. Barrero 7.865 - j 3.539 

Mack (Experimental) 8.981 - j 3.736 
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table II 

INPUT ADMITTANCE FOR A HALF-WAVE 

(ma/v) 
DIPOLE AT 25th ORDER 

Nguyen 

FH 

FH 

= 0 

M 

9.350 

7.423 

-

-

j 

j 

2.821 

3.092 

R. Montiel 

FH 

FH 

= 

^ 

0 

0 

9.377 

7.974 

-

-

j 

j 

3.103 

3.460 

A. Barrero 8.225 - j 3.499 

Mack (Experimental) 8.981 - j 3.736 
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Figure 6. Current in Full-Wave Dipole (20th Order, FH = 0). 
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Figure 7. Current in Full-Wave Dipole (25th Order, FH = 0). 
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Figure 8. Current in Full-Wave Dipole (20th Order, FH 0). 
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Figure 9. Current in Full-Wave Dipole (25th Order, FH ^ 0). 
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TABLE III 

INPUT ADMITTANCE FOR A FULL-WAVE DIPOLE AT 20th ORDER 

(ma/v) 

FH = 0 0.975 + j 1.213 
Nguyen 

FH 0 0.902 + j 1.264 

FH = 0 1.005 + j 1.371 
R. Montiel 

FH 0 0.977 + j 1.677 

A. Barrero 0.976 + j 1.665 

Mack (Experimental) 1.023 + j 1.394 
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TABLE IV 

INPUT ADMITTANCE FOR A FULL-WAVE DIPOLE AT 25th ORDER 

(ma/v) 

FH = 0 0.953 + j 1.425 
Nguyen 

FH 0 0.922 + j 1.589 

FH = 0 0.977 + j 1.568 
R. Montiel 

FH 0 0.981 + j 1.697 

A. Barrero 0.980 + j 1.768 

Mack (Experimental) 1.023 + j 1.394 
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It should be mentioned again at this point that even though the 

which doesformulation in this work is an integral equation for not 

the vectorhave the constant in it, the program written utilized 

potential approach and, therefore, has to evaluate 

revealsA closer look at the methods of formulating the solutions 

as those ofthat while A. Barrero's work yielded results as good 

R. Montiel and those in this thesis, it did not provide the option to 

choose whether or not to force the end current be identically zero. 

According to Dr. H. P. Neff and Dr. J. D. Tillman of The University of 

a better solutionTennessee, the end current may take any form to produce 

to the original boundary value problem, Due to the flexibility mentioned 

above, the formulation in this work is undoubtedly dependable, and what 

is more important, it strengthens the fact that the trigonometric method 

antenna currentis very appropriate to solving the cylindrical dipole 

problem. 

B. ADMITTANCE FOR ISOLATED DIPOLES 

Normally the knowledge of antenna admittance is considered important 

due to the fact that it is an essential part of antenna design, The 

input admittances are, in the treatment of the antenna in this work, the 

Tables Idiagonal elements in the admittance matrix, to IV list the 

= 8.54 andinput admittances for half- and full-wave dipoles with 

= 9.92, respectively, The parameter describes the height-to-thickness 

ratio of the antennas based on the assumption that h » a, and the ratio 

of theh/a equals the ratio of the total length to the diameter 

cylindrical antenna. Thus, 
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Total length _ ^ 
Diameter 2a 

and is given by 

2h 
^ = 2 in 

a 

Figures 10 and 11 show the conductance and susceptance components of 

antenna admittance as a function of the order of solution. 
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Figure 10. Admittance versus Order of Solution for Half-Wave 

Dipole. 
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CHAPTER V 

CONCLUSION 

The goal of this thesis was to formulate and obtain an approximate 

solution for the dipole antenna current distribution, The results, as 

investigated thoroughly in the previous chapter, show that the technique 

is quite satisfactory. 

that the currentThe trigonometric theory developed utilized the fact 

is expanded into a series of cosine terms. 

It should be noted that this work is a following step of two previous 

theses. of thisThe similarities among the approaches of the author 

the fact that there arepaper with A. Barrero and R. Montiel contribute to 

theseveral ways one can solve the antenna current problem—with 

trigonometric method as a framework. 

of thisIt is also important to point out that as a result 

investigation, the end current does not necessarily have to be identically 

zero, but on the contrary, may take on any form that would result in a 

satisfactory solution—a satisfactory solution being one which agrees 

well with measured results. 

Lastly this work concludes that the original work of Duncan and 

Hinchey should have given results more satisfactory than what they 

actually obtained. This would indicate that there must have been an 

error somewhere in their procedure, but not in their intention. 
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APPENDIX 



cC CYLINDRICAL ANIENNA CURRENT DISTRIBUTION 
CC 

c*********************************»*****»*************c 
c 

r. 

C IN THIS PROGRAM,THE CURRENT DISTRIBUTION OF A 
C CYIINCRICAL DIPOLE ANTENNA IS SOLVED BY THE 
C TRIGONOMETRIC METHOD. 
C 

r THE ANTENNA SIMULATED IS 2 METERS LONGjANC THE 
c CONDUCTOR IS OF INFINITE CONDUCT IV ITY.THE GENERATOR 
c IS AI THE CENTER OF THE DIPOLE AND IS AN IMPULSE 
c FUNCTION. 

r 

C ALE NUMERICAL VALUES IN THE PROGRAM ARE CALCULATED 
c IN DOUBLE PRECISION. 

c 

REALMS Z7(ll) 

CnMRLEX*16 0(020) 

LOGICAL SING 

RFAL*R FN,FI,GI,[^PI,TOO,JOO,API,PI,THETA,^ 
RFAL*8 AL»ARG,OMFGA,RA 

RFAL*R JO,HO,SI,CI,KO,IO,F,G 
RFAL*B BE 

REAL*8 INC? 

RFAL^R F,ALPHA,BETA 

COMPLEX* IE. CK(G) ,C{50) ,KltK? ICONS, J 
COMPLEX*16 TPN(25,25) ,TPNI(25,20) ,B(U) 
COMPLEX*16 EXSIN(20),EXC0S<20),PEXC0(25),PEXSI(25) 
C0MPLEX*16 A(25) 

CnMPLEX*16 Cl,NUM,OENtFH,AI 

COMMON J,RA,FI,GI,FN,HPI,IOO,JOO,API,PI, 
MHLTA,?, AL, ARGiCK 

INTEGER ORDER,DIM A 
r 

C PARAMETERS CHANGEABLE IF NECESSARY 

C 

NPN=ORDER,THE SIZE OF THE SQUARE MATRIX. 
C OMEnA-IMPEDANCf; ,AL= ANTENNA LENGTH, 
c RA=RACIUS OF THE DIPOLE. 

c 

NPN=25 

OMEGA-R.O4D0 

AL-l.D;3 

Rflr?,nn»D'^XP(-0 MEGA/2. DO) 
C CONSTANTS GENEPAL 

PI-3. M10926500 

HPI-PI/2.D0 

J=<0.n0,l.D0) 

47 
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API^PI*AL 

NP2-2*MPN 

COMS=-J»376.7300/(A.DO*PI*API) 

C 

c BY USING THE HETHOD OF MOMENTS,THE CURRENT 
C OISTRIBUTION,WHICH IS EXPRESSED IN TRIG0NCMETRIC 
C SERIES,IS FOUND.THE PRIMARY TASKS WOULD BE: 
C 

C 1/ TO EVALUATE THE KERNEL OF THE ELECTRIC FIELD. 
C 2! TO DETERMINE THF ELEMENTS OF THE IMPEDANCE MATRIX. 
r 3/ TO SOLVE FOR THE CONSTANT Cl AND THE ADMITTANCE MATRIX. 

C 4/ TO SOLVE the SIMULTANEOUS EQUATIONS IN ORDER TO 
C OBTAIN THE CURRENT DISTRIBUTION. 
C 

C CONSTANTS FOR FUNCTION K1 

CK(1)-(1.D0,0.D0) 

CK(?).--J*API*CPA**2) 

CK{3)=-(RA**2)-3.DO*(APT**2)*(RA*»4)/4.0Q 

CK(A)=g.D0*J»API*(RA**4)/4.D0-5.D0*d*(API**3) 

$* (RA* *G) 

CK(5)- 9.D0*(RA **4)/4.O0 + 5.DQ*( API**2) *(PA**(S)/ 
1:2.D0 + '5’.D0*(API**4)*(PA**a)/192.D0 

CK(G»--G.OO»J*API*(RA**6)-175.D0*d* 

t(API**5)*(RA**8)/9G.nO 

C CALCULATION OF FOURIER COEFFICIENTS OF THE KERNEL 
C 

c K2 IS A DEFINITE INTEGRAL WHICH CAN BE EVALUATED BY 
C APPROXIMATION METHOD USING BESSEL’S FUNCTIONS. 
C K1 IS APPROXIMATED BY INTEGRATING THE POWER EXPANSION 
C OF THE KERNEL. 
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DO 10 MM=1tNP2 

APG-(AL*2.00-M)*(AL*2.00+M)/4.00 

C CMM)-(K2(M)-K1(M))/2.00 

C(,^M)-f:nNS*C(MH) 

10 CONTINUE 

C COEFFICIENTS OF MATRIX TPNi: 

C 

C MATRIX TPNI IS AN TMPEDANCE MATRIX.ITS DIMENSION IS 

c CHANGEAHLE FROM 1X1 TO 25X20.LARGER MATRICES WILL 

c RESULT MORE ACCURATE SOLUTIONS. 

c 

no 20 N=1»NPN 

Kf’-N*! 

DO 20 NN=1»NPN 

NP=NN-1 

TPNK NN»N) = (l.DO/C2*KP+1-2*NP) + 1.D0/{2*KP*1 + 2*NP)) 
1*(C(2*NP+1)+CC2»KP+2)) 

2*(2.O0/PI)*(-!.DO)**(N+NN) 

2 0 CCNTIMJE 

C INVERSE MATRIX TPNI 

c 

c THE ADMITTANCE MATRIX IS USED TO EVALUATE THE 

C ANTENNA CURRENT,UTIL17 ING THE APPROXIMATIONS FROM 

C MATH HANOHQOKtTHE ELEMENTS CAN BE FOUND BY 
C TRIGONOMETRIC MANIPULATIONS. 



50 

oroe:r-25 

DIM A325 

CALL INVLRSITPNl,ORDER»DIM AtSING) 

C DETERMINATIorj OF EXCOS AND EXSIN 

E=0.0000001DQ 

DO ‘iO 1 = 1,NPN 
N = I-1 

ALPHA=API-((2*N)*1)*HPI 

Br, TA= AP 1+( {2*N) *1 ) *HPI 

EXCOS(I)=(l.DOfO.DO) 

rXSIN(I) = -(!.00,0.n0)/(2.00*API*API) 
IF(DABS(ALPHA).LT.E)GO TO GO 

EXCOS(I)=(DSIN(ALPHA)/ALPHA)+(DSIN(BETA)/BETA) 
EX3IN(I)=-(DCnS(BETA)/BETA)-(OCOS(ALPHA)/ALPHA) 

1*1.DO/BET A*1.00/ALPHA 

EXSINII)=-EX3IN(I)/(2.Q0*API) 
50 CCNTINDE 

C DETERMINATION OF THE PRODUCT OF TPNI AND EXCOS 

C DETERMINATION OF THE PRODUCT OF TPNI AND EXSIN 

nn GO 1=1,NPN 

PEXCOCI) = (0.n0 lO.DO) 

PEXSI(I)=(O.DO,O.DO) 

DO GO N=1,NPN 

PEXCOII)=PEXCO(I)+(TPNI(I,N)*EXCaS(N)) 
PEXSK I) = PEXSI( I) + C TPNK I,N) *EXSIN(N) ) 

GO CONTINUE 

https://PEXSI(I)=(O.DO,O.DO
https://EXCOS(I)=(l.DOfO.DO
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c f:v«luation of thf constant ci 
r 

C CONSTANT Cl IS NFFDFD TO DFTERMINE THE CURRENT IN 

C THE OIPOLEiESPECIALLY AT THE TIPS OF THE ANTENNA 
C WHERE THE CURRENT VANISHES. 

C 

C IN THIS COMPUTER PROGRAM»IF FH IS IDENTICALLY 2ERO» 

C Cl WILL FORCE THE END CURRENT TO HE ZER0.QTHERWISE» 

C THE CURRENT WILL HAVE CERTAIN VALUE AT Z-+-H 
C 

FH=(0.1922309?0-A1-0.276515760-3) 

NUM-(0.00,0.D0) 
OEN--FH 

DO 70 I=1»NPN 

NUM-NUM>PEXCO(I )* (-1 ) **(Ii-l ) 
nEN = OEN<-PEXSI( I) * ( -1 ) **( I + l) 

70 CONTINUE 

C1 = -(D'^N/NUM) 

on HO I=1»NPN 

A(I)=(C1*PEXC0(I))+PEX3I(I) 

BO CONTINUE 

C CALCULATION OF CURRENT DISTRIBUTION 

C 

C THE CURRENT DISTRIBUTION ALONG THE ANTENNA IS IN 

C MILL lAMPERES, 
r 

C THE LENGTH OF THE DIPOLE IS BROKEN DOWN TO 10 

C EQUAL SEGMENTS WHERE THE CURRENT IS SHOWN. 

C 

WRITE(6»B5) 



52 

8^ FORMATtlH »?1X»‘Z* f5X»»Rf:AL PAR T * * 1 3 X , • I MAG IN AR Y PART*) 
WRITE (Gfftfa) 

88 FCRMATdHO) 

z-o.no 

INCZ=0.1DO 

no 110 1=1,11 
AI=(0,00,0.00) 

00 OO N=1,NPN 
NN=N-1 

90 AI=AI*A(N)*OCQS(NN*PI*Z) 

WRI TE(>',,100 >Z ,AI 

100 FORMAK/IH , 1 9X , F 5.2,2 ( 018.8 , ^X ) ) 
Z=Z+INCZ 

no CONTINUE 

STOP 

ENO 
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CO^IPLEX FUNCTION K1*1^(N) 

RFAL*R yi,Y?»Fl,F2,r3tF4,F5iF6,SI,CI 
RFAL*8 FN,FI,GI,HPItIOO,JOOfAPItPI«THETA»Z 
REAL‘8 AL»ARG»OMF.GA»RA 

C0MPLFX*1G CK(&)»J»I 

LOGICAL PLUS 

COMMON J»RA,FIiGI»FN»HPI»I00fJOO»API »PIt 
$THETA,?,ALfARG.CK 

C CALCULATION OF K1(M) 

Y1-2.D0*(API+M*HPI) 

Fl=-CICYn 

F3-HPI-SI(Y1) 

Y2-(AL*?.O0-M)*PI 

PIUS=.FALSE. 

IF(Y2.Nr.0.D0)Gn TO 10 

F?-.5772156GA9D0 

FA-HPI 

GO TO 50 

10 TF(Y2.GT .0.00)GO TO 20 

Y 2 - - Y 2 

PLUS-.TRUE. 

20 F2--CI(Y2) 

F^=HPI-SI(Y2) 

Kl-(O.DOtO.DO) 

30 no GO L^liG 
I=F1+F2-J*F3 

IF(PLUS)GO TO AO 

I=I-J*FA 

GO TO SO 

AO I=I+.J*FA 

50 Kl-Kl+CK(L)*I 

IF(L.EQ.G)RETURN 

FE-Fl 

FG-F2 

Fl::(DCOr,( Yl)-( Yl*F3/2.D0)*2.D0**L)/(L»2.O0**L) 

F2 -(DCQS(Y2)-(Y2*FA/2.00)*2.DO * *L)/<L*2.00» *L) 
F3-{nSTN(Yl)+(Yl*F5/2.D0)*2.D0**L)/{L*2-O0**L) 

FA3{DSIN( Y2) + ( Y2*F6/2.00)*2.0,0* *L)/(L*2 .Dn**L) 
60 CONTINUE 

RETURN 

END 

https://L)/<L*2.00
https://DCQS(Y2)-(Y2*FA/2.00)*2.DO
https://Kl-(O.DOtO.DO
https://TF(Y2.GT
https://THETA,?,ALfARG.CK
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CCMPLFX FUNCTION K2*16(H) 
RrflL*8 Y 

RFAI.*8 FN»FT»GI ,HPI , 100 »J00» API ,PI, THETA, Z 
REAL*8 AL ,ARG,OMEGA,RA 

RFAL*8 JO,HO,SI,CI,KO,IO,F,G 
COMPLEX*16 CK(G),J 

COMMON J,RA,FI,GI,FN,HPr,I00,J00,API,Pr, 
tTHETA,/,AL,ARG,CK 

C CALCULATION FOR K?(KZ) 

y.r (ARG*PI ) * *2 

IFtY.GE.O.OO)GO TO 10 
Y~-Y 

Y=ra*OSQRT(Y) 

lOO-IO(Y) 

K2-2.D0*I00*K0(Y> 

R'TURN 

10 IFfY.NF.O.DOGO TO 20 

K?--DL0G( (RA**2 )*API/2.D0)-1.15443132O8D0--J*PI 
RETURN 

20 Y=RA*D3QRT{Y) 

JQ0=J0(Y) 

K2--J*PI*J00*(J00-J*H0(Y)) 

RETURN 

END 
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REAL FUNCTION CI*8(X) 

REAL*8 X,F,G 

REAL*8 FN»FI,GI,HPIt rOOfJOOtAPI,PI,THETA,Z 
REAL*a AL»ARG»OHEGA,RA 
CaMPLFX*16 CK(G),J 

COMMON JtRA,FI,6I,FN»HPItIOOfJOO»API»PIt 
$THETAfZtAL»ARGtCK 

C APPROXIMATION OF COSINE INTEGRAL 
IFCX.GE.1.DO)GO TO 20 

WRITE(6»10) 
10 FORMAT*M»»'NO APPROXIMATION IS PROVIDED 

* FOR THIS CASE') 

20 FI-F(X) 

r7i=G(X) 

CI=FrfrOSIN(X)-GI*DCOS{X) 

RETURN 

END 
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REAL FUNCTION SI»8(X) 

n^AL*8 X 

REAL*8 FN»FI»GI »HPI t I00»JQ0,AP,I »PIiTHETA,Z 
REAL*8 ALtARGjOMEGA»RA 
C0MPLEX*16 CK(6)iJ 

COMMON JfRA ,FI,GI,FN»HPI»100tJOOfAPItPI * 
$rHErA»7»AL»ARG»CK 

C APPROXIMATION OF SINE INTEGRAL 
IF(X.GE.1.DO)GO TO 20 

WRITE(6«10) 

10 FORMATC»1»»*NO APPROXIMATION IS PROVIDED FOR 
♦ this case*) 

20 SI-HPI-FI*DCOS(X)-GI*USIN(X) 

RETURN 

END 



57 

REAL FUNCTION G*8(X) 

RrAL*« X 

C calculation for G(X) 

G- ( 

121.82189900+ 

2352.018A98D0*X* *2 + 

3302.7578G500*X* + 

^42.24855D0*X**G+ 

5x**a) 

G = G/( 

G'>9g.690326D0*X**2 + 

7111A.978885D0*X**4+ 

8'»82.48598^00*X**G + 

'^AP.19G92700 + X**8 + 

IX**10 ) 

RTTURN 

END 
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F-C 

R^AI. FUNCTION F*8(X) 

RrAL*^ X 

C CALCULATION FOR F(X) 

138.1024*3500 + 

2335.677320DO+X++2+ 

3265.ig7033D0*X+*4+ 

438.02726400*X**6+ 

5X **8) 

F = F/( 

6157.10542300*X+ 

7570.235280D0*X**3+ 

a322.62491100+X**5+ 
940.021433D0*X* *7 + 

IX **9) 

RETURN 

FNO 
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C 

C JO.HO»KO,IO ARF RTSSEl^S FUNCTIONS USED TO 
C APPROXIMATE K2»WHICH IS NEEDED TO EVALUATE THE KERNEL* 
C 

C HERE THE ARGUMENT SWAP IS PASSED TO Y WHICH IS THE 

C ACTUAL VALUE, 

C 

REAL FUNCTION J0*8(SWAP) 

REAL*8 Y,SWAP 
REAL*8 FN»FItGI,HPIi I00»JOO,API,PI*THETA»Z 
REAL*8 ALtARG»OMEGAtRA 
C0MPLEX*16 CK(6),J 

COMMON J»RA»FIfGI»FN»HPItIOO»JOO»API,PIt 

STHETA ,ZfAL,ARG,CK 

C CALCULATION FOR JO 

Y-SWAP 

IF(Y.GT.3.DO)GO TO 10 

Y-Y/5.00 

JC-l.OG-

l?.OAG5UU7nO*Y**?* 

21,2G56?08D0*Y**A-

30.31638F600*Y**T,* 

A0,0A4AA79n0*Y**8-

S0.0039AAAr)0*Y**10 + 

F,0.0a021O0DO*Y**12 

RETURN 

10 Z-Y 

Y=3.D0/Y 

THETA-Z-

1,7803981^00-

2.0A16F,397D0*Y-

3.0n0039SAn0*Y* *?* 

4.0026207300 *Y**3-

5,00054125n0*Y**4-

6.non29333DO*Y* *5 + 

7.0001 3'558nO*Y**r. 

FN-.7978840600-

1.0000007700*7-

2. O0'j5274ODO*Y* *2-

3.00009S12DO*Y**3* 

4.00137237D0*Y**4-

S,n00 7?R05n0*Y**‘5* 

6.3001447600*7**6 

jn=FN*OCOS(THFTA)/DSORT(Z) 

RETURN 

END 

https://Y-Y/5.00
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RTAL function H0*8CSWAP) 

REAL»a Y,SWAP 

REAL*8 FN»FI,OI,HPI,IOO»JOOtAPI,PI.THETA,Z 
REAL*8 ALi APG»OMEGA,RA 
C0NPLEX*16 CK(G)»J 

COMMON JfRA»FI»GI,FN»HPIfIOOfJOO»API,PIt 
$THETA,Z»AL*ARG»CK 

C CALCULATION FOR HO 

Y-SWAP 

IF<Y.GT,3.DO)GO TO 10 

Y-Y/3.nO 

HO=DLOG(1.5D0*y)*JOO/HPI+ 
1 ,3G7A6GR1D0 + 

2.f.O‘i503S6nO*Y**2-

3, 7'+35033AD0*Y* + 

^.25300117D0*Y»*6-

CA?6121AD0*Y**«+ 

6.00^2791600*Y**10-

7.0 002'*8A6nO*Y**12 

RETURN 

10 HO-FN*nSIN(THFTA)/DSQRT(Z) 
RETURN 

END 

https://Y-Y/3.nO
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REAL FUNCTION KO*R(SWAP) 

RFAL*8 YiSWAP 

REAL* 8 FN,FI»GI ,HPI »IOOfvJOO»API,PI,THETA,Z 
REAL»8 ALfARG,OMEGA»RA 

CCMPLEX*16 CK(G),J 

COMMON J»RA»FT»GI»FNfHPI*100 tJOOtAPI,PI» 

tTHEIA* Z*AL*ARGtCK 

C CALCULATION FOR KO 

Y-SWAP 

IF(Y.GT.2.D0)G0 TO 10 

Y=Y/2.nO 

KO--OLOG(Y)*100-0.5772156600♦ 

2. A?,':’73A20D0*Y* *2*-

3.2306O756D0*Y**A+ 

4.03AS8590DO*Y**6* 

5. 00252698nO*Y**8*-

G.OOni075ODC*Y**lO* 

7.00000740DO*Y**12 

RETURN 

10 Z-Y 

Y=?.no/Y 

KC-nEXP(-Z) *( 

1*1.2533141400 

2-.0 7832358D0*Y 

3*.021895G9n0*Y**2 

4-.ai062446D0*Y**3 

5*.0058 7a72nO*Y**4 

b-.00251''^40D0*Y**5 

7*.00053208nO*Y**6)/DSQRT(Z) 

RETURN 

ENO 

https://Y=Y/2.nO
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RFAL FUNCTION I0*8(SWAP) 

RFAL*8 YtSWAP 

RFAL* 8 FN,FItGI tHPT ,I00i JOOf API fPI,THf.TA,Z 
REAL*n AL»ARG»OMEGAfRA 

COMPLFX*16 CK(6)tJ 

COMMON J»RA,FI»GIjFNtHPItlOO »JOOtAPI»PI, 
FTHETAfZfAL.ARGtCK 

C CALCULATION FOR 10 

Y=3WAP 

IF(Y.GT.3,75DO)GO TO 10 

Y-Y/3.75D0 

10=1.00 

1*3.515G229n0*Y**2 

2*3.0899A24D0*Y**A 

3*1.206 M92D0*Y**G 

A*O.268'^732D0*Y**a 

5*0.036076800*7**10 

6*0.00A5813D0*Y**12 
RETURN 

10 Z - Y 

y=3.750P/Y 

IO = OFX''(Z)*( 

1* .3989A228n0 

2*.0132859200*7 

3*.O0225319OO*Y**2 

8-.0015756500*7**3 
5*.0091;',28100*7**4 

6-.0205770600*7**5 

7*.0263553700*7**6 

a-.01 64 .’63300*7**7 

9*.0039237700*Y**8)/DSQRT(Z) 
RETURN 

END 
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C 

SUHROUTINE INVE RS ( TPN I » ORDER ♦ Cl M />»SING) 

C 

C THE INVERSION SUBROUTINE INVERTS A MATRIX IN ITS 
C OWN SPACE USING THE GAUSS-JORDAN METHOD AS ARRANGED 
c BY H. RUTIHAUSER WITH FULL PIVOTING. 
r 

r TPNI-THE MATRIX TO BE INVERTED.THE INVERSE CF TPNI 

c IS RETURNED IN TPNI. 
r 

C ORCER=AN INTEGER VARIABLE.THE ORDER OF THE MATRIX 

C TO PE INVERTED. 

C 

C DIM A::AN INTEGER VARIABLE CONTAINING THE FIRST 

C DIMENSION OF THE VARIABLE TPNI IN THE CALLING PROGRAM. 
C DIM A MAY PE GREATER THAN ORDER. 

C 

C SING = A LOGICAL VAR I ABLE.WHEN THE ROUTINE RETURNS, 

C SING IS 9FALSE. IF THE MATRIX WAS NON-SINGULAR AND 

C .TRUE. IF THE MATRIX WAS SINGULAR. 

c IF SING IS .TRUE.,THE MATRIX TPNI CONTAINS 
c ARBITRARY NUMBERS. 

c 

INTEGER ORDER,DIM A 

C0MPLEX-*16 TPNKDIM A,DIM A) ,U ( 10 0 ) , W (I 00 ) 

CCMPLEX*1S PIVOT,V 

LOGICAL SING 

INTEGER IP(IOO),10(100) 

REAL*8 CDA8S 

N-ORD'^R 

DC 1 K=1,N 

C DETERMINATION OF PIVOT ELEMENT 

PIVOT-DCMPLX(O.DO ,0 .DO) 
no 100 I::K,N 

DO 100 J-K,N 

IF(CDABS(TPNI(I,J)).LE.CDABS(PIVOT))GO TO 100 

P IV'iT-TPNK If J) 

T P ( K ) - I 

IQ<K)-J 

100 CONTINUE 

IFICDABSIPIVOT)) 102,900,102 

102 IPK = n’(K) 

TQK-IOCK) 

C EXCHANGE OF- THE PIVOTAL ROW WITH THE KTH ROW 

IF(IPK-K) 200,299,200 
200 no 201 vJ=l,N 

V^T ’NK IPK,J) 

TPNK IPK, J) = TPNI(K,J) 

201 TPNI(K,J)=V 

299 CONTINUE 

C EX'-HANGE OF THE PIVOTAL COLUMN WITH THE KTH COLUMN 
IF( Ii)K-K) 300,399,300 

300 no 301 I=l,N 

V-TPNI(I,IUK) 
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rPNK I ,IQK)=TPNI( I,K) 
,301 TPNI(T,K) = V 

399 CONTINUE 

C JOt<DAN ELIMINATION STEP 

DO 400 J=1»N 

IF(J-K)403»402»403 
402 U(J)=1,DO/PIVOT 

W<J)3l,D0 

GO TO 404 

403 U(J»--TPNI(KfJ)/PIVOT 
W(J)=TPNI(J«K) 

404 TPNKKt J) = OCMPLX( 0.00 ,0.D0) 
400 TPNI(J,K)=DCMPLX(O.DO*0.00) 

on 4ori 1=1,N 

on 405 J=1,N 

400 TPN[(I,J)=TPNI(I,J)+W{I)*U(J) 
1 CONTINUE 

C REOROERING THE MATRIX 
K = N 

00 500 KOUM=l,N 
TPK=IP{K) 

IQK-in(K) 

IFC IPK-K)501,502,501 

501 on 503 I-1,N 

VrTPNKT tlPK) 

TPNK I*rPK> = TPNI(T*K) 
503 TPNK I,K> = V 
50 2 IFCIQK-K)504*500*504 
504 00 506 J=1,N 

V=TPNT(IQK,J) 
TPNK lOK, J)=TPNI(K, J) 

506 TPNKK* J) = V 
500 K = K-l 

SING=.FALSE. 

RF TURN 

900 SING=.TRUF. 

RETURN 
ENO 

https://TPNI(J,K)=DCMPLX(O.DO*0.00


VITA 

Cuong Van Nguyen was born in Long-Xuyen, Vietnam, on April 21, 1956. 

He later moved to Saigon and attended the Tran-Qui-Gap elementary school. 

After spending three years at the Vo-Truong-Toan high school, he 

»/ 

transferred to the Chu-Van-An CBuoi) high school. Early in 1975 he was 

admitted to the Middle Tennessee State University as an undergraduate 

student of the Overseas Study Program by the Vietnamese government in 

Saigon. In the fall of 1976,he transferred to The University of Tennessee 

where he became a recipient of a University of Tennessee General 

Scholarship. He graduated with a Bachelor of Science in Electrical 

Engineering in Fall 1978 and in the Winter Quarter of the following year, 

was awarded a Graduate Assistantship by the Department of Electrical 

Engineering at the same university, In December, 1979, he will receive 

the Master of Science degree in Electrical Engineering, His major 

interest lies in the computer option, and the minor is electromagnetic 

theory. 

He is a member of the Institute of Electrical and Electronics 

Engineers, the Eta Kappa Nu Society, and the Tau Beta Pi Engineering 

Honor Society. 

65 


